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Abstract — The fish assemblages of two shallow soft-bottom areas located in the Gulf of Fos (NW Mediterranean) were
studied by means of 57 trawl surveys carried out on both seasonal and diel scales between 1983 and 1985. A total of 47
fish species was recorded, with a mean density and biomass of 650 individuals ha™* and 2.67 kg ha™, respectively. Most
of the fluctuations observed were on the spatial scale. Strong differences in fish assemblages were observed between the
two areas, with both higher species richness and biomass in the outer part of the gulf (La Gracieuse), while a higher
density of individuals characterised its inner part (Bay of Carteau). This spatial pattern was due to a small number of
species, such as the gobiids Gobius niger and Pomatoschitus minutus in Carteau, and the flatfish Arnoglossus laterna,
Buglossidium luteum and Solea solea in La Gracieuse. These differences were probably induced by differences in the
hydrological and benthic characteristics of the two study areas. Decreases in species richness, density and/or biomass
were observed in both areas over the study period, athough this trend was not significant in all cases. These decreases
may have been linked to interannua variations in the mean flow rate of the Rhéne River (-28.1% between 1983 and
1985), which might have induced a decrease in the density of benthic invertebrate populations. We suggest that a similar
reaction occurred in fish populations, as most of them are known to feed on these invertebrates. Diel patterns did not
reveal any significant trends. However, an increase in density and biomass at sunset, and a decrease before sunrise were
observed in summer in both areas, and the presence of certain specific species was recorded in catches at determined
hours of the diel cycle. These observations were likely due to the activity cycles (diurnal vs. nocturnal) of the fish
species. © 2001 Ifremer/CNRS/IRD/Editions scientifiques et médicales Elsevier SAS

demersal ichthyofauna / Gobiidae / Pleuronectiforms / spatial distribution / temporal variations

Résumé - Variations spatio—temporelles des assemblages de poissons dans des petits fonds meubles
de Méditerranée (golfe de Fos, France).es communautés de poissons des fonds meubles de deux secteurs du golfe de
Fos ont été étudiées par 57 chalutages, réalisés en différentes saisons et a différentes heures du nycthémeére, entre 1983 et
1985. Un tota de 47 espéces de poissons a été recensé, avec une densité et une biomasse moyennes de
650 individus ha ™ et 2,67 kg ha™, respectivement. L’ essentiel des différences observées est lié ala distribution spatiale
des especes, avec une forte distinction entre les deux secteurs: |a richesse spécifique et |a biomasse ont été plus fortes a
I’ extérieur du golfe (La Gracieuse), aors que la densité a été plus forte a I’ intérieur (baie de Carteau). Cette ségrégation

*Correspondence and reprints: fax: +33 491 411 265.
E-mail address: letourneur@com.univ-mrs.fr (Y. LETOURNEUR).
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est surtout due a un petit nombre d’ especes, comme les Gobiidae Gobius niger et Pomatoschitus minutus, surtout
capturés a Carteau, et les poissons plats Arnoglossus laterna, Buglossidium luteum et Solea solea a La Gracieuse. Ces
différences sont probablement liées aux caractéristiques hydrologiques et benthiques de ces secteurs. Au cours de la
période d' étude, la richesse spécifique, la densité et/ou la biomasse ont diminué sur les deux secteurs. Les variations
interannuelles du débit du Rhone (—28,1% entre 1983 et 1985) peuvent avoir induit une diminution de la densité des
populations d’ invertébrés benthiques. Cela aurait eu des conséquences semblables sur les poissons car la plupart d’ entre
eux se nourrissent de ces invertébrés. Aucune tendance particuliére n’est clairement apparue au cours du nycthémeére.
Cependant, la densité et la biomasse ont augmenté durant la saison estivale et sur les deux secteurs, au moment du
crépuscule, et ont diminué a |’ aube. De plus, certaines especes ont été capturées préférentiellement a des heures bien
déterminées du nycthémeére. Ces observations sont a relier aux rythmes d’ activités (diurnes vs. nocturnes) des poissons
qui habitent ces petits fonds sableux. © 2001 Ifremer/CNRS/IRD/Editions scientifiques et médicales Elsevier SAS

ichtyofaune démersale / Gobiidae / Pleuronectiformes / distribution spatiale / variations temporelles

1. INTRODUCTION and Blaber, 1992 Wantiez, 1994: Wantiez et al_1996]

Dulcic et al, 1997; | agardére at al, 1999; van der Veer
Soft-bottom areas are relatively well studied on a world- bnd Witte, 1999; Wagner and Austin, 1999)]

wide scale, because they host large populations of com- . , .
mercial fish, are suitable areas for trawling, and generally Few studies have been done on fish assemblages in

: : L L = ft-bottom areas in the NW Mediterranean. Available
support intensive fishing activity (Eujita ef al 1995 0 . e .
PP g - Y = data focused mainly on commercial fish from the conti-

nental shelf (50 to 500 m) at large spatial scalasm
or on the loca
effects of fishing restrictions, such asin Sicily at depths

Bt al_2000). Trawling affects fish assemblages in two
main ways. First, fishing activities have obvious effects
on targeted fish populations by reducing specimen den-
sity and size, and they also affect both associated non- IOf between 10 and 200 m | whil

commercial species and juveniles of numerous fish spe- white

cies Second, habitat characteristics studies focusing on shallow fish assemblage structures
(Wantiez et al ., 1996). o [ I |
are often strongly modified, due to the disappearance of laqd/orEfundf onl ngi .haV(_e been rare : ovi|

associated benthic organisms and the homogenlwtlon of

We conducted a study of a shallow soft-bottom zone, the
W mposition Gulf of Fos, located in the vicinity of significant fresh-

water inputs from the Rhone River, and whose fish

For these reasons, the extensive work done on soft- communities have never been studied from a structural
bottom areas has been *fishing-oriented’ towards a lim- or functional point of view. Available work on that area
ited number of species of commercial interest, while, only focused on particular aspects of the biology of a
surprisingly, very little is known about the fish commu- limited number of species, such as a dietary study of
nities that inhabit such aress, either in terms of their  Certain demersal fish species [Reys 1960)] astudy on the
spatial distribution or with regards to variations over recruitment patterns and processes of Solea solea
time. The lack of this type of data s probably one of the ~ Direac’h-Boursier 1990)) and astudy On%
major causes of the difficulties encountered in fisheries oral use of prey by four flatfish species

management and ecosystem conservation (Batsfard et al | . The present study is therefore afirst step towards

understanding the structure and functioning of the fish
assemblages as a whole in the Gulf of Fos, and was

As a result, studies focusing on the organization and conducted in order to respond to the following main
functioning of soft-bottom fish communities have in- guestions: 1) do fish assemblages from two separate
creasingly appeared as a necessary complement to the areas of the Gulf of Fos show significant spatia differ-
work aready done on those biotopes, particularly for ences in their main descriptors, e.g. species richness,
shallow water areas, which serve as nursery grounds for density and biomass? and 2) do these assemblages vary
numerous fish species of commercial interest according to clearly defined diel and seasonal patterns?
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2. MATERIALS AND METHODS

2.1. Study area

This work was carried out in the Gulf of Fos (France), a
shallow semi-enclosed soft-bottom zone located near the
delta of the Rhéne River, in the northwestern Mediterra-
nean Sea, near the desalted de Berre Lagoon (

The zone studied is then subject to significant freshwater
inputs, associated with a high transport of terrestrial
materials. Both the de Berre Lagoon and the area sur-
rounding the Rhéne River deltawere characterized by the
presence of numerous factories and refineries. Two dif-
ferent areas were studied. The first (Carteau), located in
the inner part of the Gulf of Fos, isasmall bay subject to
moderate hydrodynamic conditions, athought frequent
northwestern trade winds generate swirling surface water
movements (Raux_and Vernier 1975). Temperature dif-
ferences between winter and summer were significant,
due to the combined effect of winds, a shallow depth, and
freshwater inputs . The second area studied
(LaGracieuse) islocated in the outer part of the gulf, and
is usualy subject to high wave action and freshwater
inputs, which often induce an eutrophication phenom-
enon (Blanc ef al, 1969). The mixing of fresh and salt
waters is not homogeneous in space and time, and
generates sharp gradients in temperature and salinity
(Blanc ef al., 1969). Since 1985, the area of Carteau has
been occupied by large-scale permanent structures for
intensive mussel aguaculture (Mytilus galloprovencialis),
and is, therefore, no longer available to trawling.

2.2. Sampling techniques

The soft-bottom fish assemblages were sampled using a
small beam-trawl as this fishing gear is best adapted to
this biotope when turbidity or depth excludes the use of

visual censuses (Saville_1978; Wantiez et al _1996). The

opening of the beam-trawl used was 1.5 x 0.5 m, with a
8 mm net mesh size (Harmelin-Vivien 1981). Samples
were collected after 30 min of trawling (mean speed:
2 knots) at La Gracieuse, and after 15 min in the Bay of
Carteau due to technical restrictions in that area. The
surface areas sampled were, then, 2778 m? and 1389 m?,
respectively, at depths of 5-8 m.

The Bay of Carteau was sampled during the summers of
1983 and 1984, the winter of 1984 and the spring of 1985,

whereas La Gracieuse was studied during the summer of
1984, the winter of 1984 and the summer of 1985. During
each season, trawlings were carried out at 2-3 hintervals
over a24 h cycle (| ), according to the difference in
timing for sunset and sunrise periods between these
seasons. After sampling, fish were indentified, their total
(TL) and standard (9) lengths measured to the nearest
millimetre, along with their wet weights to the nearest
gram.

2.3. Data analyses

A correspondence analysis (CA) was applied to the global
density data set, pooling al trawling from different hours
and seasons. Rare species, e.g. those caught only during
a single trawl, were not considered. Rare species consti-
tuted a low percentage of the whole assemblage in terms
of density, but not in terms of species richness and
biomass (| ). The CA was thus applied to the global
density data set, in order to minimize the loss of infor-
mation. Examination of the absolute contributions of the
species to the first factoria plan of the CA allowed the
determination of the most representative species of the
pattern found. The heterogeneity of dispersion was tested
with random permutations of stations (trawling) between

groups (seasons) kRamesb: Irg ]985j_

The data met Levene's test criteria (homogeneity of
variances) and showed a normal distribution (Kolmogor-
ov-Smirnov test) (Sokal and Rohlf 1981). Two-way
analyses of variance (Anova) (area x season) were then
applied to compare the different data sets in terms of
species richness, density and biomass. A posteriori com-
parisons of means were performed using the Student—
Neumann—Keuls (SNK) test. Diel patterns were analysed
using a chronological clustering method, where clusters
were established from matrices of similarity obtained
with the Steinhaus coefficient Legendre et al _1985).
This technique is well adapted to temporal patterns
because it avoids autocorrelations between adjacent
samples in the time series, such as between hours H-1
and H, H and H+1, etc. in our case. A temporal contiguity
constraint was applied to clusters, to determine non-
overlapping groups of samples adjacent in the time series
(a=0.05). A posteriori group expansion tests were run
to determine if the groups formed by the cluster were
clearly separate, or if a gradual succession existed
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Figure 1. Location of the trawled areas (in black) in the Gulf of Fos, France (NW Mediterranean).

Table |I. Hours of trawling at different seasons in the areas of Carteau and La Gracieuse.

Site Season Hours
Carteau Summer 1983 11:30, 14:00, 16:00, 18:30, 22:00, 00:00, 03:00, 06:30, 09:00
Winter 1984 11:30, 14:30, 17:30, 21:30, 00:00, 05:00
Summer 1984 11:00, 16:00, 20:00, 21:30, 00:00, 03:00, 06:00
Spring 1985 10:00, 11:00, 14:00, 15:00, 17:30, 21:30, 23:00, 05:00, 06:00
La Gracieuse Summer 1984 10:00, 13:00, 16:00, 20:00, 23:00, 02:00, 04:00, 07:00, 09:00
Winter 1985 10:00, 13:00, 15:00, 18:00, 23:00, 02:30, 04:30, 07:00
Summer 1985 09:30, 12:00, 16:00, 19:00, 23:00, 02:00, 04:00, 06:00, 09:00
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Table Il. Importance of rare species.

Bay of Carteau La Gracieuse Total
Species richness (number of species) 7 (18.9) 5 (16.7) 12 (25.5)
Density (individuals ha™) 25.3 (3.0) 8.0 (2.0) 17.9 (2.8)
Biomass (g ha™) 732 (39.1) 486 (13.1) 609 (21.8)

Values in brackets indicate the percentage of fish communities represented by these rare species.

3. RESULTS

3.1. Fish assemblage structure

A total of 47 fish species, belonging to 25 families, was
recorded during this study, with a mean density of
650 individualsha™ and a mean biomass of about
2.7 kg ha* (tanle11d). However, fish assemblages varied
significantly between the two areas, which had been
characterized by there different sets of data, i.e. mean
species richness, density and biomass (M). The
mean species richness and biomass per census were
significantly higher (table 1M and post hoc SNK tests) at
La Gracieuse than at Carteau, whereas the opposite was
true for mean density (table 1M and post hoc SNK test).
The CA revealed striking differences in fish assemblages

. The random permutations test was highly
significant (P <0.0001), and demonstrated that fish as-

Table Ill. Total species richness, mean species richness, mean density and

semblages were significantly different according to area
and season. Axes 1 and 2 explained 54.7% of the total
inertia. Axis 1 separated the trawlings at La Gracieuse
from those at Carteau. Axis 2 separated the different
temporal data sets, but with different seasona trends
according to the area (figure 2d). At La Gracieuse, all
summer data were grouped and were quite distinct from
winter data. For Carteau, the data from summer and
winter 1984 were similar and were opposed to the data
from summer 1983; the data of spring 1985 were inter-
mediate between the other two sets.

The pattern observed in the CA was mainly due to four
species (figure 2b_2d). The gobiid Gobius niger was
strongly associated with Carteau during both summer and
winter 1984, the gobiid Pomatoschistus minutus was
associated with the other two seasons in Carteau, whereas
the flatfish Arnoglossus laterna and Buglossidium [uteum
characterized the La Gracieuse area (figure 2h d).

mean biomass per trawling.

Bay of Carteau La Gracieuse Tota
Number of trawlings 31 26 57
Total species richness 37 30 47
Mean species richness 6.55 (0.84) 9.19 (0.56) 7.68 (0.61)
Mean density (individuals ha™) 837 (283) 401 (76) 650 (162)
Mean biomass (g ha®) 1874 (397) 3724 (588) 2667 (402)

Confidence intervals at « = 5% level are in brackets.

Table V. Summary of two-way ANOVAS involving mean species richness, density and biomass.

Source of variation

Area Season Area x Season
Mean species richness *okk *kok ns
Mean density ko * *
Mean biomass ** ns ns

Level of significance: *** =P <0.001, ** =P <0.01, * =P <0.05, and ns

=P >0.05.

277



Y. LETOURNEUR et al. / Oceanologica Acta 24 (2001) 273-285

L
\
A,
= ® X
+ X .
x4+ +
*
¥ *
*
* *
+
* Axis 1: 37.2% a3
- . < >< K>‘>«“N‘
& %@%ﬁ
*, % x *
* %
Q9
*x 5w T
M~
— PAY PAY
«
Z
B Po pic C Axis1  Axis2
( ) P Go.nig 7.83 53.90
Po.mar 3.66 6.51
Po.min 13.97 25.55
Ap.min 476 5.13 Figure 2. A. First factoria plane of the
Ar.lat 19.93 0.04 correspondence analysis monitored on the
Sy.aba Bu.lut 26.91 0.00 fish density data from summer 1983 to
G .Ni Sy.acy So.imp 6.34 0.00 summer 1985. Significance of trawled sta-
0 n'g . tions: %, Carteau, summer 1983; ¥, Car-
Hi hip i.ram teau, summer 1984; ¥, Carteau, winter
c.por 1984; ¥, Carteau, spring 1985; <, La
Ar.tho p pring
Sy.cin Gracieuse, summer 1984; ¥, La Gracieuse,
Caris Trluc winter 1984; and ¥, La Gracieuse, summer
aris : BO.pOdTr i 1985. B. Projection of species along the first
S Ar.lat Mu.sur Tr : ra factorial plane of the correspondence analy-
— e. . o’_ﬁﬁb*'i sis monitored on the fish density data set
De.qua P Bu.lut Pa.ery (see fable VI for correspondence between
Sa.pil Co.con a.aca Ec.vi species and codes). C. Absolute contribu-
H Sc.not c.vip tions of species to axes one and two are
Po.min Mubar s.obs Op.roc expressed in percentage of inertia of each
. Sc.rho axis. Only species with absolute contribu-
Ap.mln Me.mer tion>5% for at least one axis are men-
Po.mar tioned, and species with absolute contribu-
! tion > 10% are mentioned in bold italics on
(B).

The importance of rare species, i.e. those caught on only
one occasion, was relatively high in terms of the number
of species and biomass in both areas, but concerned only

2.0 to 3.0% of fish density (fable1l). These species
represented a similar part of the assemblage in both
areas, except for biomass.
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The most numerous fish species in Carteau were three
gobiids, whereas two flatfish and two gobiids dominated
in LaGracieuse (m Another pattern appeared when
the biomass was considered, emphasising the importance
of Solea solea in both Carteau (rank 2, if we consider the
biomass of Conger conger as‘ non-reprensentative’ dueto

Table V. Mean density and biomass of the fish species caught at Fos.

its low density), and La Gracieuse, where it was the
dominant species, followed by three other flatfish, Arno-
glossus laterna, Buglossidium luteum and Solea impar. In
both areas, amost all fish species, particularly the most
abundant ones, were carnivores, feeding mainly on
benthic crustaceans, polychaetes and molluscs.

Density (individuals ha®)

Biomass (g ha™)

Fish taxa Code Carteau La Gracieuse Carteau La Gracieuse
Torpenididae

Torpedo marmorata To.mar 0.23 (0.45) - 68.6 (169.7) -
Clupaeidae

Sardina pilchardus Sa.pil 1.86 (2.53) - 1.1 (3.8) -
Congridae

Conger conger Co.con 1.54 (1.76) 0.37 (0.50) 225.1 (330.6) 151.5 (271.5)
Gadidae

Merluccius merluccius Me.mer 0.31 (0.61) 0.19 (0.36) 59 (11.7) 57 (11.2)
Ophiidae

Ophidion barbatum Op.bar - 0.18 (0.36) - 0.8 (1.5)

O. rochei Op.roc - 8.12 (5.28) - 170.2 (122.0)
Syngnathidae

Hippocampus hippocampus Hi.hip 1.24 (1.15) - 6.4 (6.2) -

H. ramulosus Hi.ram 0.93 (1.82) 0.55 (0.61) 1.8 (3.5 16 (2.2)
Syngnathus abaster Sy.aba 1.86 (2.21) - 0.8 (0.9) -

S acus Sy.acu 0.93 (1.33) - 51(7.1) -

S typhle Sy.typ 0.31 (0.61) - 0.2 (0.5) -
Scorpaenidae

Scorpaena notata Sc.not 1.24 (1.15) 0.19 (0.36) 5.0 (7.8) 7.8 (15.3)

S porcus Sc.por 0.23 (0.45) 0.19 (0.36) 0.4 (0.7) 36.1 (60.8)
Triglidae

Aspitrigla obscura As.obs 5.88 (4.98) 1.11 (1.20) 19.1 (24.0) 61.0 (67.6)

Lepidotrigla cavillone Le.cav - 0.19 (0.36) - 0.8 (1.5)

Trigla lucerna Trluc 0.31 (0.61) 0.73 (0.85) 0.1 (0.3) 55(9.9)
Serranidae

Serranus hepatus Se.hep 3.17 (2.16) 0.19 (0.36) 15.1 (10.6) 0.1(0.1)
Carangidae

Trachurus mediterraneus Tr.med 0.62 (1.21) - 1.9 (3.8) -

T. picturatus Tr.pic - 0.55 (0.60) - 0.6 (0.7)
Mullidae

Mullus barbatus Mu.bar 0.93 (1.33) - 12.8 (17.5) -

M. surmulletus Mu.sur - 3.51 (2.63) - 8.0 (7.7)
Sparidae

Lithognathus mormyrus Li.mor - 0.19 (0.36) - 9.2 (18.1)

Pagellus acarne Pa.aca 0.54 (0.75) 1.66 (1.47) 3.04.1) 19(1.8)

P. bogaraveo Pa.bog - 0.19 (0.36) - 1121

P. erythrinus Paery - 1.29 (0.98) - 10.3 (10.2)
Labridae

Symphodus cinereus Sy.cin 2.09 (1.86) - 29.8 (32.4) -
Trachinidae

Echiichthys vipera Ec.vip - 1.66 (1.16) - 10.6 (8.1)

Trachinus draco Tr.dra - 2.21 (1.30) - 22.9 (17.5)
Clinidae

Clinitrachus argentatus Cl.arg 0.31 (0.61) - 1.0 (1.9 -
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Table V. Continued

Density (individuals ha™)

Biomass (g ha™)

Fish taxa Code Carteau La Gracieuse Carteau La Gracieuse
Blenniidae

Blennius tentacularis Bl.ten 0.31 (0.61) - 2.0 (3.8) -
Callionymidae

Callionymus risso Caris 8.67 (4.31) 13.66 (6.69) 11.0 (5.4) 15.95 (7.22)
Gobiidae

Aphia minuta Ap.min 66.79 (50.76) - 42.3 (32.6) -

Deltentosteus quadrimaculatus De.qua 10.22 (6.23) - 25.0 (15.0) -

Gobius fallax Gofal 1.24 (2.42) - 2.8 (5.4) -

G. niger Go.nig 32213 (106.51) 3.51 (2.84) 738.8 (245.4) 149 (12.1)

Pomatoschistus marmoratus Po.mar 3.09 (6.06) 46.32 (35.09) 6.2 (5.6) 94.5 (74.5)

P. microps Po.mic 0.31 (0.61) - 0.1(0.2) -

P. minutus Po.min 388.14 (303.89)  65.89 (46.92) 182.5 (137.4) 69.7 (48.9)

P. pictus Po.pic - 0.19 (0.36) - 0.1 (0.2
Scophthalmidae

Scophthalmus rhombus Sc.rho - 1.48 (1.25) - 236.3 (328.1)
Bothidae

Arnoglossus laterna Ar.lat 23.68 (8.24) 89.33 (30.29) 93.4 (35.8) 337.7 (89.8)

A. thori Ar.tho 1.86 (1.35) - 13.3 (13.5) -

Bothus podas Bo.pod - 7.01 (3.94) - 182.0 (83.9)
Pleuronectidae

Platichthys flesus P.fle - 0.18 (0.36) - 44.3 (86.8)
Soleidae

Buglossidium luteum Bu.lut 31.19 (11.15) 114.43 (29.82) 142.7 (54.1) 673.7 (206.9)

Solea impar So.imp - 14.03 (5.24) - 369.8 (148.4)

Solea solea So.sol 2.40 (2.27) 14.95 (4.18) 2135 (357.7) 1236.0 (509.1)

Code: see m; values in brackets are confidence intervals at « = 5%; — indicates the absence of the species.

3.2. Seasonal fluctuations

Mean species richness, density and biomass varied over
timein both areas. Anovas showed that these fluctuations
were statistically significant, except for biomass

. However, the post hoc SNK  tests showed a signifi-
cant decrease of hiomass in La Gracieuse (P < 0.05) but
the decrease of —-69% ( ) in Carteau was not
statistically significant (P > 0.05). In thisarea, all descrip-

tors displayed a marked decrease, ranging from —-51%
(species richness) to -84% (density), between summer
1983 and spring 1985. Conversely, in La Gracieuse,
significant and opposite seasona trends appeared for
mean density and biomass, with a higher density in
winter, and a higher biomass in summer ).
Density and biomass figures were lower in 1985 than in
1984. Species richness constantly decreased over time,
but the difference was only significant between summer
1984 and summer 1985 (t-test, P < 0.05).

Table VI. Mean species richness, mean density and mean biomass per season.

La Gracieuse Carteau

S 1984 W 1985 S 1985 S 1983 W 1984 S 1984 Sp 1985
Mean species richness 10.67 (0.86) 9.13 (0.86) 7.78 (1.12) 9.67 (0.80) 7.17(1.18) 457 (0.94) 4.78 (1.59)
Mean density (individuals ha™) 443 (119) 575 (171) 186 (17) 2029 (1029) 621 (416) 374 (224) 324 (159)
Mean biomass (g ha®) 5432 (2307) 2481 (798) 3258 (1163) 3544 (2976) 1534 (649) 1318 (662) 1099 (946)

Confidence intervals at o = 5% level are in brackets; S: summer, W: winter, Sp: spring.
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Table VII. Relative importance of juveniles of the most abundant flatfish species, for each season and area.

Carteau La Gracieuse
Fish species S 1983 W 1984 S 1984 Sp 1985 S 1984 W 1985 S 1985
Arnoglossus laterna 48.3 212 nc 46.1 75.9 317 30.3
Buglossidium luteum 53.8 39.7 60.1 714 16.1 323 40.9
Solea impar - - - - 19.1 nc 27.3
Solea solea nc nc nc nc 21.7 29 32

Values are expressed as a percentage of the species population; for each season, al trawls were pooled together; nc: not calculated

(n < 15individuals),

Some species, like the flatfish Bothus podas, Bugloss-
idium luteum, Soleaimpar and S. solea, decreased both in
density and biomass during winter in La Gracieuse, and
exhibited a seasonal density trend opposed to the overall
assemblage. This pattern was mostly due to the presence
of numerous juveniles during summer periods, and their
scarcity in winter. Conversely, other fish like the gobiids
Pomatoschistus marmoratus and P. minutus increased in
density and biomass during winter, exhibiting a biomass
trend opposed to the overall assemblage. Patterns were
less complex in Carteau, where species generally fluctu-
ated in accordance with the overall assemblage, with the
exception of Callionymus risso, which showed an in-
crease both in density and biomass during the study
period.

For the most abundant flatfish species, juveniles were
present at al seasons but their percentages among the
populations were usually lower in winter than in summer

or spring (table V11).

3.3. Diel variations

Chronological clusterings did not reveal any significant
diel variationsin species richness, density or biomass, for
either the whole assemblage or its major components
(flatfish and gobiids). Diel patterns differed between years
for the same season, both in Carteau and La Gracieuse
). Trends in species richness were reversed
between summer 84 and summer 85 at La Gracieuse, and
between summer 83 and summer 84 at Carteau.

However, diel variations appeared more clearly during
summer than during winter or spring. In particular, an
increase in density and biomass at sunset and a decrease
before sunrise were observed in summer 84 a La
Gracieuse and summer 83 at Carteau (m The most

—: absence of the species. S: summer, W: winter, Sp: spring.

important diel changes were of three types. First, noctur-
nal macrocarnivorous species, like Conger conger and
Ophidion rochei were only caught during and just after
sunset. Second, other species, like Callionymus risso,
disappeared from catches at night as they burrowed into
the sediment. Third, the abundance of some species,
mainly flatfish, differed between night and day. Bugloss-
idium luteum was mainly caught during the night,
whereas Arnoglossus laterna was mainly caught during
the day.

4. DISCUSSION

4.1. Spatial distribution

In the Gulf of Fos, afew families dominated soft-bottom
fish assemblages, particularly flatfish and Gobiidae. The
importance of Gobiidae was underlined in soft-bottom

fish assemblages in the Baltic Sea {Tharman and Wied
Erholm_1983; Thorman_1986)] and in Spain [lglesias]
(.981; Ramos-Espla and Pérez-Ruzafa_1985). In addition
to gobiids, the important role of the flatfish Platichthys
flesus was also noted in the Baltic Sea

@ Similar observations have been made in other
soft-bottom areas around the world (Qviatt and Nixan)
(973 Walton and Bartoo 1976: \Warburtan and Blaber]
992; Wagner and Austin 1999). These similarities

between soft-bottom fish assemblages over the world
may reflect a similarity in how soft-bottom ecosystems
function. These ecosystems are based on relatively
‘simple’ trophic interactions, most likely represented by
the following major pathways: microphytobenthos and
detritus — micro- and macrofauna (small invertebrates)
- carnivorous fish (flatfish, gobiids, etc.). Due to the
physical conditions in the area (e.g. wave action and,

281



Y. LETOURNEUR et al. / Oceanologica Acta 24 (2001) 273-285

La Gracieuse

um S84 o W85 X 885

e
N

Bay of Carteau

m S83

OWB3 X S84 ¢ P85

10 12 14 16 18 20 22 00 02 04 06 08

10 12 14 16 18 20 22 00 02 04 06 08

Figure 3. Diel variations
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more generally, instable hydrodynamic conditions,
muddy and sand-mud mixed sediment), erected macroal-
gae are poorly developed. This, in addition to the abun-
dance of potential preys (polychaetes, molluscs and
crustaceans) could explain the absence of herbivorous
species and the large abundance of micro- and macrocar-
nivorous fish in the assemblage. A similar explanation
was proposed for the soft-bottom communities of New
Caledonia, where benthic carnivorous fish represented
75% of the total biomass

Differences in ichthyofauna between the inner and the
outer parts of the Gulf of Fos may be linked to severa
factors. Differences in wave agitation created two bio-

10 12 14 16 18 20 22 00 02 04 06 08

for winter (W), and by
grey arrows for summer
(S), this timing being in-
termediate in spring (P).

L A 2

cenoses that differed in granulometric characteristics. In
Carteau, the inner part of the gulf, wave agitation was
lower, and muddy components largely dominated the

sediment [Stara_and Romano, 1980)] whereas in La

Gracieuse, the outer part of the gulf, the sandy fraction
dominated [Eghvre-Chevalier 1969). Although more
diversified in the inner part of the gulf, the specific
composition of invertebrate populations were quite simi-
lar in both areas, but the relative importance of inverte-
brate groups varied according to the biocenosis. In a
decreasing order of importance in density, bivalves,
crustaceans and polychaetes dominated the macrofaunal
assemblages in the outer part of the gulf, whereas
gastropods, holothurians, crustaceans, bivalves and poly
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chaetes characterised the inner part {Stara and Romano)
@. Flatfish species have been shown to have quite

different food preferences in the two areas of the Gulf of
Fos [Darnaude et al _2001). Food resource partitioning
occurred both between species and between individuals
of different sizes within a flatfish species. This food
resource partitioning could also occur between other fish
species (Warburton and Blaber, 1992)] and might then
explain the patterns found: the differences in prey popu-
lations which exist between the two areas could lead to
two different predator assemblages according to the
respective food preferences of the fish.

4.2. Temporal fluctuations

Although diel patterns have rarely been studied in Medi-
terranean fish communities, the trend found here was
opposite to those found in complex marine ecosystems
like Posidonia oceanica beds (Harmelin-Vivien 1982]
m These complex ecosystems offer alarge
number of different habitats for fish as well as inverte-
brates of various sizes. In such a context, high species
richness is the usual response of fish communities. This
most often results in an increase in the temporal parti-
tioning by the various species in the community, thereby

explaining the clearer diel patterns observed in complex
systems (Harmelin-Vivien_1982). On the shallow soft-
bottoms of the Gulf of Fos, there is probably a strong
synergy between the simple benthic structure and the high
hydrological instability of the area, which could favour
tempora variations with quite long cycles, like seasonal
patterns, rather than with shorter cycles, like diel patterns.

During the study, a decrease in species richness, density
and biomass was observed at both La Gracieuse and
Carteau, without any seasonal trend for the latter area. A
first possible explanation might be linked to the estab-
lishment, in 1985, of large structures for intensive mussel
aquaculture in the bay of Carteau. One could suggest that
fishermen increased their fishing effort before fishing was
prohibited. Although this phenomenon has already been
observed on some coral reefs before the establishment of
marine reserves and fishing restrictions (Wantiez, per-
sonal communication), there were no similar observations
or available data which could support this hypothesis in
the case of the Gulf of Fos.

The area under study is subject to freshwater inputs (from
de Berre Lagoon and from the Rhdéne River), which, in

addition to the numerous factories and refineries, brought
in large amounts of pollutants. Pollution generally has a
strong effect on benthic communities (Rei

but there is no clear evidence to demonstrate its
role in the decrease in al fish assemblage descriptors
observed in the Gulf of Fos during the study period.

The observed pattern may be a reflection of temporal
fluctuations under normal circumstances. River inputs
also provide particular matter and nutrients that can
enhance marine pelagic and benthic production. These
mputs are controlled by the river flow

and, over a long term, it has been
demonstrated that a positive correlation between the
Rhéne River discharge and the abundance of benthic
polychaetes does exit (Salen-Picard et al__1997). Over the
study period, mainly dueto variationsin rainfall, the flow
of the Rhéne River strongly decreased from a mean flow
rate of 2059 m3 st in 1983 down to 1480 m® st in 1985
(Sadlen-Picard, unpublished data), i.e. a decrease
of —28.1%. This obvious decrease resulted in changes in
benthic invertebrate populations, especially in a decrease
in the abundance of subsurface deposit-feeders (Salen-
Picard and Arlhac, manuscript in preparation). This might
suggest that the fish assemblages of the Gulf of Fos are
dependant, at least in part, on terrestrial material brought
in by the Rhoéne River, probably in an indirect way
through the trophic pathway mentioned above. As the
river flow is subject to interannual variations, the ob-
served decrease in species richness, density and biomass
also suggests that fish assemblages in that zone respond
to new conditions after a short time lag.

In complex ecosystems, temporal variations in fish as-
semblages are most often based on a regular rhythm
which mainly results from deterministic processes like
geomorphology and biotic interactions, although stochas-
tic processes, like recruitment, can also influence inter-
annual variations {(Harmelin-Vivien 1982). We suggest
that stochastic mechanisms play a significant role in
structuring fish assemblages in simple ecosystems like
the soft-bottoms of the Gulf of Fos, but the relative roles
of stochastic and deterministic processes were not deter-
mined. The relationships observed between river flow and
fluctuations in the fish assemblages support thisidea. The
shallow waters of the Gulf of Fos are used as a nursery
grounds by the juveniles of various fish species, espe-
cially flatfish (Rarnaude et al _2001). The pattern found
might then result from interannua variations in the
settlement patterns of fish, possibly linked to temporal
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changes in density of invertebrate preys, which, them-
selves, depend on the input of terrestrial material from the
Rhoéne River.

5. CONCLUSION

Fish communities in temperate soft-bottoms are strongly
distributed according to spatial factors, both at a small
scale, such asin the shalow Gulf of Fos, and at a larger
scale, asin the whole Gulf of Lion (Gaertner et al.1998]
S|m|Iar patterns also occur in tropical areas
. The spatia distribution found in
this work remained stable over the period studied (two
years), despite seasonal and diel fluctuations, which were
only noticeable for certain species. Stability in the spatial
distribution of soft-bottom fish communities has been
observed in various regions over several years, even in
the case of commercia exploitation of fish
Bt - - L — I ]
Gaertner et al 1998). This suggests that fish communi-
tiesin such systems are mainly structured by physical and
benthic characteristics rather than by variationsin recruit-

ment and settlement processes (Wantiez et al _1996).

Only arelatively low number of species displayed strong
seasonal and/or diel variations in the Gulf of Fos,
demonstrating that temporal fluctuations act more at a
specific level than at a structural one. This temporal
variability may be linked to species, but also to some
particular stages of the fish life cycle at determined
periods, like juveniles in summer, which generate dight
changes in species composition, but do not significantly
influence the spatial organization.
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