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INTRODUCTION

Although the role of herbivores seems to be modest
in many seagrass meadows (Thayer et al. 1984, Nien-
huis & Groenendijk 1986, Valiela 1995), a number of
studies have reported considerable effects of grazers
on seagrass biomass and production (see review by
Valentine & Heck 1999) and cases of overgrazing have
been repeatedly described (Camp et al. 1973, Odgen
et al. 1973, Maciá & Lirman 1999, Rose et al. 1999,
Alcoverro & Mariani 2002). Despite the increasing
number of studies in this field (e.g. Verlaque 1981,
Valentine & Heck 1991, 2001, Cebrián & Duarte 1998,
Mariani & Alcoverro 1999, Kirsch et al. 2002), the pro-
cesses regulating seagrass–herbivore interactions are
still poorly understood.

The low consumption rates of seagrasses by grazers
generally reported have been explained by factors
such as the loss of important vertebrate herbivores
(e.g. green turtles, sirenians, fish and waterfowl;
Thayer et al. 1984, Jackson et al. 2001) or the poor
nutritional quality of the plant material (Lawrence
1975, Bjorndal 1980). Indeed, seagrasses do not appear
to be an attractive food source due to their high C/N
ratios (Duarte 1990), their high content in cellulose,
which most invertebrate grazers are unable to digest
(Lawrence 1975), or the presence of chemical deter-
rents (Zapata & McMillan 1979, McMillan et al. 1980,
Agostini et al. 1998). These unappealing characteris-
tics of seagrasses further highlight the potential role of
epiphytes as an additional (or as a main) food source
and suggest the existence of an interaction network in
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which epiphytes, grazers and seagrasses would be the
major players. Although the role of epiphytes in sea-
grass herbivory has generally received little attention,
in some systems, the interaction between herbivores
and seagrass appears to be mediated by epiphytes, at
least in part (Williams & Heck 2001). Epiphytes have
mainly been considered in studies of mesoherbivores
that do not actually ingest plant material. (e.g. Orth &
van Montfrans 1984, Neckles et al. 1993, Williams &
Ruckelhaus 1993, Mukai & Ijima 1995). 

There is controversy regarding plant responses to
herbivory. Whereas in some studies seagrasses suf-
fered a herbivory-induced increase in seagrass pro-
ductivity and/or shoot recruitment (e.g. Valentine et al.
1997, 2000, Maciá 2000), in others, herbivory exerted a
detrimental impact on seagrass parameters (e.g.
Valentine & Heck 1991, Zimmerman et al. 1996, Rose
et al. 1999, Alcoverro & Mariani 2002). Moreover, the
beneficial effect of grazers on seagrasses, by reducing
competition with epiphytes for primary resources and
enhancing plant production, also needs to be consid-
ered (Orth & van Montfrans 1984, Brönmark 1985,
Neckles et al. 1993, Williams & Ruckelshaus 1993,
Heck et al. 2000). In addition, nutrients seem to be able
to modify all these interactions (McGlathery 1995,
Heck et al. 2000, Ruiz 2000). Therefore, a full under-
standing of all these aspects is a major challenge for
seagrass ecosystem research (Valentine & Heck 1999).

To contribute to this end, we have carried out an
experimental evaluation of the effects of herbivores in
a temperate seagrass meadow. We examine the rela-
tive importance of sea urchin and fish grazing on a
meadow of Posidonia oceanica, endemic to the
Mediterranean. We also wanted to partially compen-
sate the bias towards tropical and subtropical systems
in the study of seagrass herbivory (see review by
Valentine & Heck 1999).

In the Mediterranean, herbivory appears to be a
minor factor controlling production of the seagrass
Posidonia oceanica, which is generally believed to be
limited by ‘bottom-up’ factors such as light, tempera-
ture and nutrients (Alcoverro et al. 1995). It has been
found that herbivory on P. oceanica accounts for only
about 2% of P. oceanica leaf production. Most of the
herbivore consumption (approximately 75%) is due to
the sparid fish Sarpa salpa (Cebrián et al. 1996). Nev-
ertheless, the role of the common sea urchin Paracen-
trotus lividus is also important, and overgrazing
episodes by this species have been reported (Verlaque
& Nédelec 1983, Shepherd 1987, Ruiz et al. 2001).

Under natural conditions, densities of the sea urchin
Paracentrotus lividus in Posidonia oceanica meadows
are generally low (0 to 6 ind. m–2; see review by
Boudouresque & Verlaque 2001). In these meadows, P.
lividus preferentially feeds on the distal parts of sea-

grass leaves (Ott & Maurer 1977, Traer 1980, Verlaque
& Nédelec 1983, Nédelec & Verlaque 1984). These
leaves sustain an important epiphytic community,
which can contribute up to 40% of the total biomass of
P. oceanica canopies (Mazzella & Ott 1984, Romero
1989a), and which consists mainly of crustose red
algae Fosliella spp. and brown algae of the genera
Myrionema, Giraudia and Cladosiphon (Ballesteros
1986, Romero 1989a). Some animals such as hydro-
zoans and bryozoans also appear, especially in deeper
waters (Ballesteros 1986, Lepoint et al. 1999). P. lividus
has been reported to feed preferentially on these epi-
phytes rather than on plant material (Verlaque & Néd-
elec 1983, Nédelec & Verlaque 1984, Shepherd 1987),
which could be attributed to their higher nutritional
quality (i.e. lower C/N ratios) in comparison to sea-
grasses (Duarte 1990, Alcoverro et al. 1997, 2000). 

The other main macroherbivore in Posidonia ocean-
ica meadows, the sparid fish Sarpa salpa, also feeds on
seagrass leaves and their epiphytes, and likewise, epi-
phytes appear to be an important part of its diet (Ver-
laque 1981, 1985, Velimirov 1984, Havelange et al.
1997). The pattern of herbivory is thus further compli-
cated by possible interactions of both herbivore spe-
cies. 

Previous research using stable isotopes showed that
Paracentrotus lividus obtains most of its nitrogen from
epiphytes (Tomas 2004). Based on these results and on
the known feeding preference towards old and heavily
epiphytised leaves by both herbivores, the working
hypothesis we put forward is that epiphytes are the
key factor in the relationship between herbivores and
seagrass. We test this hypothesis by assessing the
changes in basic measures of vitality and abundance of
both the seagrass and its epiphytes under varying
degrees of grazing pressure of the 2 main herbivores
present in the system. We have used a combination of
density manipulations (for sea urchins) and
inclusion/exclusion treatments (for fish) to examine the
relative importance of sea urchin and fish grazing on
Posidonia oceanica and its epiphytes in a natural, non-
disturbed meadow.

MATERIALS AND METHODS

Study site. The study was carried out in a Posidonia
oceanica meadow located in the Medes Islands Marine
Reserve (northeast coast of Spain, northwestern
Mediterranean Sea, 42° 2’ N, 3° 13’ E) at a depth of 5 to
6 m, near the upslope limit of the meadow (see Man-
zanera et al. 1998, Alcoverro et al. 2000 for a more
detailed description). Shoot density in this meadow at
this depth is between 450 and 600 shoots m–2 (Alcov-
erro et al. 2001). Within the depth range mentioned,
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the meadow hosts a population of adult individuals (i.e.
5 to 7 cm in diameter without spines) of the sea urchin
Paracentrotus lividus of about 5 ind. m–2 (Romero et al.
1999, Tomas et al. 2004). The population of the herbiv-
orous fish Sarpa salpa reaches relatively high densi-
ties, between 20 and 150 ind. 250 m–2 (Tomas 2004).

Experimental design. Two macroherbivore density
manipulation experiments were carried out to examine
the effects of the sea urchin Paracentrotus lividus and
the sparid fish Sarpa salpa on Posidonia oceanica and
its epiphytes. In the first experiment, we assessed the
effect of both P. lividus and S. salpa, whereas in the
second we evaluated the effects of the sea urchin P.
lividus alone. In both experiments, sea urchin density
was manipulated by using cages and consisted of 3
treatments: (1) sea urchin exclusion plots (0 ind. m–2),
(2) natural sea urchin density plots (approximately
5 ind. m–2) and (3) high sea urchin density plots
(approximately 15 ind. m–2). These densities fall within
those reported in the study area (Sala et al. 1998) and
other parts of the western Mediterranean (Kempf 1962,
Fenaux et al. 1987, Azzolina 1988, Palacín et al. 1998).
The cages from the first experiment had no roof, so
they were accessible to fish. The second experiment
was conducted to evaluate the effect of sea urchins on
their own and, therefore, access of the herbivorous fish
S. salpa to the urchin-manipulated plots was impeded
by adding roofs to the different cages. Three replicates
per treatment (i.e. 18 cages in total) were used.

For cage deployment, plots were randomly distrib-
uted over the meadow, 3 to 5 m apart from each other,
and treatments were randomly assigned to the plots.
On each plot, a cage 1.5 m × 1.5 m (2.25 m2) and 0.5 cm
high, delimited at the corners by iron bars, was
installed. Fences were constructed with plastic mesh
(2 cm pore size), which was attached to the seafloor
with iron pegs. Roofs consisted of plastic mesh (5 cm
pore size) and were attached to the cage by elastic
rope. At the beginning of the experiment, all sea
urchins found in the cages were removed by hand and
then reintroduced into the cages according to the den-
sities assigned. When needed, additional individuals
were collected from the same seagrass meadow but
approximately 300 m away from the experimental
area. 

Cages can potentially introduce artefacts in the
experimental results. However, we decided not to use
cage controls based on previous reports demonstrating
the absence of caging effects (McGlathery 1995, Maciá
2000). In any case, efforts to avoid interference were
made, including periodic cleaning of roofs and walls
(every 15 d) to remove fouling organisms, which could
reduce the light entering the cages and/or become a
possible food source for urchins, and any damage was
repaired as soon as detected. Sampling was carried out

near the centre of the plot to avoid border effect. Light
intensity inside the cages was measured using a spher-
ical quantometer and was, on average, about 10 to
15% lower than outside. At this depth (5 m), this
reduction is not important enough to affect plant vital-
ity (Ruiz & Romero 2001). However, any cage effect
should be the same across sea urchin densities and
should not account for differences between experi-
mental conditions. In fact, no pernicious effect was
detected in the seagrass parameters measured (see
‘Results’). Furthermore, maximum epiphyte biomass
was observed in the cages with roofs (see ‘Results’).
Epiphytes are highly sensitive to light reduction (Ruiz
& Romero 2001) and thus, if a caging effect had
occurred, epiphytes would probably have been the
most affected. Cages were also checked periodically to
maintain the desired sea urchin densities, while drift
leaves accumulating inside the cages were periodi-
cally removed to keep their abundance within natural
values (Mateo & Romero 1997). 

The first experiment (i.e. fish and sea urchins) ran
from June 2000 to October 2001, covering a total
experimental period of 475 d, and included 4 collection
dates (June 2000, October 2000, June 2001 and Octo-
ber 2001, except for total carbohydrate content, which
was determined in a unique sampling event, in Sep-
tember 2001, see below). The second experiment (i.e.
sea urchins only) started in November 2000 and lasted
until October 2001, covering an experimental period of
380 d and 3 sampling events (November 2000, June
2001 and October 2001) in addition to the collection in
September 2001 for total carbohydrate analysis.

Variables measured and sampling procedures. As
indicators of grazing impacts, we measured temporal
changes in shoot density, leaf growth, shoot size, epi-
phyte biomass, bite marks and carbohydrate reserves
in the rhizome of the plants within each of the cages
deployed. Shoot density was estimated by placing one
0.16 m2 fixed quadrat in each of the cages, and count-
ing all shoots within that quadrat at the beginning and
at the end of the experimental period. To estimate leaf
growth, the marking Zieman method modified by
Romero (1989b) was used. At each sampling event, 10
shoots chosen at random were marked and harvested
3 to 4 wk later. When necessary, shoots were frozen
shortly after collection and further processed in the
laboratory. 

In the laboratory, leaf elongation, length and width
of the marked shoots were measured. Epiphytes from
the collected shoots were removed by scraping with a
razor blade (Alcoverro et al. 1997). Shoots and epi-
phytes were then dried (70°C to constant weight) and
weighed separately. In June 2001 and October 2001,
leaf growth rate (g dry wt [DW] shoot–1 d–1) was deter-
mined by dividing the weight of new tissue (estimated
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from the relationship between leaf area and leaf DW)
by the number of days elapsed since the marking
event. Epiphyte load was determined as the epiphyte
biomass per shoot (g DW shoot–1). Shoot size was esti-
mated as total shoot leaf biomass (g DW shoot–1). The
frequency of leaves attacked by the 2 main herbivore
species, Sarpa salpa and Paracentrotus lividus, was
estimated since the bite scars left on Posidonia ocean-
ica leaves by these herbivores are easily recognisable
and of distinct shape (Boudouresque & Meinesz 1982,
Alcoverro et al. 1997). 

At the end of the summer (September 2001), when
maximum carbohydrate storage occurs in the rhizomes
(Alcoverro et al. 2001), 3 shoots were collected haphaz-
ardly within each cage for carbohydrate reserve mea-
surements. Rhizomes of the harvested shoots were
separated and dried at 70°C until constant weight. The
ground tissue from each of the 3 rhizomes was com-
bined (i.e. homogenised) to determine total non-struc-
tural carbohydrates (TNC). Total carbohydrate reserve
measurements were performed as described by Alcov-
erro et al. (2001). Sugars were solubilised from dry and
ground tissues by 4 sequential extractions in 95% (v/v)
ethanol at 80°C for 15 min. The ethanol extracts were
evaporated under a stream of air at room temperature
and the residues dissolved in deionised water for
analysis. Starch was extracted from the ethanol-insolu-
ble residue by keeping it in 1 N NaOH for 24 h. Sugars
and starch contents of extracts were determined with a
spectrophotometer using sucrose as standard, a resor-
cinol assay for sugar and an anthrone assay for starch. 

Statistical analysis. Statistical analyses were carried
out independently for each experiment, as they did not
coincide in time. Hence, for each experiment, the
manipulative factor to test was the sea urchin density,
whereas the factor fish could only be tested indirectly
through comparisons of both experiments. We used
univariate methods of repeated measures ANOVA
(rmANOVA, Winer et al. 1991) to assess the effects of
macroherbivores on all the shoot variables measured
throughout the experimental period (i.e. shoot density,
shoot size, leaf growth, epiphyte load and bite marks).
For each experiment, the sea urchin density treatment

(exclusion, natural density and high density) was the
between-subject (in our case, between-cage) factor
and time (i.e. sampling events) was the repeated mea-
sures (within-cage) factor. Mean values of the shoots
collected at each cage were considered as the repli-
cates (i.e. n = 3). 

Prior to the repeated measures ANOVA analysis,
Mauchly’s sphericity test is generally applied. How-
ever, following the suggestion of Quinn & Keough
(2002), it is probably safer to assume that the assump-
tion of sphericity is not met. Therefore, corrected sig-
nificance levels from Greenhouse-Geisser adjustment
were used as recommended by Quinn & Keough
(2002). When a significant interaction was detected,
1-way ANOVA (Fixed Factor Sea urchin density) was
carried out separately for each level of the repeated
measures factor (i.e. for each sampling event) in order
to conduct a posteriori pairwise comparisons of means
(Student-Newman-Keuls [SNK] test, Zar 1989).

As only 1 reading of carbohydrate content was per-
formed (in September 2001), 1-way ANOVA and
ANCOVA (using shoot size as covariate) were carried
out for each experiment separately to test for differ-
ences in total carbohydrate content in the rhizomes
(TSC, %DW) between treatments (fixed factor: sea
urchin density). Replicates were the values obtained
for each cage (i.e. n = 3).

When overall significant differences were detected,
a posteriori pairwise comparisons of means were per-
formed using the SNK test. 

Prior to statistical analyses, normality and homo-
geneity of variance were checked for all data
(Kolmogorov-Smirnov Test and Cochran’s test, respec-
tively) and, when necessary, data were transformed as
indicated in the ‘Results’ section. All differences were
considered significant at p < 0.05. Analyses were per-
formed with the STATISTICA v.4 package (StatSoft). 

RESULTS

For both experiments, no significant differences
among experimental conditions (i.e. sea urchin den-

118

Experiment Effect ANOVA ANCOVA
df MS F p-value df MS F p-value

Fish and urchins Urchin density 2 14.95 2.142 ns 2 16.63 2.159 ns
Error 6 6.98 5 7.71

Urchins onlya Urchin density 2 14.19 1.889 ns 2 15.77 1.919 ns
Error 6 7.51 5 8.22

aData does not meet homogeneity of variance

Table 1. Posidonia oceanica. 1-way ANOVA/ANCOVA carried out for the 2 experiments separately to assess significant 
differences in total soluble carbohydrates (%DW) in rhizomes between sea urchin density treatments. ns: not significant
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sity) were encountered for total soluble carbohydrates,
with mean values of 1.16 ± 0.11 (SD) %DW for the first
experiment (i.e. sea urchins and fish) and 1.24 ± 0.07
(SD) %DW for the second experiment (i.e. sea urchins
only, Table 1). Likewise, shoot density did not differ
among experimental conditions (i.e. sea urchin den-
sity) in either of the 2 experiments and remained con-
stant in time with values around 450 shoots m–2

(Table 2).

In both experiments, shoot size varied significantly
with time, as would be expected following the seasonal
growth pattern of Posidonia oceanica (Fig. 1). Neither
significant differences among sea urchin densities nor
a significant interaction for sea urchin × time were
detected for the first experiment in shoot size (i.e. fish
and urchins) (Table 2). For the second experiment (i.e.
urchins only), we found a significant interaction term
(sea urchin × time), explained by the fact that shoot
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Fig. 1. Posidonia oceanica. Time course of plant and epiphyte abundance and vitality parameters (mean ± SE) measured by shoot
size, leaf growth and epiphyte load during the experimental period (2000–2001) in sea urchin exclusion plots (D), sea urchin high
density plots (y) and sea urchin natural density plots (J) for the 2 experiments (fish and urchins and urchins only). DW: dry 

weight. Bars are standard errors



Mar Ecol Prog Ser 287: 115–125, 2005

size in June 2001 was between 20 and 27% higher in
the exclusion cages than in cages with urchins (Fig. 1). 

Like shoot size, leaf growth also exhibited a strong
seasonal pattern, being higher in June and lower in
October (Fig. 1); no significant differences between
sea urchin densities were detected in either of both
experiments (Table 2). 

Similarly, epiphyte load also experienced significant
changes in time (Fig. 1) and in both experiments, we
detected a significant interaction term (sea urchin den-
sity × time; Table 2). In the first experiment (i.e. sea
urchins and fish), significant differences in epiphyte
load among treatments started to appear in October
2000 and were very evident in June 2001, with epi-
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Variable Effect Herbivorous fish and sea urchin Sea urchin only
df MS F p-value df MS F p-value

Shoot density Between-subjects
Sea urchin 2 26.167 0.032 ns 2 210.39 0.275 ns
Between-cages 6 805.78 6 764.39

Within-subjects
Time 1 20.056 0.681 ns 1 186.89 2.44 ns
U × T 2 125.39 4.26 ns 2 22.72 0.297 ns
U × C 6 29.444 6 76.61

Shoot size Between-subjects
Sea urchin 2 0.028 2.76 ns 2 0.043 1.55 ns
Between-cages 6 0.010 6 0.027

Within-subjects
Time 3 1.500 144.4 0.000a 2 1.214 165.6 0.000a

U × T 6 0.038 3.68 nsa 4 0.0270 3.68 0.046a

U × C 180 0.010 120 0.0073

Leaf growth Between-subjects
Sea urchin 2 2.6E–7 0.730 ns 2 1.07E–7 0.127 ns
Between-cages 6 3.5E–7 6 8.45E–7

Within-subjects
Time 1 3.7E–5 134.5 0.000a 1 7.66E–5 240.1 0.000a

U × T 2 1E–7 0.368 ns 2 7.68E–7 2.407 ns
U × C 6 2.8E–7 6 3.19E–7

Epiphyte load Between-subjects
Sea urchin 2 0.016 9.64 0.013 2 0.0213 15.87 0.004a

Between-cages 6 0.002 6 0.0013
Within-subjects
Time 3 0.067 67.10 0.000a 2 0.0473 38.48 0.000a

U × T 6 0.004 4.25 0.023a 4 0.0164 13.29 0.001a

U × C 180 0.001 120 0.0012

Sea urchin bitesb Between-subjects
Sea urchin 2 2062.5 25.36 0.001 2 2448.0 15.48 0.004a

Between-cages 6 81.33 6 158.14
Within-subjects
Time 3 742.07 9.09 0.017a 2 1134.53 6.54 0.025a

U × T 6 688.96 8.40 0.012a 4 761.39 4.39 0.041a

U × C 180 81.672 120 173.48

Fish bitesc Between-subjects
Sea urchin 2 655.03 4.99 ns 2 111.69 0.894 ns
Between-cages 6 131.19 6 124.93

Within-subjects
Time 3 240.06 1.48 ns 2 27.32 0.616 ns
U × T 6 454.52 2.80 ansa 4 102.02 2.301 ns
U × C 180 162.14 120 44.34

aCorrected after Greenhouse-Geisser (see ‘Statistical analysis’) adjustment 
bData does not meet homogeneity of variance in 1 of the sampling events (October 2000) in the first experiment (i.e. fish and
urchins) 

cData transformed to square root in the second experiment (i.e. urchins only)

Table 2. Posidonia oceanica. Repeated measures ANOVA performed for the 2 experiments separately to assess differences in the
time course of the selected seagrass variables on cages (C) among treatments. Between-subjects sources of variation are the
experimental condition (sea urchin density, U) and within-subject sources are Time (T) and interactions. p-values correspond to
those provided by the univariate F-test; df: degrees of freedom; MS: mean squares; ns: not significant
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phyte load in exclusion plots being significantly higher
than in plots with urchins (2-fold approximately in
October 2000 and between 2- and 4-fold in June 2001).
In the second experiment (i.e. sea urchins only), differ-
ences in epiphyte load between treatments were only
observed in June 2001 and, likewise, plots with no
urchins presented significantly higher epiphyte load
than plots in which urchins were present (between 2-
and 5-fold).

In short, for both experiments, epiphyte load exhib-
ited major differences among plots with different sea
urchin densities in June 2001. At this time, at high sea
urchin densities, epiphyte load was low and identical
in plots accessible to fish and in fish-exclusion plots
(both with mean values of 0.06 ± 0.01 SE g shoot–1);
similarly, under natural sea urchin densities, epiphyte
load in the presence of fish (mean values 0.12 ± 0.01 SE
g shoot–1) was approximately the same as in their
absence (mean values 0.13 ± 0.01 SE g shoot–1). Finally,
in plots with no macroherbivores (no urchins and no
fish), epiphyte load was approximately 30% higher

(mean values 0.31 ± 0.05 SE g shoot–1) than in plots
where fish were the only herbivores present (0.21 ±
0.04 SE g shoot–1; Fig. 1). 

In both experiments, the frequency of herbivore
attacks increased in early summer, when shoot and
epiphyte biomass are at their maximum (Fig. 2). This
pattern was especially obvious for sea urchin bites (sig-
nificant interaction term, Table 2), reaching values of
approximately 60% of the leaves with marks in the
high density plots, whereas in the cages with urchins,
the frequency of sea urchin bites observed ranged
between 0 and 20% (Fig. 2). For the first experiment
(i.e. fish and sea urchins), the frequency of fish bites
was relatively high and variable among treatments,
although it tended to be lower in high sea urchin den-
sity plots (Fig. 2). The presence of fish bites recorded in
fish exclusion cages (less than 15% in all cases) was
probably due to the fact that some of the longer leaves
may have partially protruded through the mesh that
served as a roof, thereby becoming susceptible to
attacks by fish. 
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Fig. 2. Posidonia oceanica. Time course of herbivore pressure measured as percentage of shoots (mean ± SE) with sea urchin bites
and fish bites during the experimental period (2000–2001) in sea urchin exclusion plots (J), sea urchin high density plots (y) and 

sea urchin natural density plots (D) for the 2 experiments (fish and urchins, and urchins only). Bars are standard error
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DISCUSSION

Our results demonstrate that the temperate seagrass
Posidonia oceanica can withstand high densities of sea
urchins over long periods, at least in undisturbed envi-
ronments, and that macroherbivores seem to affect the
epiphytic community to a much higher degree than the
plant itself.

Since no shoot mortality attributable to overgrazing
was detected in any of our experimental plots, it
appears that the critical sea urchin density above
which the seagrass vitality could be negatively af-
fected is clearly beyond 15 ind. m–2 (adult individuals),
at least in the meadow studied. Nédelec & Verlaque
(1984) estimated a critical density at which consump-
tion would exceed plant production and, hence, cause
seagrass decline of between 25 and 50 (adult) ind. m–2

for a shallow Posidonia oceanica meadow. Neverthe-
less, Ruiz (2000) reported death of P. oceanica shoots
(shoot density declined by up to 30 to 50% in 6 mo) in
a meadow where sea urchin densities ranged between
11 to 30 ind. m–2. However, these results were obtained
in an area subjected to organic loading and, although
the seagrass decline seemed to be mainly caused by
sea urchins (as demonstrated by a caging experiment;
Ruiz 2000), it is possible that seagrass was affected by
other factors associated with organic load (e.g. reduc-
tion in light, anoxia, qualitative changes in the plant
and/or in the epiphytes) that would have accentuated
the effects of grazing.

Sublethal effects did not appear in our experiments.
Two indicators of plant vitality such as leaf growth
and carbohydrate reserves (which are especially
important for overwintering in this species; see
Alcoverro et al. 2001) did not show any response to
the increased herbivory and the only changes
detected were those expected from the natural
seasonal cycle of Posidonia oceanica (e.g. Alcoverro
et al. 1995). All the same, other authors have reported
both deleterious (e.g. Zimmerman et al. 1996, Ruiz
2000) and ‘positive’ grazer-induced effects in these
parameters (e.g. Valentine et al. 1997, 2000, Maciá
2000). Whereas reduction of aboveground biomass is
one of the most frequent outcomes of grazing (e.g.
Keller 1983, Heck & Valentine 1995, Maciá 2000,
Alcoverro & Mariani 2002), very small effects on
shoot size (if any) were detected in our experiment.
Only a slight increase in shoot size was observed in
the plots with absence of both macroherbivores (rela-
tive to the others) during the period of maximum pro-
duction (spring–summer) (Alcoverro et al. 1995).

The clearest result obtained from our experiments
concerned epiphyte load, clearly higher in the exclu-
sion cages than in the others, with those differences
being more accentuated in the period of maximum epi-

phyte biomass (Romero 1989a, Alcoverro et al. 1997).
This higher abundance of epiphytes, allowed by the
absence of herbivores, did not appear to be either
detrimental or beneficial to the seagrass, as suggested
by the unchanging plant vitality indicators. Certainly,
grazing is often considered to have a beneficial effect
on the seagrass by reducing competition with the epi-
phytes for primary resources (generally light), espe-
cially when an eutrophication event occurs (e.g. Orth &
van Montfrans 1984, Neckles et al. 1993, Williams &
Ruckelshaus 1993). However, in the meadow studied,
epiphyte load does not appear to be sufficient to cause
major impairments in the seagrass’ biology, probably
due to the distribution of epiphytes biased to older
leaves, which are those contributing the least to the net
carbon gains (Alcoverro et al. 2001).

The reported preference of both sea urchins and fish
for epiphytes (e.g. Verlaque 1981, 1985, Nédelec &
Verlaque 1984, Shepherd 1987) and the results
obtained in this study, suggest that epiphytes could be
the most limiting food resource for grazers in Posidonia
oceanica meadows. It appears that when sea urchins
are present, even at low densities, they control the
abundance of epiphytes. Indeed, epiphyte load was
reduced ca. 60% when urchins were introduced at nat-
ural densities (5 ind. m–2). This value increased to an
epiphyte load reduction of 80% when densities of
urchins were high (15 ind. m–2). On the contrary, when
Sarpa salpa was the sole herbivore present, epiphyte
load was only reduced by ca. 30%. Moreover, when
urchins were present at high densities, reduction in
epiphyte load was equivalent (i.e. ca. 80%) in cages
with or without fish, suggesting that fish were not
responsible for any further decrease in epiphyte load.

Although at a large spatial scale most herbivore con-
sumption of Posidonia oceanica seems to be carried out
by the sparid fish Sarpa salpa (Cebrián et al. 1996), it is
worth noting that, when present, the sea urchin Para-
centrotus lividus is crucial in controlling the epiphyte
community that the seagrass sustains. Nevertheless, as
S. salpa are much more mobile than P. lividus (Kempf
1962, Dance 1987, Sala & Zabala 1996) and, therefore,
able to feed within a much wider area, they can pro-
bably compensate any interspecific competition for
food resources by spreading their feeding area
(Boudouresque & Verlaque 2001). In fact, the spatial
range and distribution of S. salpa can encompass thou-
sands of square meters (e.g. Jador et al. 2002) and thus,
the spatial scale of our experimental design (2.25 m2

cages distributed over an area of approximately
700 m2) was presumably insufficient to capture the
spatial heterogeneity of the feeding behaviour of this
species (Verlaque 1990).

The higher nutritional quality of epiphytes in com-
parison with the seagrass material highlights their
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importance as an essential food source. In general
terms, algae are considered a better food source than
seagrasses (Duarte 1995). Specifically, C/N values for
epiphytes are approximately half those for Posidonia
oceanica leaves (Alcoverro et al. 1997, 2000). More-
over, the findings of Tomas (2004) using stable isotope
analyses indicate that approximately 90% of the nitro-
gen assimilated by Paracentrous lividus in the P.
oceanica meadow studied is supplied by epiphytes.
Furthermore, experimental evidence of intraspecific
competition for resources among sea urchins has
recently been provided (Tomas 2004), as urchins sub-
mitted to high population densities exhibited a lower
reproductive potential than those at natural densities.
The high consumption of epiphytes, in addition to the
important assimilation of nitrogen and the evidence of
intraspecific competition when sea urchin density is
increased, suggest that nitrogen contained in the epi-
phytes is the limiting resource for sea urchins. Since
the meadow studied appears to have persisted without
major changes either in shoot density or in sea urchin
density for the last 20 yr (Romero et al. 1999), and in
the light of our results, it would seem that: (1) epi-
phytes are not curtailing seagrass vitality; (2) epiphyte
biomass is controlled by sea urchin and fish grazing
activity; (3) sea urchin grazing pressure is limited by
the availability of the key resource, i.e. epiphytes; and
(4) there are no major effects of grazers on the sea-
grass. Nevertheless, if an eutrophication event oc-
curred, this situation could be dramatically altered
(e.g. McGlathery 1995). One could expect that if total
nitrogen availability for grazers increased (by increas-
ing nitrogen content both in epiphytes and in seagrass
leaves, and by increased epiphyte and shoot biomass),
the food limitation on grazer population would be
released, potentially causing an increase in herbivore
pressure; this is exactly the case reported by Ruiz
(2000) and Ruiz et al. (2001) (but see Valentine & Heck
2001).

The results from this study open new views towards
a better understanding of seagrass herbivory. Within
the processes encompassed within seagrass-herbivore
interactions, our work highlights the crucial function of
epiphytes. Although many aspects of the processes
underlying the interaction network seagrass-epiphyte-
herbivore still need to be resolved, it seems clear that
epiphytes can play a very significant role in seagrass
communities and should not be disregarded when try-
ing to understand the factors controlling temporal and
spatial variability of seagrass herbivory.
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