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Photosynthetic microorganisms as epibionts and euendoliths on biotic
substrates in a thermal spring with ferric—iron deposits
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Abstract: Rust—coloured shells of the aquatic gastropod Ventrosia ventrosa, a new record for eastern Greece,
indicating presence of iron (EDAX analysis) were studied for detection of iron—encrusted photosynthetic epibionts
in a Greek brackish—water thermal spring (38 °C). Microscopic analyses (LM, SEM) revealed the presence of
a biofilm consisted of mostly facultative micro—epibionts, i.e. a) 5 periphytic taxa of coccal and filamentous
cyanobacteria, including a taxonomically and ecologically interesting morphospecies, Xenococcus cf. pyriformis,
dominated exclusively on the shell surface, and b) pennate diatoms with higher species richness (18 periphytic taxa
of the genera Amphora, Brachysira, Cymbella, Diatoma, Encyonema, Navicula, Nitzschia, Pleurosigma, Synedra,
Ulnaria; 5 taxa as new records for Greece), most of them emerging only after acid treatment of whole gastropod
shells. The abundant diatoms thriving directly or nearby the iron—coatings (Cocconeis placentula var. euglypta
and Achnanthes brevipes sensu lato) exhibited different modes of attachment (‘adnate’ and ‘pendunculate’,
respectively). Two euendolithic cyanobacteria (Hyella sp. and Leptolyngbya terebrans; the former with special
taxonomic interest) were also found perforating the delicate gastropod shells, with no distinct differentiation in
the extent of infestation between live and dead gastropod shells. Moreover, the possible impact of these encrusted
photosynthetic assemblages on V. ventrosa was investigated; statistical analysis showed that a) there is no ‘drag
effect’, induced by the epibionts, influencing the gastropod growth (i.e. shell length), b) shell size enlargement
provides a favourable space and promotes the intense fouling by both micro—epibionts and macro—epibionts (egg—
capsules), and c) the detachment prevention of egg—capsules is attributed to the biofilm development.
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Introduction

Adhesion of microorganisms to biotic substrates
(aquatic plants including algae or aquatic animals)
forming a biofilm is a well-known phenomenon
that has been documented repeatedly mainly
in the sea (e.g. in Greece; BELEGRATIS et al.
1999; BELEGRATIS & Economou—-AmiLLl 2001;
Pantazipou et al. 2001; Louvrou 2007). In the
case of two or more organisms being in a spatially
close facultative association the phenomenon is
known as epibiosis; in the description of such
microbe—-metazoan interactions, the metazoan
is generally called a ‘basibiont’, and microbes
are called ‘epibionts’ (WaHL 1989). Microbial
epibionts, although generally ignored in the
description of marine organisms, may have
profound effects on the basibiont by causing a
multitude of beneficial or detrimental effects and

must be taken into account when host ecology is
studied (WanL & Hay 1995; WaHL et al. 1997;
GiLLaN & Capte 2000) and especially when the
hosts are small (WAHL 1989).

A special mode of colonization is the active
penetration in a variety of carbonate substrates
both of inorganic and organic origin (including
calcareous parts of certain invertebrates) mainly
by euendolithic cyanobacteria, and less frequently
by chlorophytes or by the stage Conchocelis of
rhodophytes (DREw 1949; LABOREL & LE CAMPION—
ALsumArD 1979; LE CamPION—ALSUMARD 1979;
GoLUBIC et al. 1981; ANAGNOSTIDIS & PANTAZIDOU
1985; 1988a,b,c; PanTazIDOU et al. 2006; Louvrou
2007; TrmoLLET 2008a,b), whereas active
penetration of diatoms into carbonate substrates
has not been recorded.

Epibiotic microbial communities are
sometimes associated with ferric—iron deposits, as
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in the case of communities living on the bivalve
Montacuta ferruginosa (GiLLAN et al. 1998, 2000;
GiLLan & DE Ripper 2001) or on the mud snail
Hydrobia ulvae (GiLLaN & CADEE 2000). In iron—
enriched natural environments like thermal springs
and vents, the cellular survival would have been
achieved through iron detoxification mechanisms,
and the iron—scavenging mechanisms exhibited by
marine and freshwater cyanobacteria (e.g. strains
of Synechococcus, WEBB et al. 1994; KatoH et al.
2000, 2001) may have been specially developed
there (BrRownN et al. 2005).

The aim of this paper was to study the
phototrophic microbial communities thriving as
epibionts on the typically delicate, horny—coloured
shells (Farniowsky 1987) of the gastropod
Ventrosia ventrosa (Montacu 1803). This species
was the only mollusc found in abundance with
extensive iron coatings (rust—coloured) on its
shells in a Greek thermal spring, rich in FeO,
and chemically reminding brackish waters, on
Kythnos Island. Apart from identification of the
iron—encrusted photosynthetic microorganisms,
research was focused on the mode of epibiotic
adhesion, the possible facultative or obligate
nature of the epibionts, and the existence and
boring patterns of the phototrophic euendoliths.
Also, the impact of this biofilm on the growth of
V. ventrosa was detected, i.e. the possible ‘drag
effect’ induced by the epibionts influencing its shell
length, the shell size enlargement as favourable
space for intense fouling by both micro—epibionts
and macro—epibionts (egg—capsules), and the
detachment prevention of egg—capsules by the
biofilm development and the resultant modified
substrate structure.

Material and methods

There are two neighbouring iron thermal water springs
on Kythnos, an island belonging to the Cyclades group
of the Aegean, i.e. the ‘Kakkavou’ (52 °C) outflow
and the ‘Agioi Anargyroi’ (38 °C) outflow (Latitude:
37° 26’ 23” N, Longitude: 24° 25’ 32” E). The latter
cooler spring was selected for this study. Lithology and
chemical analyses show the brackish nature of these
thermal waters and presence of iron (LAMBRAKIS &
KaLLErats 2005).

Alive and dead specimens of V. ventrosa were
collected at the thermal outflow of ‘Agioi Anargyroi’
in July 2008 mainly close to the vent and along the
stream (appr. 180 m from the sea; 34-38 °C) (Figs 1,
2). Samples were also collected far from the vent at
the stream outflow (T=33 °C) and served as reference
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to determine the gastropod distribution limits. The
bottom at each sampling site was swept with a fine—
meshed hand-net (600 pm mesh) for shell gastropod
collection, and samples were preserved in ethanol
solution (80%). The gastropods were examined under
a stereo—microscope (Stemi 2000—C, Zeiss, Germany),
and specimens with a number of whorls >3 were
dissected and identified to species level. Shell length
was measured to the nearest 0.25 mm. The length
values were not distributed normally and, therefore,
non—parametric tests were employed. Statistical
analyses (i.e. Mann—Whitney U-test, and Spearman

Figs 1-2. General view of the outflows of the thermal spring
‘Agioi Anargyroi’ on Kythnos Island: (1) Macroscopic view
of the vegetation, and of the iron deposits seen as brown
patches; (2) A population of the gastropod Ventrosia ventrosa
with rust—coloured shells; note the various degrees of iron
deposition, and the egg—capsules on the shells.

rank correlation coefficient; see Zar 1984) were done
by means of the software package ‘Statistica 7°.

For direct study of the epibiotic assemblages, whole
shells or fragments of V. ventrosa were observed
firstly by light microscopy (Stemi 2000-C and
Photomicroscope III, Zeiss), and then by scanning
electron microscopy (Jeol JSM—35 operating at 25
kV) after being dehydrated in a gradient of alcohol
dilution series (10—100%) and finally in pure aceton,
critical point dried and spray coated in gold—palladium.
For detailed microscopic study of the epibiotic
photosynthetic assemblages whole shells, shell
fragments or scratches of the ferric— and non ferric—
iron coatings of V. ventrosa were either dissolved
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using Pereny’s solution (10% HNO,, 0.5% Cr,O,,
95% C,H,OH in proportion 4:3:3) for extraction of
cyanobacteria, or treated with acids (KMNO, and HCI,
after SiMonseN 1962) for cleaning the diatom frustules.
For dissolving calcium carbonates of the shell surface
and releasing the euendolithic algae, fixed samples of
V. ventrosa were treated also with Pereny’s solution and
observed by light microscopy. For observation of the
tunnels (borings and boreholes) and for identification
of the boring patterns of the euendoliths, shells were
boiled for 2—5 min three—times in a 2.5% solution
of sodium hypochlorite (NaOCIl) in order to destroy
the organic material, which was removed by rinsing
several times with distilled water; the specimens were
then allowed to dry, sputter coated in gold palladium
and observed by scanning electron microscopy.

For energy—dispersive X-rays analyses (EDAX)
to detect elements on the shell surface, shells were air—
dried, mounted and observed under a Jeol JISM—-5600
microscope coupled to an energy dispersive X-ray
microanalysis detector Oxford Link™ Isis™ 300 and
software Oxford SEMQuant™. The analysis was done
at 20 kV with a beam current of 0.5 nA, lifetime 50 sec
and beam diameter <2 pm.

Results and discussion

The photosynthetic biofilm

The iron—coated shells of V. ventrosa were covered
by a biofilm mainly consisted of cyanobacteria and
diatoms, the latter with higher species richness;
also, certain shells were found poorly infested by
euendolithic cyanobacteria (Table 1).

The shell surface of most specimens of V.
ventrosa (77.4%) was found to be characteristically
rust—coloured (Figs 4, 6, 8) indicating presence of
iron, and shell coatings were more developed in
adults and especially on corroded shells than in
juveniles or non corroded shells. EDAX analysis
indicated that the most abundant elements of the
coatings were O, Si and Fe; the other elements
detected were C, Na, CI (Fig. 3). Comparatively,

Fig. 3. EDAX spectrum of the iron—coatings of Ventrosia
ventrosa.
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EDAX analysis directly on the concave raphe—
valve of diatoms showed the same more or less
distribution of elements; whereas on the convex
rapheless—valve the proportion was greater in Si
and lower in Ca and Fe, as expected possibly due to
the lesser accumulation of elements on the convex
areas of the valves. The biogenic iron precipitates
are expected to affect the distribution of both
epibionts and euendoliths through shading or
reduced space available for colonization. Similarly,
biogenic carbonate precipitates affected diatom
colonization on Corallina elongata (PaNTaZIDOU et
al. 2001); also Potamogeton precipitates affected
the attached epiphytes (CarTaneo 1978).

The ascertained species composition
seems to be in accordance with the biological
composition normally found in similar thermal
aquatic environments. It is noted that the
photosynthetic microbial assemblages of a typical
thermal aquatic environment mainly consist
of thermophilic prokaryotes, and the group of
cyanobacteria have long been considered (Vouk
1923; CopeLanD 1936; ANacNosTIDIS 1959) to
dominate in thermal springs (e.g. ANAGNOSTIDIS
1961; Brock & Brock 1966); whereas, associate
microorganismsbelonging to generaof procaryotes
other than cyanobacteria (e.g. Archaea, sulphate—
reducing bacteria, iron—oxidazing bacteria, etc.)
and /or algae (e.g. diatoms, green algae) are also
found as a respond to specific ecological niches
especially in temperatures lower than 40 °C (e.g.
MovLiscH 1926; ANAGNOSTIDIS 1968; KULLBERG
1968; OweN et al. 2008). Diatoms, in particular,
give more information on the thermal habitat in
many cases due to their qualitative richness and
well-defined ecological requirements (e.g. in
Greece; EcoNoMOU—AMILLI 1976; ANAGNOSTIDIS &
Economou—AmILLI 1978; PanTazipou et al. 2001;
Louvrou 2007). The only availabe references
about euendolithic cyanobacteria from geothermal
marine environment or thermal springs are those
of THomas & GonzaLves (1965), Pantazipou et
al. (2001) and Louvrou (2007), the last two from
exoskeletal parts of invertebrates in hydrothermal
areas of Milos Island, Greece.

The only available reference for epibiotic
microorganisms (i.e. Protozoa) on the shell of
V. ventrosa, as syn. Hydrobia stagnalis (BASTER
1765), is that of Horker (1930) from brackish
waters. Iron—encrusted biofilms with diatoms,
iron bacteria, and cyanobacteria covering the shell
of another related mud snail, the brackish—marine
Hydrobia ulvae (PENNANT 1777), were studied by
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Table 1. Taxa of photosynthetic microorganisms (cyanobacteria, diatoms) found as epibionts or euendoliths on iron—
coated shells of the gastropod Ventrosia ventrosa from ‘Agioi Anargyroi’ thermal spring on Kythnos Island [(A) abundant,

(C) common, (R) rare, (*) taxa new for the Greek flora].

Taxa of photosynthetic microorganisms

Abundance

Epibiotic Cyanobacteria

Chroococcus thermalis (MENEGHINT) NAGELI
Chroococcus turgidus (KUTzZING) NAGELI
Spirulina subtilissima KUTZING ex GOMONT
Synechocystis minuscula VORONICHIN
Xenococcus cf. pyriformis SETCHELL et GARDNER

Euendolithic Cyanobacteria
Hyella sp.

Leptolyngbya terebrans (BOoRNET et FLAHAULT ex GOMONT) ANAGNOSTIDIS et KOMAREK

Epibiotic Diatoms

Achnanthes brevipes C.A. AGARDH sensu lato
Amphora commutata GRUNOW

Brachysira aponina KUtzING

Cocconeis pediculus EHRENBERG

Cocconeis placentula var. euglypta (EHRENBERG) GRUNOW

Cymbella excisa KUTzING

Cymbella hantzschiana KRAMMER

Cymbella helvetica KUtzING

Diatoma vulgaris Bory

*Encyonema pseudocaespitosum LEVKoV et KrsTiC
*Navicula cryptotenella LANGE—BERTALOT
*Navicula subrhynchocephala HUSTEDT
*Navicula vekhovii LANGE-BERTALOT et GENKAL
*Nitzschia elegantula GrRunow in VAN HEURCK
Pleurosigma elongatum Ww. SMITH

Synedra cf. fasciculata var. obtusa PANTOCSEK
Synedra rumpens KUTzING

Ulnaria ulna (NitzscH) P. COMPERE
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GiLLAN & CADEE (2000).

Epibiotic Cyanobacteria

The most frequent of the cyanobacteria was
a mophotype of Xenococcus (Fig. 5). This
morphotype was observed exclusively as epibiont
on shells of V. ventrosa in approximately 1/4 of
the individuals examined, and in areas nearby or
upon the fine iron coatings but never directly on
heavy iron precipitates; whereas it was absent
in the surrounding periphytic samples (to be
published elsewhere). Its diacretic features, based

on morphometric parameters and developmental
stages only in wild material, are closer to the type
of Xenococcus pyriformis SETCHELL et (GARDNER
in GarDNER 1918. However, ecology differs. In
the present study we refer to it as Xenococcus cf.
pyriformis. Further taxonomic investigation on
this morphotype, e.g. molecular classification by
16S rRNA-based methods on fresh and cultured
material, would be of interest.

It is noted that Xenococcus THURET in
BorneT et THURET 1880 is a little known genus
with 25 described species including Xenococcus
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Figs 4-9. Iron—coated shells of Ventrosia ventrosa showing attachment of macro— and micro—epibionts: (4) The macroepibiotic
egg—capsules, stereo—micrograph, a background square represents 1 mm? (5) The epibiotic morphotype Xenococcus cf.
pyriformis, in solitary cells and colonies, growing on the external shell surface of the gastropod V. ventrosa, LM, scale bar
10 um; (6) Part of an iron—coated shell of V. ventrosa close to a suture showing (arrow) the ‘pedunculate’ type of attachement of
a diatom colony of Achnanthes brevipes sensu lato, stereo—micrograph, scale bar 100 um; (7) A short colony with two frustules
of the diatom Achnanthes brevipes sensu lato attached with a mucilage stalk to the shell surface of V. ventrosa, SEM, Scale
bar 10 pum; (8) Part of an iron—coated shell of V. ventrosa showing the ‘adnate’ mode of attachment of the diatom Cocconeis
placentula var. euglypta, LM, scale bar 10 pm; (9) Part of an iron—coated shell of V. ventrosa showing the ‘adnate’ mode of
attachment of the diatom Cocconeis placentula var. euglypta, SEM, scale bar 10 um.

gaditanus GonNzaLEz GUERRERO 1947 — the 1936 — a freshwater thermophilic morphotype
only species of the genus reported as epizoic  established from the Yellowstone thermal springs
in saline biotopes of Spain on shells of alive in temperature 51-65 °C. Representatives of
gastropods — and X. yellowstonensis CoPELAND  genus Xenococcus attach to different substrates
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(stones, algae, aquatic plants); several species are
known from mountain streams, others from the
littoral zone of the sea (KOMAREK & ANAGNOSTIDIS
1998). The type species Xenococcus pyriformis
is known as epiphytic on marine filamentous and
parenchymatous algae first from the Pacific coast
of North America and later from various coasts
of North and South America too, whereas from
Europe it is known from the Black and Baltic seas
(Kaas 1985); species of Xenococcus as associates
to ‘sulphureta’ biocommunities from Greece are
referred by ANAGNOSTIDIS (1968).

The  Xenococcus  morphotype  was
found associated with the chroococcalean taxa
Chroococcus turgidus, Chroococcus thermalis,
Synechocystis minuscula, and the filamentous
species Spirulina subtilissima (Table 1). All these
are known as periphytic taxa from hydrothermal
environments, also from Greek thermal springs in
temperatures 34-59 °C (ANAGNOSTIDIS 1961).

Epibiotic Diatoms

Direct examination of iron—coatings on the
shells of V. ventrosa both with light and scanning
electron microscope revealed the presence of the
following two taxa of diatoms as true epibionts
(Table 1):

The most frequent epibiotic diatom was
Cocconeis placentula var. euglypta, with raphe
valves closely appressed to the substrate (‘adnate’
mode of attachment, sensu Round et al. 1990) and
seemed to prevail all over the shell surface (Figs
8, 9). This diatom, and the genus as a group, is
considered as a thermophilic species preferring
temperatures over 22 °C (SQuirRes et al. 1979;
Vinson & RusnrorTH 1989). It was found in Greece
also as epibiont on the shells of another gastropod
of Hydrobiidae, Potamopyrgus antipodarum
(J.E. Gray 1843) in Lake Trichonis (RADEA et al.
2008). This and other taxa of Cocconeis closely
appressed to the substrate and living over the shell
surface of other invertebrates (tube of polychaetes,
and the bivalve Cerastoderma glauca BRUGUIERI)
were also found in hydrothermal or adjacent areas
of Milos Island (Pantazipou et al. 2001; Louvrou
2007).

Another obvious presence was a number of
morphotypes identified as Achnanthes brevipes
sensu lato. Achnanthes species are mostly recorded
from cold waters with decreasing abundance at
temperatures above 14 °C (VINSON & RUSHFORTH
1989). In our material these morphotypes appeared
in short colonies suspended in the water (Figs 6,
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7) and connected to the shell surface by mucilage
stalks (‘pedunculate’ mode of attachment, sensu
Rounp et al. 1990). The preference for suspending
at the edges of the substrates can be attributed to
the prevailing better illumination conditions and
favourable nutrient renewal at these areas (e.g.
CATTANEO 1978; BELEGRATIS & ECONOMOU—AMILLI
2001). It is noted that, in flat biotic and artificial
substrates, the type of colonizing process with the
first colonists appearing on the margins and with
the gradual filling—in of the flat areas is referred
as ‘edge effect’ (Cartaneo 1978; KorTE & BLnN
1983; HamiLton & DutHIE 1984).

A number of other diatoms (16 taxa of the
genera Amphora, Brachysira, Cymbella, Diatoma,
Encyonema, Navicula, Nitzschia, Pleurosigma,
Synedra, Ulnaria) were mainly revealed only after
treatment of the whole gastropod shells with acids
(Table 1). Most of them are typical brackish and /or
fresh—brackish waters species or species thriving
in biotopes with high mineral content (e.g. LANGE—
BertaLOT & KRAMMER 1987; LANGE—BERTALOT
2001; Krammer 2002). Due to their ecological
requirements, they are expected to survive or
flourish in such thermal spring outflows, i.e. in a
stable ecosystem not only concerning temperature
changes but also the relative stability of the high
mineral content reminding brackish waters. Five
of these taxa are reported for first time in Greece;
Encyonema pseudocaespitosum was recently
established from Lake Ohrid (Levkov et al. 2007).
It is noted that Amphora commutata is known
from Greece only from a lagoon on Milos Island
(Louvrou 2007). Of additional taxonomic interest
and further study are the morhotypes identified as
Achnanthes brevipes sensu lato and Synedra cf.
fasciculata var. obtusa.

The above diatoms are considered as
facultative epibiotic species. They might be
colonizers coming from neighbouring periphytic
algal asssemblages and/or might represent
‘trapped’ epibiotic species concealed within
the iron coatings in overlapping layers. The
first view is supported by their finding at least
of the abundant ones on filamentous algae (e.g.
Cladophora) or other abiotic substrates (unpubl.
data). Similarly, the shells of another mud snail,
P antipodarum, a freshwater—brackish species
from the Greek Lake Trichonis, with no specific
shell coloration or coatings, were also found to be
covered by diatoms common to the surrounding
lake system (RaDEA et al. 2008). The latter view
of the ‘trapped’ cells is supported by their high
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abundance after cleaning of the epibiotic coatings
with acids. Similar observations of ‘trapped’
epibiotic diatoms into calcareous precipitates were
made on other invertebrates (Louvrou 2007) or
after detaching the calcareous parts of the coralline
alga Corallina elongata ErLLis et SOLANDER where
epiphytic diatoms were revealed in overlapping
layers (Pantazipou et al. 2001). As in the case of
Corallina, the concealed space should be taken
into account in quantitative analyses of epibiotic
diatoms in the iron—coated shells of V. ventrosa.

Euendolithic Cyanobacteria

Two euendolitic cyanobacteria were found to
poorly infest certain shells of V. ventrosa, i.e.
Hyella sp. and Leptolyngbya terebrans (Table 1).
These taxa are widely distributed within biogenic
and non-biogenic calcarecous substrates from
marine, brackish and fresh waters; also in Greece
they were found on members of Hydrobiidae
from a saline lagoon (see extended literature in
Pantazipou et al. 2006).

The morphotype identified as Hyella sp.
is of special taxonomic interest needing further
investigation, due to the similarities with the
unsure record of Tryponema indicum THOMAS
et GonzaLves 1965, a species needing revision
according to KoMAREK & ANAGNOSTIDIS (1998) and
the only record of euendolithic cyanobacteria from
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thermal springs (India). This species and the genus
Tryponema itself need revision due to the similar
morphology and the exclusively euendolithic
mode of life with the related euendolithic genus
Hyella BornET et FLanauLT (1888, 1889).

Presence of euendoliths and their boring
patterns were ascertained with light microscopyand
also scanning electron microscopy. Observations
of the borings of Hyella sp. and Leptolyngbya
terebrans (Figs 10, 11) reflect some aspects
of their filamentous morphology (branching,
size). It is noted that the internal surfaces of the
excavated borings in plain or vertical view display
the internal shell of the gastropod (Fig. 11, large
arrow); similar mucilagineous and amorphous
structures preserved as a thin lining at boreholes
of  euendolithic  cyanobacteria, including
Leptolyngbya terebrans, on marine clams were
attributed by CHACON et al. (2006) to remains of
extracellular polymeric substances (EPS). Despite
the present poor infestation of the gastropod
shells, the role of euendolithic cyanobacteria for
increasing the space available for colonization
should be taken into account in biofouling, since it
is known from other euendoliths that the original
borings merge and allow adequate space for
secondary colonizers (cyanobacteria, diatoms) to
settle in the new cavities (LE CAMPION—ALSUMARD
& Govrusi¢ 1985; Pantazipou et al. 2001).

Figs 10-11. Borings of euendoliths on the shell surface of Ventrosia ventrosa: (10) Borings of Hyella sp. reflecting the
pseudofilamentous morphology, oriented parallel to the external shell surface; (11) Borings of Hyella sp. reflecting the
pseudofilamentous branching and additionally the excavated boreholes on the external shell surface (the internal shell structure
of'the gastropod is discernible at large arrow). In the insert, fine borings (small arrow) of the filamentous euendolith Leptolyngbya
terebrans. SEM. Scale bar 10 pm.
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The low species richness and abundance of
euendoliths and their borings can be attributed to
the delicate and small shells of V. ventrosa which
are prone to abrasion keeping the community
in a state of ‘permanent initial colonization’
(compare CHACON et al. 2006), whereas the
effect of iron precipitates on the installation and
proliferation of euendoliths cannot be excluded.
The former view is corroborated by previous
findings where the richness and penetration
pattern of endolithic colonization was attributed
to the nature of the substrate (in those cases harder
shells where dissolution effects are minimal) and
it was comparable to that in calcareous rocks
(e.g. LE CampioN—ALSUMARD & Gorusi¢ 1985;
LE CamMPION—ALSUMARD et al. 1995, 1996; PErrY
2000; PanTazIDOU et al. 2006).

In addition, distinct difference in infestation
was not detected between live and dead shells in the
material studied. However, great differentiation in
species richness and succession of the euendolithic
community in the skeletal material of live and dead
host invertebrates has previously been reported
(e.g. LaBorReL & LE CamPION—ALSUMARD 1979;
Le CaMPION—ALSUMARD et al. 1995; TRIBOLLET &
Pavri 2001; Pantazipou et al. 2006; TRIBOLLET
2008a,b).

The basibiont as host for epibiosis

The collected gastropods were exclusively
individuals of the mud snail V. ventrosa (MoNTAGU
1803) (Fig. 4); no other gastropod species was
found in the thermal spring under study. It is noted
that the geothermal fauna of aquatic invertebrates
has generally low species diversity but sometimes
greater densities than those of cooler habitats
(James 1985). As for the distribution limits of
this gastropod, it is noted that at sampling sites
close to the vent the abundance of V. ventrosa
was extremely high covering large areas of the
stream bottom with shells of all ages, the oldest
being the majority; whereas along the stream
outflow the mud snails progressively diminish in
number, and close to the sea only a few immature
snails (with 2—3 whorls per shell) were recorded.
According to BaArNes (1994) great densities of
this species (~28 050 ind.m?) are frequently
observed at sites with suitable environmental
conditions. The presence of V. ventrosa close to
the venting sites of ‘Agioi Anargyroi’ thermal
spring (33-38 °C), a biotope with thermal and
chemical constancy reminding brackish waters, is
not surprising since this species is a short-lived
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mud snail, thriving in non tidal brackish waters
in landlocked coastal lagoons (Farniowski 1987;
BARNES 1999), it is a rather eurythermic and the
least specialized species among mud snails with
metabolism not changing within a wide range
(10-30 °C) of water temperatures (FALNIOWSKI
1987). The present record of V. ventrosa from
Kythnos Island (Cyclades, Aegean Sea) is the
first one from eastern Greece (Bank 2010), and
the closer finding is that from Izmir bay, western
coast of Turkey (Cinar et al. 2000).

The morphometric characters of the
collected V. ventrosa were analyzed in a total of 106
individuals (Table 2). The measured length values
were compared (Mann—Whitney U—test) and it
was found that there is no significant difference
between the iron—coated shells bearing epibiotic
assemblages and the uncoated shells with a rather
indistinct biofilm (Z=1.434804, n1=24, n2=82,
p=0.151344). This observation implies a minimal
effect of the epibiotic assemblages on the gastropod
growth, as opposed to the increased ‘drag effect’
induced by epibionts and on the growth and
possibly reproduction of other gastropods (e.g.
the prosobranch gastropod Littorina littorea L.
reported by WaHL 1996, 1997) due to the resulted
adverse conditions (higher energy expenditure
for attachment and locomotion and a reduced
allocation of resources).

Nearly all gastropod shells bear more than
two capsules with one egg—embryo per capsule
(Fig. 4), and only one capsule was recorded
containing two egg—embryos, in accordance
with previous observations (Lassen 1979).
Egg—capsules are deposited by neighbouring
conspecifics and could be considered as a kind of
temporary macro—epibionts (Fig. 4). Egg—capsules
were also measured in a number of shells of V.
ventrosa (Table 1). Statistical analysis showed
that the number of egg—capsules on iron—coated
shells was significantly higher comparing with
that on uncoated shells (Mann—Whitney U—test,
7=2.298262, nl1=24, n2=82, p=0.021548). As
for the iron—coated shells, a highly significant
correlation was also detected between shell length
and number of egg—capsules (Spearman Rank
Correlation Coefficient R=0.262, N=82, p=0.017).
On the contrary, the same correlation was found
to be not significant (Spearman Rank Correlation
Coefficient R=0.173, N=24, p=0.419) in the case
of uncoated shells.

The above data indicate a tendency for
egg—capsules deposition on the iron—coated shells
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Table 2. Shell length and egg—capsules measured in a number of iron—coated and uncoated shells of V. ventrosa from ‘Agioi

Anargyroi’ thermal spring on Kythnos Island.

V. ventrosa Iron—coated shells Uncoated shells
Number (%) 82 (77.4%) 24 (22.6%)
Maximum shell length (mm) * 4.75 (6 whorls) 3 (5 whorls)
Mean shell length (mm) ** 2.66%0.6 2.47+0.43
Shells bearing egg—capsules (number, %) 44 (53.6%) 10 (41.7%)
Egg—capsules per shell (mean number +SE) 1.43+£1.94 0.46+0.78

The maximum ( *) and mean (**) shell length values are lying in the range estimated for this species by various authors in
Europe: 3.5-6.2mm (FaLniowskl 1987, BARNES 1994, ProssT et al. 2000), and 2.2-3.6mm (GRUDEMO & JOHANNESSON 1999),

respectively.

where the encrusted epibiotic organisms and the
modified substrate may prevent their detachment.
On the other hand, the positive relation between
number of epibiotic egg—capsules and length of
iron—coated shells can be attributed to the larger
and more favourable space for egg—capsules
fixation, and it is in accordance with other findings
(BECkETT et al. 1996; CreeD 2000) where shell size
does play an important role for species abundance
and richness of the epibionts, the larger shells
being more intensely fouled comparing to the
smaller ones.

Similar implications for a possible impact
of epibionts on the egg fixation of a related species
of Hydrobiidae, i.e. Hydrobia ulvae, were made
by GiLLaN & CabpEE (2000). Additionally, BREWER
(1984) found that planulae of Cyanea (Cnidaria:
Scyphozoa) do not usually attach to clean natural
shells in the laboratory or to fresh shells in the
field, where wettabilities are very low (equivalent
to or less than that of glass), but high incidence of
planulae attachment in the field was observed in
aged shells possessing organic and bacterial films
which show increased hydrophobicity. Generally,
the larvae settlement of many marine invertebrates
on solid surfaces is influenced by the chemistry,
wettability and positively by the roughness of
the substrate surface, and these features depend
greatly in case a natural biofilm is attached (e.g.
BREWER 1984; WAHL 1989; RopRIGUEZ et al. 1993;
MarsDEN & Larsky 2000; HARDER et al. 2002)
and especially in flowing waters (KoBax 2005).
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