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Diffcrcnces in Mediterranean fish communities of two rocky coastal arcas, one inside an integral marine 
reserve and thc second outside the reserve, ncar Banyuls-sur-Mer, France, wcrc compared using underwater 
visual census aftcr a 12-year interval. In 1980, thc community structure in and outside the marine reserve 
was studied at two depths (Bell, 1983). In 1992, WC uscd the same methodology to asscss if variations 
occurred in this fish coinmunity between these two samplings. In both 1980 and 1992, water depth affected 
the relative abundance of fish communities and the number of species was roughly maintained in both 
sites. However, there were several other important qualitative and quantitative variations in the fish fauna 
over this period: (1) The abundance of specics has decreased in the integral rcscrve whereas it has been 
maintained outsidc the reserve; (2) Nine species arc more abundant in the integral rcscrvc and nine others 
are more abundant outsidc the reserve. Among the specics vulnerable to fishing, such as Lubrus merulu, 
Symphodus (inca, Mullus surmuletus, Dip1odu.c. sargus, il. vulgaris, Scorpavnu porrus, Ohlada melanuru, 
6 of them are more abundant inside the integral reserve and 4 othcrs arc more abundant outside; (3) Thc 
demographic structure of vulnerable spccics inside the reserve has changcd: only Ihe proportion of large 
fish (30 to 40 cm length) compared to medium (15 to 30 cm) and small (0 to 15 cm) fishes was higher 
in the integral reserve. The prohibition of recreational and professional fisheries and scuba diving has the 
fish community in the integral marine reserve in 1992 enhanccd less than in 1980. The impoverishment 
of the fish density in the integral reserve between these two periods is difficult to understand in regard to 
the stability of the fish density outside the reserve. These results stress the need for a more regular and 
more extensive survey of the fish assemblage in and around the marine reserve of Cerbère-Banyuls. 

Keywords: Reef fish, marine reserve, fishing protection, spatial distribution, temporal variations, temperate 
zones, Mediterranean sea. 

Etude d'une communauté de poissons de fonds rocheux méditerranéens. Comparaison des peuplements 
selon la prqfondeur, dans une réserve et en-dehors de celle-ci, sur une décennie. 

Les communautés dc poissons côtiers méditerranéens vivant en milieu rocheux dans une réserve 
intégrale marine et en-dehors de celle-ci, près de Banyuls-sur-Mer, ont été comparées par des comptages 
visuels sous-marins à 12 ans d'intervalle. En 1980 comme en 1992, la profondeur joue un rôle dans 
l'abondance relative de ces poissons. Par ailleurs, le nombre d'espèces est resté sensiblement identique 
dans les 2 sites durant cette période. Néanmoins, plusieurs autres variations importantes, quantitatives et 
qualitatives, sont également apparues: (1) L'abondance des espèces a baissée dans la réserve, alors qu'elle 
s'est maintenue en-dehors de celle-ci; (2) Neuf espèces sont plus abondantes dans la réserve et neuf autres 
espèces sont plus abondantes en-dehors de la réserve. Parmi les espèces sensibles à la pêche dont on 
peut citer ( h b r u s  merulu, Symphodus tinca, Mullus surmuletus, Diplodus surgus, D. vulgaris, Scorpaenu 
porcus, Obhdu melunuru), 6 d'entre elles sont plus abondantes dans la réserve intégrale alors que 4 autres 
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sont plus abondantes en-dehors de celle-ci; (3) La structure démographique de ces espèces sensibles a 
changé, seule la proportion des grands individus (30 à 40 cm de long) par rapport aux individus moyens 
(15 à 30 cm) et petits (O à 15 cm) est plus élevée dans la réserve intégrale. L'interdiction d'activité 
de pêche professionnelle et amateur et de plongée en scaphandre dans la réserve intégrale aurait donc 
moins profité aux communautés ichtyologiques en 1992 qu'en 1980. Cet appauvrissement de la densité 
de poissons dans la réserve intégrale reste difficile à expliquer, compte-tenu de la stabilité relative de 
cette densité en-dehors de la réserve. Cette étude appelle donc à un suivi plus régulier et plus complet du 
peuplement ichtyologique dans la réserve marine de Cerbère-Hanyuls et ses environs. 

Mots-clés : Poissons de fonds rocheux tempérés, rCserve marine, zone d'exclusion de pêche, distribution 
spatiale, variations temporelles, Méditerranée. 

INTRODUCTION 

A marine rcserve was established in 1974 at 
Banyuls-sur-Mer in the north-western Mediterranean 
coast of France. In 1979, part of the reserve was given 
full protection as "integral marine reserve". In 1980, 
Bell (1983) studied the effects of depth and marine 
reserve protection on the structure of coastal rocky reef 
fish assemblage in and around the reserve. His study 
compared a rocky area without fishing restrictions with 
one located in a marine reserve, where fishing and 
diving were not allowed. In each area, visual censuses 
were made at two depths. Bell (1983) found that depth 
had a stronger influence than reserve effects on fish 
assemblages. He also found however, that at a given 
depth, the reserve effect was significant for species 
vulnerable to fishing. In other words, the number of 
fishes vulnerable to fishing was significantly higher in 
the reserve area. Since Bell's study, few investigations 
have been made to assess the impact of marine 
reserves on fish populations in the Mediterranean 
(but see Harmelin, 1991 ; Francour, 1991 ; Garcia- 
Rubies and Zabala, 1990). Increasing human activities 
along the north-western Mediterranean coast make it 
necessary to verify that marine reserves can protect 
the fish assemblages against the risk of decreasing 
diversity and abundance through overfishing and 
habitat alteration. To assess whether the reserve at 
Banyuls-sur-Mer was still an effective refuge for fish 
species and hence have a higher density or larger 
specimens of species vulnerable to fishing, we sampled 
in 1992 the sites used by Bell 12 years earlier. 
We used also the same methodology to analyze the 
data despite some uncertainties about the validity of 
some statistical procedures. However, when strong 
evidence that some statistical tests used by Bell 
(1983) were inappropriate for our data, we used the 
closest statistical procedure, in order to obtain the best 
comparison possible between these two studies. 

MATERIAIS AND METHODS 

Study area 

The marine reserve of Banyuls-sur-Mer is located 
on the so-called "Rocky Coast" which represents the 
end of the Pyrenees mountains on the Mediterranean 

side ( j g .  1). This coast is located between the Gulf of 
Lion and the Spanish Costa Brava. The rocky bottom 
extends one hundred metres offshore to a depth of 
40 m, where a sandy bottom begins. The rocky bottom 
consists of inclined plates and big rocks of several 
cubic metres made of metamorphic stone. At a depth 
below 20 m, a coral-like bottom with grooves and 
made by corallaceous algae occurs in some places. 
The marine reserve lies in this coastal environment 
with a shoreline of 5 km and extends 1.5 nautical 
miles offshore. Some professional fishing is allowed 
in part of the reserve, although the integral reserve, 
located around Cape Rédéris, is closed to al1 fishing 
and diving (Jig. 1). The Rédéris area is made up of 
several shoals, 500 m away from the shore, with a 
depth varying from 5 m below the surface for the top 
of the shoals to 30 m for their baseline. 

Sampling technique 

The study areas were those selected by Bell (1983). 
The first area was located near Cape Béar (NRS 
and NRD) and the second, in the integral marine 
reserve, near Cape Rédéris (RS and RD) (Jig. 1). Two 
depth strata were chosen on each study area: 7-10 m 
(shallow) and 15-20 m (deep). Each sampling site 
within and outside the marine reserve was comparable 
in habitat and rugosity. The bottom of these sites 
was formed by large rocky plates with relatively 
few shelters. There was no particular algal coverage 
in these areas. In our study, visual censuses were 
made along 3 transects (4 m x 50 m) at each site 
and during the same diving campagne in order to 
obtain 3 replicates, whereas Bell (1983) studied only 
one transect (4 m x 150 m) per site. Samples of the 
two studies were made during the cold season but 
the month of sampling differed between the two 
studies. Data were obtained by Bell (1983) from 
20 October to 15 December 1980, whereas this study 
was done between March and May 1992. In both 
studies, al1 the fishes on the transect were identified to 
species and counted (Hamelin-Vivien et ul., 1985). 
For single fishes or schools 1 1 6  individuals, the 
actual abundance was recorded. For schools with more 
than 16 individuals, abundance was estimated within 
classes based on a geometric scale (24+7' with T L =  1 
to 5) .  The midpoint value of each class was recorded 
for each school. Three categories were made for the 
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Ta% 1. - Mean density per 600 rn2 of fish species at each site in 1960 (Eell, 1983) and in 1992. Species with # are vülneralle to fishing. R: 
reserve area, NR: non-reserve area, S: shallow strata (10 m), D: deep strata (20 m). The last column gives the year with the highest dznsity from a 
Mann-Whitney U-test. * : difference significant at 5 %, ** : difference significant at 1 410. 

Species 

Congerconger# 
Aduraena helena 
Arherinu cJ: boyeri 
Phycis phycis 
Trisopterus minutus 
Scorpaena porcus # 
S. scrofa # 
Dicentrurchus labrax # 
Serranus cabrillu # 
S. scriba # 
Spicara flexuosa 
S. tnaenu 
S. srnaris 
Coops hoops 
Diplodus unnularis # 
D. cervinu.~ # 
D. puntuuo # 
D. sargu.r # 
I l .  vulgaris # 
05ludu melanura # 
Spondyliosomu canthurus # 
Sarpu sulpa # 
Sciaena urnbra # 
Mullus surmuletus # 
Chromis chromis 
Chelon lubrosus # 
Coris julis 
Ctennlahrus rupestris 
Labrus bimaculutus 
L. merula # 
L. viridis # 
Symphodas cinereus 
S. doderleini 
S. mediterruneus 
S. niela.rocercus 
S. ocellutus 
S. rostrc:w 
S. roissr;:i 
S. rostrc:xs 
S. tinca # 
Gobius a ï r c s s  
G. cruentatus 
G. geniporus 
G. vi::a:ss 
Thorogobius epkgiass  
Parublennius gartorugine 
P. r o u i  
Trigterygioir delcisi 

Yezr 
of max. 
dznsities 

92 
92 
80 
92 
92 
92 
92 
&O 
&O 
92** 
CO** 
92* 

CO 
CO** 
80 
t'O 
E0 
E0 
&O 
&O 
92 
£0 
92 
92 
92 
CO* 
&O* 
92 
92 
&O 
&O** 
&O 
92 
92 
e0 
E3 
CD* 
&O 
CO* 
eo 
92* 
C 3  
92 
92* 
92 
&3 
92* 
92* 
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Mcditcrranean Sca 

Figure 1. - 1.oçatioii-of the study areai, near Hanyuls-sur-Mer in the 
North-Weitern Mediterranean coajt of France. Sampling sites NRS 
and NRD are located in the non-reserve area. Sampling sites RS and 
RD are in the reierve arca. 

size of the fishes: small, medium and large, dclimited 
respcctively by 33 and 66% of the maximum length of 
the species rccorded by Bauchot and Pras (1980). In 
order to commre the abundance data of each soecies 
obtaincd during this study with the data froi i  Bell, 
we combincd the 3 transects (50 x 4 m) to obtain 
abundance per 600 m2. The calculation of the density 
per square metre for each study was rejected because 
the size of the transects was not the same and made this 
comparison inappropriate (P. Legendre, pers. cornm.). 
During Bell'study, eight independent estimates of the 
number of fish pcr 600 m2 were made at each of the 
four sites. During our study in 1992, we also made 
eight mcasurement at each of the four sites but because 
the transect was smaller (200 m2 instead of 600 m2) 
we madc three replicates during cach measurement. 

Statistical analysis 

Data on species abundance were calculated for each 
site and for each size class and compared with the 
results from Bell (1983) with a Mann-Whitney U 
test because homoscedasticity of the data were not 
matched (Sherrer, 1984). Then, according to the study 
of Bell, species number and the Shannon-Weaver 
diversity indcx were also calculated (Ilaget, 1979). The 
ordination dong the first two eigenvectors calculated 
with the Camberra metric on the dissimilarity matrix 
made by Bell was also used on our data with the 
PCoord program of the "K" software (Legendre and 
Vaudor, 1991). Species were then listed with their 
decreasing Spearman rank correlation coefficient on 
the two eigenvectors. Data from the two studies were 
also compared with a correspondencc analysis based 
on the X2 metric calculated on the mean densitics 
of fish species at each sampling site in 1980 and 
1992. We chose the X2 metrie because it did not 
require any transformation of the data and double zeros 
were not taken into account (Legendre and Legendre, 
1984). The ordination was madc on the first four axes, 
but only two are presented. The sampling sites were 
then compared using the Wilcoxon signed-ranks test. 
The spccies were also compared between depth and 
between reserve and non-reserve areas with a Mann- 
Whitney U test, because neither the raw data not the 
log transformed data met the assumption of normality 
with a Liliefors test. Size frequency distributions were 
also compared between reserve and non-rcscrve sites 
at shallow and deep strata for Diplodus surgu.s and 
Dip1odu.r vulgaris with a Mann-Whitney U test and 
for al1 species vulnerable to fishing with Wilcoxon 
signed-ranks tests. 

RESULTS 

Forty-one species wcre recorded i n  this study, 
compared to the 35 noted by Bell (1983). This 
difference is due to the fact that we recorded more 
small cryptic species that were probably not seen 
by Bell, except for Purahlennius gattorugine and 
Gobius cruentatus (table 1). Excluding the Gobiidae, 
Blenniidae and Tripterygidae, both studies recorded 33 
species, and seven species were absent in one study but 
present in the others. The mean density per 600 m2 
differcd between studies for some species. Among 
the 13 species with a statistical differcnce in density, 
six of them were more abundant in 1992. However, 

'Iàhle 2. - Mean number of specics and Shannon-Weaver diversity indcx for the sites studied in 1980 and 1992. Standard deviations are in bracketi. 

RS R L) NR S NR D RS RD NR S NK D 

Spccics number 21 (3.2) 18.5 (3.1) 18.7 (2) 18.7 (1.3) 16 (1.9) 16 (2.6) 15.7 (1.6) 19 (1.7) 
Diverhity Shannon index 2.02 (0.2) 2.02 (0.3) 2.1 (0.2) 1.9 (0.2) 2.4 (0.4) 2.2 (0.4) 2.7 (0.4) 2.2 (0.4) 

- - - 
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Table 3. - Spccies significantly correlated (p<0.05) with the Eigen vectors 1 and 11 of the principal cuordonate analysis made on the stations in 
1992. When these species were also significantly correlated with Eigen vectors 1 and II of the analysis in 1980, the values are indicated. 

Eigen vector 1 Eigen vector II 

Specics Corrclation 1980 Species Correlation 1980 
coefficient value coefficient value 

Symphodus ocellutus - 0.78 -0.81 iubrus bimuculatus 0.77 
Symphodu.c. doderlini 0.74 Spondylo.roma runrhurus # 0.74 - 0.43 
Gobius vittutus 0.72 Gohius crurniuiuc. - 0.69 
Arherina boyeri - 0.69 h b r u s  mrrula # 0.62 
Biplodus surgus # 0.07 - 0.49 Ohludu melunuru # - 0.59 - 0.45 
Gobius U U ~ U I U S  0.67 MirIlus surmu1rtu.r # - 0.57 - 0.57 
Gohius rruenratus 0.6 Parahlennius guttorugine - 0.56 
Symphodus roUsuli - 0.6 Diplodus vu1gari.s # 0.5 - 0.5 
Scorpaena porru.r # 0.5 Gnhius geniporus - 0.49 
Thoroaobiuv ephipiutus 0.5 Triwpterus minutu.r - 0.42 
iubrus viridis # - 0.5 Ctenolabrus rupesrri.~ - 0.4 1 
Gohius geniporus 0.42 Bil>lodus unnuluris # 0.35 
Serrunus cubrilla # 0.4 1 0.49 
Scorpaena scrofa # 0.4 
Tripterygion deluisi - 0.4 
Coris julis 0.39 - 0.43 
Sytnphodus titrcu # - 0.38 - 0.64 
Obludu melanura # 0.37 
Trisopterus minurus 0.36 

the overall abundance of fishes was significantly with this factor have changed and the segregation in 
more important in 1980 outside the integral reserve 1992 concerned mainly the deep strata between the 
but this was not true for the abundance inside the reserve and non-reserve areas. 
integral reserve. The comparison of species number 
and diversity index showed that the species number per 
sampling site was slightly higher in 1980, whereas the 
diversity index values per sampling site were slightly 
higher in 1992 (table 2). This pattern suggests that 
evenness of species relative abundances was greater 
in 1992. 

The principal coordonates analysis made by Bell on 
the data from 1980 showed that four stations were 
separated by the first two axes ( j g .  2A). This pattern 
was explained by a strong depth effect associated 
with the first axis and by a reserve effect associated 
with the second axis. The same analysis of the data 
from 1992 did not separate the stations completely 
with respect to depth on the first axis and there 
was a seoaration on the second axis with resoect 
to a reseive effect mainly for the deep sites. ~ h m e  
species correlated with the two eigenvectors were 
also different between the two studies (table 3). The 
most segregated species with respect to depth in 
1980 were Symphodus ocellatus, Lubrus sp. and also 
Chromis chromis. In 1992, this differentiation with 
the first axis occurred also for Symphodus ocellatus 
but S. doderleini, Gobius vittatus, Atherina boyeri and 
Diplodus sargus were more strongly segregated in 
1992. The second axis in 1980 was mainly correlated 
with Diplodus sargus, Mullus surmuletus and Chelon 
labrosus. In 1992, the second axis was correlated 
with Labrus bimaculatus, Spondyliosoma cantharus 
and Gobius cruentatus. This comparison showed that 
the second axis did not represent the same factor in 
1992 as in 1980. Most of the fish species associated 
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A correspondence analysis was performed on the 
combined data from both studies in 1980 and 1992 
(jig. 3). The sampling sites remained segregated 
between years as well as between depth. This 
comparison showed that data were as strongly 
segregated by the time elapsed between the two 
studies as by depth between sites during a same study. 
Importantly, the only separation regarding the reserve 
effect was between the deep strata in 1980, although 
the deep strata in 1992 were segregated with respect 
to reserve effect in the previous multivariate analysis. 
This segregation between the deep stations, however, 
appears on the following axis (axes III and IV not 
presented here) but this effect was probably lower 
than in 1980. 

The difference in abundance of individual species 
between areas (i.e. reserve or non-reserve) was studied 
in 1992 for each depth strata and compared with 
a Mann-Whitney U-test (table 4). At shallow depth 
(10 m), there were no species more significantly 
abundant outside the reserve area, but five species 
were more abundant in the reserve area, and three of 
them were vulnerable to fishing. In the deep strata 
(20 m), the number of species more abundant in 
the non-reserve area was greater than the number of 
species more abundant in the reserve (9 species versus 
4 species). Among them, four species vulnerable 
to fishing were surprisingly more abundant in the 
non-reserve area (Diplodus sargus, Oblada melanura, 
Symphodus tinca and Mullus surmuletus). Only three 
species vulnerable to fishing (Diplodus vulgaris, 
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Figure 2. - Principal coordinates analybis of replicates plotted agdinst 
Eigen vectors 1 and II. A) From the study made in 1980. The two - axes represent 26% of the variance. B) From the study made in 1992. 
The two axes represent 45% of the variance. 

A: non-reserve shallow. 0: non-reserve deep. 

A: reserve shallow. O: reserve deep. 

Spondyliosoma cantharus and Luhrus merula) were 
more abundant inside the reserve. 

For Diplodus surgus and Diplodus vulgaris, Bell 
(1983) showed that medium and large specimens were 
more abundant in the reserve at both shallow and 
deep strata. In 1992, the abundance within the 3 size 
classes of these two species differed significantly only 
for the medium size class in the deep strata and in 
two opposite ways. The medium size class of Dipludus 
surgus was more abundant outside the reserve, whereas 
that of D. vulgaris was more abundant inside the 
reserve (Jig. 4, table 5). When al1 vulnerable species 
were combined at the shallow strata, the reserve area 
also had higher abundances of the large specimens 
than the non-reserve area (Jig. 4, table 5). For these 
species, the higher abundance of the medium size 

Figure 3. - Correspondence analysis on the study areas in 1980 and 
1992. The two axes represent 73 % of the variance of the data. RS: 
reserve shallow, RD: reserve decp, NRS: non-reserve shallow, NRD: 
non reserve deep. 80: stations studied in 1980, 92: stations studicd 
in 1992. 

I1 

NRS 80 

RS 80 

1 

RD 80 

class in d e e ~  strata in the integral reserve which 

RS92 
NRS 92 

NRD 92- 
RD Y2 

NRD 80 

u 

appears on figure 4 were not signiticant at the level 
of 5 per cent (p=0.08). Finally, the overall difference 
for size classes of the vulnerable species between 
reserve and non-reserve (depth strata pooled) was 
only significant for large fishes. Therefore, the reserve 
effect was strongly associated with a segregation of 
the fishes of large size class. The biggest specimens 
of species vulnerable to fishing were more abundant 
in the reserve area at both depths but this difference 
was more significant in the shallow strata. 

DISCUSSION 

As Bell remarked in 1983, his study has provided 
"the basis for future comparisons between the structure 
of the assemblage after several years of partial 
protection and its structure after a more extended 
period of total protection". We have therefore tried 
to focus Our study on this comparison and thus we 
have collected and analyzed the data with the same 
methodology 12 years after. This comparison has 
confirmed some of the major findings of Bell in 1983, 
but it has also shown some strong changes of the fish 
assemblage in the study areas. One of the consistent 
findings between both studies was the difference in 
fish composition between shallow and deep water. In 
both 1980 and 1992, the abundance of species was 
different between 10 and 20 m. However, the species 
responsible for this pattern in 1992 were different of 
those in 1980, and this difference was less marked 
in 1992. This could be due to either fishing effort 
in the non-reserve area or to natural effects such as 
seasonal differences between the two studies. The data 
from 1992 at the deep strata showed that the absolute 
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Table 4. - List of the species with abundance significantly different with a Mann-Whitney U test between the Reserve (R) and Non-Rcscrve 
(NR) areas. #: vulnerable species to fishing. 

Shallow strata Deep strata 

Species Site Species Site 

Diplodus unnuluris # 
Coris julir 
Labrus merulu # 
Symphodus ocellarus 
Symphodus rincu # 

K > N R  Dipludus surgus # 
R > N R  Dipl0du.r vulguris # 
R > NR Ohludu melunuru # 
R >  NR Spondylioromu cunthurus # 
R > N R  Ctenolubrus rupestris 

utbrus merulu # 
Lahru.r himuculutus 
Symphodus tincu # 
Mullus surmulerus # 
Gubius geniporus 
Gobius cruentutus 
Gobius vitturus 
Purublrnnius gattorugine 

Diplodus sarnus 

Diplodus vulga>is 
.c I O 1  1 I o /  1 

Vulnerable swcies 

S M L  S M L  S M L  S M L  
S ~ I I U W  R e p  Shatlow htp 

Non-Ueserve Rescwe 

Figure 4. - Size class distributions for Diplodus sargus. Diplodus 
vulguris and vulnerable species combined at each site and for the 
three size classes in 1992. S: small (O to 33 % of max. length), M: 
medium (33 to 66 % of max. length), L: large (66 to 100 % of max. 
length). 

abundances of 9 species of fishes were significantly 
greater outside the reserve. Surprisingly, four of them 
were vulnerable to fishing. However, 9 other species 
were more abundant inside the integral reserve in both 
shallow and deep strata. The non-vulnerable species 
could be negatively affected by the reserve effect 
through their ecological relationship with other fishes, 
such as competition or predation. Recent studies in 
different Mediterranean marine reserves have shown 
that mortality pattern of some juvenile fishes could be 
higher in the reserves than outside (Harmelin-Vivien 
and Macpherson, pers. comm.; Jouvenel, pers. obs.). 
However, this phenomenon supposes that more fishes 
or more predators were censused in the reserve area, 
which was not the case. Nonetheless, observations 

in the integral reserve area have also shown the 
presence of big resident predators such as Epinephelus 
marginatus. Some transient predators such as Lichia 
amia and Dentex dentex have also been regularly 
observed in the Rédéris area. The higher abundances 
of some species heavily fished outside the reserve such 
as Diplodus surgus are more difficult to explain since 
its abundance was supposed to be less dependent from 
natural interactions than from fishing restriction. It 
is nonetheless possible that some recreational feeding 
made by scuba-divers, as occasionally observed near 
Cape Bear, could maintain a higher abundance of this 
species. Moreover, this phenomenon could induce an 
attraction of these fishes toward a diver, as a signal for 
feeding, which can thus create a bias in the abundance 
data. Therefore, even if the reserve effect did not 
enhance the overall abundance of fishes (vulnerable 
or not) in 1992, it could be possible that several 
species such as big groupers or other species heavily 
fished by spearfishermen would remain in relative high 
abundance only in the integral reserve. Unfortunately, 
this phenomenon was not observed in Our study. 

The analysis of size classes showed the effects of the 
reserve more clearly. The study of 3 size classes of al1 
vulnerable species has confirmed that large individuals 
were significantly more abundant in the protected area, 
mainly in shallow strata but medium size individuals 
were not more abundant in 1992 in the integral reserve. 
The increase of the size of fishes is a phenomenon 
widely reported from other marine reserve areas 
(Roberts and Polunin, 1991; Samoilys, 1988; Roberts 
and Polunin, 1994). Correlatively, smaller individuals 
were relatively more abundant outside the reserve and 
this high abundance was significant in 1980. It would 
thus be useful to study also the biomass of fish per 
unit surface area in the two areas, in order to know if 
there is a higher biomass of vulnerable fishes inside 
this reserve than outside, because the effect of reserve 
on enhancement of standing stocks of commercially 
important species in g.m-2 has already been reported 
(Polunin and Roberts, 1993). 
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Tahle 5. - Results of the Mann-Whitncy U test for the difference in the three sire classes of l l iploduî surgus (Small 0 to 14 cm. Medium 14 to 
28 cm and I.arge 28 to 45 cm) and Diplodur i'ulgarir (SrnaIl O to 10 cm, Mcdium 10 to 20 cm and Large 20 to 30 cm) between the rcservc and 
the non-rcwrvc area for the shallow and dcep strata in 1992. Values of vulncrahlc spccies are compared with a Wilcoxon signed rank test between 
the reserve and the non-reserve area for hoth strata = not ~ignificant; * significant at 5 %; ** significant at 0.5 %. 

I)ipln(luc .\urgu> Dililodu, vu1gciri.s Vulnerable species 

s h a l l o ~  dcep shallow decp shallow dcep hoth stratai 

Small - - - - - - - - - - - - - - 
Medium - - - - - - N K  > K* - K > NR** - - - 
Large - - - - - - - - - R > NR* - R r NR* 

This study has contirmed that the two principal 
factors affecting the composition of the rocky reef 
fish as5emblage near Banyuls-sur-Mer were depth and 
fishing restriction. But these factors which influenced 
the fish assemblage in the study from Bell (depth and 
reserve effect) were not as clearly evident in 1992, 
although depth probably remained the major source 
of difference between stations. The influence of the 
Cerbère-Banyuls marine reserve on the abundance and 
size structure of some species of fishes has strongly 
varied over the past 12 ycars. From this comparison, it 
appearcd that the reserve effect has not been increased 
during this period. It is even possible that this effect 
has been reduced below the initial level of 1980, since 
the abundance of fishes censused outside the reserve 
has not decreased during the same time. Therefore, 
it is questionable if the reserve effect of the Marine 
Reserve of Cerbère-Banyuls was limited to enhancing 
the abundance only for a few heavily fished species, 
because only few species of high commercial value 
such as Epinephelus rnarginutu.~ or Sciaenu umbru 
remain relatively abundant in the integral reserve. 
Unfortunately, this question remains largely unknown 
because no study has been seen on the long-term 
evolution of the reserves effect through abundance 
of these fishes. However, some important parameters 
have not been assessed during this study and this 
limits the strength of the conclusion. The fishing effort, 
which can Vary widely between years and species, also 
gives a potential bias on the data (Saldanha, 1991). 
It is thus possible that fishing effort in the reserve, 
were this activity is allowed, has strongly increased 
since 1980, but no data were available to test this 
hypothesis. Among other important parameters, the 

seasonal difference between the two studies could 
have influenced the size classes of fishes and the 
depth distribution of some species. However, both 
studies were conducted during the winter period, 
when fishes have a lower growth rate. The difference 
in size classes could be due to unknown effects 
during recruitment between 1980 and 1992. Substrate 
preference is another important parameter which plays 
an important role in fish assemblage (Harmelin, 1987). 
Because the description of the substrate was not done 
in 1980, this effect could not be properly compared 
between the two studies. However, the stations in 
1992 have been chosen in areas homogeneous and 
comparable betwecn sites, in order to get qualitative 
information which could be analyzed in regard to 
the distribution of fish (Francour, 1991). Finally, the 
spatial heterogeneity of these stations has not been 
examined as a cause of the observed distribution of 
fish. 

The importance of these and other factors 
influencing the distribution of fishes in and around the 
integral marine reserve of Banyuls-sur-Mer must be 
studied more regularly in order to get a comprehensive 
view of the mechanisms by which marine reserves are 
useful for the prescrvation of diversity and abundance 
of fishes on this Coast of the Mediterranean Sea. This 
study is a further step toward a better knowledge of 
the rocky reef fish assemblage in this area, but it 
clearly highlights the problem of occasional survey 
which cannot observe modifications of the coastal 
environment where human impacts, in conjuction with 
natural factors, can produce strong modification in a 
few years. 

- .  -- -- . 
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