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Abstract

Relationships among chemical-physical features, total gross suspended organic
matter, coverage of the seagrass Ruppia cirrhosa and its associated algal com-
munity in eight ponds of a saltworks system of western Sicily (Mediterranean
Sea) were investigated in spring and summer 2004. All biological features var-
ied both at different levels of seagrass coverage and between seasons. A low
algal diversity (46 taxa, 14.75 + 1.41 on average) was highlighted; algal cover-
age and species richness showed to be negatively correlated. Ruppia cirrhosa
coverage was negatively correlated with algal coverage, but positively correlated
with species richness. Moreover, a significant correlation among R. cirrhosa
coverage, the availability of suspended matter in the water column and the
chlorophyll a concentration was detected.

Problem

The importance of shallow waters as a reservoir of biodi-
versity has been evidenced everywhere in the world both
at temperate and tropical latitudes (Gray 1997; Duarte
2000; Raffaelli 2000; Pusceddu et al. 2003). Shallow waters
function as a buffer system of interchange between open
sea and land, and aquatic macrophytes represent key spe-
cies regulating fluxes of energy and matter (Wetzel 1975).
Dominant species in these systems are often seagrasses,
which markedly colonize shallow habitats with extended
meadows or beds (Short & Coles 2001).

The multi-niche habitats provided by seagrasses play an
important role in regulating the biological cycle of aquatic
organisms both as trophic pabulum and nurseries for resi-
dent fauna and migrating organisms. In the Mediterra-
nean Sea, most of the studies on seagrass meadows are
mainly focused on Posidonia oceanica (L.) Delile and
Cymodocea nodosa (Ucria) Ascherson (Boudouresque
et al. 1984, 1989; Pergent 1987; Pergent & Pergent-Mar-
tini 1988; Peduzzi & Vukovic 1990; Buia & Mazzella

1991; Rismondo et al. 1997; Sfriso & Ghetti 1998; Buia
et al. 2000; Cancemi et al. 2002; Vizzini et al. 2002) while
there is less information on Zostera marina L. (Caniglia
et al. 1992; Buia & Mazzocchi 1995; Sfriso & Ghetti 1998)
and only a few are dealing with Ruppia cirrhosa (Petagna)
Grande (Calado & Duarte 2000; Menéndez 2002). This
species is widespread in Mediterranean shallow systems
with salinities higher than in marine environment, as salt-
work basins or some marginal secondary shallow environ-
ments.

Emergent from the water for long periods, R. cirrhosa
creates a multidimensional substrate for macro and
microalgae. The latter are food sources, either directly or
indirectly (through detritus), for a range of invertebrates
(both marine and terrestrial) and small fish that represent
food for migratory birds. Indeed, organic matter pro-
duced by seagrass and associated photosynthetic organ-
isms, such as epiphytes and benthic algae, represents a
direct trophic mechanism able to affect food availability
to secondary consumers (Thom & Albright1990; Mazzella
& Zupo 1995). Nevertheless, R. cirrhosa is very commoii
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in habitats undergoing a direct human influence, where
the work of men can, even daily, alter the structure and
dynamics of ecological processes triggered by features of
the R. cirrhosa system. The particular location on the
coast of these habitats and the abundance of available
food, make R. cirrhosa environments among the most
important ‘ecological corridors’ to allow wildlife to
migrate from the African continent to Europe. Gathering
knowledge on the ecological role of R. cirrhosa and its dis-
tribution can therefore trigger management decisions to
limit the human impact.

This paper reports on some features of R. cirrhosa in
the saltworks system of the western Sicily, where the sea-
grass is the most important plant, and its effect on sus-
pended matter quantity and quality. The aims of the
present paper were thus to identify: (i) whether temporal
changes of R. cirrhosa features and coverage affect the
occurrence of associated algal taxa and (ii) the extent to
which R. cirrhosa coverage affects features of the suspen-
ded matter in the water column.

Material and Methods

Study area

The study was carried out in the Natural Reserve of Trapani
and Paceco (Western Sicily, 37°52" N; 12°28” E) (Fig. 1).
The area hosts the most important saltworks system of the
Western Mediterranean. It is composed of 25 salt produc-
tion ponds, covering a surface area of about 1000 ha. The
whole system was created in the 15th century. There are

Ruppia cirrhosa in a Sicilian shallow system

two types of ponds in saltworks: ponds receiving water
directly from the sea (hereafter called cold ponds), with
salinity similar or slightly higher than in the near sea water
and ‘crude’ ponds that are fed by cold ponds. The research
was carried on eight cold ponds (Fig. 1), representing
about 60—65% of currently active salt production ponds of
the area. Their muddy-sand bottoms are extensively colon-
ized by stable meadows of Ruppia cirrhosa with a special-
ized macroalgal community (Sortino et al. 1981; Cinelli
1986). This R. cirrhosa system is probably the largest in the
Mediterranean, functioning as the main ecological corridor
in central-western Mediterranean for avifauna migrating
from Africa to Europe (Sorci et al. 1991).

Sample collection and analysis

The collection of samples (water and plants) was carried
out in spring and summer (10th and 30th May, 23rd July
and the 13th of August) 2004.

Sampling methods for each variable are summarized in
Table 1. In the laboratory, water samples were filtered
using pre-washed, pre-combusted (450 °C, 4 h) and pre-
weighed Whatman GF/F filters to determine total suspen-
ded matter (TSM; mg1™") and photosynthetic pigments
[chlorophyll a (CHL a); ug 1I"']. TSM determination was
carried out gravimetrically after desiccation (60 °C, 24 h)
using a Sartorius balance (A200; accuracy = 1 ug).
The organic fraction of seston (OSM; mg 1™!) was deter-
mined by ignition loss (450 °C, 4 h) and the material
remaining after combustion was considered as its inor-

—
Fig. 1. Map of the saltworks system of
western Sicily with the location of the studied
ponds.
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Ruppia cirrhosa in a Sicilian shallow system

Table 1. List of the synthetic descriptors and sampling methods.

Depth (m) By hand with a depth meter
Temperature (°C) Multiprobe in triplicate

Salinity Multiprobe in triplicate
TSM/ISM/OSM (mg I7") By hand in triplicate with

a plastic bottle
By hand in triplicate with

a plastic bottle
Total macrophyte coverage (%) Visual census: classified

into two classes: >70% and <70%
In triplicate using a 1 m? quadrate
In triplicate using

a 400 cm? quadrate
In triplicate using

a 400 cm? quadrate
In triplicate using

a 400 cm? quadrate

CHLa (ug I

R. cirrhosa coverage (%)
Shoot density (m™2)

Bottom algal coverage (%)

Bottom and
epiphyte algal taxa (n)

ganic fraction (ISM; mg1™'). CHL a was determined
according to Lorenzen & Jeffrey (1980). In each pond, the
presence of seagrasses and macroalgae was recorded; the
total plant coverage (seagrasses plus macroalgae, TC, %),
R. cirrhosa coverage (Ruppia C, %) and shoot density
(number of shoots per square metre), and macroalgal
coverage (Algal C, %) were estimated in triplicates. More-
over, seagrass and macroalgae were entirely removed from
quadrates (Table 1), and brought back to the laboratory
for subsequent analysis. Then, the plant material was
sieved and washed with tap water to remove sediment
and large debris, and temporarily stored in a fridge (c.
4 °C). Ruppia cirrhosa density was recorded by counting
the shoots inside the quadrates (20 X 20 cm); the value
for each pond was reported as the mean among the repli-
cates.

A qualitative analysis of bottom algae and epiphytic
assemblage of the R. cirrhosa leaves was carried out. Epi-
phytes were checked on all leaves of the three replicates
and listed separately from the other bottom algae. All the
algal taxa were identified at species level according to Ir-
vine (1983), Fletcher (1987), Round et al. (1990), Bur-
rows (1991), Maggs & Hommersand (1993), Irvine &
Chamberlain (1994), Womersley (1984, 1987, 1994, 1996,
1998, Furnari et al. (2001) and Giaccone et al. (2003).
The list of bottom algae and epiphytes (mean values for
each pond) was reported, and the species richness (R; =
Ni/N, X 100) was also calculated for each pond.

Statistical analyses

Statistical analyses were carried out to assess possible differ-
ences in suspended matter concentrations due to differ-
ences in plant coverage. As a first step, to solve the
complexity of relationships among physical, trophic and
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biotic variables, a Principal Component Analysis (PCA)
was performed on the correlation matrix obtained inclu-
ding all variables considered. Statistica 5.1 (StatSoft Inc.,
USA) was used to perform PCA. In a second phase, data
were analysed using a three-way ANOVA (Underwood
1997) to test the null hypothesis that there was no differ-
ence in the structure at different levels of total coverage
(<70% and >70%) in spring and summer. Periods (PER;
spring and summer; two levels) and total vegetation cover-
age (COV; low < 70% and high > 70%; two levels) were
treated as fixed factors and the two sampling dates of each
season were treated as random factor and nested in PER.
Four ponds were used as replicates. The heterogeneity of
variances was checked using Cochran’s C-test; by Student—
Newman—Keuls test appropriate comparisons of means
were made. GMAYV rel. 5.0 (University of Sydney, person-
ally licensed to G. Sara) was used to perform ANOVAs.

Results

Environmental factors

Depths of all ponds ranged between 0.3 and 0.7 m (on
average 0.5 £ 0.2 m) and were quite constant throughout
the study period (Table 2). Temperature and salinity
(Tables 2 and 3) were significantly correlated (SAL =
-372 4+ 31 *T; n=28 r=0.79 P <0.01). TSM con-
centrations ranged between 239.2 +243.0 mgl™' in
spring and 106.0 + 75.4 mg 1" in summer. Organic frac-
tion represented 66.4 +22.8% in spring and
57.2 £ 12.9% in summer. CHL a concentrations showed
higher concentrations than Mediterranean coastal waters
(c. 0.5 ug I"!) above all in spring when concentrations
were on average 5.5 *+ 6.5 ug 1-', while in summer were
1.5+ 0.3 pug ™! (Tables 2 and 3).

Some strong correlations were recorded among varia-
bles: the highest between salinity and shoot density of
Ruppia cirrhosa (r = 0.69), R. cirrhosa coverage and algal
taxa (r = 0.70). Negative correlations were found between
R. cirrhosa coverage and suspended organic matter and
R. cirrhosa coverage and CHL a (r = —0.48 and —0.58,
respectively) (PCA, Fig. 2). The two axes of the PCA
model accounted for more than 70% of the variability
and the eight ponds studied clustered into two different
groups with different features. The group on the left of
the ordination model was represented by high variable
ponds with lower salinities and depths, while the  group
on the right of the model showed higher values of those
variables; the temperature was not correlated with the
first axis but most likely was the cause of higher variabil-
ity along axis 2. These two groups are charactcrized by
different biotic features as the left-sided group was char-
acterized by high percentages of algal coyerage, a lower
number of algal taxa and higher concentration values of
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Ruppia cirrhosa in a Sicilian shallow system

Table 2. Mean values of chemical, physical and biological variables in the studied eight ponds.

Season Pond T SAL D TSM ISM OSM CHL a TC Ruppia C Algal C Algal T
Spring 1 249 36.2 0.4 97.8 13.3 84.5 1.6 90.8 85.8 14.2 11.5
Summer 25.4 38.9 0.4 460.1 99.9 360.2 2.1 82.7 51.3 48.7 8.0
Spring 2 26.7 46.2 0.3 179.1 12.0 167.1 8.8 62.5 67.5 32.5 13.0
Summer 27.6 47.3 0.3 72.3 22.7 49.6 3.1 76.3 50.4 49.7 85
Spring 3 244 333 0.3 596.5 92.0 504.5 22.6 60.8 95.8 4.2 10.2
Summer 24 35.6 0.3 58.3 35.6 22.7 1.1 64.3 51.5 48.5 8.8
Spring 4 19.4 30.5 0.3 770.8 108.8 662 7.3 50.9 47.5 52.5 9.3
Summer 27 30.7 0.4 46.6 15.9 30.7 0.3 65 50.2 49.9 7.5
Spring 5 19.8 38.4 0.6 98.7 7.8 90.9 0.4 77.7 78.2 21.8 22.3
Summer 28.9 29.3 0.6 84.6 25.6 59 0.5 85.5 84.5 16.3 13.3
Spring 6 20.4 445 0.7 83.1 21.6 61.5 1.6 77.3 76.8 23.2 25.3
Summer 27.6 33.7 0.7 60.6 17.9 42.7 3.8 76.2 77.2 22.8 14.3
Spring 7 19.6 39.2 0.5 18 11.9 6.1 0.9 85.8 76.3 23.7 13.5
Summer 271 34.8 0.5 104 7.6 2.8 0.5 82.7 53.8 46.2 11.0
Spring 8 22.4 38.1 0.4 69.3 44.7 24.6 0.9 59.2 77 23 16.3
Summer 27.5 31.5 04 55.1 16.4 38.7 0.3 90.7 92.9 7.2 11.8

T (°C), temperature; SAL, salinity; D (m), depth; TSM (mg |"), total suspended matter; ISM (mg I™"), total inorganic suspended matter; OSM
(mg I"), total organic suspended matter; CHL a (ug I7"), suspended chlorophyll a; TC (%), total coverage; Ruppia C (%), R. cirrhosa coverage;

Algal C (%), algal coverage; Algal T (n), algal taxa.

Table 3. Mean values of chemical, physical and biological variables
(£SE).

Variable Spring Summer
Temperature (°C) 22.15+2.33 26.85 + 1.20
Salinity 38.25 +2.47 35.20 + 4.10
TSM (mg =7 239.15 + 243.03 106.00 + 75.38
ISM (mg () 39.00 + 24.75 30.20 + 18.81
OSM (mg () 200.15 + 218.28 75.80 + 56.57
CHL a (ug =" 5.50 + 6.51 1.50 + 0.28
Total algal coverage (%) 24.35 + 2.05 36.15 + 18.46
Total algal taxa (n) 15.20 + 5.94 10.40 + 3.11
Shoot density (n m™2) 3705.25 + 461.10 2927.55 + 1473.68
Leaf number shoot™’ 2.25+0.21 3.75 + 0.07

TSM, total suspended matter; ISM, total inorganic suspended matter;
OSM, total organic suspended matter; CHL a, suspended chlorophyll a.

suspended matter. In contrast, the right-sided group of
ponds had high levels of R. cirrhosa coverage and lower
suspended matter concentrations, but higher numbers of
algal taxa. Differences in suspended matter in ponds were
associated with different coverage (ANOVA, Tables 4 and
5). In particular, the lower the coverage, the higher the
suspended matter in the water column. Indeed, the sus-
pended organic matter (Fig. 3a) and CHL a (Fig. 3b) were
higher corresponding to the low value of total coverage,
reaching the highest values in springtime.

Plant’s features

In the study area the dominant plant was R. cirrhosa rep-
resenting about 75% and 65% of total coverage, in spring

and in summer respectively, whereas macroalgal compo-
nent represented respectively about 24% and 36% of total
coverage (Tables 2 and 3). Small patches of Cymodocea
nodosa were also observed in the ponds 5 and 8.

A total number of 46 taxa were found (algae plus epi-
phytes of R. cirrhosa leaves). Algal community was mainly
formed by pleustophytic taxa (close to the bottom or
forming floating clumps), with the dominance of oppor-
tunistic sheet-like and filamentous taxa, such as Chaeto-
morpha, Cladophora and Ulva genera. Species richness,
calculated for each pond, resulted higher in the ponds 5,
6, 7 and 8 than in the other ones. The epiphytic flora was
essentially formed by diatoms and red algae, among them
Chondria capillaris (Hudson) M.]J. Wynne was the most
frequent taxon (Table 6).

Almost all variables (Ruppia coverage, algal coverage,
total number of taxa, shoot density) varied significantly
as a function of sampling period and total coverage
(Table 5). Significant higher species richness was found at
high levels of coverage (ANOVA, P < 0.05; Table 5;
Fig. 4) and both variables were significantly correlated
[taxa number = 3.5 (+3.2) + 0.14 (+0.04) *COV (r =
0.54; n =32; P <0.05)]. In addition, shoot density
showed significant differences and was affected by the
coverage levels (ANOVA, P < 0.05; Table 5; Fig. 5).

Discussion

Effect of environmental variability on Ruppia cirrhosa fea-
tures

In shallow environments, the occurrence and abundance
of macrophytes is strictly related to physical.‘variables

Marine Ecology 27 (2006) 350-360 © 2006 The Authors. Journal compilation © 2006 Blackwell Publishing Ltd 353
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(-) Algal Taxa, Ruppia Shoot (+)
(+) Organic matter availability (-)
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<o n2 2
g ] (-) Salinity a7 (+) Salinity §
4 a
14 O
Fig. 2. Principal component analysis carried
] u8 6 out on the correlation matrix obtained
2 4 including all physical and biotic variables
(-) Depth (+) Depth measured in the eight studied ponds (PC1,
L — 1 1 1 L principal component 1; PC2, principal
-5 -4 -3 -2 -1 . 0 . 1 2 3 4 component 2; +, a positive correlation of
PC1 (53%) variable with PC’s; —, a negative correlation
(+) Algal coverage ---------===------ > Ruppia coverage (+) of variable with PC’s).
Table 4. Analysis of variance.
TSM ISM OSM CHL-a
Source df MS F P MS F P MS F P MS F P
Period (PER) 1 1.0 0.0 ns. 623.0 36.8 * 123703.4 94.4 *xx 3.1 136.2 *xk
Coverage (COV) 1 3.0 0.1 ns. 7595.3 4154.7 *okk 302136.5 313.2 *okk 5.9 1733 *oxk
Date (PER) 2 48.7 109.4 *kk 16.9 0.0 ns. 1309.9 0.1 n.s. 0.0 0.1 ns.
PER x COV 1 0.4 0.0 ns. 1411 77.2 *x 104653.1 108.5 el 29 84.8 o
COV x date (PER) 2 36.7 82.4 el 1.8 0.0 n.s. 964.6 0.0 n.s. 0.0 0.1 n.s.
Residuals 24 0.4 1M111.7 26205.1 0.4
Cochran’s Test ns. ns. n.s. n.s.

TSM (mg I7"), total suspended matter; ISM (mg |™), total inorganic suspended matter; OSM (mg I™), total organic suspended matter; CHL a

(ug I™"), suspended chlorophyll a; n.s., not significant.

*P < 0.05; **P <0.01; ***P < 0.001.

Table 5. Analysis of variance.

Algal coverage (%)

Algal taxa (n)

Shoot density (n m™2)

Leaf number shoot™’

Source df MS F P MS F P MS F P MS F P
Period (PER) 1 1110.4 12294.9 ol 0.8 5687.8 *HK 0.6 284.4 *x 1.2 27494.6 K
Coverage (COV) 1 1674.8 18544.0 ol 1.6 76624.2 ol 0.9 2990.6 *x 0.0 500.8 .
Date (PER) 2 0.1 0.0 n.s. 0.0 0.0 n.s. 0.0 0.0 n.s. 0.0 0.0 n.s.
PER x COV 1 1070.7 11855.4 *kk 0.0 1379.7 e 1.4 4449 4 *kk 0.0 1651.0 > N
COV x date (PER) 2 0.1 0.0 n.s. 0.0 0.0 n.s. 0.0 0.0 n.s. 0.0 0.0 n.s.
Residuals 24 183.9 0.0 0.2 0.0

Cochran’s Test n.s n.s. n.s. in.s.

n.s., not significant.

*P < 0.05; ** P<0.01; ***P < 0.001.
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Fig. 3. Concentration of total organic matter (OSM, mg I”") (a) and
concentration of total chlorophyll a (CHL a, ug I (b) as a function
of low and high coverage (Student-Newman-Keuls test is also repor-
ted).

(Sanders 1968; Madsen 1991; Scheiner 1993; Carruthers
et al. 1999). Also in the present study, physical factors
(temperature, salinity and depth) are the determinants in
structuring the plant system. The wide tolerance limits to
salt variations, to osmotic stress and to air exposure allow
Ruppia cirrhosa to colonize habitats from oligo- to hyper-
haline (Verhoeven 1975, 1979; Brock 1982a; Adams &
Bate 1994; Murphy et al. 2003). In contrast, Posidonia
oceanica and Cymodocea nodosa have been observed to be
vulnerable to salinity and air exposure variability. Posi-
donia oceanica is able to colonize only marine habitats
while C. nodosa and Zostera marina inhabit more variable
environments (Den Hartog 1967; Buia & Mazzella 1991),
but always strictly within the marine limits.

Although there were no significant differences in sali-
nity as a function of coverage, present data indicated that
the growth of R. cirrhosa was the highest at marine sali-
nity (about 37-40%,). In our study area R. cirrhosa mead-

Ruppia cirrhosa in a Sicilian shallow system

ows reached the highest values of density (on average
¢. 3320 + 1700 shoots m™?) recorded worldwide with
respect to other seagrass systems (Anderson 1966; McMa-
han 1969). Its density was also higher than P. oceanica,
C. nodosa and Z. marina meadows which have been
observed to range from 154.0 + 8.0 to 3.377.0 + 285.0
shoots m™ (Sfriso & Ghetti 1998; Cancemi et al. 2002;
Marba et al. 2005).

The response of R. cirrhosa in the complete absence of
water during the dry season is well-known and consists of
the annual strategy leaving seeds able to germinate after
the dry conditions (Verhoeven 1979; Brock 1982a,b;
Malea et al. 2004). In contrast, when small quantities of
water remain, R. cirrhosa adopts a perennial strategy
(Richardson 1980; Calado & Duarte 2000). In the Sicilian
area, due to man-management, water level in cold ponds
is kept substantially constant throughout the year, and
this favours the perennial strategy. As a main conse-
quence, R. cirrhosa maintained vegetative structures
throughout the period of quiescence with expansion
peaks observed in spring and early summer. Instead, in
the late summer, the decay of stem bases was observed
due to decomposition, macroalgae and epiphyte growth,
or grazing by consumers. Similar findings are consistent
with the current literature reported on other seagrasses
from different geographical areas (Verhoeven 1979; Canc-
emi et al. 2002; Malea et al. 2004).

Ruppia cirrhosa as main regulator of suspended matter
availability in Sicilian saltworks

In the Sicilian saltworks studied, R. cirrhosa appeared to
control the suspended matter availability. It represented
the main source of organic matter supporting a complex
food web by the main transfer route of R. cirrhosa organic
matter into the benthic food web through the bacterial
decomposition of detritus. Due to intense wind-driven
re-suspension (Sara et al. 1999; Sara in press), R. cirrhosa
detritus is supposed to be daily-rearranged making food
constantly available for secondary consumers. However,
our data showed that suspended organic matter and its
fresh fraction concentrations were inversely correlated to
R. cirrhosa coverage. Such a result suggests that in the
time-unit, organic matter quantities were higher in lower
vegetated sediments than at higher levels of R. cirrhosa
coverage. This difference in suspended matter concentra-
tion between low and high levels of plant coverage sug-
gested that R. cirrhosa could have a role of steadying the
effect of sediments, functioning as a trap  system for
organic matter due to its plant architectural structures.
Thus, in low vegetated systems, in the absence of the
sedimentary steadying effect exerted by R. cirrhosa, the
sedimentary organic matter was more easily re-suspended

Marine Ecology 27 (2006) 350-360 © 2006 The Authors. Journal compilation © 2006 Blackwell Publishing Ltd 355
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Ruppia cirrhosa in a Sicilian shallow system

Table 6. List of the bottom and epiphyte plants recorded in the studied area.

Mannino & Sara

Pond 2
Season Sp Sp S Sp Sp Sp Sp Sp Sp S
Seagrasses
Ruppia cirrhosa (Petagna) Grande + + o+ o+ + + + + + +
Cymodocea nodosa (Ucria) Ascherson + + +
Algae
Cyanophyta
Anacystis aeruginosa (Zanardini) F.E. Drouet et W.A. Daily + +
Calothrix crustacea Thuret + + o+ o+ + + + + + +
Coccochloris aeruginosa (Naegeli) F.E. Drouet et W.A. Daily + o+
Microcoleus lyngbyaceus (Kutzing) P. et H. Crouan + + + +
Rhodophyta
Acanthophora nayadiformis (Delile) Papenfuss + +
Boergeseniella fruticulosa (Wulfen) Kylin +
Chroodactylon ornatum (C. Agardh) Basson + + + + + + + + +
Dasya baillouviana (S.G. Gmelin) Montagne + +
Jania rubens (Linnaeus) J.V. Lamouroux v. rubens +
Laurencia obtusa (Hudson) J.V. Lamouroux + + +
Spyridia filamentosa (Wulfen) Harvey + +
Stylonema alsidii (Zanardini) K.M. Drew + + +
Chromophyta
Phaeophyceae
Dictyota dichotoma (Hudson) J.V. Lamouroux v. dichotoma + + +
Dictyota dichotoma (Hudson) J.V. Lamouroux v. intricata + + +

(C. Agardh) Greville
Feldmannia paradoxa (Montagne) Hamel + + +
Sphacelaria fusca (Hudson) S.F. Gray +
Bacillariophyceae
Cocconelis sp. + + o+ o+ + + + + o+
Gyrosigma sp. +
Licmophora sp. +
Navicula sp. + + o+ o+ + + + o+
Chlorophyta
Acetabularia acetabulum (Linnaeus) P.C. Silva + + +
Caulerpa prolifera (Forsskal) J.V. Lamouroux + +
Chaetomorpha linum (O.F. Muller) Kutzing + + + + + + + +
Chaetomorpha mediterranea (Kutzing) Kutzing v. mediterranea  + + 4+ + + o+
Cladophora sericea (Hudson) Kutzing + + + + +
Cladophora socialis Kutzing + + +
Entocladia leptochaete (Huber) Burrows + + + + + o+
Entocladia viridis Reinke +
Gayralia oxysperma (Kitzing) K.L. Vinogradova +

ex Scagel et al. f. oxysperma
Phaeophila dendroides (P. et H. Crouan) Batters + + + + + + + +
Pringsheimiella scutata (Reinke) Marchewianka + +
Rhizoclonium tortuosum (Dillwyn) Kutzing + +

Ulvella lens P. et H. Crouan +

Ulva intestinalis Linnaeus + + +

Ulva laetevirens Areschoug + + + + +

Ulva prolifera O.F. Muller + + +
R. cirrhosa epiphytes
Rhodophyta

Ceramium diaphanum (Lightfoot) Roth +

Chondria capillaris (Hudson) M.J. Wynne + + + + + + +
Lophosiphonia oscura (C. Agardh) Falkenberg +
Polysiphonia elongata (Hudson) Sprengel +
Polysiphonia sertularioides (Grateloup) J. Agardh + +
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Mannino & Sara

Table 6. Continued.

Ruppia cirrhosa in a Sicilian shallow system

Pond 1 2 3 4 5 6 7 8
Season Sp S Sp S Sp S Sp S Sp S Sp S Sp S Sp S
Chromophyta

Bacillariophyceae

Fragilaria sp. + + + + + +
Nitzschia sp. + + + + + + +

Total algal taxa (n) 1M 8 14 9 1" 9 9 7 22 14 26 15 20 12 17 12
Species richness (%) 24 17 30 19 24 19 19 15 48 30 56 33 43 26 37 26

+, Presence; SP, spring; S, summer.
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Fig. 4. Total number of algal taxa (n) as a function of low and high
seagrass coverage both in spring and summer (Student-Newman—Ke-
uls test is also reported).
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Fig. 5. Ruppia shoot density (no. m™2) as a function of low and high
coverage both in spring and summer (Student-Newman-Keuls test is
also reported).

in the water column. Under similar enclosure and shallow
conditions, but where dominant seagrass were P. oceanica
or C. nodosa, the quantity of suspended organic matter
was about 10 times lower (Sara et al. 1999; Pusceddu
et al. 2003; Sara in press) than that measured in presence
of R. cirrhosa. In other seagrass systems waters are gener-
ally oligotrophic. For example, in Western Sicily where
C. nodosa dominates the macrophyte assemblage, and in a
shallow sound dominated by P. oceanica, CHL a concen-
trations were very low (about 0.5 ug 17Y; Sara er al. 1999;
Sara et al. 2000; Pusceddu et al. 2003). Instead, in the
study area, CHL a concentration was on average about
3.0-4.0 ug I”', with peaks where R. cirrhosa reached its
lower density. Such concentration levels were not com-
mon in habitats at southern Mediterranean latitudes, and
were close to limits of eutrophication (i.e. an increase in
the rate of supply of organic matter to an ecosystem;
Nixon 1995). The constant production of organic matter
by R. cirrhosa, although at lower density, enhanced nutri-
ent inputs, resulting in increased growth rates both for
benthic diatoms and macroalgae.

Forty-six algal taxa were found throughout the study
period associated with R. cirrhosa in the study area. The
number of algal taxa was positively correlated with R. cir-
rhosa coverage, it was higher at higher coverage values.
Thus, R. cirrhosa provided not only organic matter
directly to the cycle, but providing a physical support for
the attachment of other macrophytes, would also amplify
the production of the system and its diversity. The total
diversity of the macroalgal component was lower than in
other systems (Verhoeven 1980), but a similar array of
organisms could contribute to the food web with nitro-
gen-rich organic matter more labile than organic matter
produced by R. cirrhosa itself (Mann 1988). Nevertheless,
macroalgae growth appeared to have a negative effect on
R. cirrhosa coverage, thereby the higher the value of algal
coverage, the lower the R. cirrhosa coverage. The higher
levels of suspended matter at lower coverage would allow
algal biomass to reach notably in summer higher values
producing a shading effect by floating macroalgae limiting
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Ruppia cirrhosa in a Sicilian shallow system

R. cirrhosa growth and density (macroalgae shaded out
the seagrass, weakened its stems, increasing their suscepti-
bility to damage; Verhoeven 1980).

Under these conditions, the R. cirrhosa system would
be (i) an endless system of production of organic matter
produced by the seagrass itself not immediately available,
but thanks to physical-driven events (wind + shallowness;
sensu Sara in press) would re-enter the water column
from the sediments and (ii) an attachment support sys-
tem for several producers of nitrogen-rich organic matter
that instead would be immediately available to consum-
ers.

Similar coupling mechanisms physically mediated,
among seagrass and macroalgae have never been des-
cribed before and further studies are needed for a better
understanding of their roles in the dynamics of releasing
nutrients and organic matter and the subsequent effect on
secondary consumers.

Summary

Relationships among chemical-physical features, total
gross suspended matter and coverage of Ruppia cirrhosa
in a saltworks system of western Sicily were investigated.
Sampling was carried out in eight ponds during spring
and summer 2004. TSM and its organic fraction concen-
trations varied both at different levels of coverage and
between seasons. Dominant primary producer was the
phanerogam R. cirrhosa, its epiphytic component and
some macroalgal species. Ruppia cirrhosa represented 75%
and 65% of total coverage, in spring and in summer
respectively, whereas macroalgal component represented
respectively about 24% and 36% of total coverage. A total
number of 46 taxa (algae plus R. cirrhosa epiphytes) were
found. Algal community was mainly formed by pleusto-
phytic taxa. The complexity of the relationships inside the
saltworks system was investigated by a multivariate
approach allowing to separate two groups of ponds. A
group of ponds characterized by lower values of R. cir-
rhosa coverage, higher levels of algal coverage, a lower
number of algal taxa and higher concentration values of
suspended matter and the other one with higher levels of
R. cirrhosa coverage and lower suspended matter concen-
trations, but higher numbers of algal taxa.

Acknowledgements

We are greatly pleased to dedicate the present paper to
our friend and colleague Lucia Manzella as a sign of our
great admiration and gratefulness for her numerous
important contributions to the knowledge of marine
phanerogams. The authors wish to thank Dr Andrea
Santulli (Consorzio della Libera Universita di Trapani)

Mannino & Sara

for his generous logistic support and all their students for
generous technical support during field sampling and
laboratory analyses.

References

Adams ].B., Bate G.C. (1994) The tolerance to desiccation of
submerged macrophytes R. cirrhosa (Petagna) Grande and
Zostera capensis Setchell. Journal of Experimental Marine
Biology and Ecology, 183, 53-62.

Anderson R.R. (1966) Plant ecology of the upper Patuxent
River estuary with special reference to the effects of thermal
pollution on macrophytes. PhD thesis, University of Mary-
land, College Park.

Boudouresque C.F., Jeudy De Grissac A., Olivier J. (1984) First
International Workshop on Posidonia Beds. G.I.S. Posidonie,
Marseille, vol. 1, 454 pp.

Boudouresque C.F., Meinesz A., Fresi E., Gravez V. (1989) Sec-
ond International Workshop on Posidonia oceanica Beds.
G.LS. Posidonie, Marseille, vol. 2, 322 pp.

Brock M.A. (1982a) Biology of the salinity tolerant genus
Ruppia L. in saline lakes in South Australia I. Morphological
variation within and between species and ecophysiology.
Aquatic Botany, 13, 219-248.

Brock M.A. (1982b) Biology of the salinity tolerant genus
Ruppia L. in saline lakes in South Australia II. Population
ecology and reproductive biology. Aquatic Botany, 13, 249—
268.

Buia M.C., Mazzella L. (1991) Reproductive strategies of the
Mediterranean seagrasses: Posidonia oceanica (L.) Delile,
Cymodocea nodosa (Ucria) Aschers and Zostera noltii Hor-
nem. Aquatic Botany, 40, 343-362.

Buia M.C., Mazzocchi M. (1995) Dinamica dei sistemi a
Cymodocea nodosa, Zostera marina, Zostera noltii nel Medi-
terraneo. Giornale Botanico Italiano, 129(1), 319-336.

Buia M.C., Gambi M.C., Zupo V. (2000) Structure and func-
tioning of Mediterranean seagrass ecosystems: An overview.
Biologia Marina Mediterranea, 7(2), 167—190.

Burrows E.M. (1991) Seaweeds of the British Isles. Chlorophyta,
Vol. 2. The Natural History Museum, London.

Calado G., Duarte P. (2000) Modeling growth of R. cirrhosa.
Aquatic Botany, 68, 29—44.

Cancemi G., Buia M.C., Mazzella L. (2002) Structure and
growth dynamics of Cymodocea nodosa meadows. Scientia
Marina, 66(4), 365-373.

Caniglia G., Borella S., Curiel D., Nascimbeni P., Paloschi F.;
Rismondo A., Scarton F., Tagliapietra D., Zanella L. (1992)
Distribuzione delle fanerogame marine Zostera marina L.,
Zostera noltii Hornem., Cymodocea nodosa (Ucria) Ascher-
son in laguna di Venezia. Lavori della Societa Veneta d:
Scienze Naturali, 17, 137-150.

Carruthers T.J.B., Walker D.I., Kendrick G.A. (1999)
Abundance of Ruppia megacarpa Mason in a Seasonally
Variable Estuary. Estuarine Coastal and Shelf Science, 48,
497-5009.

358 Marine Ecology 27 (2006) 350-360 © 2006 The Authors. Journal compilation © 2006 Blackwell Publishing Ltd

d 't '900T "S8K06EYT

//:sdwy woy popeo

j/:sdny) SuONIpUOY pue SWU L, Y 99S “[£707/10/40] U0 ATeIqIT JUIUQ AS[L “Owd[ed I IPHS 1B ANsIvATUN AQ X'£Z100°000T S8F0-6€HT [/TT 11 01/10p/wod Ao AreIqrjoury

303 Koy Areiq

ASUIDIT SUOURUOY) dAREI) [qedrjdde oy Aq pativiioR Sié AT YO 95T JO SO 10 ATeIqi SUIUQ D[ 1O (;



Mannino & Sara

Cinelli F. (1986) La salina: un ambiente estremo di particolare
interesse ecologico. In: D’Amelio V., Santulli A. (Eds), Atti
Convegno Internazionale “Conversione delle saline in acqua-
coltura”. Libera Universita di Tropani: 71-74.

Den Hartog C. (1967) The structural aspect in the ecology of
seagrass communities. Helgolander wissenschaftliche Meere-
suntersuchungen, 15, 648—659.

Duarte C.M. (2000) Marine biodiversity and ecosystem servi-
ces: an elusive link. Journal of Experimental Marine Biology
and Ecology, 250, 117-131.

Fletcher R.L. (1987) Seaweeds of the Brithish Isles. Fucophyceae
(Phaeophyceae), Vol. 3(1). The Natural History Museum,
London.

Furnari G., Cormaci M., Serio D. (2001) The Laurencia
complex (Rhodophyta, Rhodomelaceae) in the Mediterra-
nean Sea: an overview. Cryptogamie Algologie, 22, 331-373.

Giaccone G., Alongi A., Battelli C., Catra M., Ghirardelli L.A.,
Pezzino A., Stefani S. (2003) Guida alla determinazione delle
alghe del Mediterraneo. Parte I: Alghe azzurre (Cyanophyta o
Cyanobacteria) (in ambiente naturale e biodeteriogeni su
monumenti lapidei). Pubblicazione del Dipartimento di bota-
nica dell’Universita di Catania.

Gray ].S. (1997) Marine biodiversity: patterns, threats and
conservation needs. Biodiversity and Conservation, 6, 153—
175.

Irvine L.M. (1983) Seaweeds of the Brithish Isles. Rhodophyta.
Cryptonemiales (sensu strictu), Palmariales, Rhodymeniales,
Vol. 1(2A). The Natural History Museum, London.

Irvine L.M., Chamberlain Y.M. (1994) Seaweeds of the Brithish
Isles. Rhodophyta. Corallinales, Hildenbrandiales, Vol. 1(2B).
The Natural History Museum, London.

Lorenzen C., Jeffrey J. (1980) Determination of chlorophyll in
sea water. UNESCO Technical Papers in Marine Science, 35,
1-20.

Madsen J.D. (1991) Resource allocation at the individual plant
level. Aquatic Botany, 41, 67-86.

Maggs C.A., Hommersand M.H. (1993) Seaweeds of the Brith-
ish Isles. Rhodophyta. Ceramiales, Vol. 1(3A). The Natural
History Museum, London.

Malea P., Kevrekidis T., Mogias A. (2004) Annual versus per-
ennial growth cycle in Ruppia maritima L.: temporal vari-
ation in population characteristics in Mediterranean lagoons
(Monolimni and Drana Lagoons, Northern Aegean Sea).
Botanica Marina, 47, 357-366.

Mann K.H. (1988) Production and use of detritus in various
freshwater, estuarine and coastal marine ecosystems. Limnol-
ogy and Oceanography, 33, 910-930.

Marba N., Duarte C.M., Diaz-Almela E., Terrados J., Alvarez
E., Martinez R., Santiago R., Gacia E., Grau A.M. (2005)
Direct evidence of imbalanced seagrass (Posidonia oceanica)
shoot population dynamics in the Spanish Mediterranean.
Estuaries, 28(1), 53—62.

Mazzella L., Zupo V. (1995) Reti trofiche e flussi di energia
nei sistemi a fanerogame marine. Giornale Botanico Italiano,
129(1), 337-350.

Ruppia cirrhosa in a Sicilian shallow system

McMahan C.A. (1969) The food habits of ducks wintering on
the Laguna Madre, Texas. MS Thesis, New Mexico State
University, Las Cruces.

Menéndez M. (2002) Net production of R. cirrhosa in the Ebro
Delta. Aquatic Botany, 73, 107-113.

Murphy L.R,, Kinsey S.T., Durako M.J. (2003) Physiological
effects of short-term salinity changes on Ruppia maritima.
Aquatic Botany, 75, 293-309.

Nixon S.W. (1995) Coastal marine eutrophication: a definition,
social causes, and future concerns. Ophelia, 41, 199-219.

Peduzzi P., Vukovic A. (1990) Primary production of Cymod-
ocea nodosa in the Gulf of Trieste (Northern Adriatic Sea):

a comparison of methods. Marine Ecology Progress Series, 64,
197-207.

Pergent G. (1987) Recherches lepidochronologiques chez
Posidonia oceanica (Potamogetonaceae): fluctuations des
parametres anatomiques et morphologiques des écailles des
rhizomes. Thesis, Universite Aix-Marseille II, 368 pp.

Pergent G., Pergent-Martini C. (1988) Phénologie de Posidonia
oceanica (L.) Delile dans le bassin Méditerranéen. Annales de
PInstitut Océanographique, 68, 79-100.

Pusceddu A., Del’Anno A., Danovaro R., Manini E., Sara G.,
Fabiano M. (2003) Enzymatically hydrolyzable protein and
carbohydrate sedimentary pools as indicators of the trophic
state of ‘detritus sink’ systems: a case study in a Mediterra-
nean coastal lagoon. Estuaries, 26, 641-650.

Raffaelli D. (2000) Trends in research on shallow water food
webs. Journal of Experimental Marine Biology and Ecology,
250, 223-232

Richardson E.D. (1980) Ecology of Ruppia maritima L. in New
Hampshire (U.S.A.) tidal marshes. Rhodora, 82, 403-439.

Rismondo A., Curiel D., Marzocchi M., Scattolin M. (1997)
Seasonal pattern of Cymodocea nodosa biomass and produc-
tion in the lagoon of Venice. Aquatic Botany, 58, 55-64.

Round F.E., Crawford R.M., Mann D.G. (1990) The Diatoms:
Biology and Morphology of the Genera. Cambridge University
Press, Cambridge.

Sanders H.L. (1968) Marine benthic diversity: a comparative
study. The American Naturalist, 102(925), 243-282.

Sara G. (in press) Hydrodynamic effect on the origin and
quality of organic matter for bivalves; an isotopic, biochemi-
cal and transplant integrated study. Marine Ecology Progress
Series.

Sara G., Leonardi M., Mazzola A. (1999) Spatial and temporal
changes of suspended matter in relation to wind and veget-
ation cover in a Mediterranean shallow coastal environment.
Chemistry and Ecology, 16, 151-173.

Sara G., Romano C., Caruso M., Mazzola A. (2000) The new
Lessepsian entry Brachidontes pharaonis (Fischer P., 1870)
(Bivalvia, Mytilidae) in the western Mediterranean:‘a physio
logical analysis under varying natural conditions. Journal
Shellfish Research, 19, 967-977.

Scheiner S.M. (1993) Genetics and evolution of phenotypic
plasticity. Annual Review of Ecology and Systematics, 24,
35-68.

Marine Ecology 27 (2006) 350-360 © 2006 The Authors. Journal compilation © 2006 Blackwell Publishing Ltd 359

d 't '900T "S8K06EYT

//sdiy woxy papeoy

j/-sdny) suonIpuoy pue SUUL I, 9} 99S “[£707/10/40] UO AIRIQIT SUIUQ AS[IA) “OWId[EJ I(T TPIUS 1B ANSIOATUN AQ X'LZ100°900T SSFO-6EHT (/1111 01/10p/wod Ao[im  Areqroury

303 Koy Areiq

9SUIDIT SUOUIUOY) dANER1) d[qearjdde oy Aq patiahoR S48 SA[IIIE YO ‘9ST JO SI[IL JOF ATeIqI] SUIUO AT UO (;



Ruppia cirrhosa in a Sicilian shallow system

Sfriso A., Ghetti P.F. (1998) Seasonal variation in biomass,
morphometric parameters and production of seagrasses in
the lagoon of Venice. Aquatic Botany, 61, 207-223.

Short E.T., Coles R.G. (2001) Global Seagrass Research Meth-
ods. Elsevier Science BV, Amsterdam.

Sorci G., Sara M., Naselli-Flores L., Surdo S. (1991) Metodolo-
gia di valutazione della qualita ambientale: applicazione alle
aree umide siciliane. Ricerche di Biologia della Selvaggina,
17(Suppl.), 459-464.

Sortino M., Andreoli C., Calvo S., Barone R. (1981) Risultati
preliminari sulla flora e la vegetazione di alcuni ambienti
lagunari della costa occidentale della Sicilia. Quaderni del
Laboratorio di Tecnologia della Pesca, 3(1), 457—465.

Thom R.M., Albright R.G. (1990) Dynamics of benthic veget-
ation standing-stock, irradiance, and water properties in
central Puget Sound. Marine Biology, 104, 129-141.

Underwood A.J. (1997) Experiments in Ecology: Their Logical

Design and Interpretation using Analysis of Variance.

Cambridge University Press, Cambridge.
Verhoeven J.T.A. (1975) Ruppia communities in the Cam-
argue, France. Distribution and structure in relation to

salinity and salinity fluctuations. Aquatic Botany, 1, 217-241.

Verhoeven J.T.A. (1979) The ecology of Ruppia-dominated
communities in Western Europe. I. Distribution of Ruppia
representatives in relation to their autecology. Aquatic Bot-
any, 6, 197-268.

Mannino & Sara

Verhoeven J.T.A. (1980) The ecology of Ruppia-dominated
communities in Western Europe. II. Synecological classifica-
tion. Structure and dynamics of the macroflora and macro-
fauna communities. Aquatic Botany, 8, 1-85.

Vizzini S., Sara G., Michener R.H., Mazzola A. (2002) The role
and contribution of the seagrass Posidonia oceanica (L.) Del-
ile organic matter for secondary consumers as revealed by
carbon and nitrogen stable isotope analysis. Acta Oecologica,
23, 277-285.

Wetzel R.G. (1975) Limnology. Saunders, Philadelphia.

Womersley H.B.S. (1984) The Marine Benthic Flora of Southern
Australia, Vol. 1. Government Printer, South Australia,
Adelaide.

Womersley H.B.S. (1987) The Marine Benthic Flora of Southern
Australia, Vol. 2. South Australian, Government Printing
Division, Adelaide.

Womersley H.B.S. (1994) The Marine Benthic Flora of Southern
Australia. Rhodophyta, Vol. 3A. Australian Biological
Resources Study, Canberra.

Womersley H.B.S. (1996) The Marine Benthic Flora of Southern
Australia. Rhodophyta, Vol. 3B. Australian Biological
Resources Study, Canberra.

Womersley H.B.S. (1998) The Marine Benthic Flora of Southern
Australia. Rhodophyta, Vol. 3C. State Herbarium of South
Australia, Adelaide.

360 Marine Ecology 27 (2006) 350-360 © 2006 The Authors. Journal compilation © 2006 Blackwell Publishing Ltd

d 't '900T "S8K06EYT

//-sdwy woy papeof

//:sdu) suonpuo) pue SWLR, A} 995 “[£707/10/40] UO ATeIqi uIUQ A1\ “ounaled I IS 1B ANs1oatun Aq X'£T100°000T S8F0-6EFT (/1111 01/10p/wod Ao Axesqroury

303 Koy Areiq

9SUIDIT SUOUIUOY) dANER1) d[qearjdde oy Aq patiahoR S48 SA[IIIE YO ‘9ST JO SI[IL JOF ATeIqI] SUIUO AT UO (;



