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ABSTRACT: The spatial structure of demersal fish assemblages on the continental shelf of the NW
Mediterranean Sea was examined on a large scale between the Straits of Gibraltar and the Gulf of
Lions. In contrast to its predominant role in the spatial distribution of species composition, described
worldwide, it seems depth has only a limited effect on the distribution patterns of the total abundance
and diversity of demersal fishes. In addition, evidence is provided for the division of the whole study
area into 3 geographical fish assemblages. The influence of Atlantic inputs and the semi-permanent
Almeria—Oran hydrographic front play a key role in defining the Alboran Sea as a specific fish fauna
area. Moreover, the clear differentiation between 2 distinct assemblages in the Gulf of Lions and the
Catalan Sea could be partly linked to the North Balearic front. These results contribute to the current
debate on the definition of spatial units for the purpose of demersal fisheries management. They also
stress the complexity of developing an ecosystem approach which deals simultaneously with species
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composition and biodiversity aspects of ecosystems management.

KEY WORDS: Demersal fishes -
Mediterranean Sea

INTRODUCTION

A central issue in fisheries ecology is determining
the various factors underlying spatial variation in com-
munity structure, in order to include ecosystem consid-
erations in fishery management (Menge & Olson 1990,
Mahon et al. 1998, Garrison & Link 2000). Most obser-
vational studies have therefore examined community
organization through regional scale analyses of spe-
cies composition or species diversity patterns. Studies
dedicated to species composition evidence the strong
dominance of bathymetry in determining demersal
assemblage patterns (Mahon & Smith 1989, Gordon &
Bergstadt 1992, Fujita et al. 1995, Garcia et al. 1998,
Moranta et al. 1998, Hyndes et al. 1999, Mueter &
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Norcross 1999, Bertrand et al. 2000, Magnussen 2002).
Other factors, such as water temperature, salinity and
bottom type, commonly appear to play secondary roles
in species composition structure (Mahon & Smith 1989,
Bianchi 1992, Rakosinski et al. 1992, Perry et al. 1994,
Auster et al. 1995, Gaertner et al. 1999, Demestre et al.
2000). By contrast, spatial patterns of demersal fish
species diversity and the associated causal factors are
less clear and vary greatly from one study to the other
(e.g. Weinberg 1994, Barber et al. 1997, Mueter &
Norcross 1999, Magnussen 2002).

For several years, community ecologists have been
pointing out the need to complete local and regional
studies on a larger scale (Ricklefs 1987, Menge &
Olson 1990, Mahon et al. 1998). This trend is based on
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the premise that ecological patterns exhibited on large
spatial scales are linked to important structuring eco-
logical processes (Gustafson 1998, Gaston 2000) and
can be relevant for use as a basis for fisheries manage-
ment (Garibaldi & Caddy 1998, Mahon et al. 1998,
Sherman & Duda 1999). However, the paucity of large-
scale surveys using a standardized sampling design
has greatly limited the number of studies examining
demersal fish communities on large spatial scales (see
Bianchi 1991, Mahon et al. 1998, Williams et al. 2001).

This worldwide situation is particularly apparent in
the Mediterranean Sea, where only the work of Jukic-
Peladic et al. (2000) in the Adriatic Sea and Cartes et
al. (2002) along the coast of the Iberian Peninsula were
carried out on a large spatial scale. However, due to
the high level of multispecies fisheries activity, there
has been increasing demand from Mediterranean
authorities for clearly defined biogeographical areas as
references for management purposes (Caddy 1998,
Anonymous 2001a,b). The overall aim is the progres-
sion towards a more integrated approach through the
concept of exploited ecosystem management (Anony-
mous 2001¢).

With this in mind, the present study aimed to analyse
the spatial organization patterns of the demersal fish
assemblages on a large scale in the NW Mediter-
ranean Sea. We thus analysed data collected by the
Mediterranean International Trawl Survey programme
(MEDITS) with a single sampling design over the con-
tinental shelf of 6 areas located between the Straits of

Gibraltar and the eastern part of the Gulf of Lions.
Assuming assemblage structure to be a multidimen-
sional concept, we simultaneously quantified species
composition, species diversity and total abundance of
assemblages. The questions addressed in this study
are: (1) does each sampled area have a different fish
assemblage structure pattern, (2) what are the key
environmental gradients along which the assemblages
are structured, and (3) does the spatial organization of
demersal assemblages allow the breaking down of the
NW Mediterranean Sea into geographical assemblage
units for management purposes?

MATERIALS AND METHODS

Study sites and sampling design. The data from 3
annual bottom trawl surveys performed in 1996 (112
tows), 1997 (118 tows) and 1998 (119 tows) between
the Straits of Gibraltar and the eastern part of the Gulf
of Lions within the framework of the MEDITS project
(Bertrand et al. 2000, 2002a) were analysed (Fig. 1).
The sampling procedures of these surveys were stan-
dardised according to a common protocol, including
use of the same gear and the same sampling strategy
for the whole zone studied. Two research vessels were
used, the RV 'Cornide de Saavedra' along the Iberian
Peninsula and the RV 'L'Europe’ in the Gulf of Lions, in
order to achieve the sampling of the whole area during
only a short time period (May to June in the same year).
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Fig. 1. Map of the study zone with boundaries
of the 6 areas sampled
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The standard device was a bottom trawl (GOC 73,
Fiorentini et al. 1999) with 20 mm cod-end mesh size
(stretched mesh). Hauls were performed during day-
light hours and their standard duration was 30 min. All
the tows were performed at a speed of 3 knots. An un-
derwater Scanmar system was systematically used to
control the trawl geometry (horizontal and vertical
openings, contact with the bottom). The vertical open-
ing of the gear was about 2 m, and its wing spread
about 18 m (Bertrand et al. 2002b). A preliminary
analysis of the Scanmar data allowed us to take only the
tows properly sampled into account. The abundance in-
dices were converted into density (number of individu-
als by species and per km?) for each haul studied.

A stratified random-sampling design was used,
based on depth and geographical areas. First, the con-
tinental shelf was divided into 3 depth strata: 10 to
50 m (66 tows), 50 to 100 m (199 tows) and 100 to 200 m
(84 tows). Secondly, the whole study zone was divided
into several geographical operative areas for the allo-
cation of samples. This stratification was performed by
each operational scientific team, based on their knowl-
edge of the environmental characteristics of the area
surveyed (Bertrand et al. 2000, 2002a).

Allocation of tows in each depth strata and geo-
graphical sector was roughly proportional to the sur-
face of the corresponding stratum and geographical
sector. The 6 operating areas considered in our analy-
sis were defined as follows:

The Alboran Sea is delimited by the Straits of Gibral-
tar to the west and Cape Gata to the east. A total of 31
tows were analysed during the study period. This
region is characterized by a very narrow continental
shelf, as well as the direct influence of surface Atlantic
waters, entering the Mediterranean through the Straits
of Gibraltar (Millot 1999).

The Alicante Area (48 tows) stretches from Cape Palos
in the south to Valencia (Sagunto) in the north. Here, the
continental shelf is wider than in the Alboran Sea, and
surface inflowing (modified) Atlantic and outflowing
Mediterranean waters meet around the Ibiza sill (Abellé
et al. 2002). The gap between the Alboran and Alicante
areas (Fig. 1) is due to the topography of this zone, i.e. it
was difficult to sample properly in such a narrow shelf.

The Catalan Sea is bordered by the Iberian penin-
sula in the north and west and the Balearic islands in
the south. This area has been split into 2 operational
geographical units at 41°N. The northern part of this
area (36 tows) features a narrow continental shelf hol-
lowed out by submarine canyons. The southern part
(63 tows) is characterized by the presence of the Ebro
river and by the widest continental shelf (up to 70 km)
of the Iberian Mediterranean coast.

The Gulf of Lions features a very wide continental
shelf mainly due to the presence of the Rhoéne river

delta in its eastern part. With a catchment basin of
about 98 000 km?, the Rhéne river is the biggest source
of inland flow into the Mediterranean Sea. This area
has been split into 2 operational geographical units at
4°E: the western part (98 tows) and the eastern part (73
tows), the latter being directly under the influence of
the Rhoéne river plume.

Dividing up the whole study zone in this way pro-
vided a basis for determining whether pre-existing
geographical sectors—defined on the basis of their
topographic and ecological features (size of the shelf,
presence of a big river, direct influence of the Atlantic
inflow, etc.) showed any heterogeneity (or similarity)
for each of the community descriptors considered. In
comparison to an overall approach using all the data
with no a priori division into sectors, our strategy
allows statistical testing of differences in each of the
community descriptors between geographical sectors
(see 'Statistical analyses’).

Statistical analyses. We investigated the spatial pat-
terns of demersal fish assemblage structure through
the analysis of total abundance, species richness, even-
ness and species composition. Total number of individ-
uals per km? was used as an index of total fish abun-
dance at each site. Following Wilsey & Potvin (2000),
we split species diversity into 2 major components:
species richness (the number of species at a given sta-
tion), and species evenness (how well abundance is
distributed among species within an assemblage). We
used Pielou's Evenness Index (J = - p; log, p;i/logs (S),
where p; is the proportion of all individuals belonging
to species i and S is the number of species).

Firstly, several generalized linear models (GLMs,
McCullagh & Nelder 1989) were used to investigate the
effects of year, bathymetric stratum and sampled region
on the variation of each of the 3 univariate descriptors
of assemblages (total abundance, species richness and
evenness). The link functions were identity or loga-
rithm and the error term was assumed to be normally
distributed. Taking into account the large number of
observations considered in our study (n = 349)—which
increases the power of the statistical tests—we always
chose the 1% threshold as the limit of significance
(rather than 5%, as is sometimes the case for smaller
data sets). We did not include linear interactions of
second and third orders between factors, because they
were non-significant and did not alter the results of the
models (as displayed by the difference in the deviance
between the models with and without interaction term).
Secondly, the results of these GLMs were used to assess
regional means for each of the community descriptors
after adjustment for both the depth and year effects
(least-square means). Lastly, the least-square means
(LS means) were compared using Tukey's multiple
comparison method (Hsu & Nelson 1998).
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In addition, multivariate analyses were carried out to
test for significant heterogeneity in the overall species
composition due to annual or regional effects. The
influence of depth (and correlated environmental
factors) on demersal fish species composition was not
analysed, because it has been extensively described
both worldwide and for the Mediterranean Sea (Gaert-
ner et al. 1999, Ungaro et al. 1999, Rélini et al. 1999,
Demestre et al. 2000, Biagi et al. 2002). Moreover,
because very few reliable environmental data on
depth-correlated factors are available across our study
zone, it would have been difficult to provide new
information on their respective influence on the bathy-
metric pattern of fish species composition.

We used between-group correspondence analyses
(Dolédec & Chessel 1990), where a group is a categor-
ical factor (for instance the 6 sampled areas) that the
analysis uses as instrumental variables (to test the
between-area variability of species composition). In
the first stage, the between-group analysis seeks axes
that will best discriminate the centres of gravity of each
group. The second stage involves the projection of the
different stations as supplementary rows, and thereby
highlights the variability of each row (here station)
around the centre of gravity of its corresponding
group. It allows the assessment of the homogeneity of
the species composition (1) within each group for the
factor tested and (2) between stations belonging to the
different groups. In the present study, this allowed a
posteriori assessment of the influence of depth on the
inter-regional pattern of species composition of demer-
sal fish assemblages. In addition, a permutation test
extended from Romesburg's (1985) to all kinds of vari-
ables (see Manly 1991) was carried out to test the sig-
nificance of the between-group variability. The gen-
eral principle of the between-group analysis was in
some aspects similar to the Fisher Linear Discriminant
Analysis (Mardia et al. 1992). The main difference was
that Discriminant analysis was based on the Maha-
lanobis distance whereas correspondence between-
group analysis allowed us to use the chi-square metric.
In contrast to analyses using Euclidian or Mahalanobis
distances, the use of chi-square on faunistic tables
enabled us to obtain an exact typology of the stations
based on the similarity of their species composition.
For previous examples of the use of between-group
analysis in the field of community ecology, see Dolédec
& Chessel (1994), Gaertner et al. (1998) or Blanc et al.
(2001).

Species occurring in less than 1 % of the tows (i.e. no
more than 3 times among the 349 tows) were ruled out,
the only exception being species occurring 3 times in
the same operative area. This was in order to reduce
the problem of accidental species without losing too
much information on the faunistic specificity of the

regions sampled. The resulting fauna list included 70
fish demersal species. The analysis of species composi-
tion revealed only 60 species (Appendix 1) sufficiently
abundant to be included in the multivariate analysis
(i.e. present in more than 5% of tows). Values of abun-
dance per km? were transformed (In [x+1]) before
analysis to minimise the dominant effect of exceptional
catches. The GLMs and Tukey multiple-comparison
procedure were performed using SAS (SAS/STAT,
1992) while the ADE-4 software (Thioulouse et al.
1996) was used to perform all the calculations and
graphic displays for the between-group analyses. (This
software is available free of charge at: http://pbil.univ-
lyon.fr/ADE-4.html.)

RESULTS
Total abundance and species diversity indices

Variations of each of the 3 community descriptors
(total abundance, species richness and evenness) were
analysed according to 3 factors (year of sampling,
depth stratum and geographical sector) using GLMs
(Table 1). In all 3 cases, the proportion of variability
explained by the model was highly significant
(p < 0.0001), showing that each community descriptor
is influenced by the factors considered. Table 1 pro-
vides a rough comparison of the separate influence of
each factor on each community descriptor. We ob-
served that the geographical sector seemed to be the
most important factor in the variation for species rich-
ness (F5343 = 29.64, p < 0.0001) while depth stratum
and year played a weaker role (F,346 = 14.83,
p <0.0001 and F, 346 = 6.67, p = 0.0014, respectively). In
contrast, our results suggest that depth stratum is the
most important factor of variation for evenness
(F>,346 = 20.52, p < 0.0001) while geographical sector
plays a weaker role (F5343=11.60, p < 0.0001) and the
year of sampling is not significant (F, 34 = 0.63,
p = 0.53). Log-abundance is also mainly influenced by
depth stratum (F, 346 = 31.61, p < 0.0001), while geo-
graphical sector (Fs 343 = 18.19, p < 0.0001) and espe-
cially year (Fy 346 = 6.41, p = 0.0025) are of more limited
influence. Thus, in each model, depth stratum and
geographical sector have a stronger influence than the
year of sampling, which appeared to play, at best, a
very limited role in the variation of the community
descriptors. Moreover, we also have to keep in mind
that each of the models explains only a limited part of
the total variation of the community descriptors (see R?
which varies from 0.23 for evenness to 0.33 for abun-
dance and 0.37 for species richness). The inherent high
noise in this kind of trawl survey data partly explains
the relatively low level we observed for R2.
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Variation of total abundance and species
diversity indices according to depth

The use of non-parametric Loess regression allows
the variation of each of the univariate assemblage de-
scriptors according to depth to be specified (Fig. 2). A
slight increase was found in the logarithm of the total
abundance with depth (Fig. 2a), while the opposite
trend was observed for evenness (Fig. 2c¢). Species rich-
ness exhibited a non-linear relationship with depth.
This diversity index mainly reached maximum values
between 80 and 120 m depth (Fig. 2b). Nevertheless,
these figures also show that, for each of the assemblage
descriptors considered, several tows at a given depth
can give very different values. This observation high-
lights that the observed trends were subject to strong
variability and emphasizes the weakness of the relation
between bathymetry and each of the studied descrip-
tors (total abundance, species richness and evenness).

Variation of total abundance and species
diversity indices between the geographical areas

Here, our goal was to assess the between-areas
heterogeneity for each of the univariate community de-
scriptors considered. A comparison of the variation of
each of these descriptors from one geographical sector
to another after adjustment for depth and year effects is
provided (Fig. 3, Table 2). For the logarithm of total
abundance, maximum values were observed in the
western part of the Gulf of Lions
and in the Alboran Sea. Total
abundance in the western Gulf

More generally, although they are 2 geographically
adjoining areas, the whole of the Gulf of Lions (eastern
and western parts) and the whole Catalan Sea (north-
ern and southern parts) showed opposite values for
species richness. For evenness, a smooth transition was
found from the highest zones (southern part of the
Catalan Sea, eastern part of the Gulf of Lions and the
Alicante area) to the lowest ones (western Gulf of
Lions, northern Catalan Sea, Alboran Sea). Among the
3 univariate assemblage descriptors studied, species
richness exhibited the most strongly contrasted
regional pattern (Table 2).

Species composition of the assemblages
Variation of species composition over the period studied

A between-group analysis focused on the annual
effect was carried out to test the occurrence of a sig-
nificant annual variation of the species composition of
the assemblages during the period studied. The per-
mutation test (1000 permutations) associated with this
analysis did not reveal the occurrence of significant
temporal variation (p > 0.05) in the overall species
composition. On the contrary, it showed that the inter-
annual component of inertia only took into account
2.05% of the total inertia. We therefore concluded
that the inter-annual variability of the species compo-
sition of the demersal fish assemblages was negligible
during the period studied.

Table 1. General results of the GLMs. NS: non-significant effect

of Lions appeared to be signifi-
cantly higher than that observed Dependent Source df SS MS F p>F
) variable
in the Catalan Sea, the eastern
part of the Gulf of Lions and the Abundance  Model 9 30.75 341 1856 <0.0001
Alicante area (Table 2, Tukey mul- (log) Error 339 62.41 0.18
tiple-comparison test, p < 0.05). (R?=10.33) Corrected total 348 93.16
The Alboran Sea shows only sig- Year 2 2.36 1.18 6.41 0.0025
nificantly higher values than Depth 2 11.64 582 3161 <0.0001
y ugh Geographical area 5 1675 335 1819 <0.0001
those recorded in both the North
Catalan Sea and Alicante area. Species Model 9 446584 496.21 2125 <0.0001
The western part of the Gulf of richness Error 339  7918.21 2335
Lions exhibited Signiﬁcantly (R2 =0.37) Corrected total 384 12163.14
higher values for species rich- Year 2 311.73 1559 6.67 0.0014
ness than those recorded in the Depth 2 693.01 346.5  14.83  <0.0001
Geographical area 5 3461.1 692.22 29.64 <0.0001
5 other areas. For the North
Catalan Sea, the opposite situa- Evenness Model 9 2.30 025 11.13 <0.0001
tion was apparent. There, spe- Error 339 7.79 0.02
cies richness appeared to be (R?=0.23) Corrected total 348 10.09
significantly lower than that Year 2 0.03 0.01 0.63 0.53 (NS)
observed in all the other areas Depth 2 0.94 047 20.52 <0.0001
! Geographical area 5 1.32 0.26 11.60 <0.0001
except for the South Catalan Sea.
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Variation of species composition
between the geographical areas

We carried out a between-group analysis focused on
the geographical area effect in order to test the exis-
tence of regional heterogeneity in the species com-
position within the zone studied. This revealed that be-
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tween-area inertia accounted for 21.25% of the total
variability. The associated permutation test was highly
significant (p < 0.001), which showed that the area
subdivision considered in the present study showed
significant heterogeneity in the species composition of
the fish assemblages. The first plane of the between-
area analysis accounted for 88.3 % of the total between-
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Table 2. Comparison of mean values for total abundance, species richness and evenness for the 6 geographical sectors. LS means:
least-squares regional means after adjustment for both depth and year effects. Geographical sectors with the same letter are not
significantly different (Tukey's multiple-comparison method, p < 0.05)

Geographical Total abundance (log) Geographical Species richness Geographical Evenness
sector LS means sector LS means sector LS means

West Lions 422 A West Lions 2094 A South Catalan 0.60 A
Alboran 418 A B East Lions 18.72 B East Lions 058 A B
South Catalan 3.97 B C Alboran 17.68 B C Alicante 057 A B
East Lions 3.96 B C Alicante 16.28 C West Lions 0.53 B C
North Catalan 3.86 C South Catalan 16.13 C D North Catalan 0.51 B C
Alicante 3.84 C North Catalan 14.16 D Alboran 0.50 C

area inertia and thus provided a good summary of this
between-area heterogeneity (Fig. 4). The projection of
the different trawl stations (symbolized by small square
boxes) as supplementary rows enabled us to assess the
degree of variability of the species composition in each
of the 6 operative MEDITS areas (Fig. 4a). In Fig. 4, the
proximity between stations was directly linked to the
similarity of their species composition.

All the stations sampled in the Alboran Sea were pro-
jected into the same factorial area and they were well
discriminated from the 5 other MEDITS sampled opera-
tional areas. Consequently, on the scale used here, the
Alboran Sea can be considered as a specific faunistic re-
gion. The Alicante area and the whole Catalan Sea can
be considered as a second faunistic region. Due to strong
overlapping between the stations of these 3 areas, it was
difficult to distinguish them from one other on the basis

of species composition. Moreover, the tows from the
Alicante area and the Catalan Sea appeared to be well
discriminated from the 3 other operative MEDITS areas
(indicating that their species composition was different
from that observed in these areas).

Similar, but even more striking, results were found
for the 2 parts of the Gulf of Lions. The strong overlap
between the projections of the stations of these 2 areas
indicates that they exhibited a very similar species
composition pattern. Thus, the whole Gulf of Lions is
considered as a third specific faunistic region.

Fig. 4a clearly shows that the new partition of the 6
geographical sectors into 3 faunistic regions is inde-
pendent of the bathymetry. Despite strong within-
region differences in depth—each geographical sector
and then each faunistic region is represented by sev-
eral stations belonging to each of the 3 bathymetric
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strata: 10 to 50 m, 50 to 100 m and 100 to 200 m—each
of the stations in each of the 3 identified regions (Al-
boran, Alicante-Catalan Sea and Gulf of Lions) was
clearly distinguished from the stations of the other 2
regions. This result shows that the partition of the
whole study zone into 3 specific faunistic regions
occurred at all depths considered and thus does not
appear to be influenced by bathymetry.

The projection of the species onto the first factorial
plane of the between-area analysis (Fig. 4b) allowed
identification of the main taxa responsible for this
regional zonation. Species such as Pagellus acarne, P.
bogaraveo, Lepidopus caudatus, Helicolenus dacty-
lopterus, or Blennius ocellaris exhibited an abundance
peak in the Alboran Sea. Other species such as Aphia
minuta, P. erythrinus, Diplodus annularis, Spicara
maena, or Boops boops were strongly associated with
the Alicante—Catalan Sea region, while species such
as Lepidorhombus boscii, Citharus linguatula, Lepido-
trigla dieuzeidei, Chelidonichthys (Eutrigla) gurnar-
dus, Buglossidium luteum, Argentina sphyraena and
Solea solea mainly characterized the Gulf of Lions.

DISCUSSION
Depth zonation of assemblage structure

On the large spatial scale used, we observed that spe-
cies richness tended to reach maximum values around
80 to 110 m depth. At the more restricted scale of the
Gulf of Lions, Gaertner et al. (1998) evidenced the pres-
ence of 2 stable shelf demersal assemblages organized
along a depth gradient with a boundary at around 80 to
100 m depth. Thus, the highest values for species rich-
ness observed in this depth range can be better seen as
a superimposition zone between species belonging to a
coastal assemblage and to a deeper one, rather than as
a zone showing habitat characteristics particularly
favourable for the development of fish species.

More generally, we have shown that the relation-
ships between bathymetry and each of the assemblage
descriptors were weak and marked by strong residual
variability. A non-exhaustive analysis of the literature
devoted to demersal fish assemblages revealed a wide
variety of relationships between species richness and
bathymetry along the continental shelves of the world
ocean. Depending on the area studied, some authors
have observed a positive relationship (Weinberg 1994,
McClatchie et al. 1997, Thomas & Connolly 2001), a
negative relationship (Barber et al. 1997, Farina et al.
1997), or even no relationship at all (Mueter & Norcross
1999, Kallianiotis et al. 2000, Blanchard 2001). The
analysis of the link between bathymetry and total
abundance also seemed to be context-dependent (see

e.g. Weinberg 1994 or Fujita et al. 1995 for positive cor-
relation and Farina et al. 1997 or Kallianiotis et al. 2000
for negative correlation). Results concerning evenness
were less numerous, but they also evidenced some
variability even in adjacent regions (see Magnussen
2002 for an illustration of this statement). This confus-
ing situation and the weakness of the links we
observed on a large scale suggest that the relation-
ships between bathymetry and species diversity or
total abundance were strongly influenced by other
processes. Thus, in contrast to its universally described
predominant role in the spatial distribution of species
composition, depth may only have a limited effect on
the distribution patterns of the total abundance and
diversity of demersal fishes.

Regional zonation of assemblage structure

The species composition of the demersal fish assem-
blages appeared to be organized into 3 regions along a
geographical southwest—-northeast axis. The fact that
each of the 6 sampled areas did not evidence a distinc-
tive species composition pattern compared to the 5
others partly explains the relatively low level of
between-area variability we observed (21.25%). This
was also limited because the spatial pattern of species
composition of demersal fish assemblages was strongly
structured by factors acting independently of this
regional zonation. This is notably the case for the
bathymetry, and for numerous factors such as bottom
type or the physical and chemical characteristics of
the water (see 'Introduction’ for references). Thus,
although it was not predominant, our results show that
this regional pattern was highly significant (p < 0.001)
and the clear discrimination of each of the 3 identified
regions (see Fig. 4a) emphasized its importance in
terms of demersal fish organization.

The regional faunistic pattern observed could be as-
sociated with the environmental heterogeneity of the
zone studied. In the southern part of the area, the Albo-
ran Sea is strongly influenced by the Atlantic currents
entering the Mediterranean through the Straits of
Gibraltar (Millot 1999). The thickness of this vein,
called Modified Atlantic Water, is generally greater
than 200 m in the Alboran Sea (Millot 1999). This re-
sults in a local area of high productivity (Abell6 et al.
2002) and induces strong organic rain (Minas et al.
1984). Harmelin & d'Hondt (1993) postulated that ‘an
undegraded portion of this sedimentation reaches the
benthos when depth is not too great and enhances the
benthos food resources’. These authors further sug-
gested that this trophic supply could favour the survival
of Atlantic macrofauna species which have crossed
through the Gibraltar Straits. This view is consistent
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with results from several studies which have demon-
strated the marked influence of Atlantic inputs on sev-
eral benthic invertebrate groups such as the bryozoans
(Harmelin & D'Hondt 1993), the sponges (Maldonado &
Uriz 1995), the hydrozoans (Medel & Lopez-Gonzdlez
1996), and the crustaceans (Abell6 et al. 2002) in the
Alboran Sea. These observations are also consistent
with the earlier work of Péres & Picard (1964), who ob-
served a high rate of species of Atlantic affinity in the
macrofauna of the continental shelf of the Alboran Sea.

It has been widely demonstrated that species compo-
sition of benthic invertebrates influenced the presence
and the abundance of many demersal fish species (see
Cartes et al. 2002 for an illustration of this statement for
the Iberian Peninsula). We can therefore assume that
the clear differentiation of a demersal assemblage in
the Alboran Sea can be mainly linked to the influence
of Atlantic waters, notably through the strong occur-
rence of macrofauna species of Atlantic affinity in this
area. In addition, as previously suggested by several
authors (e.g. Caddy 1998, Abell6 et al. 2002), the stable
presence of the Almeria—Oran hydrographical front in
the north-eastern part of the Alboran Sea could also
contribute to delimiting this area to the east.

The analysis presented here clearly distinguishes 2
other demersal fish assemblages associated with the
Alicante—Catalan area and with the Gulf of Lions, re-
spectively. We also show that the Gulf of Lions and the
Alicante—Catalan areas give contrasting results from a
species richness viewpoint, with maximum and mini-
mum levels respectively. These clear differences in de-
mersal fish assemblage structure patterns strongly con-
trast with their similarity in terms of their main
environmental features. The presence of the Rhone
river in the eastern part of the Gulf of Lions and the
Ebro river in the southern part of the Catalan Sea,
which were among the most important sources of fresh-
water and nutrient inflow into the Mediterranean Sea
(Margalef 1985, Levourch et al. 1992), strongly mark
the environmental features of these 2 regions. The in-
fluence of rivers on demersal species in the Mediter-
ranean Sea has been evidenced in several works. The
commercially exploited crustaceans Squilla mantis ap-
pear to be preferentially abundant in areas under the
influence of the Rhone (Do Chi 1975) and Ebro (Abello
& Sarda 1989, Abell6 & Martin 1993). Concerning de-
mersal fishes, the influence of rivers has been observed
for Mullus barbatus (Lombarte et al. 2000) in the Ebro-
influenced-area, and Citharus linguatula (Gaertner et
al. 1999) and Solea solea (Salen-Picard et al. 2002) for
the region under the influence of the Rhoéne river
plume. At the species assemblage organizational level,
the works of Demestre et al. (2000), restricted to the
Catalan Sea, did not discriminate a specific assemblage
associated with the Ebro runoff. Similarly, the clear

difference in species composition and species richness
we observed between the 2 regions under the influence
of the Ebro and Rhéne rivers suggest that river dis-
charges do not have a key influence on fish demersal
patterns at assemblage organizational level.

This faunistic pattern differentiation between the Gulf
of Lions and the Alicante—Catalan area can be partly
explained by the influence of a mesoscale hydrographic
structure. The geographical boundary between the
assemblages of these 2 zones roughly corresponds to the
location of the North Balearic front. This hydrographic
structure, which vertically extends down to about 200 m,
is generally attached to the coast in the axis of the
Pyrenees mountains (LeVourch et al. 1992). In the
Mediterranean Sea, the potential effect of some semi-
permanent or permanent hydrographic structures on fish
distribution patterns has been already suggested
especially, but not exclusively, for pelagic species
(Caddy 1998, Agostini & Bakun 2002). In SE New
Zealand, McClatchie et al. (1997) postulated that
mesoscale oceanographic features might specifically
influence the distribution and diversity of demersal
assemblages. Our results for the demersal fishes of the
NW Mediterranean Sea strongly support this hypothesis.

Identification of spatially distinct units
for management purposes

The results of the present study provide evidence for
extending the faunistic specificity of the Alboran Sea,
previously only mentioned for benthic invertebrate
groups, to the demersal fishes. In addition, the large
spatial scale of our study area, including both the Iber-
ian peninsula and the Gulf of Lions, has made it possi-
ble to identify a second faunistic barrier around Cape
Creus (French-Spanish border). Thus, our results
suggest a division of the whole study area into 3 geo-
graphical fish assemblages.

This regional division, based solely on faunistic crite-
ria, should be examined in light of those recently pro-
posed by the General Fisheries Commission for the
Mediterranean (GFCM) under the aegis of the FAO.
The Mediterranean and Black Sea (FAO Area 37) has
been recently re-organized by the Scientific Advisory
Committee (SAC) of the GFCM in order to define man-
agement units for both demersal and small pelagic
species (Anonymous 2001a). The actual definition of
these management units is mainly based on political
and geographical considerations which required the
SAC to take into account (1) the limits of the fishery
activities, (2) the national borders (3) the pre-existing
GFCM statistical divisions and (4) the location of paral-
lels and meridians. Despite the discrepancy of the 2
approaches, the number and the boundaries of the
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new management units adopted by the GFCM within
our study zone (Anonymous 2001b) were totally consis-
tent with the 3 faunistic regions we evidence in the
present study. From this viewpoint, our results, which
confirm the relevance of the zonation proposed by the
GFCM, contribute to the identification of natural man-
agement areas, recognized as one of the key issues in
Mediterranean fisheries management (Caddy 1998,
Garibaldi & Caddy 1998).

However, we also show that the different key
components of the assemblage organization (species
composition, total abundance, species richness and
evenness) do not always exhibit the same spatial distri-
bution pattern. This finding underlines the complexity
of globally managing fisheries. On the one hand, de-
fining regions characterized by a particular and stable
species composition pattern appears to be a major
challenge for multispecies fisheries management pur-
poses (Mahon & Smith 1989, Abell6 et al. 2002, Biagi et
al. 2002). On the other hand, identifying which geo-
graphical regions should be protected, in order to
maintain the widest biological diversity, is central to
the design of effective conservation programmes
(Mahon & Smith 1998, Reid 1998, Browman & Stergiou
2004). Our analysis thus emphasizes that the question
of what region to protect clearly depends on what we
want to protect. In this regard, our results open the
way to discussion of the introduction of an ecosystem
approach in fishery management strategy, which deals
simultaneously with species composition and biodiver-
sity aspects of ecosystems management.
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Appendix 1. List of species considered with detail on the abbreviated codes used.*Species not considered in the multivariate

analysis (i.e. present in less than 5 % of tows)

Label Species Family
ANTOMEG Gaidropsarus biscayensis Collett, 1890 Gadidae
APHIMIN Aphia minuta De Buen, 1931 Gobiidae
ARGESPY Argentina sphyraena Linnaeus, 1758 Argentinidae
ARNOIMP Arnoglossus imperialis (Rafinesque, 1810) Bothidae
ARNOLAT Arnoglossus laterna (Walbaum, 1792) Bothidae
ARNORUP Arnoglossus rueppeli (Cocco, 1844) Bothidae
ARNOTHO Arnoglossus thori Kyle, 1913 Bothidae
ASPICUC Aspitrigla cuculus (Linnaeus, 1758) Triglidae
ASPIOBS Chelidonichthys obscurus (Bloch & Schneider, 1801) Triglidae
BLENOCE Blennius ocellaris Linnaeus, 1758 Blennidae
BOOPBOO Boops boops (Linnaeus, 1758) Sparidae
BUGLLUT Buglossidium luteum (Risso, 1810) Soleidae
CALMMAC Synchiropus phaeton (Glinther, 1861) Callionymidae
CAPOAPE Capros aper (Linnaeus, 1758) Caproidae
CEPOMAC Cepola macrophthalma Linnaeus, 1758 Cepolidae
CITHMAC Citharus linguatula (Linnaeus, 1758) Citharidae
CONGCON Conger conger (Linnaeus, 1758) Congridae
DIPLANN Diplodus annularis (Linnaeus, 1758) Sparidae
DIPLVUL Diplodus vulgaris (Geoffroy St Hilaire, 1817) Sparidae
ECHEMIR* Echelus myrus (Linnaeus, 1758) Ophichthidae
EUTRGUR Chelidonichthys gurnardus (Linnaeus, 1758) Triglidae
GADIARG Gadiculus argenteus (Guichenot, 1850) Gadidae
GALUMEL* Galeus melastomus (Vaillant, 1888) Scyliorhinidae
GLOSLET* Glossanodon leioglossus (Valenciennes, 1848) Argentinidae
GOBIFRI Lesueurigobius (Gobius) friesii Malm 1874 Gobiidae
GOBINIG Gobius niger Linnaeus, 1758 Gobiidae
GOBIQUA Deltentosteus (Gobius) quadrimaculatus (Valenciennes, 1837) Gobiidae
HELIDAC Helicolenus dactylopterus Delaroche, 1809 Scorpaenidae
LEPICAU Lepidopus caudatus (Euphrasen, 1788) Trichiuridae
LEPMBOS Lepidorhombus boscii (Risso, 1810) Scophtamidae
LEPTCAV Lepidotrigla cavillone (Lacepéede, 1801) Triglidae
LEPTDIE Lepidotrigla dieuzeidei (Lacépede, 1801) Triglidae
LOPHBUD Lophius budegassa Spinola, 1807 Lophiidae
LOPHPIS Lophius piscatorius (Linnaeus, 1758) Lophiidae
MACOSCO Macroramphosus scolopax (Linnaeus, 1758) Macroramphosidae
MAURMUE* Maurolicus muelleri (Gmelin, 1789) Sternoptychidae
MERLMER Merluccius merluccius smiridus (Linnaeus, 1758) Merluciidae
MICUVAR Microchirus variegatus (Donovan, 1808) Soleidae
MULLBAR Mullus barbatus barbatus Linnaeus, 1758 Mullidae
MULLSUR Moullus surmuletus Linnaeus, 1758 Mullidae
OPHCRUF* Ophichthus rufus (Rafinesque, 1810) Ophichthidae
PAGEACA Pagellus acarne (Risso, 1826) Sparidae
PAGEBOG Pagellus bogaraveo (Brumich, 1768) Sparidae
PAGEERY Pagellus erythrinus (Linnaeus, 1758) Sparidae
PERICAT* Peristedion cataphractum (Linnaeus, 1758) Peristediidae
PHYLBLE Phyrcis blennoides (Briinnich, 1768) Gadidae
RAJAAST Raja asterias Delaroche 1809 Rajidae
RAJACLA Raja clavata Linnaeus, 1758 Rajidae
SCOHRHO* Scophthalmus rhombus (Linnaeus, 1758) Scophthalmidae
SCORNOT Scorpaena notata Rafinesque, 1810 Scorpaenidae
SCORPOR Scorpaena porcus Linnaeus, 1758 Scorpaenidae
SCORSCO* Scorpaena scrofa Linnaeus, 1758 Scorpaenidae
SCYOCAN Scyliorhinus canicula (Linnaeus, 1758) Scyliorhinidae
SERACAB Serranus cabrilla (Linnaeus, 1758) Serranidae
SERAHEP Serranus hepatus (Linnaeus, 1758) Serranidae
SOLEVUL Solea solea (Linnaeus, 1758) Soleidae
SPARPAG Pagrus (Sparus) pagrus (Linnaeus, 1758) Sparidae
SPICFLE Spicara flexuosa Rafinesque, 1810 Centracanthidae
SPICMAE Spicara maena (Linnaeus, 1758) Centracanthidae
SPICSMA Spicara smaris (Linnaeus, 1758) Centracanthidae
SQUAACA* Squalus acanthias Linnaeus, 1758 Squalidae
SYMPNIG* Symphurus nigrescens Rafinesque, 1810 Cynoglossidae
TORPMAR Torpedo marmorata Risso, 1810 Topenididae
TRAHDRA Trachinus draco Linnaeus, 1758 Trachinidae
TRIGLUC Chelidonichthys lucernus (Linnaeus, 1758) Triglidae
TRIGLYR Trigla Iyra Linnaeus, 1758 Triglidae
TRIPLAS Chelidonichthys lastoviza (Bonaterre, 1788) Triglidae
TRISCAP Trisopterus minutus (Linnaeus, 1758) Gadidae
URANSCA Uranoscopus scaber Linnaeus, 1758 Uranoscopidae
ZEUSFAB Zeus faber Linnaeus, 1758 Zeidae
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