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COASTAL LAGOON ECOSYSTEMS

Sea urchin-seagrasses interactions: trophic links
in a benthic ecosystem from a coastal lagoon
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Abstract Seagrasses could constitute a major com-
ponent of lagunal ecosystems. Generally, in seagrass
beds, consumer control is strong. In coastal lagoons,
where seagrass beds are particularly extensive, there is
only scarce data on seagrass herbivory. In Mediterra-
nean coastal lagoons, Paracentrotus lividus populations
are extensive and consume Cymodocea nodosa beds. In
this study, we monitored a P. lividus population during
18 months in order to analyse changes in population
density and structure. On the basis of results of previous
studies (i.e. biomass, density, production and nutrition
parameters), we assessed the importance of P. lividus
with respect to C. nodosa herbivory in a Mediterranean
coastal lagoon. The results show that this sea urchin,
when its density is low, is estimated to consume about
0.6-18.9% of the seagrass production. However, active
movement of consumers among adjacent habitats
influences nutrient fluxes. During sea urchin migration,
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when densities of 10-98 ind. m~2 were observed, the
consumption rates in sea urchin feeding fronts tempo-
rarily exceeded seagrass production rates. The over-
grazing of the C. nodosa results in patches where leaves
of this plant are completely consumed, and this
phenomenon may explain a part of interannual varia-
tions in the distribution pattern of this species.

Keywords Seagrass - Herbivory - Sea urchin -
Food web grazing - Feeding fronts - Overgrazing

Introduction

Coastal lagoons are among the most productive
ecosystems worldwide and represent important nurs-
ery and feeding zones for many trophic groups such as
invertebrates, fishes and birds, as well as rich fishery
grounds (Barnes, 1980; Kjerfve, 1994). This high
production is supported, inter alia, by high-nutrient
inputs or from internal recycling and several types of
primary producers.

Generally, coastal lagoons can be distinguished by
the dominant primary producer (phytoplankton, algal
mats and benthic macrophytes), although terrestrial
plants are also potentially available to consumers
(Knoppers, 1994). The dominance of a single type of
primary producer depends on the interaction of
numerous environmental factors (e.g. hydrology and
nutrients). For numerous coastal lagoons, aquatic
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macrophytes, in particular the aquatic Magnoliophyta,
constitute a major component of lagunal ecosystems
(e.g. Sfriso & Ghetti, 1998; Duarte et al., 2002; Sfriso
et al., 2003). These plants are of particular interest in
view of their ecological (Tamisier & Boudouresque,
1994) and economic roles (Pearce & Crivelli, 1994,
Skinner & Zalewski, 1995). They also contribute to
sedimentary balance (Skinner & Zalewski, 1995).

Among the 60 seagrasses described worldwide
(Kuo & den Hartog, 2001), only a few are major
components of Mediterranean lagoon ecosystems (e.g.
Cymodocea nodosa (Ucria) Ascherson, Zostera: Zos-
tera marina L. and Zostera noltii Horneman; Sfriso &
Ghetti, 1998; Agostini et al., 2003). The distribution of
seagrasses is influenced by various environmental
parameters, such as hydrodynamic conditions, nature
of the substrate, light (Peralta et al., 2002), temperature
(Pérez-Lloréns & Niell, 1993; Marba et al., 1996),
salinity (Wortmann et al., 1997), nutrient concentra-
tions in the water column (Orth, 1977) and/or in the
sediment (Viaroli et al., 1993) but also by herbivory.
Controls of herbivory and decomposition are important
in understanding the trophic transfer, recycling and
storage of carbon and nutrients in seagrass ecosystems
(Cebrian & Lartigues, 2004; Holmer & Marba, 2010).

The relative importance of herbivory on seagrasses
is still controversial. The currently prevailing premise
of food web theory is that the ingestion of living
seagrass biomass is infrequent and virtually without
consequences for the demography of these plants and
their impact on biogeochemical cycling (see Heck &
Valentine, 2006, for a review). However, studies
during the last two decades have clearly shown that a
number of herbivorous species can ingest large
amounts of aboveground seagrass biomass (Valentine
& Heck, 1991). Therefore, the complex interactions
between these rooted macrophytes and their consum-
ers are important in regulating the dynamics of
seagrass meadows. Only a few marine species are
able to feed directly on vascular plants and digest
them. This group includes some species of vertebrates,
such as sirenids, birds, sea turtles and fishes, and also
invertebrates, generally sea urchins, crustaceans and
some molluscs (Heck & Valentine, 2006). In the
absence of dominant mega-grazers (e.g. sirenians or
turtles in tropical areas, waterfowl in temperate areas),
sea urchins are one of the most common seagrass
macro-grazers in contemporary seagrass systems
(EKI6f et al., 2008).
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In fact, the estimation of grazing intensity in
seagrass food webs has generally been made in open
sea ecosystems, and little attention has been focused
on seagrass grazing and trophic transfer pathways in
coastal lagoon food webs. In coastal lagoons, when
inlets connecting lagoons to the open sea are large
enough to allow inflow of seawater and thus higher
salinity levels, seagrasses are the main primary
producer, and echinoderms and sea urchins, in partic-
ular, are strongly represented.

The aim of this article is to estimate the extent of
seagrass grazing by a sea urchin species and trophic
links between these two trophic levels in a benthic
coastal lagoon ecosystem. Therefore, we have ana-
lysed the population dynamics of Paracentrotus
lividus Lamarck in a C. nodosa meadow during
18 months in order to determine the population
structure and density variability in a Mediterranean
coastal lagoon with low-anthropogenic pressure.
These data in combination with earlier published data
on sea urchins ingestion rates, and the biomasses and
primary production seagrasses (Fernandez & Caltag-
irone, 1998; Fernandez & Boudouresque, 2000; Ag-
ostini et al., 2003; Pasqualini et al., 2006), collectively
allowed us to quantify the interactions between plants
and herbivores by calculating the percentage of
seagrass production consumed by sea urchins. These
results contribute to our understanding of the impor-
tance of sea urchins with regard to seagrass dynamics
in these ecosystems.

Materials and methods
Study site

The study was carried out in the Urbino lagoon
situated in Corsica (France, Mediterranean Sea) on the
east coast of the island (42°03'N; 9°28’E). The Urbino
lagoon belongs to the Conservatoire du littoral since
2007. The Conservatoire du Littoral is a public
administrative body with responsibility for conducting
appropriate land-use policies for the protection of
threatened natural areas. The Urbino lagoon is of
tectonic origin with an area of 760 ha and a maximum
depth of 9.2 m (Table 1; Orsoni et al., 2001). There is
a small opening leading to the sea in this lagoon, and
some water exchanges occur between the two envi-
ronments (less than 6% of the total volume of the
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Table 1 General characteristics of the Urbino lagoon, Medi-
terranean Sea (from Pasqualini et al., 2006)

Abiotic parameters

Surface area (ha) 760
Maximum depth (m) 9.2
Mean depth (m) 5
Volume (millions of m?) 33
Catchment area (kmz) 31
Temperature (°C) 9-29
Salinity (%o) 2644
Human pressure sources
Catchment area (ha) 245
Industrial and touristic None

activities in the
catchment area

Agricultural activities
in the catchment area

Orchards, vineyards
(only in parts)
Activities at the ‘lido’ None

Fishing and aquaculture Limited fishing Aquaculture:
150 t year ™' of fish;

40 t year™" of shellfish

lagoon per month; Clanzig, 1992). This euryhaline
lagoon (Table 1; Sacchi, 1985) is characterized by the
high degree of homogeneity of its water mass (except
at the river outlets, in the north-west sector). The
bottom consists of silt, rich in organic matter, sand and
terrigenous or shelly sediments (Pasqualini et al.,
2006). This lagoon is subject to low levels of human
pressure (agricultural activities in the catchment area;
Table 1). The Urbino lagoon was mainly used for
aquaculture until 2002 (Table 1).

Species
Sea urchin populations

Paracentrotus lividus is a widespread species on
Atlantic and Mediterranean coasts, and it plays a
determining role in the development of benthic
macrophyte communities (Verlaque, 1987). This spe-
cies is the most abundant echinoid species in Medi-
terranean littoral communities. The sea urchin is a
herbivore (Boudouresque & Verlaque, 2001) but can
also consume animal food (Fernandez & Caltagirone,
1998). In Mediterranean coastal ecosystems, P. lividus
is known to cause overexploitation of seagrasses
(Verlaque, 1987) particularly in Posidonia oceanica
(Lineaus) Delile beds. Although this is a stenohaline

species, it also occurs in coastal lagoons (Allain, 1975;
Fernandez & Boudouresque, 1997).

Paracentrotus lividus occurs, in variable densities,
in four habitats of the Urbino lagoon, i.e., pebble
bottom, seagrass beds, silt and sand sediment habitats
(Fig. 1), and represents an important store of materials
and energy within this lagoonal environment (Fernan-
dez, 1998). For this study, the sea urchin populations
in seagrass meadows were monitored during
18 months in order to analyse population fluctuations
and, subsequently, to study the trophic links between
the sea urchin population and the seagrasses.

For population fluctuations, 100 quadrats of 1 m*
along a fixed permanent transect was censused in
seagrass bed to assess density fluctuations of the
populations and size variability. This transect is
perpendicular to the coastline and running from 0.1
to 1.7 m depth. A single transect was chosen as two
transects have been monitored at the beginning of the
study (3 month). After, these 3-month data analysis
show no variations between the two transects in terms
of urchins densities and urchin size (¢ tests, P > 0.05);
there is also no variation in terms of frequencies (>
test, P > 0.05). Moreover, authors also studying sea
urchin population structure have used only for one
habitat (Turon et al., 1995). All the specimens present
in this transect were counted and measured at
approximately the same time (11:00-13:00 h) during
daylight every month (between 50 and 350 urchins per
month). For counts, rthizomes were closely examined.
All sea urchins occurring within the transect were
measured using a calliper rule with a precision of
1 mm (ambitus diameter without the spines). Popula-
tion structure was analysed with a size class interval of
0.3 cm, already used for this species (Fenaux et al.,
1987). Variations in the demographic structure, as a
function of sampling, were analysed using the * test
(Zar, 1999); variations of mean size and mean density
were analysed using ANOVA or Kruskal-Wallis test.
Different cohorts were identified using the Bhattach-
arya (1967) method. Bhattacharya’s method is a modal
progression analysis technique that does not require an
estimate of the number of components included in the
observed distribution (Bhattacharya, 1967). These
analyses were performed using FISAT II v.1.0 pack-
age (FAO-ICLARM software).

For the analysis of trophic links between sea urchin
and seagrass, we used also studies already published
on diet and nutrition (ingestion rate) of the sea urchin

@ Springer



Hydrobiologia

0.5 ind. m2
©1 3.8 cm: 4 years

Frequencies (%)
cwsmaSH8H
.
]
=
-

Frequencies (%)
B8RE58
4. 1
4.95 |
y I!":
A !
Y ¥
BN &5
= g 9 &
=2
[

0.2 ind. m-2
2.7 cm: 4 years

I3 o) n 1 1 1 wn
~ ™ o i - ) o
=} — - ~ [l < <

~ 3.75

Size class (mm

Fig. 1 Distribution of benthic communities and bottom types
(central map) and population structure (size frequency distri-
bution) measured in the four habitats of Urbino lagoon (Corsica,

from Urbino lagoon (Fernandez & Caltagirone, 1998;
Fernandez & Boudouresque, 2000). In the study on
diet published by Fernandez & Caltagirone (1998), gut
contents of sea urchins living in seagrass beds were
analysed in order to quantify the composition of the
natural diet of P. lividus in meadows of Urbino lagoon.
In the study on nutrition published by Fernandez &
Boudouresque (2000), ingestion rates of sea urchins
from Urbino lagoon were measured monthly in
aquaria. Over a 3-day period, a given amount of food
was provided every 24 h. The feed not ingested at the
end of 24 h was collected, freeze dried and weighed.
Individual ingestion rates (for 10 individuals) were
calculated as being the difference between the pro-
vided food biomass and the biomass not ingested (dry
weight). Similarly, the water content and dissolution
rate of food were studied. These parameters provided a
basis for an assessment of food biomass losses and
were used to correct the daily ingestion rates.
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Mediterranean). Data on mean densities, mean size and age
estimation for each habitat are also presented (from Fernandez
et al., 2006 modified)

Ingestion was calculated in terms of wet weight and
dry weight.

Cymodocea nodosa meadows

Cymodocea nodosa is a common seagrass species in
the Mediterranean Sea and the North-Atlantic coast of
Africa, including the Canary Islands (Den Hartog,
1970), which shows a wide depth distribution range
from the intertidal (Vermaat et al., 1993) to depths of
33-35 m (Canals & Ballesteros, 1997). It can be found
on a wide range of substrata too, from coarse sand to
muddy sediments (Pavon-Salas et al., 2000), and
forms extensive meadows in shallow, sheltered places
such as lagoons (Terrados & Ros, 1992; Ribera et al.,
1997; Agostini et al.,, 2003). The general plant
morphology was described under the name Phuca-
grostis major Cavolini (Bornet, 1864). Most of the
knowledge on the seasonality of biomass, growth and
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primary production of C. nodosa is already available
(e.g. Terrados & Ros, 1992; Vermaat et al., 1993;
Pérez & Romero, 1994; Sfriso & Ghetti, 1998;
Guidetti et al., 2002).

Seagrass bed characteristics (cartography, spatio-
temporal changes, biomasses and primary production)
were also studied by our team in Urbino lagoon, during
the same period as the sea urchin population, and the
results have already been published (Pasqualini et al.,
1997; Agostini et al., 2003; Fernandez et al., 2006;
Pasqualini et al., 2006).

To map the habitats, computer image processing
based on aerial photographs was used. The method
employed for the digitized photograph analysis, using
MULTISCOPE software (version 2.4, Matra Cap
System and Information®), was the same as that used
by Pasqualini et al. (1997). This technique combines a
high level of precision and rapid processing (Pasqua-
lini et al., 1997).

Spatio-temporal changes and biomass of the seag-
rasses were analysed by Pasqualini et al. (2006) using
the same transect as for sea urchins and over the same
period. The markers (metal rods) were positioned
along the outer limit of a meadow (marked survey
area) or within a stand along a precise axis (transect;
Pasqualini et al., 2006). The aim was to record
accurately the existing meadows and bottom types that
occur in order to develop an accurate map (precision
20 cm). For biomass determination, five cores were
extracted randomly from the meadow using a thin-
walled, serrated, stainless steel core tube (15 cm
diameter) inserted to a depth of 30 cm (i.e. maximum
root length). Leaves, rhizomes and roots were sepa-
rated and dried at 75 °C to constant weight to
determine the dry weight of each fraction.

Leaf production was carried out by Agostini et al.
(2003) from July 1998 to July 1999 in situ (using four
permanent quadrats of 40 cm x 40 cm each, situated
near the transect used for sea urchin and seagrass
spatio-temporal changes), using the Zieman method
(Zieman, 1974; Pérez & Romero, 1994). Seasonal leaf
net production (g DW m™2) was calculated as the
mean leaf production per shoot multiplied by the mean
shoot density of the respective season.

Sea urchins—seagrasses trophic link

On the basis of all these data obtained on sea urchins
(density, size, ingestion rate) and seagrasses (biomass,

primary production), interactions between plants and
herbivores have been quantified by calculating the
percentage of seagrass production consumed (per
month and during an annual cycle) by the sea urchins.
In our study, this percentage is defined as the fraction
of production of seagrass consumed by sea urchin:
consumption/production x 100. This parameter was
calculated for each month using mean urchin density,
mean urchin size and mean ingestion rate but also for
several months on sea urchin fronts with high density.
For the latter calculation, the percentage of seagrass
production consumed by sea urchin may exceed
100%, indicating overgrazing of the meadow.

Results
Sea urchin populations

Paracentrotus lividus populations occur in the four
habitat types of the lagoon (i) pebble bottom, (ii) sand
area, (iii) silt areas and (iv) seagrass beds (Fig. 1). In
the latter habitat, the results obtained in this study
show a relative low density (Fig. 2). Statistical
analysis revealed that densities varied significantly
during the 18-month sampling periods (Kruskal—
Wallis test, W = 38.2; P < 0.001). The densities were
quite similar from June 1998 to June 1999 (around
0.8 ind. m~?) and increased during the last 3 months
of the study (2-3 ind. m_z; SNK test, P < 0.05;
Fig. 2). With a more detailed analysis, we have also

W=38.2
p<0.001

o = N W A~ O O N
y s s L L L s s

Mean urchin density (ind.m?)

a a a a i
HfesfAfasfalh
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S S o ) S 3 8 < =2 3 5 D
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2 3 i 2
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Fig. 2 Mean and confidence interval values for sea urchin
density (for the 100 m?) transect in Urbino lagoon from June
1998 to September 1999. Results of Kruskal-Wallis tests (W-
and P-values) and post-hoc tests for temporal variations are also
presented. Values not differing by 5% are denoted with the same
letter
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observed a pattern of variability along the transect.
The first part of the transect (0—0.7 m depth) presented
a very low density, and most of the surface explored
were without sea urchins. The second part of the
transect (0.7-1.7 m depth) presented a higher density
with a more homogeneous distribution pattern
(Fig. 3). The data also show that very high densities
occurred from March to September 1999 at the end of
the transect; the density in these zones varied from 9 to
66 ind. m> (mean densities; Fig. 4). In addition to
these density variations, we also found changes in the
size of the sea urchins (Kruskal-Wallis test,
W = 2725, P < 0.001; Fig. 5). Overall, mean size
was quite stable from June 1998 to March 1999
(around 34 mm) and then decreased until September
1999 (around 25 mm). The population structure of sea
urchins in Urbino seagrass beds varied significantly
from month to month (Fig. 3; }52 tests, P < 0.001). All
cohort sizes, calculated using the Bhattacharya
method, do not occur every month. Moreover, the
number of individuals for each cohort varies by month.
Three major changes can be noted:

(i) From June to October 1998, only adult sea
urchins were observed in the seagrass beds with
2 or 3 cohorts with a mean size of around 30-35,
40-45 and +50 mm (Fig. 3).

(ii) From October 1998 until March 1999, a small
cohort (mean size 15 mm) occurred in low
quantities (Fig. 3). During this period, the oldest
sea urchin (>40 mm) disappeared.

(iii)) From April 1999 to September 1999, the mean
size of the small cohort increased (from 15 to
20 mm) and the density of these small individ-
uals greatly increased.

Finally, during the last period, the sea urchin
presented aggregations composed of high densities of
sea urchins (mean density: 9-66 ind. m~2; Fig. 4 and
maximum density of 98 ind. m™?).

Cymodocea nodosa meadows

In Urbino lagoon, seagrass beds form a quasi-continu-
ous belt on the periphery of the lagoon that can reach
300 m width (Fig. 1). C. nodosa presents high densities
depending on depth (from 509 to 1,471 shoots m™>;
Pasqualini et al., 2006) and high-aboveground biomass
(mean: 88 g DW m~ with variations from 11 to
185 g DW m_z; Fig. 6; Pasqualini et al., 2006). The
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Fig. 3 Sea urchin density measured along the transect (mean
for 5 m? and confidence interval) from June 1998 to September
1999 (on the left of the figure) and population structure (size
frequency distribution in total number of individuals per size
class observed on the transect for each date) measured during the
same period. The characteristics of the different cohorts
identified using the Bhattacharya method are presented at top
of each histogram (grey point for mean size and black line for
the standard deviation in mm)

aboveground productivity in Urbino lagoon was high
with a mean of 5.8 g DW m™* day ' with variations
from 1.5 to 17.8 g DW m~ day~' (Fig. 7; Agostini
et al., 2003). Primary production of C. nodosa for the
Urbino lagoon was estimated at 2470 g C m™~ year ™'
by Agostini etal. (2003). These values have been used to
assess the sea urchin—seagrasses trophic link.

Sea urchin—seagrasses trophic link

The nutritional parameters and growth of P. [lividus
from Urbino lagoon have been studied showing an
ingestion rate ranging from 93 mg DW ind.”' day ™'
for smaller sea urchins to 330 mg DW ind.”"' day ™"
for the larger ones depending on the month (Fig. 8;
Fernandez & Boudouresque, 2000). The production
rate varied from 3.8 ¢ DW ind.”! year™' for the
smaller urchins to 5.9 ¢ DW ind.”" year™' for the
larger ones (Fernandez & Boudouresque, 2000).
The estimated percentage of leaf production con-
sumed by sea urchin varied from 0.6 to 18.9%
according to the month (Fig. 9).

Discussion

Urbino lagoon contains large populations of P. lividus
(Fernandez & Caltagirone, 1990; Fernandez et al.,
2006). Population living in seagrass bed showed a
relative low density but with temporal variability.
Particularly, very high densities of sea urchins were
observed from March to September 1999 in the deeper
zone of the transect. During several months, a dense
aggregation of sea urchins occurred in the seagrass
bed. These aggregations are often called “sea urchin
feeding fronts” (Eklof et al., 2008). Variations in
densities were accompanied by changes in population
structure with the arrival of young sea urchins in the
seagrass meadow particularly during the second part
of this study. These sea urchins were localised at the
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limit between the seagrass and sand habitat and would
appear to herald the arrival of a wave of migration.
These data confirm the existence of migration events
of sea urchins in this lagoon that have been suggested
earlier (Fernandez et al., 2001). Sea urchin migration
occurred from the pebble area (recruitment area, high
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Fig. 7 Annual variation of mean aboveground primary pro-
duction of C. nodosa shoots (from Agostini et al., 2003
modified)
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Fig. 8 Mean ingestion rates of sea urchins from October to
June (expressed in terms of dry weight) for three class sizes:
20-25, 30-35 and 40-45 mm (from Fernandez & Boudour-
esque, 2000 modified)

sea urchin density and overgrazing facies) towards
areas comprising C. nodosa seagrass beds (growth
areas, low density and abundant preferred food;
Fernandez et al., 2001). Thus, the sea urchins migrate
in order to seek out new food resources (Kitching &
Ebling, 1961; Mattison et al., 1977). Sea urchin fronts
were observed in this coastal lagoon a decade earlier
(Fernandez & Caltagirone, 1990), albeit with lesser
densities (10-30 ind. m~2) and have not been reported
since. This kind of aggregation has already been
observed for several species of sea urchins (Dean
et al., 1984; Macia & Lirman, 1999; Alcoverro &
Mariani, 2002; Gagnon et al., 2004). These sea urchin
aggregations, because representing such high densi-
ties, are often destructive for the meadow (Abraham,
2007).
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Fig. 9 Estimation of leaf removal by sea urchin as a percentage of leaf production. On the left: urchin density, size obtained for the
whole of the transect each month was used for this estimation. On the right: data obtained only on sea urchin feeding fronts was used

Concerning seagrass beds, they are generally
present in the shallower part of the lagoon (between
the surface and 4 m depth), representing a surface area
of about 20.7% of the lagoon (Ferrat et al., 2003;
Pasqualini et al., 2006). However, inter-annual fluc-
tuations (decline or increase) in the surface area
covered by seagrasses have been observed in this
lagoon (Fernandez et al., 2006) due to the fast growth
rate (Caye & Meinesz, 1985) and year-to-year varia-
tions in space occupation (Scarton et al., 1995;
Vidondo et al., 1997). Even if three species of seagrass
have been recorded in the Urbino lagoon (C. nodosa,
Z. noltii and Ruppia cirrhosa), monospecific meadows
are mostly made up of C. nodosa. This species is
particularly well developed with densities, biomass
and production higher in Urbino lagoon than in other
lagoons (Terrados & Ros, 1992; Rismondo et al.,
1997; Agostini et al., 2003).

In Urbino lagoon, sea urchins living in seagrass
beds consumed mostly C. nodosa aboveground bio-
mass: in particular, leaves and, to a lesser degree,
sheaths and litter (Fernandez & Caltagirone, 1998).
C. nodosa provides an abundant supply of food to sea
urchins as among the seagrasses, this species is known
to be a preferred food source for P. lividus (Traer,
1980). Thus, this area is favourable for sea urchin
growth (Fernandez & Caltagirone, 1998; Fernandez
et al., 2006). The exceptionally comprehensive set of
data comprising simultaneous data of seagrass and sea
urchins in Urbino lagoon enables us to accurately
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estimate the trophic link between these two trophic
levels. This estimation for an annual cycle is around
1.4% (when the calculation is made with usual urchin
densities and size). Therefore, when density is usual,
P. lividus is assumed to consume a small part of the
C. nodosa production in the coastal lagoon. But when
sea urchin densities are around 10-30 ind. m~2 (Fer-
nandez & Caltagirone, 1990), consumption reaches
100% of the C. nodosa production. Finally, in the front
aggregations observed during this study, herbivory
largely exceeded the seagrass production with a
biomass ingested exceeding 500 g m ™2 (which corre-
sponds to an estimate percentage of leaf production
consumed by sea urchin approaching 370%), causing
overgrazing and seagrass regression. In this case, the
seagrass regression rate may reach several metres each
month. However, it could be noted that seagrass
recovery seems to be quite rapid in this coastal lagoon
(10 months; personal observation) as observed for
other regression episode due to salinity drop (Fernan-
dez et al., 2006).

Even though C. nodosa is clearly preferred to
P. oceanica by P. lividus (Traer, 1980; Cebrian &
Duarte, 1998), there have been few studies on the
impact of grazing on the former seagrass. Neverthe-
less, Cebrian et al. (1996) underline the trophic
importance of C. nodosa as a food resource for
herbivores. The consumption of C. nodosa by grazing
could vary according to these authors from 0.1 to
42.5% of leaf production lost by herbivory. During
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periods with relative low-sea urchin density, the
Urbino seagrass population suffered only modest
losses of leaf production as in most of the sites studied
in Spain by Cebrian et al. (1996).

Our study also shows overgrazing phenomena
during a few months. Overgrazing events on seag-
rasses have generally been observed in coastal
waters (EkI6f et al., 2008) and have not been
accurately described in coastal lagoons. The obser-
vations have been made in tropical zones and are
generally based on Lytechinus variegatus in America
(Zimmerman & Livingston, 1976; Peterson et al.,
2002) or Tripneustes gratilla in Africa (Alcoverro &
Mariani, 2002). In the Mediterranean, it has been
described that P. lividus overgrazed P. oceanica in
several documented cases (Kirkman & Young, 1981;
Verlaque & Nedelec, 1983; Shepherd, 1987). Our
study has highlighted the first observation of over-
grazing in C. nodosa meadow. Potential causes of
overgrazing have been identified or investigated in
very few cases (EkIof et al., 2008). The major causes
mentioned by the authors were divided into three
categories: (1) top-down (loss of predation),
(2) bottom-up (nutrient enrichment) and (3) “side-
in” (e.g. temperature). From the present study, it
seems clear that the cause of overgrazing is the
arrival by migration of large numbers of sea urchins.

Conclusion

The results obtained over a period of more than
10 years on urchin and seagrass populations in Urbino
lagoon show that grazing by the sea urchin P. lividus
can be substantial on coastal lagoon C. nodosa
meadows. However, urchin grazing appears to be
highly variable in both space and time. Most of the
time, sea urchin densities are low in seagrass meadows
and P. lividus grazing is minor with a low-leaf
production removal. However, during migration
events, when urchin densities are high, grazing could
greatly exceed seagrass leaf production and also stock,
thus causing a clear decline in shoot biomass. The
complete loss of seagrass biomass observed could
probably have an impact on the seagrass community
and might generate a loss of seagrass-associated
ecosystem services. In the short term, sea urchin—
seagrass interaction is controlled by sea urchin abun-
dance fluctuations and migration events.

Acknowledgments The authors wish to thank all those who
worked at Urbino lagoon during the last few years and
L. Bronzini de Caraffa, who enabled us to work in this lagoon.

References

Abraham, E. R., 2007. Sea-urchin feeding fronts. Ecological
Complexity 4: 161-168.

Agostini, S., G. Pergent & B. Marchand, 2003. Growth and
primary production of Cymodocea nodosa in a coastal
lagoon. Aquatic Botany 76: 185-193.

Alcoverro, T. & S. Mariani, 2002. Effects of sea urchin grazing
on seagrass (Thalassodendron ciliatum) beds of a Kenyan
lagoon. Marine Ecology of Progress Series 226: 255-263.

Allain, J. Y., 1975. Structure des populations de Paracentrotus
lividus (Lmk) (Echinodermata, Echinoidea) soumises a la
péche sur les cotes Nord Bretagne. Revue des Travaux de
I’Institut des Péches maritimes 39(2): 171-212.

Barnes, R. S. K., 1980. Coastal Lagoons. Cambridge University
Press, Cambridge. 106 pp.

Bhattacharya, C. G., 1967. A simple method of resolution of a
distribution into Gaussian components. Biometrics 123:
11-25.

Bornet, E., 1864. Recherches sur le Phucagrostis major Cavol.
Annales des Sciences Naturelles 5 Series Botany 1: 5-51.

Boudouresque, C. F. & M. Verlaque, 2001. Ecology of Para-
centrotus lividus. In Lawrence, J. (ed.), Edible Sea-Urch-
ins: Biology and Ecology. Elsevier, Amsterdam: 177-216.

Canals, M. & E. Ballesteros, 1997. Production of carbonate
particles by phytobenthic communities on the Mallorca-
Menorca shelf, northwestern Mediterranean Sea. Deep-Sea
Research Part II-Topical Studies in Oceanography
44(3-4): 611-629.

Caye, G. & A. Meinesz, 1985. Observations on the vegetative
development, flowering and seeding of Cymodocea nodosa
(Ucria) Ascherson on the Mediterranean coasts of France.
Aquatic Botany 22: 277-289.

Cebrian, J. & C. M. Duarte, 1998. Patterns in leaf herbivory on
seagrasses. Aquatic Botany 60(1): 67-82.

Cebrian, J. & J. Lartigues, 2004. Patterns of herbivory and
decomposition in aquatic and terrestrial ecosystems. Eco-
logical Monographs 74(2): 237-259.

Cebrian, J., C. M. Duarte, N. Marba, S. Enriquez, M. Gallegos &
B. Olesen, 1996. Herbivory on Posidonia oceanica: mag-
nitude and variability in the Spanish Mediterranean. Mar-
ine Ecology Progress Series 130(1-3): 147-155.

Clanzig, S., 1992. Impact des activités aquacoles sur le benthos
de la lagune d’Urbino (Corse). C.LLE.L. 16, France.

Dean, T. A., S. C. Schroeter & J. D. Dixon, 1984. Effects of
grazing by two species of sea urchins (Strongylocentrotus
[franciscanus and Lytechinus anamesus) on recruitment and
survival of two species of kelp (Macrocystis pyrifera and
Pterygophora californica). Marine Biology 78: 301-313.

Den Hartog, C., 1970. The Sea-Grasses of the World. North-
Holland Publishing Co., Amsterdam.

Duarte, C. M., R. Martinez & C. Barron, 2002. Biomass, pro-
duction and rhizome growth near the northern limit of
seagrass (Zostera marina) distribution. Aquatic Botany 72:
183-189.

@ Springer



Hydrobiologia

Eklof, J. S., M. de la Torre-Castro, M. Gullstrom, J. Uku, N.
Muthiga, T. Lyimo & S. O. Bandeira, 2008. Sea urchin
overgrazing of seagrasses: a review of current knowledge
on causes, consequences, and management. Estuarine and
Coastal Shelf Science 79: 569-580.

Fenaux, L., M. Etienne & G. Quelart, 1987. Suivi écologique
d’un peuplement de Paracentrotus lividus (Lamarck) dans
la baie de Villefranche-sur-mer (France). In Boudouresque,
C. F. (ed.), Colloque international sur Paracentrotus livi-
dus et les oursins comestibles. GIS Posidonie, Marseille:
187-197.

Fernandez, C., 1998. Seasonal changes in the biochemical
composition of the edible sea urchin Paracentrotus lividus
(Echinodermata: Echinoidea) in a lagoonal environment.
P.S.Z.N.I. Marine Ecology 19(1): 1-11.

Fernandez, C. & C. F. Boudouresque, 1997. Phenotypic plas-
ticity of Paracentrotus lividus (Echinoidea: Echinoder-
mata) in a lagoonal environment. Marine Ecology Progress
Series 152: 145-154.

Fernandez, C. & C. F. Boudouresque, 2000. Nutrition of the sea
urchin Paracentrotus lividus fed artificial food. Marine
Ecology Progress Series 204: 119-130.

Fernandez, C. & A. Caltagirone, 1990. Données préliminaires
sur la population de Paracentrotus lividus de 1’étang
d’Urbino (Corse). Rapport de la Commission Internatio-
nale pour I’Exploration de la Mer Méditerranée 32(1): 37.

Fernandez, C. & A. Caltagirone, 1998. Comportement alimen-
taire de Paracentrotus lividus (Echinodermata: Echinoi-
dea) en milieu lagunaire. Rapport de la Commission
Internationale pour I’Exploration de la Mer Méditerranée
35: 538-539.

Fernandez, C., A. Caltagirone & M. Johnson, 2001. Demo-
graphic structure suggests migration of the sea urchin
Paracentrotus lividus (Echinodermata: Echinoidea) in a
coastal lagoon. Journal of Marine Biology Association of
U.K. 81: 361-362.

Fernandez, C., V. Pasqualini, C. F. Boudouresque, M. Johnson,
L. Ferrat, A. Caltagirone & D. Mouillot, 2006. Effect of an
exceptional rainfall event in a Mediterranean coastal
lagoon. Estuarine, Coastal and Shelf Science 68: 259-270.

Ferrat, L., C. Fernandez, V. Pasqualini, G. Pergent & C. Pergent-
Martini, 2003. Evolution and vitality of seagrasses in a
Mediterranean lagoon. Journal of Environmental Science
and Health A 38(8): 1459-1468.

Gagnon, P., J. H. Himmelman & L. E. Johnson, 2004. Temporal
variation in community interfaces: kelp-bed boundary
dynamics adjacent to persistent urchin barrens. Marine
Biology 144: 1191-1203.

Guidetti, P., M. Lorenti, M. C. Buia & L. Mazzella, 2002.
Temporal dynamics and biomass partitioning in three
Adriatic seagrass species: Posidonia oceanica, Cymodocea
nodosa, Zostera marina. Pubblicazioni Della Stazione
Zoologica Di Napoli: Marine Ecology 23: 51-67.

Heck, J. K. L. & J. F. Valentine, 2006. Plant-herbivore inter-
actions in seagrass meadows. Journal of Experimental
Marine Biology and Ecology 330: 420-436.

Holmer, M. & N. Marba, 2010. Preface: dynamics and functions
of seagrass ecosystems. Hydrobiologia 649: 1-2.

Kirkman, H. & P. C. Young, 1981. Measurement of health, and
echinoderm grazing on Posidonia oceanica (L.) Delile.
Aquatic Botany 10: 329-338.

@ Springer

Kitching, J. A. & F. J. Ebling, 1961. The ecology of Lough Ine
XI. The control of algae by Paracentrotus lividus (Echi-
noidea). Journal Animal Ecology 30(2): 373-383.

Kjerfve, B., 1994. Coastal Lagoon Processes. Elsevier Science
Publishers, Amsterdam.

Knoppers, B., 1994. Aquatic primary production in coastal
lagoons. In Kjerfve, B. (ed.), Coastal Lagoon Processes.
Elsevier Science Publishers, Amsterdam: 243-286.

Kuo, J. & C. den Hartog, 2001. Seagrass taxonomy and identi-
fication key. In Short, F. T. & R. G. Coles (eds), Global
Seagrass Research Methods. Elsevier Science Publishers,
Amsterdam: 31-58.

Macid, S. & D. Lirman, 1999. Destruction of Florida Bay
seagrasses by a grazing front of sea urchins. Bulletin
Marine Science 65: 593-601.

Marba, N., J. Cebrian, S. Enriquez & C. M. Duarte, 1996.
Growth patterns of western Mediterranean seagrasses:
species-specific responses to seasonal forcing. Marine
Ecology Progress Series 133: 203-215.

Mattison, J. E., J. D. Trent, A. L. Shanks, T. B. Akin & J.
S. Pearse, 1977. Movement and feeding activity of red sea
urchins (Strongylocentrotus franciscanus) adjacent to kelp
forest. Marine Biology 39: 25-30.

Orsoni, V., P. Souchu, & D. Sauzade, 2001. Caractérisation de
I’état d’eutrophisation des trois principaux étangs corses
(Biguglia, Diana et Urbino), et proposition de renforce-
ment et leur surveillance. Rapport Final. Ifremer (ed.),
France.

Orth, R. J., 1977. The importance of sediment stability in sea-
grass communities. In Coull, B. C. (ed.), Ecology of
Marine Benthos. University of South Carolina Press,
Columbia: 281-300.

Pasqualini, V., C. Pergent-Martini, C. Fernandez & G. Pergent,
1997. The use of airborne remote sensing for benthic car-
tography: advantages and reliability. International Journal
of Remote Sensing 18: 1167-1177.

Pasqualini, V., C. Pergent-Martini, C. Fernandez, L. Ferrat, J.
Tomaszewski & G. Pergent, 2006. Wetland monitoring:
aquatic plant changes in two Corsican coastal lagoons
(Western Mediterranean Sea). Aquatic Conservation:
Marine and Freshwater Ecosystems 16: 43-60.

Pavon-Salas, N., R. Herrera, A. Hernandez-Guerra & R. Ha-
roun, 2000. Distributional pattern of seagrasses in the
Canary Islands (central-east Atlantic Ocean). Journal of
Coastal Research 16: 329-335.

Pearce, F. & A. J. Crivelli, 1994. Caractéristiques générales des
zones humides méditerranéennes. Conservation des zones
humides méditerranéennes, Programme MedWet. Fonda-
tion Tour du Valat publisher, Arles, France.

Peralta, G., J. L. Pérez-Lloréns, 1. Hernandez & J. J. Vergara,
2002. Effects of light availability on growth, architecture
and nutrient content of the seagrass Zostera noltii Hornem.
Journal of Experimental Marine Biology and Ecology 269:
9-26.

Pérez, M. & J. Romero, 1994. Growth dynamics production and
nutrient status of the seagrass Cymodocea nodosa in a
Mediterranean semi-estuarine environment. Pubblicazioni
Della Stazione Zoologica Di Napoli: Marine Ecology 15:
51-64.

Pérez-Lloréns, J. L. & F. X. Niell, 1993. Seasonal dynamics of
biomass and nutrient content in the intertidal seagrass



Hydrobiologia

Zostera noltii Hornem. from Palmones River estuary,
Spain. Aquatic Botany 46: 49-66.

Peterson, B. J., C. D. Rose, L. M. Rutten & J. W. Fourqurean,
2002. Disturbance and recovery following catastrophic
grazing: studies of a successional chronosequence in a
seagrass bed. Oikos 97: 361-370.

Ribera, G., M. Coloreu, C. Rodriguez-Prieto & E. Ballesteros,
1997. Phytobenthic assemblages of Addaia Bay (Menorca
western Mediterranean): composition and distribution.
Botanica Marina 40: 523-532.

Rismondo, A., D. Curiel, M. Marzocchi & M. Scattolin, 1997.
Seasonal pattern of Cymodocea nodosa biomass and pro-
duction in the lagoon of Venice. Aquatic Botany 58(1):
55-64.

Sacchi, C., 1985. Le sel de La Palice: réflexion sur le paralin
méditerranéen. Memoria Biologia marina e di Oceanog-
rafia 15: 71-89.

Scarton, F., D. Curiel & A. Rismondo, 1995. Aspetti della
dinamica temporale di praterie a fanerogame marine in
laguna de Venezia. Lavori Societa Veneziana de scienze
Naturali 20: 95-102.

Sfriso, A. & P. F. Ghetti, 1998. Seasonal variation in biomass,
morphometric parameters and production of seagrasses in
the lagoon of Venice. Aquatic Botany 61(3): 207-223.

Sfriso, A., C. Facca & P. F. Ghetti, 2003. Temporal and spatial
changes of macroalgae and phytoplankton in a Mediterra-
nean coastal area: the Venice lagoon as a case study.
Marine Environmental Research 56(5): 617-636.

Shepherd, S. A., 1987. Grazing by the sea-urchin Paracentrotus
lividus in Posidonia beds at Banyuls, France. In Bou-
douresque, C. F. (ed.), Colloque International sur Para-
centrotus lividuset les Ouirsins Comestibles. GIS
Posidonie, Marseilles: 83-96.

Skinner, J. & S. Zalewski, 1995. Fonctions et valeurs des zones
humides méditerranéennes. Conservation des zones hu-
mides méditerranéennes, Programme MedWet. Fondation
Tour du Valat publisher, Arles, France.

Tamisier, A. & C. F. Boudouresque, 1994. Aquatic bird popu-
lations as possible indicators of seasonal nutrient flow at
Ichkeul lake, Tunisia. Hydrobiologia 279(280): 149-156.

Terrados, J. & J. D. Ros, 1992. Growth and primary production
of Cymodocea nodosa (Ucria) Ascherson in a Mediterra-
nean coastal lagoon: the Mar Menor (SE Spain). Aquatic
Botany 43: 63-74.

Traer, K., 1980. The consumption of Posidonia oceanica Delile
by echinoids at the isle of Ischia. In Jangoux, M. (ed.),

Echinoderm: Present and Past. AA Balkema, Rotterdam:
241-244.

Turon, X., G. Giribet, S. Lopez & C. Palacin, 1995. Growth and
population structure of Paracentrotus lividus (Echinoder-
mata: Echinoidea) in two contrasting habitats. Marine
Ecology Progress Series 122: 193-204.

Valentine, J. F. & K. L. Heck, Jr. 1991. The role of sea urchin
grazing in regulating seagrass meadow size. Journal of
Experimental Marine Biology and Ecology 154: 215-230.

Verlaque, M., 1987. Relations entre Paracentrotus lividus
(Lmk.) et le phytobenthos de Méditerranée occidentale. In
Boudouresque, C. F. (ed.), Colloque international sur
Paracentrotus lividus et les oursins comestibles. GIS
Posidonie Publisher, Marseille: 5-36.

Verlaque, M. & H. Nedelec, 1983. Note préliminaire sur les
relations biotiques Paracentrotus lividus (Link.) et herbier
de Posidonies. Rapport Commission Internationale Mer
Méditerranée 28: 157-158.

Vermaat, J. E., J. A. J. Beijer, R. Gijlstra, M. J. M. Hootsmans,
C. J. M. Pnhilippart, N. W. van den Brink & W. van
Vierssen, 1993. Leaf dynamics and standing stocks of
intertidal Zostera noltii Hornem and Cymodocea nodosa
(Ucria) Ascherson on the Banc d’Arguin (Mauritania).
Hydrobiologia 258: 59-72.

Viaroli, P., M. Naldi, R. R. Christian & I. Fumagalli, 1993. The
role of macroalgae and detritus in the nutrient cycles in a
shallow-water dystrophic lagoon. Verhandlungen Interna-
tional Verein der Limnologie 25: 1048-1051.

Vidondo, B., A. L. Middleboe, K. Stefansen, T. Liitzen, S.
L. Nielsen & C. M. Duarte, 1997. Dynamics of a patchy
seagrass (Cymodocea nodosa) landscape. Size and age
distributions, growth and demography of seagrass patches.
Marine Ecology Progress Series 158: 131-138.

Wortmann, J., J. W. Hearne & J. B. Adams, 1997. A mathe-
matical model of an estuarine seagrass. Ecological Mod-
elling 98: 137-149.

Zar, J. H., 1999. Biostatistical Analysis, 4th ed. Prentice Hall
International, Englewood Cliffs, xii 4+ 663 pp. 4+ 212 pp.
+ 11 pp. + 20 pp. + 23 pp.

Zieman, J. C., 1974. Methods for the study of the growth and
production of the turtle grass, Thalassia testudinum Konig.
Aquaculture 4: 139-143.

Zimmerman, M. S. & R. J. Livingston, 1976. Seasonality and
physico-chemical ranges of benthic macrophytes from a
north Florida estuary (Apalachee Bay). Contributions to
Marine Science 20: 34-45.

@ Springer



	Sea urchin--seagrasses interactions: trophic links in a benthic ecosystem from a coastal lagoon
	Abstract
	Introduction
	Materials and methods
	Study site
	Species
	Sea urchin populations
	Cymodocea nodosa meadows

	Sea urchins--seagrasses trophic link

	Results
	Sea urchin populations
	Cymodocea nodosa meadows

	Sea urchin--seagrasses trophic link

	Discussion
	Conclusion
	Acknowledgments
	References


