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Abstract

The structure of epiphytic communities was studied from February to November 2000 at three different

levels (upper limit, lower limit, central zone) in depth (- 5 to — 26 m) in five Posidonia oceanica (L.) Delile
1813 Tuscany coast meadows: Rosignano, San Vincenzo, Piombino, Punta Ala, Portoferraio (Isle of Elba).
The study was focused on leaf epiphytes and epifauna. Three shoots in three plots were collected randomly
in each area (nine shoots per area) in each site of each meadow. A quantitative description of the epiphytes
and epifauna was carried out, regarding the three groups: Algae, Hydroids and Bryozoans, both on the outer
and the inner surfaces of the leaf blade. The dynamics of communities of the leaf-stratum along a bathymetric
gradient showed a seasonal variation characterized by the highest richness of epiphytes mainly in the upper
limit, especially in early spring. Significant differences were demonstrated for the epiphytic communities of

the external leaf-stratum both on the upper and the central limit of the studied meadows.
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Introduction

Epiphyte colonization of the Posidonia
oceanica leaf blades is very variable, both in a
qualitative and in a quantitative sense. The
epiphytic community appears to differ along
the axis of the blade according to the age of the
leaf, so that the basal region appears less
colonized if compared to the apical parts (the
older ones) affected by a thick epiphytic
presence (MAZZELLA & RUSSO, 1989),
considering also epiphyte biomass (CEBRIAN
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etal.,1999). This is also due to the fact that the
youngest parts of the leaf produce less phenolic
acid, which inhibits the colonization and
development of the epiphytic communities
(HARRISON, 1982; HARRISON & DURANCE,
1985). In general during each season we observe
an epiphytic community more differentiated in
the upper limits considered, if compared to the
lower limits (MAZZELLA et al., 1989). Indeed
along the depth gradient there is the influence of
environmental factors such as the hydrodynamics,
the strength of the light, the temperature that
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affect the settlement and the development of
the epiphytes (CINELLI et al., 1984; MAZZELLA
& ALBERTE, 1986). What is more the epiphytic
colonization concerns, to a large extent, the
inner surface of the blade, because if we
observe the disposition of the leaf shoots in
relation to the sunlight and the hydrodynamic
factor, the inner surface of adult and
intermediate leaves (which are those more
affected by epiphytisme) prove to be the most
exposed (VAN der BEN, 1971; NOVAK, 1984;
MAZZELLA & RUSSO, 1989).

Epiphyte colonization is principally
controlled by biological factors such as the host
plant growth and the life cycle of the epiphytes
(CASOLAetal., 1987, MAZZELLA & RUSSO,
1989). Variations normally observed can surely
be correlated with seasonality, so the greatest
development of epiphytes can be recorded
from spring to the end of the summer, with the
least colonization in autumn when sea storms
typical of this season occur together with the
physiological loss of leaves in the meadow
(CINELLI et al., 1984; MAZZELLA et al., 1989;
PERGENT et al., 1995). The presence of different
concentrations of fertilizers in the seawater and
the values of some physical parameters (e.g.
temperature and light intensity) are limiting
factors for epiphyte growth. So, there will be an
abundant development of epiphytes in those
meadows in strongly organically polluted areas
(JUPP, 1977; MENDEZ, 1994) reducing the
photosynthesis and the diffusion rate of CO2
to the seagrass (SILBERSTEIN et al., 1986);
epiphyte organisms can almost be considered
indicators of organic pollution levels (PERGENT
etal., 1995). The aim of this research is the
characterization of the upper and lower limits
and the central area of five meadows on the
Tuscany coast: Rosignano Solvay (1), San
Vincenzo (2), Piombino (3), Portoferraio
(Island of Elba) (4), and Punta Ala (5) (Figure
1) from the point of view of presence and
abundance of epiphytes and epifauna, in order
to compare those meadows interested by
completely different environmental conditions.
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Materials and Methods

Data acquisition was carried out within the
selected meadows, according to the sampling
project illustrated in Figure 2, in the period
February-November 2000 in order to cover the
four seasons of the year. The upper limit, the
lower limit, and a central zone, were defined
for each meadow, in three depth ranges. For
each of these zones, three areas were randomly
chosen and recorded by G.P.S. Garmin II Plus,
and for each of the areas three plots were
defined, about 4 m2 in width, for leaf shoot
sampling, using SCUBA equipment (GAMBLE,
1984).

A total of 81 shoots was collected in each
season for each studied meadow. Subsequently
all samples were analysed in the Piombino
Institute of Marine Biology and Ecology
laboratories, using stereomicroscopes LEICA
MSS5. Epifauna and epiphytes on leaf blades
were described in quantitative terms, according
to the Epiphyte Index (E.I.) by Morri (1991).

The question of the quantitative evaluation
of the epiphytes has been studied by many
authors; a bibliographic summary is presented
by BOUDOURESQUEdet al. (1977), by CASOLA
etal. (1987) and MAZZELLA et al. (1989). In
general the epiphytic covering is expressed as
a surface covered in projection by the different
species, both as absolute value (mm?) and as
percentage value of the surface of the leaf. The
total covering is given by adding up the
covering surface of all the species underlined
(PANAYOTIDIS & BOUDOURESQUE, 1981).
Usually this method requires the involvement
of specialists; that is why most of the studies
on epiphytes examine only one taxonomic
group. The Epiphyte Index proposed by
MORRI (1991) and used in this research, is a
general index that allows a synthetic evaluation
of the epiphyte covering surfaces. This method
is based on the measurement of the leaf blade
portion occupied by the epiphytes or epifauna
of a certain group, ideally brought together in
the same portion of the leaf. The relation
between the length of the part occupied by one
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Fig. 1: Geographical distribution of the study meadows along the Tuscany coast.

of the categories considered and the overall
length of the leaf, gives a number of between 0
and 1 that expresses the Epiphyte Index. That
iswhy the E. I. is a pure number. We considered
adult leaves and leaves at an intermediate stage
of growth (that is those that for age and length
can guest epiphytes and epifauna) of all the
shoots collected during the samplings.

For each observed leaf, the inner and outer
surfaces were distinguished, and epiphytes
were considered for the groups of Algae
(calcareous encrusting and erect Algae),
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Hydroids and Bryozoans. Coverings were
measured using graph paper and for every
category of epiphytes or epifauna an addition
of the single measurements according to the
E.I. method applied was made, in order to
find the length of the colonized leaf part.
Photographs of these species were taken
using a NIKON F90X camera connected to
stereomicroscope. Thus, total inner and total
outer epiphytisme were evaluated. The
variance correlated according to periods,
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Fig. 2: Sampling project for analysis of the epiphyte spatial-temporal variance. Data were statistically
treated by the variance analysis (ANOVA). Within every analysis, variances in homogeneity were
evaluated by means of the Cochran test. If not homogeneous, data were transformed by v (x), V (x + 1)
e V[V (x)]. Season, depth, and different spatial scale variance were analysed through a five factor model

of variance analysis:

Time (Season): random and orthogonal, 4 experimental levels (February, May, August, October)
Meadow: fixed and orthogonal, 5 experimental levels (Rosignano, Piombino, San Vincenzo, Portoferraio,

Punta Ala)

Site: fixed and orthogonal, 3 experimental levels (upper limit, central zone, lower limit)
Area: random and nested in Meadow and Site, 3 experimental levels (area 1, 2, 3)
Plot: random and nested in Time, Meadow, Site, Area, 3 experimental levels (plot 1,2 e 3).

different depths and different spatial scales
was evaluated using a model for variance
analysis (ANOVA) with 5 factors (season,
meadow, site, area, plot), as described in the
caption of Figure 2.

Results

The species most represented in the epiphyte
coverings observed are the following:
Calcareous encrusting Algae — Pneophyllum sp.;
Hydfrolithon farinosum (Lamark) Howe
Erect Algae — Dictyota dichotoma (Hudson)
Lamouroux; Laurencia obtusa (Hudson)
Lamouroux; Womersleyella setacea (Hollemberg)
R.B. Norris; Corallina mediterranea (Ellis et
Solander) Aresch.;Jania Rubens (L.) Lamouroux
Bryozoans - Electra posidoniae Gautier; Beania
mirabilis (Johnston); Fenestrulina malusii
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(Audouin); Aetea sica (Couch); Disporella hispida
Fleming; Tubulipora sp.; Lichenopora sp.

Hydroids — Sertularia perpusilla (Clark); Obelia
geniculata (Stechow); Aglaophenia pluma
(Linneo). The Epiphyte Indexes were calculated
comprehensively for those species listed above
and others which were found in a more restricted
way. We have instead overlooked those sporadic
presences of epifauna, such as those represented
by Tunicata (mainly Botryllus schlosseri (Pallas)).

Inner Leaf Surface.

Algae (Figure 3). Very low levels of algal
epiphytisme were recorded at Piombino, San
Vincenzo and Rosignano; however, an epiphyte
index tendency to decrease from shallow to deep
areas was noticed. The dynamics of season of
the Epiphyte Index seems to be heterogeneous
depending on the different depths and areas,
and on the different series of microhabitats
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Fig. 3: Seasonal dynamics (T1 = February, T2 = May, T3 = August, T4 = October) of the Algae Epiphyte
Index (E.L.) in relation to three different depth ranges (upper limit, central zone, lower limit) and to
three different areas (area 1, area 2, area 3) for each of the five study meadows. Epiphyte Index refers
to inner leaf blade.
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within the studied meadows that offer
alternative and valuable niches for the
proliferation of different species
(BOROWITZKA & LETHBRIDGE,
1989). For the lower limit and the
central zone, the highest values of the
Index were recorded in February and
October. The upper limit maintains
high values in all the sampling periods.
Variance among the areas seems not
to be relevant. At Portoferraio and
Punta Ala the algal epiphytisme starts
higher (higher light intensity, due to the
lower depths of the upper limits and
water transparency). The index
decreases as depth increases. For the
lower limit the maximum is in May; for
the central zone maximums are in
February and in August, while in the
upper limit there is greater variance.
Variance analysis shows the
significance of season with respect to
different meadows, depths and areas;
therefore, a significant variance among
the areas was recorded (Table 1 a).
Hydroids (Figure 4). An evident
variance among meadows, depths and
areas studied was recorded. At
Portoferraio and Punta Ala lower levels
for Hydroid epiphytes were observed,
characterized by the dynamics of season
that give the highest values in February
and May, decreasing in the following
months. The situation overall seems to
be extremely heterogeneous. Variance
analysis underlines significant seasonal
variance with respect to different
meadows and areas (Table 1b).
Bryozoans (Figure 5). Observed
variances seem to be strictly correlated
to seasonality. Statistical analysis
records a seasonal variance in relation
to different meadows, depths and areas
(Table 1c). In each of the meadows
examined, for the different depths,
similar dynamics can be observed,
characterized by a high Epiphyte Index
value in February and subsequent
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Table 1
Analysis of the epiphyte index (E.IL.) on the leaf inner surface in respect of period (four random periods) meadows (five meadows, fixed), depths (upper

limit, central zone, lower limit, fixed), areas (three areas, random) for every combination of meadow and depth, and of different plots (three plots,

0.0377.

0.0202; for (b), C = 0.0231, for (c), C = 0.0385; for (d), C =

random) for every combination of time (season), meadow, depth and area. For (a), C

MS

MS

MS

MS

df

Factors

(d) E.L: total

(c) E.L: Bryozoans

(b) E.I.:Hydroids

(a) E.L: algae
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Fig. 4: Seasonal dynamics (T1 = February, T2 = May, T3 = August, T4 = October) of the Hydroids
Epiphyte Index (E.I.) in relation to three different depth ranges (upper limit, central zone, lower limit)
and to three different areas (area 1, area 2, area 3) for each of the five study meadows. Epiphyte Index
refers to inner leaf blade.
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Fig. 5: Seasonal dynamics (T1 = February, T2 = May, T3 = August, T4 = October) of the Bryozoans
Epiphyte Index (E.L.) in relation to three different depth ranges (upper limit, central zone, lower limit)
and to three different areas (area 1, area 2, area 3) for each of the five study meadows. Epiphyte Index
refers to inner leaf blade.
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decrease. The minimum was recorded
in August for some areas, and in
October for others. At Portoferraio and
Punta Ala there were also high values
in May. Bryozoans seem to decrease in
quantity as depth increases. Variance
among areas is not significant (Table
1c).
Total Inner Epiphytisme. A
seasonal trend was recorded through
graphic analysis (Figure 6). For each of
the meadows studied and for every depth,
itwas observed that inner epiphytisme
had higher values in winter and then
decreased in successive sampling. The
maximum was in February and the
minimum in October. The greatest
variance was in shallow sites, especially
at Portoferraio and Punta Ala; statistical
analysis points to a seasonal variance
connected with different meadows,
depths and areas; the variance on a
territorial scale (among areas) proves
significant (Table 1 d).

Outer Leaf Surface.

Algae (Figure 7). The seasonal
dynamics of the Epiphyte Index for
inner surfaces is similar to that of outer
ones. However, at Rosignano, San
Vincenzo and Piombino (upper limits)
a tendency of the Index to increase
during summer was recorded; similarly
at Portoferraio and Punta Ala, where the
lower limit is summer-autumn. In the
upper limits of the five meadows, a lower
Epiphyte Index can be observed in
relation to inner surface epiphytes; this
is not true of central and deeper zones,
where values are sometimes higher (e.g.,
Portoferraio and Punta Ala lower
limits). Variance analysis highlights a
significant seasonal variance with
respect to the meadows, depths and
areas: a significant variance among the
areas was recorded (Table 2 a).
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Table 2
Analysis of the epiphyte index (E.L) on the leaf outer surface in respect of period (four random periods) meadows (five meadows, fixed), depths (upper

t, fixed), areas (three areas, random) for every combination of meadow and depth, and of different plots (three plots,
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Fig. 6: Seasonal dynamics (T1 = February, T2 = May, T3 = August, T4 = October) of the total Epiphyte
Index (E.I.) in relation to three different depth ranges (upper limit, central zone, lower limit) and to
three different areas (area 1, area 2, area 3) for each of the five study meadows. Epiphyte Index refers
to inner leaf blade.
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Algae
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Fig. 7: Seasonal dynamics (T1 = February, T2 = May, T3 = August, T4 = October) of the Algae Epiphyte
Index (E.L.) in relation to three different depth ranges (upper limit, central zone, lower limit) and to
three different areas (area 1, area 2, area 3) for each of the five study meadows. Epiphyte Index refers
to outer leaf blade.
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Hydroids (Figure 8). Any presence was
very limited. At Rosignano, Portoferraio and
Punta Ala hydroids were almost absent; at San
Vincenzo and Piombino low Epiphyte Index
values were observed on the whole, and seasonal
dynamics results were heterogeneous and
related to depths and areas. Statistical analysis
indicates a significant seasonal variance of the
Index values with respect to different sites and
depths, but territorial variance is not significant
(Table 2b).

Bryozoans (Figure 9). Seasonal dynamics
of the Epiphyte Index, with respect to meadows,
depths and areas, seem to be similar to those
observed in relation to the inner surface of the
leaf. They are, however, characterized by lower
values compared with the inner surface; less
variance among areas has to be pointed out.
Seasonal variance of the Index values, in
relation to different meadows, depths and
areas, was recorded; variance among the areas
is not relevant (Table 2c).

Total Outer Epiphytisme (Figure 10). In
the deep zone, seasonal dynamics of the
Epiphyte Index values are characterized by an
increase in the passage from winter to spring-
autumn. In the upper limit and in the central
zone, a bigger variance in respect of meadows,
depths and areas was recorded. At Portoferraio
and Punta Ala variance among the areas
increased remarkably in the upper limit.

In the central zone and in the upper limit
the total outer epiphyte level was lower than
the inner surface, mainly in the first three
sampling seasons. In the lower limit at
Rosignano, San Vincenzo and Piombino, the
difference was not so evident; at Portoferraio
and Punta Ala the opposite trend was observed
in summer-autumn. The statistical analysis
points to seasonal variance of the Epiphyte
Index for meadows, depths and areas. Variance
among the areas is significant (Table 2d).

Discussion

According to data collected in this study,
epiphyte colonization mainly affects the inner
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surface of the leaf blade as opposed to the outer
surface; this observation coincides with the
greater exposure to light and water movements
(MAZZELLA & RUSSO, 1989) of the inner
surface, and to the decrease of epiphyte presence
according to a depth gradient, consistent with
literature data (CINELLI et al., 1984). Particular
differences are to be found at the 10-meter limit.
Thus, a notable variance is demonstrated at the
upper limit, or the part of the meadow subject
to major natural or artificial troubles (sea-
storms, waste water discharges, maritime traffic
and tourist activities). Upper limit samplings
occasionally seem also to be contradictory in
adjacent areas. As this occurrence was often
referred to in various studies regarding
Posidonia oceanica meadows, it was considered
appropriate to use the first homogeneous strip
for sampling within the upper limit of the
meadow, thus avoiding digitate limits or
presence of swashes or spots. It is interesting
to notice that leaf blades epiphytisme is well
developed at the Portoferraio and Punta Ala
meadows upper limit, probably because these
stations are only 6 metres deep, while the upper
limit of the other three studied meadows is 10
or 11 metres; the Portoferraio and Punta Ala
meadows’ upper limits can benefit from sunlight
(for algae) and from waste water discharge
fertilizers (for epiphytes generally) to more
advantage than the other sites (in summer the
inhabitants of San Vincenzo increase from
7.000 to 30.000!). In this study, the discovery
that the lower limit in the meadow of
Portoferraio is 45 metres is very important. Up
to now, the deepest limit was 40 for Italian
waters.
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Fig. 8: Seasonal dynamics (T1 = February, T2 = May, T3 = August, T4 = October) of the Hydroids
Epiphyte Index (E.I.) in relation to three different depth ranges (upper limit, central zone, lower limit)
and to three different areas (area 1, area 2, area 3) for each of the five study meadows. Epiphyte Index
refers to outer leaf blade.
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Fig. 9: Seasonal dynamics (T1 = February, T2 = May, T3 = August, T4 = October) of the Bryozoans
Epiphyte Index (E.L.) in relation to three different depth ranges (upper limit, central zone, lower limit)
and to three different areas (area 1, area 2, area 3) for each of the five study meadows. Epiphyte Index
refers to outer leaf blade.
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Fig. 10: Seasonal dynamics (T1 = February, T2 = May, T3 = August, T4 = October) of the total Epiphyte
Index (E.L.) in relation to three different depth ranges (upper limit, central zone, lower limit) and to
three different areas (area 1, area 2, area 3) for each of the five study meadows. Epiphyte Index refers
to outer leaf blade.
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