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ABSTRACT. — The goal of this study was to assess the impact of recreational harvesting on the
populations of two sea urchin species, Paracentrotus lividus and Arbacia lixula, via their popu-
lation densities and mean individual size at three sites in shallow water in the Gulf of Lion (NW
Mediterranean Sea) characterised by different anthropogenic pressures. We observed a positive
relationship between mean size and population density for P. lividus at one of the three sites.
The increase in anthropogenic pressure was linked to a decrease of both population density and
individual size. Differences in mean size and densities were detected for P. lividus between a
site with high anthropogenic pressure and sites with moderate to low anthropogenic pressure.
These results suggest the existence of an impact of recreational sea urchin harvesting on popula-
tions of P. lividus and A. lixula, and stress the necessity of a regulation of such practices, as their

effects are likely to affect local ecosystems.

INTRODUCTION

Several studies have reported that sampling activites
(fishing, harvesting) have direct consequences on the
benthic macrofauna, potentially decreasing density, indi-
vidual size, and leading to sex ratio imbalance (Uphoff
1998, Brazeiro & Defeo 1999, Guidetti et al. 2004, Diele
et al. 2005). Some indirect effects on the benthic commu-
nity assemblages of rocky coasts have also been reported
(Sala et al. 1998, Guidetti et al. 2003, Guidetti 2004).

Sea urchins are perhaps the most studied group of ben-
thic macrofauna in the Mediterranean Sea (Le Direach et
al. 1987, Lecchini et al. 2002, Guidetti et al. 2004, Pais et
al.2007). Their nutritional value and the delicacy of their
gonads, along with the growing demand of the Japanese
market (Cook & Kelly 2007), put some urchin species
under intense harvesting pressure, potentially resulting in
a decrease of population size in some inshore areas. In the
Mediterranean Sea, Paracentrotus lividus (Lmk.) is some-
times intensively harvested, mostly along French, Span-
ish and Italian coasts (Le Direach et al. 1987, Palacin et
al. 1988, Lawrence 2001, Pais et al. 2007). Furthermore,
because they are frequently found in shallow waters,
edible sea urchins are also subject to recreational fishing
(Gianguzza et al. 2006, Pais et al. 2007). Recently, Duran
et al. (2004) have suggested from population genetics that
P. lividus population stocks are healthy on the Mediterra-
nean and Atlantic coasts, but the increasing exploitation of
edible sea urchins suggests stock monitoring along these
coasts should be intensified to avoid any negative conse-

quences for stocks, such as decreases in density, biomass
and individual size (Lecchini et al. 2002, Guidetti et al.
2004, Pais et al. 2007).

Fishing of sea urchins have indirect effects on the
benthic community assemblages of rocky coasts, as they
constitute keystone species of the Mediterranean infralit-
toral communities through their important role in the food
web structuration (Kempf 1962, Lawrence 1975, Ver-
laque 1987). Many sea urchins species are herbivorous
and graze on brown algae, calcareous algae, and seagrass
species in the Mediterranean Sea (Verlaque 1987). Each
urchin species has its specific diet. This herbivorous diet
leads sea urchins to account for an important part of the
dynamics of seaweeds (Frantzis et al. 1988, Palacin et
al. 1988, Lecchini et al. 2002). In areas where P. lividus
are abundant, their grazing on brown algae may trigger
a shift in algal community composition, allowing the
establishment of encrusting algae (Kempf 1962, Vukovic
1982, Verlaque & Nédélec 1983, Verlaque 1987, Spirlet
et al. 1998). Some studies have shown that the presence
of P. lividus exerts a role on the distribution of benthic
assemblages (Sala & Zabala 1996, Guidetti 2004, Guidet-
ti et al. 2004).

Several studies investigated the impact of commercial
harvesting on sea urchin populations in the Mediterra-
nean Sea (Le Direach et al. 1987, Gras 1987, Pfister &
Bradbury 1996, Guidetti ez al. 2004, Pais et al. 2007),
but few considered the practice of recreational harvesting
(Gianguzza et al. 2006, Pais et al. 2007). The objective of
the present study was to assess the impact of recreational
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harvesting on P. lividus and A. lixula by comparing popu-
lation density and individual size in protected (Cerbere-
Banyuls Marine Reserve) and unprotected areas along a
portion of the French Gulf of Lion coast.

MATERIALS AND METHODS

Study area: Samples were collected in May 2008 along the
French Catalan coast (North-Western Mediterranean Sea) both
inside and outside the Cerbere-Banyuls Marine Reserve (Fig. 1)
over a three weeks period. The study was conducted at three sites
(Le Racou, Paulilles (Le Fourat) and Tancade) with a decreasing
impact of recreational harvesting of sea urchins from Le Racou
to Tancade (Table I). Le Racou is subjected to commercial and
recreational fishing, Paulilles is subjected to recreational fish-
ing only, while all fishing is prohibited in Tancade (personal
communication of the managers of the Cerbere-Banyuls Marine
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Reserve), which is located within a protected area.

Sampling: Mean size and abundance for both species were
recorded in situ. The current practice of estimating size of sea
urchins is to measure the diameter of the test in its widest part
(ambitus) without spines (Barnes & Crook 2001, Lecchini ez al.
2002, Barillé-Boyer et al. 2004, Pais et al. 2007). However, this
technique damages the urchins, because the use of vernier calli-
pers breaks their spines. We chose to use a non-destructive tech-
nique because part of our work was conducted in a protected
area. A sample of urchins was measured with spines, using a cal-
ibration to the millimeter level. Harvesting Paracentrotus livi-
dus individuals, on which the two measurement techniques were
performed in the laboratory, allowed to validate this method.
These urchins, used for validation, were collected at a location
different from the three study sites. Pearson’s correlation coef-
ficient shows a strong linear relationship between the size with
and without spines (N = 122, R =0.950; p=0.001, Fig. 2).

Le Racou

e

o -
(Mediterranean Sea){}

(Le Fourat)

42°30N

Fig. 1. — Location of the three
study sites (Le Racou, Paulilles
and Tancade) along the Fench
Catalan coast; Le Racou: high
anthropogenic pressure, Pau-
lilles: moderate anthropogenic
pressure and Tancade: low

3°08E

Table I. — Characteristics of the sampling sites.

anthropogenic pressure

Protection Anthropogenic

Station status pressure Topology Principal algal coverage
Bottom rough: low-depth areas (0.5 to 1 m) with Grass aleae and
Le Racou Outside reserve High sand and rock and deepest areas (1-2 m) with encrustir% aloac
medium-sized pebbles galg
. . . Grass algae (0-1 m depth)
Paulilles Outside reserve Moderate geegtigé?_csliizgrrlgci?duany (0-2 m) with and encrusting algae
(1-2 m depth)
Within reserve . . .
Tancade (harvest of sea- Limited Depth increasing gradually (0-2 m), large-sized  p.;c0q algae

urchin prohibited) rocks
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Fig. 2. — Scatterplot depicting the link between the diameter in
cm of 122 Paracentrotus lividus individuals measured with and
without spines (R =0.950,p <0.001)

The three sites were sampled in the 0-2 m depth range by
snorkelling (because recreational fishing is usually done on foot
or by snorkelling). We chose to use a random sampling design
to estimate individual density and body size in the study area.
In randomly chosen zones (“sample units”) of 1 meter radius
circles delineated using a rope and a lead, the number and body
size of all individuals of both urchin species were determined.
At each site, 10 surveys of one hour each were conducted. This
was repeated on four days at each site (for a total 40 replicates)
and one person conducted all the samplings. Each area was ran-
domly selected using a specially designed table listing random
directions (indicated by randomly generated angles uniformly
distributed in the range of 1-360 °) and distances (indicated by
randomly generated fin kicks, uniformly distributed between 1
and 15).

Data analysis: The effects of species, sampling site, and
interaction between these factors on density (expressed in indi-
viduals per square meter) were tested using a two-way ANOVA
(random effects) with significance assessed via 999 permuta-
tions (Anderson & Legendre 1999). Because this test requires a
balanced design (an equal number of observations in each con-
dition), six datasets (corresponding to the six conditions implied
by the combination of three sites and two species) containing
28 measures (size of the smallest sample) were reconstructed
by random sampling within the original datasets. To ensure that
sampling does not induce a bias in further analyses, means and
variances of reconstructed and original datasets were compared.

Following the observation that data were not normally dis-
tributed (Shapiro-Wilk’s test), Bartlett’s test using 999 permuta-
tions was used to assess homogeneity of variances (Anderson &
Legendre 1999). When two-way ANOVA resulted in a signifi-
cant association between site or species and density, a posteriori
tests were used to identify the modalities of the factor associated
with the variation in the response variable. Whenever variances

were found to be equal among samples, t-tests with 999 permu-
tations were used. Otherwise, non-parametric tests (Kruskal-
Wallis and Mann-Whitney tests) were used.

The difference in mean size among sites for Arbacia lixula
(at Paulilles and Tancade) was assessed using a Student’s t-test
with 999 permutations, as variances were homogeneous (Flign-
er’s test) but data were not normally distributed. The differences
in mean size among sites for Paracentrotus lividus (sites Le
Racou, Paulilles, and Tancade) were measured by a one-way
ANOVA, as data were normally distributed and variances were
homogeneous (according to Fligner’s test). To characterize pair-
wise differences between sites, Tukeys” Honestly Significant
Difference a posteriori tests were used.

For each species at each site, correlations between popula-
tion density and individual size were assessed using Pearson’s
correlation tests (using 999 permutations, as density data were
not normally distributed).

Analyses were conducted using the R 2.9.0 software (R
development core team 2008). All tests were declared signifi-
cant for p <0.05.

RESULTS
Density and size

When testing for the effects of sampling site and urchin
species on population density, we found that mean popula-
tion density is different both between species (p = 0.001)
and sampling site (p = 0.005; Table II), but no interac-
tion was found between these two factors (p = 0.132).
The mean population density for Paracentrotus lividus
(2.55 ind.m) was greater than for Arbacia lixula (0.14
ind.m?,p<0.0001).

Population density varied amongst sampling sites both
when considering A. lixula and P. lividus simultaneously
(p =0.005) and separately (A. lixula p = 0.003; P. lividus
p =0.01). Densities were similar between Paulilles and
Tancade (both species, p = 0.211; A. lixula, p = 0.601;
P. lividus, p = 0.096). Densities observed in Le Racou
were significantly smaller than in the two other sites, for
both species (0.80 vs. 1.35 for Paulilles, p=0.03, and 1.82
for Tancade, p =0.01), as well as when considering only
A. lixula (no individuals observed, vs. 0.27 for Paulilles,
p =0.001, and 0.22 for Tancade, p = 0.012) (Fig. 3) or
only P. lividus (1.62, vs. 2.44 for Paulilles, p = 0.038, and
3.43 for Tancade, p =0.001) only (Table II; Fig. 4).

We found no significant difference in mean individual
size for A. lixula between Tancade (mean size = 6.91 cm)
and Paulilles (mean size = 7.30 cm; p = 0.743; Table II).
Individual sizes were different between sites for P. livi-
dus (all sites, p < 0.0001) (Table II). Sizes were also sig-
nificantly different between each pair of sites (Tancade
- Paulilles, p < 0.0001; Le Racou - Paulilles, p < 0.0001;
Tancade - Le Racou, p <0.0001, Fig. 5). Individuals were
larger in Tancade (n = 26, mean size = 6.60 cm) than in

Vie Milieu,2010, 60 (4)
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Table II. — Mean and standard deviation for density and size for Paracentrotus lividus and Arbacia lixula at the three sampling sites,
and percentage of P. lividus at each site. N is the number of individuals and X the number of replicates. “Significance” refers to the sta-

tistical test (ANOVA) of the comparison of means.

Variable Le Racou (N, X) Paulilles (N, X) Tancade (N, X) Significance
Total density of both species 0.81 +1.52 136 +1.74 1.82+242 P=0005
(ind.m?) (194,38) (341 40) (32128) =0
. .. . 244 +£1.85 343251
Density of P. lividus (ind.m?) 162 = 1.83 (19438) (30;' 40) (30;,28) P=001
. . . 2 - 027 +£0.50 0.22+0.50 _
Density of A. lixula (ind.m?) (0.40) (34.40) (19.28) P=0.003
. .. 429 +1.33 548 +1.34 6.60 = 1
Size of P. lividus (cm) (194.28) (307 38) (302.26) P<0.0001
. . - 7.30+1.26 691+ 1.64 _
Size of A. lixula (cm) 0.0) (34.13) (19.4) P=0.743
. . 100 91.33 +16.30 95.59 +9.88 _
Percentage of P. lividus (194.38) (307 .40) (302.28) P=0.607
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Fig. 3. — Mean density (mean number of individuals.m) of
Arbacia lixula at the sites of Tancade and Paulilles. No signifi-
cant difference was found between the sites (p =0.71)

Paulilles (n = 38, mean size = 5.48 cm) and Le Racou
(n =28, mean size =4.29 cm).

Relation between density and size

Except for a positive correlation for Paracentrotus
lividus in Paulilles (p = 0.004), we found no correlation
between density and mean individual size in any configu-
ration (sites-species).

DISCUSSION

While slightly less precise, size with spines was found
to be a good estimator of the test diameter, allowing in
situ measurements of live animals. Previous studies have
shown that echinoderm spines regenerate (Heatfield

Fig. 4. — Mean density (in number of individuals. m*) of Para-
centrotus lividus at the sites of Tancade, Paulilles and Le Racou.
No significant difference was found between Tancade and Pau-
lilles (p = 0.25), but mean density at Le Racou was significantly
lower (p =0.04)

1971, Dubois & Ameye 2001), for example after an envi-
ronmental perturbation triggering their loss. Regeneration
could induce some variability in the ratio of the diameter
at the ambitus with and without spines (in that mature
individuals may nonetheless display shorter spines than
expected). Future research should characterize this vari-
ability within and between sampling sites and seasons to
better estimate the effect of this process on the spine size
pattern.

We observed a significant difference in the density of
individuals of Paracentrotus lividus and Arbacia lixula,
between a site with a high anthropogenic pressure and
two sites with moderate and low anthropogenic pressure.
This observation supports the hypothesis that anthropo-
genic pressure has an impact on sea urchin populations in
the study area. The impact of recreational fishing, as well
as commercial fishing, on the density of the sea urchins

Vie Milieu, 2010, 60 (4)
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Fig.5.— Mean sizes of Paracentrotus lividus individuals at the
sites of Tancade, Paulilles and Le Racou. Mean sizes at all sites
were significatively different and all pairwise tests indicate sig-
nificant differences; individuals at Tancade were bigger
(p=0.0001), and individuals at Le Racou were smaller
(p=0.0003).

has been shown globally (Carter & Blaricom 2002). The
low density of sea urchins at Le Racou could, if recre-
ational fishing intensifies, lead to a total stock loss at this
site, provoked by either the loss of reproductive individu-
als or a greater impact of stochastic population size varia-
tion. However, to assess the reality of such a risk, further
work is required to understand population dynamics at
this site. It must be assessed whether or not the individu-
als found at this site are reproducing, as fishermen tend to
pick the larger, sexually mature, individuals, thus poten-
tially decreasing the fraction of breeders in the popula-
tion. If no reproducers are present in Le Racou, an extinc-
tion/colonization balance might nonetheless maintain the
population of P. lividus. Difference between population
density between the sites may also be explained by their
topography, which although being rocky, is mainly hori-
zontal. This should affect more A. lixula, known to live
mostly on vertical rock walls (Kempf 1962, Bulleri et al.
1999, Guidetti & Mori 2005), than P. lividus, which pos-
sesses fewer adhesive tube feet and a larger test diam-
eter and colonizes rather horizontal rocky areas (Bulleri
et al. 1999). The difference in density observed between
Le Racou and the two other sites contrasts with previ-
ous studies that found the opposite pattern: a higher den-
sity in an unprotected area compared to a protected area
(Sala & Zabala 1996, Guidetti et al. 2004). In these stud-
ies, the difference may be explained by a cascade effect:
the establishment of a protected status in an area leads to
an increase in the density, biomass and diversity of fish
due to a decrease in fishing pressure (Polunin & Rob-
erts 1993), leading in turn to an increase in predators of
sea urchins such as Coris julis and Diplodus spp. (Sala
1997, Barrett et al. 2009), therefore resulting in a lower

density of sea urchins in protected areas. We report the
opposite, most likely because our study was carried out
at low depths where such sea-urchin predators are rare,
suggesting that their effect is low or absent. Such higher
urchin densities in protected vs. unprotected areas has
been previously observed in the same location (Lecchini
et al.2002), as well as in other regions (Gianguzza et al.
2006, Pais et al. 2007). This suggests that the dynamics
of urchin population in protected (vs. unprotected) area is
controlled by a balance between the effects of biodiver-
sity conservation on the food chain [the so-called “reserve
effect”, see e.g. Harborne et al. (2008)] and the release of
direct anthropogenic pressure.

Only P. lividus presents a difference in mean size, at
each site. The individual size of P. lividus individuals
is 1.5 times lower at Le Racou than at Tancade and 1.2
times lower at Paulilles compared to Tancade, suggesting
that individual size varies along a gradient of anthropo-
genic pressure. Such an effect is predictable, as fishermen
tend to pick the largest individuals. In shallow Mediter-
ranean rocky reefs, intense (and unregulated) exploitation
probably leads to a reduction in the mean size of P. lividus
(Gras 1987, Guidetti et al. 2004, Pais et al. 2007). Har-
vesting mainly takes place during the spawning period,
between May and August. Previous studies indicate that
the main spawning period of P. lividus is in spring and
summer (Lozano et al. 1995, Lopez et al. 1998, Spirlet et
al. 1998). This harvesting of the largest individuals may
lead to a lower rate of reproduction, strengthened by the
fact that urchins are harvested during the spawning sea-
son. The reduced reproduction rate may cause an irrevers-
ible decline of the population, which will in turn impact
the local food web. The lack of significant differences of
mean size of A. lixula between Tancade and Paulilles is
to be taken with caution, as the numbers of replicates for
this condition is low (n = 4). We could have expected an
inverse relationship between population density and mean
individual size, as shown for Diadema antillarum, con-
sistent with the hypothesis that urchin body size is regu-
lated by food availability (Levitan 1988). However, we
observed that mean size increases with density for P. livi-
dus at Paulilles. This could be linked to the shallow depth
at which our study was carried out: larger (older) indi-
viduals are indeed found deeper than the smaller (young)
specimens (Lecchini et al. 2002). This pattern is also
expected if the difference in individual size and popula-
tion density observed between sites is due to harvesting,
because fishermen sample the largest individuals, then
impacting both density and size.

In conclusion, the present study suggests that anthro-
pogenic pressure such as recreational harvesting affects
negatively the density and mean size of the urchin popu-
lations, especially P. lividus, at the sampling sites with a
high or moderate anthropogenic pressure. This study is
preliminary and it would be necessary to characterize pre-
cisely the nature of this pressure along the French Cata-
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lan coast (relevant measures include number of harvest-
ers, time spent harvesting, and mean number, size and sex
ratio of harvested individuals). Some replicates of poten-
tially harvested vs. non harvested sites should be included,
and more environmental variables at each sites should be
taken into account in the analysis and interpretation of the
results. The effect of predators should also be more thor-
oughly investigated. In this study, we cannot rule out that
this variation between sites is due to other factors such
as population dynamics or seasonal processes, but previ-
ous data for comparison are lacking. However, our results
suggest that, given the key role of these sea urchins in
the coastal ecosystems, recreational harvesting should be
more closely monitored in this area.
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