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ABSTRACT. The relative sizes of the different somatic and gonad components of the sea urchin Para- 
centrotus l iv~dus  (Lamarck) were studied a t  2 sites in a coastal Mediterranean lagoon to demonstrate 
the phenotypic plasticity of this species to environmental conditions. Sampling sites varied with regard 
to substrate type, sea urchin population density, and, in particular, food resource. Results indicate that 
when food resources [beds of Cymodocea nodosa [Ucria) Asherson] are not limiting, P. lividus exhibits 
high repletion (relative weight of the gut and its content), gonad and test indices. When food is limited, 
test and gonad indices decline and the relative size of the feeding apparatus increases. These variations 
may be l-elated to changes in the allocation of energy so as to maximise the acquisition of food. These 
results show that P. lividus is capable of changing its morphology in response to available food 
resources and demonstrate the high degree of plasticity of this species. 
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INTRODUCTION 

Populations of sea urchins often present different 
morphological and physiological characteristics ac- 
cording to the environment in which they develop 
(Ebert 1996). When populations are not genetically 
isolated, the variations observed can be attributed to 
the differences in environmental conditions: they are 
responses to environmental pressure. These variations 
can affect a range of parameters such as growth rate, 
maximum size, reproductlon and body morphology 
(Regis 1978, Lumingas 1994, Lozano et al. 1995, Turon 
et al. 1995). Thus, sea urchins can adapt their physio- 
logical parameters In response to temperature (Moore 
1935), hydrodynamics (Edwards & Ebert 1991), envi- 
ronmental quality (Delmas & Regis 1984) and espe- 
cially the quality and quantity of available food 
(Lawrence & Lane 1982). 

Paracentrotus lividus (Lamarck) is a widespread spe- 
cies on Atlantic and Mediterranean coasts, and it plays 

a determining role in the developn~ent of benthlc 
macrophyte communities (Verlaque 1987). This spe- 
cies is also intensively fished for commercial purposes 
in several countries. For this reason, there has been a 
considerable number of studies on its nutrition and 
growth in the open sea. Conversely, there has been 
little research on its morphological adaptations to lts 
habitats. 

The aim of this study was to examine the relative 
allocation of resources to the different components of 
the sea urchin Paracentrotus lividus in a lagoonal envi- 
ronment at 2 sites where population density and 
trophic resources are very different. The description of 
these parameters will offer insight into the biology of 
the species in the lagoonal environment and provide 
evidence of the urchin's phenotypic plasticity in re- 
sponse to its food resource. 

MATERIALS AND METHODS 

Sampling sites. Specimens of Paracentrotus lividus 
were collected at 2 stations in the Urbinu lagoon. This 
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lagoon, located on the east coast of Corsica (Mediter- 
ranean, France; 42" 03' N ,  9" 28' E; Fig. l ) ,  is of tectonic 
origin with an area of 750 ha and a maximum depth of 
9 m. There is a small opening leading to the sea in this 
lagoon (Fig. 1) and some water exchanges occur 
between the 2 environments (less than 6% of the total 
volume of the lagoon per month). The temperature in 
this lagoon varies from 7°C in winter to 29°C in sum- 
mer (Fig. 2). Stn 1, the 'pebble station', is situated to 
the northwest of the lagoon on pebble beaches. Stn 2, 
the 'seagrass bed station', is located in the seagrass 
beds near the mouth of the lagoon (Fig. 1). These 2 sta- 
tions differ mainly in the availability of food, type of 
bottom, and sea urchin population density. The other 

Fig. 1. Urbinu lagoon (France, 
Mediterranean) and sampling 
stations. St 1: pebble station; 

St 2: seagrass bed station 

conditions (depth, hydrodynamics, temperature and 
salinity) are similar at both stations The bottom at the 
pebble station consists of a 0.5 to 6 cm layer of pebbles 
that is very poorly occupied by macrophytes. Sea 
urchins at t h s  station consume mostly plant detritus 
and, to a lesser degree, dead animals and micro-phyto- 
benthos (Fernandez 1990); the nutritional value of 
plant detritus (particulary the seagrass derived detri- 
tus) is low (Mazzella et al. 1992). This station supports 
a high density of sea urchins (mean + confidence inter- 
val: 27.0 + 3.6 ind. m-2; Fernandez 1990) and is 
favourable to recruitment and to the presence of small 
sea urchins (presence of shelters and crustose coralline 
algae) (Fig. 3). The seagrass bed station is character- 
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ized by a sandy bottom colonized by 
Cymodocea nodosa (seagrass) with a 
density of 750 shoots m-2 and provides 
an abundant supply of food. C. nodosa is 
a preferred food species for P. ljvjdus - 
(Traer 1980). At this station, the sea 
urchin population density is low (0.7 + 15 - 
0.4 ind. m-') and composed principally E 
of adult sea urchins. Sampling was done E 10 - 
on a trirnestrial basis (August 1991, 
November 1991, February 1992 and 3 - 
May 1992) at  both stations for 2 size 
classes. Ten individuals of each size 0 , ~ -  - . P ,- .p 

f 

class (31 to 40 mm in diameter, l l to 24 g - - - N N C-4 N 

wet weight; and 41 to 50 mm in diame- $ S e e 0' o‘ - C) S e 
0 0 0 - 0 0 0 V) 0 

ter, 22 to 44 g wet weight), were sam- 
pled in the seagrass bed and pebble Fig. 2. Seasonal water temperature cycle in Urbinu lagoon 

bottom stations. In order to verify perti- 
nency of the results obtained using this 
time scale, monthly sampling, which covered more ponents was then calculated. Two relationship types 
than 1 yr (May 1991 to July 1992), was also carried out, were used: 
but only at  1 site (seagrass bed) and for 1 size class (1) Cl1 (Component Index) is the ratio between the 
(41 to 50 mm).  dry weight of the component (DWC) expressed in mg 

Laboratory methods. For each sample, the sea and the test diameter cubed (d3)  expressed in cm3: CI, 
urchins were measured and weighed. They were then (mg cm-3) = DWC/d3 [this relationship is derived from 
dissected into various components: gonads, gut (with- the index of repletion in Nedelec (1983)l. 
out gut contents), test (without Aristotle's lantern), (2 )  Clz  is the relationship between the wet weight of 
Aristotle's lantern and gut contents. Each component the component (WWC) and the total wet weight of the 
was drained on filter paper and weighed to the nearest sea urchin (TWW) in mg (this ratio expresses a per- 
0.1 mg. For each component, half was weighed and centage): Cl2  (%) = WWC . 100/TWW [thls relation was 
dried at 70°C to constant weight for estimation of water proposed by Lawrence et al. (1965)l. 
content. For Aristotle's lantern and gut contents, the If relationship (1) appears to be more precise be- 
whole amount was dried. The relation between com- cause it eliminates variations in measurement due  to 

Fig. 3.  Paracentrot~~s l jv~dus.  
Example of relative size fre- 
quency distributions of sea 
urchins in pebbly bottom and 
in seagrass bed statlons (in 

June  1990) 

0.6-0.9 1.2-1.5 1.8-2.1 2.4-2.7 3.0-3.3 3.6-3.9 4.2-4 5 4.8-5.1 

Class size (in cm) 
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the water content of the sea urchins, relationship (2) 
enables us to determine the proportion of each compo- 
nent in living sea urchins. In this study, relationship (1) 
was adopted for the repletion and gonad indices 
(repletion index: relative weight of the gut and its con- 
tent) while relationship (2) was used for the gut, test 
and lantern indices. 

Data were processed by l-way analysis of variance 
(ANOVA; for analyses over the annual cycle, monthly 
samples) or 2-way ANOVA (for analysis of size and 
station factors at given months, trimestrial samples) 
followed by Tukey's HSD (Zar 1984). No interaction 
between the 2 factors was observed with our data. Pre- 
viously, normality and homoscedasticity were verified 
by Kolmogorov-Smirnov & Bartlett tests respectively 
(Zar 1984). The software Statgraphics Plus (version 1.4) 
for Windows was used. 

RESULTS 

Relative size of the gonads, gut, test and lantern 

In the seagrass bed station of the Urbinu lagoon, the 
distribution of the different components of Paracentro- 
tus lividus in relation to the total wet weight of the sea 
urchin was found to be 43.2 + 2.5 % for the test (annual 
mean + 95 % confidence interval), 3.8 -c 0.2 % for the 
lantern, 2.0 * 0.5% for the gut, 9.0 k 2.9% for the 
gonads and 42 1 .0% for residues (composed of gut 
content and coelomlc liquid). The test is always the 
largest part of the body, and, of the soft parts, the 
gonads always possess a higher relative weight than 
the gut. 

Repletion index 

Individuals from the seagrass bed station (monthly 
samples) present significant seasonal variations of the 
repletion index (l-way ANOVA, F = 3.4, p < 0.0001) 
(Fig. 4 ) .  Two-way ANOVA carried out on size and sta- 
tion factors for the 4 months (trimestrial samples) of the 
study indicate that both factors are significant. With 
regard to the station factor, the repletion index is 
always lower for individuals from the pebble station 
(where trophic resources are limiting) than for those 
from the seagrass bed station (station factor: F = 5.1 to 
62.5, p < 0.01) (Fig. 4 ) .  The repletion index is an indi- 
cation of the differences in resource availability. The 
lower the resource availability, the lower the repletion 
index. The difference between the 2 stations is also 
important in terms of quality: Cymodocea nodosa 
offers an abundant food supply for sea urchins all year 
round. Paracentrotus lividus behaves, in this biotope, 

I P e b b l e  31-40 mm =Pebble 41-50mm 

Seagrass bed 3 1-40 mm - Seagrass bed 4 1-50 mm 

Fig. 4. Paracentrotus lividus. Impact of food availability on 
repletion index (R!). Monthly and quarterly measures of RI tor 
2 size classes of sea urchins livlng in seagrass bed and/or on 

pebble bottom 

as a grazer and exhibits a specific food preference, 
choosing C. nodosa (Fernandez 1990). Conversely, sea 
urchins living on pebbles face limiting feeding condi- 
tions (plant resources are very low). The feeding pat- 
tern of P. lividus at this site is therefore that of a detri- 
tus feeder and browser, mainly consuming plant 
detritus (Fernandez 1990), which has a low nutritive 
value (Mazzella et al. 1992). In fact, the differences 
between the 2 stations are sharper than the repletion 
index suggests if we examine the organic matter really 
ingested. At the pebble station, approximately 53% of 
the gut content consists of mineral material not used by 
sea urchins; the plant fraction accounts for only 24 % of 
the content. At the seagrass bed station, the mineral 
fraction is only 3 %, while plant matter represents 95 O/O 
of the gut content (Fernandez 1990). The quantity of 
nutrients present in the gut destined for the physiolog- 
ical functioning of the sea urchln is therefore greater at 
the seagrass bed station than a t  the pebble station. 

The repletion index also varies according to the size 
of the sea urchin (2-way ANOVA, size factor: F = 6.2 to 
15.3, p 0.01) (Fig. 3).  The sea urchins from the 41 to 
50 mm size class have a lower repletion index than 
those from the 31 to 40 mm size class. 

Gonad index 

The dynamics of the gonad index at the seagrass bed 
station over the course of the annual cycle (monthly 
samples), studied for the 41 to 50 mm size class, show 
strong seasonal variations (Fig. 5; l-way ANOVA, F = 
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I m Seaerass bed 3 1-40 mn - Seagrass bed 4 1-50 m I 

Fig. 5. Paracentrotus lividus. Impact of food availability on 
relative size of gonads. Monthly and quarterly measures of 
gonad index (GI) for 2 size classes of sea urchins living in 

seagrass bed and/or on pebble bottom 

d.?, p c 0.001). Statistical analysis shows significant 
drops in June 1991 and 1992 and in October 1991 
(Tukey's HSD, p c 0.05). Two-way ANOVA results 
reveal that for the trimestrial samples, whatever the 
month of study (with the exception of the month of 
May 1992), the station factor has a significant effect 
(station factor: F = 10.5 to 30.9, p c 0.0001). The mean 
gonad index of individuals from the seagrass bed sta- 
tion is significantly higher than that for the pebble sta- 
tion. The size factor also has a significant effect (size 
factor: F = 6.3 to 12.7, p c 0.05) with the gonad index 
being significantly lower for small individuals. 

Gut index 

The gut index presents a marked seasonal variation 
(l-way ANOVA, F = 21.5; p < 0.0001; Fig. 6). Two-way 
ANOVA carried out on gut indices (Fig. 6) each month 
indicates that the size and station factors are not signif- 
icant (station factor: F = 1.2 to 3.8, p > 0.05; size factor: 
F = 0.01 to 4.02, p > 0.05). 

Test index 

The test index does not vary significantly over the 
course of the year (1-way ANOVA, F = 1.5 and F = 1.6 
respectively, p > 0.05; Fig. 7). Analysis of results for the 
2 sites (Fig. 7)  shows a significant effect of the station 
factor but not of the size factor (2-way ANOVA, statlon 
factor. F = 5.3 to 61.6, p c 0.05, slze factor: F = 1.0 to 3.6, 

p > 0.05). Sea urchins from the pebble station have a 
test index that is significantly lower than that of the 
seagrass bed station. 

Lantern index 

Seasonal variations of the lantern index are not sig- 
nificant ( l-way ANOVA, F = 1.6, p > 0.05; Fig. 8).  With 
regards to the results from the 2 stations (Fig. 8), 2-way 
ANOVA indicates that the station factor and the size 

Pebble 31-40 mm -Pebble 4 1 - 5 O m  
Seagrass bed 3 1-40 nun - Seagrass bed 4 1-50 mm 

Fig. 6. Paracentrotus lividus. Impact of food availability on rel- 
ative size of gut. Monthly and quarterly measures of gut index 
(Gut I) for 2 size classes of sea urchins living in seagrass bed 

and/or on pebble bottom 

I Pebble 3 1-40 mm -Pebble 41 -50m 

I Seagrass bed 3 1-40 mm - Seagass bed 41-50 mm I 

Fig. 7 Paracentrotus liv~dus. Impact of food availability on 
rc,lcitive size of test. Monthly and quarterly measures of test 
index (TI) for 2 s i ~ e  classes of sea urchins llvlng in seagrass 

bed and/or on pebble bottom 
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mm m Pebble 41-50- 

Seagrass bed 3 1-40 mm - Seagrass bed 4 1-50 mm 

Fig. 8. Paracentrotus lividus. Impact of food availability on rel- 
ative S I Z ~  nt Ar~stotle's lantern. Monthly and quarterly mea- 
sures of lantern index (LI) for 2 size classes of sea urchins 

living in seagrass bed and/or on pebble bottom 

DISCUSSION 

Relative size of the gonads, gut, test and lantern 

The weight distributions of the different compo- 
nents of Paracentrotus lividus are  similar overall to 
those observed for other Echinoidea species (Giese 
1966, Lawrence 1967, Fenaux et  al. 1977, Lawrence & 
Byrne 1994), with nevertheless notable differences for 
some components. If  one compares the distribution of 
components in the 2 sympatric species Arbacia lixula 
(Linnaeus) (Fenaux e t  al. 1977, Regis 1978) and P. 
lividus (these data),  it 1s clear that P. lividus has rel- 
atively smaller tests and lanterns than A. lixula. 
These differences can be  explained by the different 
environmental conditions in which the 2 species live. 
A. lixula lives on vertical or sub-vertical smooth walls 
(Harme1i.n et  al. 1981), its power of adhesion is en- 
sured by long spines (whlch contribute to the greater 
weight of the test in this species) (Regis 1978). In 
addition, the distribution of the sucker podia below 
the ambitus means that this sea urchin cannot resume 
its initial position if it is overturned (Boudouresque 
pers. obs.). The greater test weight can therefore con- 

tribute to improving the sea urchin's stability when 
exposed to hydrodynamic forces: it is a n  adaptive 
value. Moreover, an  increase in the relative test 
weight contributes to an  increased survivorship 
(Ebert 1982, 1988) In contrast, P. lividus lives more 
commonly in broken terrain. With its shorter spines 
and sucker podia all over the surface of the test, it 
can return to the normal posltion ~f it is overturned. 
Its hydrodynamic stability is therefore less crucial 
The lighter test enables it to move around more eas- 
ily on broken ground, and thus to have access to food 
resources present there. The development of the 
lantern is generally linked to the species feeding 
mode. A.  lixula is a selective browser and feeds 
mainly on the encrusting and tufting phytobenthos 
with a preference for encrusting coralline algae 
(Frantzis et al. 1988). A large feeding apparatus 
therefore has an  adaptive value. In contrast, P. lividus 
is a grazer that feeds mainly on the arborescent stra- 
tum (Nedelec 1982, Verlaque 1987, Frantzis et al. 
1988). This stratum is made up  of 'soft' algae and 
therefore does not necessitate a strong development 
of the lantern. 

factor are  both significant (station factor: F = 9.0 to 
55.0, p < 0.001; size factor: F = 11.2 to 38.8, p < 0.001). 
The lantern index is significantly higher for smaller Seasonal index variations 
individuals, and the sea urchins from the pebble sta- 
tion have a higher lantern index than those from the Gonad, repletion and gut indices vary significantly 
seagrass beds. with season. Fenaux et al. (1977; for Arbacia lixula) 

also noted that the test and the lantern indices do not 
show significant variations throughout the year. The 
drop in the gonad index during the study period 
(Fig. 5) is linked to the occurrence of spawning in the 
spring and late summer-early autumn. Spawning dur- 
ing these 2 periods has often been reported for Para- 
centrotus lividus in the Mediterranean (Fenaux 1968, 
Allain 1975, Regis 1979, Semroud 1993, but see also 
Lozano et al. 1995). Conversely, observations in the 
Atlantic have generally shown a single incidence of 
spawning in the summer (Byrne 1990). We ourselves 
observed, in the tanks of an  experimental P. lividus 
rearing facility close to the stud.y site, a mass spawning 
in October 1993 and a second in May 1994. Moreover, 
Verlaque (1984) observed, in Corsica, the appearance 
of P. lividus juveniles twice per year. This tends to con- 
firm the occurrence of 2 spawning events for this spe- 
cies in this area of the Mediterranean. 

The comparison between the variations in gonad 
and repletion indices reveals that the low repletion 
index values correspond to periods when the gonad 
index is at its highest level. Other authors have also 
observed, in Echinoidea, a low feeding rate when the 
gonads are highly developed (Lawrence 1987, Lumin- 
gas 1994, Lozano et al. 1995). Leighton (1968) suggests 
that this is probably due to the physical reduction of 
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the space in the coelomic cavity when the gonads are  
highly developed. Moreover, when gametogenesis is 
over, food requirements may be reduced. Energy is 
then only required for maintenance and growth. Nev- 
ertheless, Regis (1979) has noted in Paracentrotus 
Jividus from Marseilles (Mediterranean, France) that 
similar patterns of variation exist for the 2 indices. 

The gut index drop observed in the winter-spring 
occurs before the drop in the gonad index. These 
results are consistent with those of Lawrence et al. 
(1965) and Fenaux et al. (1977). According to Fenaux 
et al. (1977), this decrease probably corresponds to a 
mobilisation of the nutrient reserves in the gut to pro- 
vide biochemical constituents for gametogenesis. Con- 
versely, Lawrence & Lane (1982) suggest that these 
changes mainly reflect the change in nutritional condi- 
tions as gut index is dependent on the quantity of food 
ingested (Klinger et al. 1983). In the present study, it 
must be pointed out that this drop in the gut index 
occurs when the repletion index is at its annual mini- 
mum. These variations of the gut index could therefore 
be explained by a lower ingestion coupled with the 
utilisation of reserves for gametogenesis. 

Effect of size on morphological indices 

The size of the sea urchin affects the gonad, reple- 
tion, and lantern indices. The effect on the gonad 
index has been observed in other Echinoidea (Fuji 
1967, Gonor 1972, Nichols et  al. 1985, Pearse & 
Cameron 1991, Semroud 1993, Lumingas 1994, Lozano 
et al. 1995). As a general rule, the relationship between 
the relative weight of the gonads and the size of indi- 
viduals presents a positive slope (Fuji 1967, Gonor 
1972, Lumingas 1994). Our results confirm this. This 
observation may nevertheless be strongly influenced 
by environmental conditions (Lumingas 1994). The dif- 
ferences observed for the repletion index are consis- 
tent with the conclusions of a number of authors who 
have shown that the relative rate of consumption of sea 
urchins decreases with size (Fuji 1967, Klinger 1982, 
Nedelec 1982, Semroud 1993, Lumingas 1994). The 
reasons for this correlation are poorly understood, but 
it is possible that it may be due to a decline in the 
capacity of individuals to acquire food and/or to a 
decrease in metabolic demand (Lumingas 1994). These 
metabolic adaptations may be explained by the fact 
that the greater the size of the sea urchins, the lower 
the growth rate; the food requirement may therefore 
be less. For the gut index, in contrast to the results of 
Moss & Lawrence (1972) for Mellita quinquiesper- 
forata (Leske) or of Ebert (1988), we did not observe 
differences between the 2 size classes. The size classes 
that were used here are  perhaps too close to each other 

to give rise to significant differences. Certain authors 
have observed a decreasing allometry between the 
test weight and the diameter (or total weight of the ani- 
mal) (Giese 1967, Ebert 1982, 1988, Lumingas 1994). 
Our findings do not confirm these results. This change 
of relative test weight could also be accompanied by a 
change in skeletal architecture: regular echinoids 
become higher at  the apex as size increases (Telford 
1985). 

As in the case of the gut index, it is possible that our 
size classes are too close to be able to identify differ- 
ences. On the other hand, our results are identical to 
those of Regis (1978), who observed a constant test 
index for individuals regardless of size. Finally, a de- 
crease in the relative weight of the lantern in relation 
to the total size is reported by Fuji (1967), Giese (1967), 
Regis (1978), Ebert (1988) and Lumingas (1994). Other 
organs related to the feeding function, such as the 
spines and podia, show similar variations (Lawrence 
1987). As we have noted for the repletion index, the 
relative diminution of the food acquisition organ with 
size might be explained by a drop in the energy 
requirement for large sized specimens. Since the 
growth of large sea urchins is low or nil, the sea 
urchin's energy needs are  limited to maintenance and 
reproduction. The development of food acquisition 
organs may therefore no longer be a priority. 

Phenotypic plasticity as a function of resource 
availability 

The availability of food is very different a t  the 2 sta- 
tions, which has repercussions on food availability in 
the gut for the different physiological functions. I t  is 
known that differences in the quantity and quality of 
food have a significant effect on gonad growth (Fuji 
1967, Lawrence & Lane 1982, Keats et al. 1984) even 
for populations located only a short distance from one 
another (Vadas 1977, Byrne 1990, Lumingas 1994, see  
also Lozano et al. 1995). Generally, feeding on 'pre- 
ferred' species induces greater gonad growth than 
feeding on 'avoided' species (Vadas 1977, Larson et al. 
1980). The high gonad index observed in the seagrass 
bed may therefore be partly due not only to the abun- 
dance of the food but also to its quality: Cymodocea 
nodosa is indeed considered a 'preferred' food source 
by Paracentrotus lividus (Traer 1980). Some authors 
have also shown that the population density has a n  
impact on gonad growth: despite similar feeding pat- 
terns, gonad indices are higher when the population 
density is low (Andrew 1986, Guettaf & San Martin 
1995). At the 2 sampling stations, the population den- 
sity is very different. The low gonad indices observed 
in pebble areas can therefore also be  attributed to the 
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high density observed. If  our gonad index values are 
compared with data in the literature (for P. lividus 
greater than 35 mm in size), it should be noted that, 
regardless of the station, the lagoonal sea urchin 
gonad index is always higher than that of sea urchins 
taken in open sea (Semroud 1993, Fernandez et al. 
1995, Guettaf & San Martin 1995) The fact that gonad 
indices are higher in coastal lagoons has already been 
reported (Azzolina 1988). Conversely, Lozano et al. 
(1995) pointed out that the gonad index of an unstable 
population (with elevated hydrodynamics, the proxim- 
ity of a river mouth and highly fluctuating environ- 
mental conditions) of P. lividus was higher than that of 
a stable population (with low hydrodynamics, no direct 
discharge from a river mouth and low fluctuating envi- 
ronmental conditions). These authors explain this phe- 
nomenon by the fact that the unstable population 
probably devoted more energy to reproduction. It 
shou!:! be ncted :hat lagoons: environments, such ds 
the one of the present study, are characterised by vari- 
able environmental conditions (temperature, salinity, 
oxygen, etc.). 

Among the various parameters that have a si~nificant 
impact on the test morphology in different populations 
of the same species, the most important seem to be the 
hydrodynamic conditions and the available food re- 
sources (Moore 1935, Giese 1967, Dix 1970, Lumingas 
1994). In our study, hydrodynamic forces at the 2 sta- 
tions are very low and are assumed not to play a sig- 
nificant role. With regard to food resources, several 
authors have demonstrated that there is a positive rela- 
tionship between the abundance of food and the thick- 
ness of the test (and thus its weight) (Dix 1970, Lumin- 
gas 1994). Regis (1978) noted a different relationship 
between food and test weight. While this author 
recorded a lower relative test weight (without the 
spines) at a station where the macroscopic food supply 
was low, the relative weight of the spines was high. The 
length of the spines apparently increases to enable the 
sea urchin to make the best use of dissolved trophic 
resources by tegumentary absorption (Regis 1978). Our 
results tend to confirm those of Dix (1970) and Lumin- 
gas (1994). At the station where food is abundant, the 
animals' tests (with spines) are heavier. A heavier test 
(greater mass) can increase the chances of survival 
(Ebert 1982, 1988). This increase in the thickness of the 
test could help the sea urchin escape fish predation, 
which could be important in a Paracentrotus lividus 
population (Sala 1992). The sea urchins living at the 
seagrass bed station may therefore, thanks to the abun- 
dance of trophic resources, increase the relative weight 
of their tests and thus increase their longevity. 

As for the test, for sea urchins, the lantern is an organ 
whose morphology can vary as a function of resources 
availability. Some authors have shown that limited 

resources may give rise to an increase in lantern size 
(Ebert 1980, Black et al. 1982, Lumingas 1994). In indi- 
viduals living on pebble bottoms, the size of the feed- 
ing apparatus therefore appears to increase in size to 
enable the organism to collect the scarce food present 
in this biotope more efficiently. On the other hand, the 
abundance of food in the seagrass beds means that sea 
urchins living in this biotope can devote fewer 
resources to the lantern and more to other organs such 
as the test or the gonads. Finally, the gut is an impor- 
tant organ for stocking reserves in the Echinoidea 
(Lawrence et al. 1965, Fenaux et al. 1977). In light of 
this, it would seem reasonable that this index be higher 
at the seagrass bed station where trophic resources are 
abundant Klinger et al. (1983) and Lawrence (1987), 
for Lytechinus variegatus (Lamarck) and Echinometra 
mathaei (de Blanville), also observed that the abun- 
dance of food had no impact on the relative size of the 
gut. 

It would therefore appear that phenotypic variations 
can be observed in populations which are not totally 
isolated from each other. Indeed, no physical barrier 
exists :a limit migration beiweeri ihe 2 bioiopes. Tine 
migration of individuals from the pebble zone to the 
seagrass bed has, in fact, already been observed (Fer- 
nandez 1990) and similar migrations between popula- 
tions of a lagoon have also been observed elsewhere 
(Kitching & Ebling 1961, l t c h i n g  & Thain 1983). 
Experiments involving the transfer of sea urchins from 
the pebble zone to enclosures within the seagrass bed 
(and fed Cymodocea nodosa in excess) have been car- 
ried out. The results of these experiments reveal that 
morphological modifications occur quite rapidly (in 
12 mo) and result in an increase in relative test and 
gonad weight and a decrease in lantern index (Fer- 
nandez 1996). The organism's plasticity therefore 
allows a rapid change in its morphology. 

Conclusions 

The population of Paracentrotus lividus living in the 
seagrass beds of the Urbinu lagoon seems to present 
an annual reproduction cycle with a spring and an 
autumnal spawn. This cycle would appear to be identi- 
cal, to that already observed for this species in the open 
sea in this part of the Mediterranean. The repletion 
index shows minor fluctuations over the course of the 
year with, nevertheless, a strong decline in late winter 
when the gonad index is at its maximum. The gut 
index follows the fluctuations of the gonad index but 
with a time lag: it decreases at the end of the gonads' 
maturation, during the penod when the repletion 
index is at its minimum. The test and lantern indices do 
not present seasonal variations. 
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The size of the individual has a significant impact on 
the gonad, repletion, and lantern indices. The gonad 
index increases with sea urchin size while, conversely, 
the repletion and lantern indices decrease. These dif- 
ferences can be attributed to energy allocation being 
dependent on the size (and, presumably, the age) of 
individuals. 

Finally, there are marked differences in the physio- 
logical indices between the 2 sampling stations: there 
is a morphometrical response to environmental condi- 
tions. This response seems to be mainly due to the 
quantity and quality of available food. Sea urchlns that 
live in the seagrass beds (where food resources are  
preferred and not limiting) have a higher gonad, reple- 
tion and test index than specimens that live in pebble 
zones (where the food resources are low). Conversely, 
the lantern index is highest for individuals living on 
pebble bottoms. When food is abundant (in the sea- 
grass bed), Paracentrotus lividus presents a hlgher 
reproductive potential, ingestion rate and test weight 
which could help the sea urchin escape predation. 
When food is limiting, the somatic and reproductive 
activities decrease and the feeding apparatus is devel- 
oped to maximise food acquisition. These variations 
are due to the energy allocation which differs with 
food resource availability. Depending on the available 
food quality and quantity, energy is distributed differ- 
ently to the 3 components which are  maintenance, 
growth and reproduction. P. lividus is therefore capa- 
ble of changing depending on its available food 
resources; a strategy that has impacts at both the phys- 
iological and morphometrical levels. This demon- 
strates the phenoptypic plasticity of this species. 
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