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ABSTRACT

The determ nation and evaluation of studied Recent epiphytic foramnniferal
associ ations furnished inportant infornation which allow us to consider their
utility in ecological analyses and reconstructions of the coastal narine
environnent of western Crete. Semiquantitative frequency distributions of the
observed epiphytic foramnifera show a high participation of some very
significant species |like Mniacina mniacea, Peneroplis, Qinqueloculina and
Sorites which are present in great abundance. Contrary, Cyclocibicides,
El phidium Planorbulina and Rosalina have a lower diversity. H gh diversity
assenbl ages with annual or perennial |ife-spans were found on phytal substrates.
Di fferent l'ithol ogi cal substrates proved to significantly affect bot h
distribution and specific diversity patterns. Factors controlling the diversity
of epiphytic foraminifera are shown to include both tenporal and spatial
conmponent s.

KEY WORDS: Recent, Epiphytic Foram nifera, Ecol ogy, Marine Environnent, Shall ow
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| NTRODUCTI ON

Recent epiphytic Foraminifera, building living marine ecosystens along the
coasts of Crete island, were chosen for this study (fig. 1la). By definition,
epi phytes are organisns which live and rely on plants. Phytal "substrates" offer
a wide variety of foramniferal nmicrohabitats, depending each time on the
overall shape and structure of the host (LancErR, 1993). It has been suggested
that three factors additionally affect the specific diversities and distribu-
tional pattern of the benthic popul ations devel oped on the coastal or infra-
littoral environments: 1) the substrate-type conpetition with other groups of
coloni zing organisns, 2) water -turbulence and -tenperature changes and 3)

salinity regines (RBES et al., 1998; ReEINHARDT et al., 2001). In conjunction to
them but to a much | esser extent, a variety of other ecol ogical factors such as
pH, nutrients, food requirements and light are considered to affect these

benthic conmmunities as well (ReIss & HOTTINGER, 1984).

Present sanpling was carried out at three locations: a) at two natural bays,
nanely the G anvousa and Livadhia, located to the North and to the central -west
of the island respectively and b) at Elafonissos island to the southwest. All
three localities represent the nmost beautiful and well-known sw nming coasts and
bays of W Crete. Aimof the study was firstly the identification of the living

species and further to try approaching their living habitat and diversity in
conjunction to literature data of other regions, where simlar environnental
conditions prevail. Additionally, it is tried to pinpoint species which allow us

to identify the environnent in a high tenporal resolution. This attenpt was
made in order to facilitate nonitoring the state of the natural shall ow marine
environnment and ecosystenms of western Crete and to apply in the future this
information on the interpretation of pal eoenvironnents.

MATERI AL- METHODS

The sanples were collected in the sumrer of 1997, from the soft sea-bottom
as well as fromthe sea-coast of the present-day |agoon by Bal os, |ocated to the
western coast of the island (co. figs. 1b,c,d). The study was based on the SEM
Sanpling took place at three localities, where assenbl ages of epiphytic Fora-
mnifera fromfive sanples are presently discussed: A) Two samples cone fromthe
Gramvousa bay (CGR1 & GR2). GR1 was taken at the western coast-line of G anvousa
Peni nsul a, south of Balos bay, at an altimeter of the present SL of Om and GR2
at ca. -2m depth and is located ca. 200m to the west of GRL. B) Another two
sanples cone from the Livadhia bay and are coded FA1L and FA2 respectively (to
the south of the CGR series). They are both situated at the northern part of the
bay, in the neighbourhood of Cape Koutri and Falasarna village. Horizontal
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di stance between them is 500m approximately. C) The third locality is situated
on the southern coast-line of El afonisos island. Periodically, depending on
weat her conditions, wind direction, wave height and intensity, this part of
sout hwestern Crete island is isolated and beconmes an island, while tenporarily a
sand-bar, which operates like a barrier-bridge, is built thus connecting
El af oni sos and Crete. Under the sane process is tenporarily devel oped the Bal os
sem -1 agoon as wel .

Herklion

Fig. 1. Location of sampling sites for epiphytic foraminifera, on
the western part of Crete island, Greece (see arrows in inlet 1B).
The abbreviations are as follows below:

1B: GR=Gramvousa, FA= Falasarna and ELF= Elafonisos.

1C:The sampling site along the Elafonisos coastal zone, ELF,
1D:The two sampling sites in the Livadhia bay, FAl and FA2 and

1E: The two sampling sites in the Gramvousa bay, GR1 & Gr2.

P : Paleochora National Meteorological Station

BRI EF DESCRI PTI ON OF THE SUBSTRATES

There are mainly two substrate types of sea-bottomin the study area. Both
of them can be classified as noderate to hard. The first type (1) is partly
characterized by late Holocene Aeolianites (Ae, sanples FAL & FA2), while the
second one (2) is represented by dark in colour nassive linmestones (Li) which
belong to the Tripolitza nappe of Crete, with an age ranging from Jurassic to
Eocene (sanples GR1 & GR2). According to KELLETAT (1994), the Aeolianite is
lithologically a cenented dune-sand, which also occurs in Israel and on the
Bernmuda islands. On top of these two substrates there are locally devel oped
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either a) extensive buildups of Recent Vernetus gastropods and Peyssonel i aceae
red algal reefs, which particularly in Livadhi Bay reach up to the present sea
level (PSL), and/or b) fine-layered |oose sands owing their origin probably to
the erosion of the w despread Neogene strata presently uplifted (ScHRODER, 1994)
in western Crete.

FOSSI L AND RECENT EQUI VALENTS - ENVI RONVENTAL DEMAND

Most previous work which has focused on epiphytic foraminifera minly
concerned on the description of associations and the study of cultivated, |iving
species (ALTENBACH et al., 1993; BLANG-VERNET et al., 1979; BrAsiErR, 1975a-d;
BRONNI MANN, 1949:; LANGER, 1988, 1993; MJRRAY, 1965; Pawowski & LEE, 1991; VENEC- PEYRE &
CaLvez, 1988). Following authors in turn, reported on the Peneroplis and the
wi de, discoidal Sorites, which live in association with seagrass ( GUDMJINDSSON,
1994; SeEVERIN, 1983; ReIss & HorTINGER, 1984; FABER, 1991). CHERIF (1973) studied the
Qui nquel oqulina species from shall owwater sands of two bays l|ocated at the
western coast of Naxos island. Accounts on the pal eontology and stratigraphy of
al gae and their recent anal ogues are given anpong others by Wy (1977) and VAN DEN
Hoek (1984), respectively.

A description of fossil Vernetidae reefal buildups, simlar to the presently
studied ones, is given by Keurp et al. (1994). They represent a littoral facies
of late Mocene age. The outcrop is located in Ganvousa/ NW Crete, ca. 80m
easterly and ca. 120m above the occurrence of the living Vernetids. The fossil
littoral facies is characterized by the devel opnment of reefs consisting of
Verneti dae, Peyssoneliaceae, red algae and bal anidae, which found to co-occur
with diverse benthic foramnifera.

The presently studied foraminifera as nentioned above, were sanpled from
the Recent Vernetidae reefs as well as fromthe coastal-line. The latter zone is
mar ked by a red-coloured "sand". The colour is caused by the domi nation of the
red epiphytic foramnifer Mniacina mniacea (Pallas) which is present both as
whol e individual -shells and as test-fragments. Differences in the distribution
and abundances of the epiphytic foramnifera between these two habitats and
substrates are shown in Table 1.

Physical paraneters and mmjor factors controlling the diversity and
distribution of the epiphytic foramnifera are shown to include both tenporal
and spatial conmponents. For exanple, the |late Hol ocene coseismic coastal uplift
(from ca. 1530 yrs BP to Present), significantly affects western Crete. The
uplift gradient increases from North to South, from ca. 6.5m above PSL at
Granvousal/ Fal asarna to ca. 8m at El afonisos. This process night have affected in
turn the shallowwater benthic foramnifera and algal comunities by changing
their habitat-area. Simlar observations concerning on benthic foranmnifera
distributions were also nade in Lechaion, a harbour of ancient Corinth by
Rel NHARDT et al . (2001).

Coastal environnents particularly, are dependant and very sensitive to
climatol ogi cal changes. The latter could directly affect the salinity, the
turbul ence, the nutrient availability of the sea-water and consequently the
devel opnent of phytal hosts for the epiphytics. Such data are given below for
the study area for the period between 1981 and 1994, provided by the National
Met eorol ogi cal Service (E.MY.) of Geece for Paleochora Station (southwestern
Crete, located ca. 18km east of Elafonissos sanple site, 35.15°N |atitude
/23.41°E longitude). Surface-water tenperature ranged between 27.7°C and 12.7°C
in July and January respectively, though, given the latitude of the area,
extrenely lower tenperatures have been registered as well (i.e. 9.6°C to 10.0°C
during January/February period of 1981 to 1985). Relative hunidity varied
bet ween 52.5% and 70.8% in July and January respectively.

| NTERPRETATI ON OF THE ENVI RONMVENT

Foll owi ng the nobdel by LANGER (1993) concerning the association as well as
the life-style of epiphytic foramnifera, two groups of them were distinguished
in the studi ed sanples:

a) Permanently sessil e species

Mniacina mniacea (Pallas) is the nobst prom nent sessile species of this
group. It is an arborescent, epiphytic foramnifer, which belongs to the Famly
Honmotremat i dae and domi nates all studied assenbl ages and sanples (see D in Table
1). During its ca. one-year life-time, M niniacea was observed to be minly
attached on small buildups constructed by vernetid gastropods and/or peysso-
nel i aceaen red algae using its flat or slightly concave, bow shaped |ower side
(Plate 1:2). After its death, enpty tests are massively transported by wave
energy onto the beach, where they are presently found, thus giving this very
characteristic red colour in the sand.
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Both, Cibicides |obatulus (Walker & Jacob) and Planorbulina nediterranensis
d' O bigny belong as well to the pernanent sessile species. The latter species is
present in few to rare frequencies only in the FA1 and FA2 sanples of Livadhi
bay, while C. lobatulus is common in the whole set of studied sanples. According
to LANGER (1993) and RiBES et al. (1998), both species prefer as mcrohabitats the
Medi terranean seagrass Posidonia oceanica and the brown algae Sargassum
hor nschuchi .

b) Permanently vagile (notile) species

In this group were placed species like the Peneroplis planatus (Fichtel &
Moll) bearing a sieve-form of aperture openings and the discoidal Sorites
margi nalis (Lamarck) both of the Family Soritidae. They were observed in high
abundances in our sanples (A to D in Table 1). Another foramnifer of this
group, Spirolina cylindracea Lanarck, was al so observed in common frequency, but
it was only present in the Ganvousa bay (sanples GRL and GR2). Al previous
epi phytic species prefer the leaves and rhizones of seegrass, but also the
smal | er Dasycl adus algae as their mcrohabitat. The S. marginalis additionally,
relies on the coralline al gae Pseudolithophyllumas well (LANGER, 1993).

In all sanples, the Famly Mliolidae is well-represented by nunerous
i ndi vidual s belonging to 24 different species of the subfam |y Quinquel oqulinae.
Four of these species (Q bicornis, Q bicostata, Q flavescens and Q peregrina
-striata) are only found occasionally and in low frequency (R in Table 1).
Qui nquel oqul i ns are porcellaneous shell foram nifera and bear narrow to bottle-
neck like apertures. In order to be well-devel oped, they need special environ-
ment conditions, mainly concerning to the salinity and water -tenperature and -
cl earness. Mreover, due to their short life-span, they can be inportant
recorders of environnental changes. Therefore, and given their great abundance,
the Quinqueloqulinids are presently considered as ideal ecologic indicators
giving valuable infornmation on the above nentioned physi cochem cal paraneters of
the sea-water and their fluctuation. The Quinquel oqulinids show al so frequency
maxi ma or preferences to certain plant mcrohabitats in flat and arborescent
phytal substrates (LANGER, 1993). The Vernetid- and Peyssonel i aceae- reefs of the
studi ed bays offer therefore an ideal nicrohabitat for the Quinquel oqulina taxa.

Anong other vagile species in our material, Elphidium crispum (Linné) and
Rosalina globularis d Obigny were recorded, the forner in rare to few
frequenci es, relying upon P. oceanica rhizomes and green algae, while the latter

was only occasionally and in rare frequency observed along the coastal-line of
Fal asarna (FAl1) and Elafonissos (ELF). E. crispum bears nultiple aperture-
openings and has a short life-time, ranging between 3 and 4 nonths. R
globularis with a broader aperture has also a short life-tine, but sonewhat

I onger than E. crispumrangi ng between 2 and 5 nont hs.

Table 1 Sanpl es

GR1 €3] FAL FA2 ELF
Epi phyti ¢ Foram nifera Species (Li) (Li) (Ae) (Ae) (Ae)

+0,00m | -2,00m | +#0,00m | -2,00m | 0, 00m

Asterigerina planorbis d Obigny F R
Ci bicides |obatulus (Wal ker & Jacob) C C C C C
Cruciloculina triangularis d Obigny C C C C C
Dendritina arbuscula d O bigny A A C C C
El phi di um cri spum (Linne) F R F R F
M ni aci na m ni acea (Pall as) D D D D D
Peneroplis planatus (Fichtel & MlI) D D D D D
Pl anor bul i na mediterranensis F R
d’ O bi gny
Qui nquel ocul i na akneriana d O bi gny F F C C C
Q_ angui na Ter quem F F
Q anguste-oralis (Wesner) C C C C C
Q auberiana d’ O bi gny A C A C A
Q bicornis Wal ker & Jacob R
Q hicostata d O bi gny R
Q elongata (d O bi gny) F F F F
Q flavescens d Obigny R
Q gualtieriana (d Obigny) F F F F F
Q_ hauerina d Ohigny F R
Q inflata (d Obhigny) C C C C C
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Q laevigata (d Obigny) C C C C F
Q (Pseudoschl unbergerina) ovata F F F F

(Si debottom

Q peregrina-striata (Wesner) R

Q plana d Obigny C C C C C
Q (Pseudotril oculiana) planciana C C C
d’ Orbi gny

Q_ pseudoreticulata Parr F F

Q (Pseudotriloculiana) reticulata F F F
((Sol dani)

Q rotunda d O bi gny F F F C C
Q. schreibersii d Obigny F F F F

Q sem nul um (Li nne) C C C C C
Q subcarinata d O bigny F R F R

Q suborbicularis d O bigny C F F R F
Q vulgaris d Obhigny C C C C C
Rosalina globularis d Obigny R R
Sorites marginalis (Lamarck) A A D D A
Spirolina cylindracea d O bigny C C

Spirolina sp. (?) C C

Spi rol oculi na depressa d O bi gny F F C C C
Triloculina trigonula (Lamarck) C C C C C
Val vul i neria conpl anata (d O bigny) F R F R

Tab. 1. Relative frequency distribution of benthic Foraminifera in sanples from
WCrete/S. Geece. Their Systematic is based on the Taxononmy of LoeBLicH & TapPAN (1978).

Speci es are here al phabetically organi zed. Abbreviations are as follows: D= Dom nant, A=
Abundant, C= Commpbn, F= Few and R= Rare.

Sanpl es abbreviations (top line) are referred to locations of figure 1. GR= Granvousa,

FA= Fal asarna and ELF= El af oni sos i sl and. Substrate: Li= Linmestone, Ae= Aeolianite.

El evation is in meters above (positive) or bel ow (negative nunbers) the present sea-I|evel

which is considered to be at + 0,00m

CONCLUSI ONS

1. Sunmarizing, two groups (associations) of epiphytic Foraminifera could be
clearly distinguished in W Crete, due to different habitats follow ng the nodel
of LANGER (1993); a) the permanent sessile and b) the pernanent vagile taxa.

2. Substrate-type differences on assenbl ages are delineated by variation of
Qui nquel oqul i na representatives. Q (Pseudotril ocul i ana) pl anci ana, Q
pseudoreticulata and Q (Pseudotriloculiana) reticulata (F to C) found to prefer
Aeolianites, while Spirolina (C) seens to prefer harder substratum such as
i nestones (Table 1).

3. Quinqueloqulina taxa belonging to the second group, appear to be very
well represented with 24 different species. A further study will be required to
reconstruct the tenporal developnent of this taxon and trace the anthropogenic
i mpact and its consequences in the environnent as it has al so been highlighted
by ReINHARDT et al . (2001).

4. Monitoring stations of the environnental paraneters are sparsely
distributed in the eastern Mediterranean. Additional data is provided by
satellites. Currently, their spatial resolution is limted. For studying changes
in small-scale habitats (i.e. small bays or coastal-areas, like in Geece) and
keeping low the <cost, the study of distribution of selected epiphytic
Foram ni fera such as the Quinquel oqulina species is considered a useful tool for
pal aeoecol ogi cal and pal eoenvi ronnental studies.

5. The present state of the environnent represents one tine slice in the
geohistory. It is controlled anbng other by long term geol ogi cal processes. The
latter can only be derived from the stratigraphic record (conpare PiIrRAZZOLI et
al., 1991). Understanding of these processes wll allow us to extrapolate
(predict) future changes in the environnent.
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Plate 1

Scanni ng El ectron M croscopy (SEM photographs of epiphytic Foram nifera species
fromW Crete island, southern G eece.

1-4: Mniacina mniacea (PALLAS) test. Large, adult, epiphytic foramnifer,
which lives sessile, using its bow shaped | ower-side, attached on various al gal
reefs of Granvousa, Falasarna and El afonissos bays of the western coasts of
Crete island. Black-bars are for scale.

1: Face-view of M mniacea. Its tree-like upper-surface, presents a fine
perforation with a nunber of thin, net-like branches. Magnification x17.

2: Lower-side view of M niniacea. The spiral-form order of chanbers shows a
"Beer"-like structure of the test. Mgnification x17.

3: View of the upper-surface of M niniacea and 4: Detail of the previous mcro-
photo. There are to be observed the foram na or pores connecting the chanbers as
well as a distint doublicate wall-structure of the shell, which is cut by the
so-called "Arrow pores". Magnifications are for fig. 3: x125 and for fig. 4:
x300.

5: Quinquel oqulina (Pseudotriloculina) reticulata (SOLDANI). Dorsal side-view.
Magni fi cati on x100.

6: Apertural view of Quinqueloqulina plana d'" ORBI GNY. Magnification x100.

7: Sorites marginalis (LAMARCK). Magnification x40.

8, 9: Peneroplis planatus (FICHTEL & MOLL). 8: Spiral- and 9: Apertural- views.
Magni fi cati ons x40 and x100 for figures 8 and 9 respectively.

10: Spirolina cylindracea d ORBIGNY. It was observed only in sanples from the
Gramvousa bay. Magnification x40.

11: Spirorbis sp. It has a polychaetic nicrohabitat. A lot of marine, segnmented
worns |live tenporarily or pernanent in the tubes. Magnification x100.

12: Cibicides |obatulus (WALKER & JACOB). Spiral -side view. Magnification x100.

PLATE 1
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