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ABSTRACT. — We surveyed the population structure of the sea-urchin Paracentro-
tus lividus, considering the impact of depth, habitat and protection on its abundance
and size distribution. No difference was found between habitats (walls vs. boulders)
whereas a depth gradient was highlighted for the abundance and the size distribu-
tion of the sea-urchin. Most of the population (about 80%) is located in shallow
areas (less than 10 m depth) whatever the location. Shallow water populations were
made of small and medium size individuals (< 50 mm in diameter) while deep water
populations were made of large individuals (> 50 mm in diameter). These large in-
dividuals accounted for 57% of the population in deep areas while they only repre-
sented 11% in shallow habitats. Since the recruitment in the deep waters cannot
explain the abundance of large individuals, we suggest that larger individuals origi-
nate from shallow water populations, migrating to deep habitats while growing. In
addition to differences linked to depth, we also observed significant differences
between localities, higher abundances of sea-urchin being observed in the marine
protected area than outside (193.6 vs. 82.5 ind. per 10 m?). However, rather than a
protection effect, such result seems to be the consequence of a lower recruitment
outside the protected area as the lower abundance of juveniles was observed out of
the protected area. This last observation demonstrates the existence of a micro-geo-
graphic variability in the population structure of Paracentrotus lividus and much at-
tention should be paid on this aspect prior to test the protection effect.

RESUME. — Nous avons décrit une population d’Oursins, Paracentrotus lividus, en
analysant simultanément I’impact de la profondeur, de la qualité¢ de I’habitat et de
la protection sur I’abondance et la distribution des tailles. Les deux habitats sélec-
tionnés pour présenter les plus fortes abondances d’Oursins (parois verticales-ro-
ches-blocs), n’ont pas induit de différence significative dans les populations. A
I’opposé, nos résultats montrent 1’existence d’un gradient d’abondance et de taille
avec la profondeur. La majeure partie de la population (80%) se situe dans les zo-
nes peu profondes (< 10 m) alors que les individus les plus gros (diamétre
> 50 mm) se regroupent dans les zones profondes, en dessous de 10 m. Ils représen-
tent prés de 57% de la population dans les strates profondes. Dans la mesure ou le
recrutement se concentre principalement dans les zones peu profondes, nous propo-
sons que la population profonde soit formée d’individus ayant migré vers ces zones
profondes au cours de la croissance. Au dela de ces caractéristiques naturelles des
populations, nous avons également constaté une différence significative d’abon-
dance en fonction de la protection avec une moyenne de 82 ind. pour 10 m? en zone
non protégée contre prés de 193 ind. pour 10 m? en zone protégée. Néanmoins, il
convient de tempérer ce résultat par le fait que les jeunes individus (< 20 mm de
diameétre) sont également plus abondants dans le site protégé, ce qui suggére que la
différence d’abondance résulte en grande partie d’un recrutement plus important
dans le site protégé. Il faudra donc tenir compte de cet aspect pour évaluer I’effet
réserve sur les Oursins.
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INTRODUCTION

In infralittoral communities of the Western Me-
diterranean, the sea-urchin Paracentrotus lividus is
the key species for the control of the dynamics of
seaweeds and seagrasses because of its high abun-
dance compared to other species (Palacin er al.
1998). It occurs mostly in shallow waters (maxi-
mum depth 20m), where it can reach densities of up
to 10 individuals per square meter (Harmelin ef al.
1980, 1981, Verlaque 1987, Palacin ef al. 1998). In
high densities areas, it can eliminate brown algae
and seagrasses and thereby induce the formation of
a bare patch dominated by encrusting algae (Kempf
1962, Verlaque & Nédelec 1983, Verlaque 1987).

The gastronomic value of its gonads has led to
intensive harvesting with consequent reduction of
populations in some areas along the Mediterranean
coasts of France and Spain (Le Direach et al.
1987). Because of their fishery value, the factors
determining the structure of Paracentrotus lividus
populations have been investigated, and identifying
mainly the recruitment process (Azzolina 1987,
Lozano et al. 1995) and the mortality induced by
predation (Verlaque 1984, Savy 1987) as factors
determining the adult subsequent population. This
predation appeared mostly due to fish such as the
labrid Coris julis that is a major predator of juve-
niles (Sala 1997) and sparids like Diplodus sargus
and D. vulgaris being the main predators of adults
(Garcia-Rubies & Zabala 1990, Garcia-Rubies
1996, Sala 1997). In addition, the intense harvest-
ing focused on sea-urchins has direct effect on
their abundances (Le Direach et al. 1987). Never-
theless, fisheries target Diplodus species in the
Mediterranean sea that will reduce the natural pre-
dation on sea-urchins and may balance the poten-
tial decrease of sea-urchin populations due to hu-
man collections (Jennings & Kaiser 1998). This
interaction between fisheries and sea urchin high-
lights indirect relationships refereed to trophic cas-
cades (Estes & Palmisano 1974).

Once discussed in the context of marine pro-
tected area, therefore it becomes difficult to predict
the evolution of sea-urchin populations because
they will be protected from collecting but they may
be exposed to more intense natural predation by
fish. Many studies on the Mediterranean rocky lit-
toral have demonstrated that large piscivorous and
invertebrate-feeding fish are more abundant within
marine protected areas compared to no protected
sites (e.g. Bell 1983, Harmelin ef al. 1995, Vacchi
et al. 1998). In contrast, many studies comparing
abundance and density of sea-urchin populations
show variable results. Sala & Zabala (1996) moni-
tored the abundance of Paracentrotus lividus
within and outside the Medes islands marine re-
serve (NE Spain) for three years and reported a pat-
tern of lower abundance in the reserve relative to

nearby unprotected areas. This pattern was attrib-
uted to increased predatory fish abundance in the
reserve (Garcia-Rubies & Zabala 1990). Latter, a
similar survey did not found any significant differ-
ence in density and mean size and conclude that
these last results did not support the cascade hy-
pothesis (Sala ef al. 1998).

The aims of the present study were to describe
the density and size structure of Paracentrotus
lividus populations according to habitats and
depths in some rocky habitats in the north-western
Mediterranean Sea and ultimately to make compar-
isons among protected and unprotected areas using
the Cerbére-Banyuls Marine Reserve as protected
areas.

MATERIAL AND METHODS

Paracentrotus lividus were collected in April 1999 in
the Cerbére-Banyuls Marine Reserve and a nearby un-
protected area (South of France, north-western Mediter-
ranean Sea) (Fig. 1). The study was conducted in 3
localities experiencing similar exposure to wind and wa-
ves but different constraints in terms of protection: the
Totally Protected Area (TPA), the Partially Protected
Area (PPA) and the Unprotected Area (UPA) (Fig. 1). In
the TPA, all human activities are forbidden. In the PPA,
recreational fishing is authorised for both fish and inver-
tebrates as well as professional fisher using only fixed
nets. In the UPA, no constraints are in place except those
concerning spear-fishing and fishing regulations eve-
rywhere. The Cerbére-Banyuls Marine Reserve has been
established in 1974 and spread over 7 km of coastline.
We chose a marine protected area because we want to
avoid the effect of collection on description of the natu-
ral population features. Each of the three localities
(TPA, PPA and UPA) was separated from the other by 3
to 4 km. In each locality, 2 habitats were identified:
“boulder” habitats (we turned them up to inspect under
surfaces) that were colonised by a rich algal assemblage,
and vertical and sub-vertical “walls” that supported
algae as well as other invertebrates. In each habitat, col-
lections were made at two different depths: a shallow
zone between 0 to 10 meters depth, and a deeper zone
between 10 to 20 meters depth.

Abundance and population size structure of sea-ur-
chins were studied by scuba-diving along transects of
10 m long and 1 m wide. Each site was made of three
transects. Altogether the sampling accounted for 36 tran-
sects that were all sampled within a month period (April
1999). The time of sampling took place before the re-
cruitment season (Lopez ef al. 1998) and therefore we
mostly counted adults and juveniles of the previous year.
For each transect, Paracentrotus lividus individuals
were counted and their diameter (test without spines)
was measured to the nearest mm with a calliper. Data
were further grouped in 10 mm size classes.

To test for difference in abundance and mean size
between localities, habitats and depth, a three-way
ANOVA was performed after verifying the homogeneity
of variance and the normality of data (Scherrer 1984).
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Fig. 1. — Location of the three areas where sea-urchins were counted according to depths and habitats with repli-
cates of 10 m?. UPA = Unprotected area; PPA = Partially protected area and TPA = totally protected area.

RESULTS

Over all transects, we counted and measured a
total of 5637 individuals. Abundance of
Paracentrotus lividus varied from 29 to 517 indi-
viduals per transect. In the following sections, we
will use abundance values since they can be easily
translated into density as each transect represented
10 square meters. Comparisons of abundance of P.
lividus with a three-way ANOVA (Table I) demon-
strated significant difference in the combined factor
‘locality x depth’ (p < 0.0001) as well as single fac-
tors ‘locality’ (p < 0.0001) and ‘depth’ (p < 0.0001).
Overall, the deeper areas showed continuously
lower abundance than shallow ones in all localities
(mean abundance = 62.4 vs. 250.8 individuals per
transect). In addition, localities exhibited signifi-
cant difference with much lower abundance of ur-
chins in the UPA (mean abundance = 82.5 individ-
uals per transect) compared to PPA and TPA (mean

abundance = 185.3 and 202.0 individuals per transect
respectively) (Fig. 2A). Among the three sources
showing significant divergence of the abundance,
the ‘depth’ accounted for 67% of the variance
while ‘locality’ and the combined factor ‘locality x
depth’ explained 21 and 13% of the total variance
respectively. Abundance did not vary significantly
according to the type of habitat, boulders and walls

(Fig. 2).

Similar analysis were performed using the mean
size of individuals per transect. The size of
Paracentrotus lividus specimens recorded in this
survey varied from 5 to 75 mm. The mean size of
individuals collected per transect varied from 20.6
to 60.0 mm. Comparison of mean size of the popu-
lations of each transect show significant differ-
ences among habitats and depth (Table I). The
three-way ANOVA demonstrated significant dif-
ferences in 4 sources: the single factors ‘habitat’
(p=10.015) and ‘depth’ (p <0.0001) and the com-
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Table I. — Three-way ANOVA comparing abundance of Paracentrotus lividus according to localities, depths and habi-
tats (top). Three-way ANOVA comparing mean size of Paracentrotus lividus according to localities, depths and
habitats (bottom). ‘% of variance’ parameters gives component of the total variance explained by each factor and the
combination of factors.

Source Sums of Df F-values P-values % of
Squares variance
Localities (UPA, PPP, TPA) 100473.5 2 23.078 <0.0001 17.82
Depths (deep, shallow) 3194134 1 146.731  <0.0001 56.67
Habitats (walls, boulder) 406.7 1 0.187 0.6694 0.07
Localities x Depths 62873.7 2 14.441 <0.0001 11.15
Localities x Habitats 11345.1 2 2.606 0.0946 2.01
Depths x Habitats 10990.0 1 5.049 0.0341 1.95
Localities x Depths x Habitats 5931.7 2 1.362 0.2751 1.05
Residuals 52244.7 24 9.27
Source Sums of Df F-values P-values % of
Squares variance
Localities (UPA, PPP, TPA) 0.391 2 0.848 0.4409 1.08
Depths (deep, shallow) 16.411 1 71.197  <0.0001 45.39
Habitats (walls, boulder) 1.565 1 6.790 0.0155 4.33
Localities x Depths 3.203 2 6.948 0.0042 8.86
Localities x Habitats 0.263 2 0.571 0.5726 0.73
Depths x Habitats 8.424 1 36.545 <0.0001 23.30
Localities x Depths x Habitats 0.367 2 0.183 0.4630 1.02
Residuals 5.532 24 0.230 15.29
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bined sources ‘locality x depth’ (p =0.004) and
‘habitat x depth’ (p <0.0001). Overall, these sig-
nificant differences come from individuals that are
much smaller in shallow areas (31.3 vs. 44.8 mm in
deeper areas) and walls (36.0 vs. 40.2 mm in boul-
ders), both whatever the locality (Fig. 2B). The
depth explained most of the variance (45%) while
the habitat only accounted for 4%. Mean sizes were
similar between localities (Fig. 2B).

Finally, we detailed the size distribution looking
at variations between localities, habitats and depth.
Regarding localities, the lower value of abundance
found in UPA compared to the other sites (PPA and
TPA) was consistent in all size classes except for
large individuals (Fig.3). The three localities
showed similar distribution pattern, small individu-
als (10 to 20 mm in diameter) being the most abun-
dant. Among the 8 single-factor ANOVA com-
puted for each size class between localities, only
the 50-60 mm size class showed significant differ-

ence (p = 0.006) mostly because this size class was
under-represented in the UPA samples. The size
class of recruit of the previous year (10 to 20 mm)
show also significant difference between localities
(p=10.01) with UPA population being less abun-
dant than the two others (PPA and TPA). The size
classes distribution varied significantly according
to depth. As previously observed, most of the pop-
ulation was located in the shallow transects and
only large individuals (50 to 70 mm in diameter)
were more abundant in the deeper habitats (Fig. 3).
After exclusion from the data, the very small indi-
viduals that were not targeted in our sampling de-
sign (lower than 10 mm diameter), shallow habitats
showed a decrease of individuals as they become
larger. Deeper habitats showed similar decrease in
smaller through to medium size classes but larger
individuals became the most abundant size class.
Larger individuals (> 50 mm diameter) accounted
for 57% of the population in the deeper habitats
while they only represented 11% in the shallow
habitats. Among the 8 single-factor ANOVA com-
puted for each size class among the depth distribu-
tion, all size classes exceeding 20 mm diameter dif-
fered significantly between shallow and deep
habitats. Finally the size class distribution did not
differed according to the habitat structure (boulder
vs. walls).

DISCUSSION

Overall, our results demonstrated significant dif-
ferences in abundance and size distribution of
Paracentrotus lividus according to localities and
depths but not depending on substrates. Differ-
ences among localities and depth appeared highly
significant, and little affected by micro-geographic
variation since the variance among transects within
the same site only accounted for 15 and 9% of the
total variance in abundance and size respectively
(see the residuals in three-way ANOVA, Table I).

The recruits of the year are smaller than 10 mm
and often appear to be the most numerous in the
population (Lopez ef al. 1998, Barnes et al. 1999).
In the present work, this size class is one of the less
abundant because our sampling protocol did not in-
clude total cleaning of some surface and observa-
tion under binocular. Therefore, analysis of this
class is not representative of the recruitment. The
upper size class (10-20 mm) appears to be the most
abundant in shallow waters (and almost in deeper
waters). Individuals belonging to this size class are
assumed to be recruits of the previous year like
suggested by Lopez ef al. (1998) and Sala et al.
(1998). Our data showed that they preferentially
occurred in shallow waters, whatever the habitats
considered. This difference, according to depth
range, can result from variation in the number of
recruits settling at each depth, or from a differen-
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tial predation on a similar number of recruits. The
main predator of juveniles P. [lividus in the
north-western Mediterranean Sea is Coris Julis
(Sala 1997). Previous fish survey in the same areas
where we prospected for sea-urchin populations
did not show significant differences in density of
C. Julis (Dufour et al. 1995). Therefore, the differ-
ence according to depth in the recruits density
mainly result from recruitment processes in shal-
low waters (Lopez ef al. 1998). However, a differ-
ential abundance of predators other than C. julis
(fishes or invertebrates) may also contribute to en-
hance this difference.

The difference in density between shallow and
deep areas remains stable in all small and medium
size classes including all individuals smaller than
50 mm in diameter. Larger individuals (> 50 mm in
diameter) were equally distributed between shal-
low (31.8 ind. per 10 m?) and deeper (30.7 ind. per
10 m?) areas. Such similarity in population density
of large individuals is opposed to the strong diver-
gence found in smaller individuals and can result
from migration of larger individuals to deeper hab-
itats or from higher predation on large individuals
in shallow habitats. Major predators of adults
Paracentrotus lividus and Diplodus sargus and D.
vulgaris (Sala 1997), which occur uniformly be-
tween the surface and 20 meters depth (Dufour et
al. 1995, Jouvenel 1997) and cannot explain the
shift in density of sea-urchins. In addition to natu-
ral predation, we must also consider that human
collection which is significant in the Mediterranean
Sea would be more intense in shallow water
(Palacin er al. 1998). However, in our survey we
found more large individuals in deep water than
small ones at the same depth (average of 31.8 large
individuals vs. 30.6 small ind.). Therefore, the re-
cruitment itself, in deep habitats, cannot explain
the abundance of large individuals and some mi-
grations have also contributed to the deeper popu-
lations. The human collection will contribute to de-
crease the shallow populations but this decrease is
also due to migration of larger individuals into
deeper habitats. This migration was already de-
scribed in sea-urchins and more specifically in
Paracentrotus lividus (Dance 1987, Crook et al.
2000, Barnes & Crook 2001). Such change in habi-
tats will be linked to change in feeding and other
biological features that is still to be investigate.

Our data also revealed significant difference in
population density between the three sites sur-
veyed. The three sites varied mostly in their protec-
tion status. Protection usually leads to increases of
density, biomass, diversity and/or longevity of
populations experiencing fishing pressure (Polunin
& Roberts 1993, Roberts 1995). Regarding sea-ur-
chin populations, reserve effect is more complex to
estimate since it is necessary to integrate “cascade
effect” (Francour 1989, Sala & Zabala 1996). The
relationship between predator (fish or human) and

sea-urchin abundances has been described previ-
ously in other temperate (Estes et al. 1978,
Wharton & Mann 1981) and tropical habitats
(McClanahan & Muthiga 1989, Watson & Ormond
1994) and also recently in the Mediterranean Sea
(Sala & Zabala 1996). Overall, contrasting results
are often described when monitoring sea-urchins
population in marine protected area (see review in
Sala et al. 1998). Our results showed a strong dif-
ference of abundance of shallow water populations
of sea-urchins. Higher abundances were observed
in totally and partially protected areas (PPA and
TPA). Direct interpretation of this pattern suggests
that human collecting of sea-urchin is more impor-
tant than natural predation and therefore the protec-
tion (i.e. limitation of collecting) will favour an in-
crease of natural stocks even if predation increases.
However, we cannot conclude in any effect of pro-
tection since we only investigated a single site in
the unprotected area. In addition, when comparing
the populations size structure between the three
sites, we observed similar pattern in the three sites,
with the site showing lower abundance of small in-
dividuals (UPA) being also the site with less larger
individuals (UPA). This is specially the case for
individuals of 10 to 20 mm that document on the
recruitment of the previous year (Lopez et al.
1998, Sala et al. 1998). In addition, sites showing
high juvenile population (10-20 mm) also express
larger population in other size classes. We propose
that recruitment may explain the difference in
abundance of larger individuals (¢f. recruitment
limitation theory). Finally, the variation in abun-
dance seems to result from variation in recruitment
between sites rather than any effect of predation or
collecting.

Our results have been analysed in term of re-
cruitment, fish predation and human predation.
These are not the only perspectives in understand-
ing spatial variation in population structutre. Be-
havioural aspects have been also emphasised in
sea-urchins (Barnes & Crook 2001). However, this
study highlights micro-geographic variations in the
abundance of the population while the habitat does
not seem to affect this difference. Micro-geo-
graphic variations in the distribution of marine or-
ganisms are now been observed in many surveys
dealing both with population dynamics and popula-
tion genetics (David ef al. 1997, Lenfant & Planes
2002). Such aspect needs now to be considered
while looking at any scale survey and when look-
ing at the impact of some specific aspect such as
the effect of protection.
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