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SUMMARY: Lipid reserves are a particularly important attribute o f fishes because they have a large influence on growth, 
reproduction and survival. This study analyses the lipid content o f red mullet (Mullus barbatus) pre-spawners in three dif
ferent areas o f tire northwestern Mediterranean in relation to trawling activities and river runoff. The muscle lipid was con
sidered as an indicator o f the somatic condition o f individuals whilst the gonad lipid was used as a proxy o f the energy invest
ed in reproduction. The results show that fish with the highest muscle lipid levels inhabited the area where fishing impact 
was lowest. Since the abundance and biomass of polychaetes, which represent the main food source for red mullet, were 
found to be lower in trawled zones than in unfished ones, we suggest that differences in the muscle lipid levels between areas 
might be attributed to variation in prey abundance in relation to fishing impact. However, no impact o f river runoff on lipid 
reserves o f red mullet was observed. The results also show that muscle and gonad lipid reserves are not related to each other 
during pre-spawning.

Keywords: ecological physiology, polychaetes, fishing, river runoff, maerl beds.

RESUMEN: R e s e r v a s  l i p i d i c a s  d e l  s a l m o n e t e  d e  f a n g o  ( M u l l u s  b a r b a t u s ) d u r a n t e  l a  p r e p u e s t a  e n  e l  M e d i t e r r á n e o  
NOROCCIDENTAL. -  Las reservas lipídicas constituyen un importante atributo de Ios peces porque juegan un papel destacado 
en su crecimiento, reproducción y supervivencia. Este estudio analiza las reservas lipídicas del salmonete de fango (Mullus 
barbatus) durante la prepuesta en tres áreas diferentes del Mediterráneo noroccidental en relación a la actividad pesquera y 
las descargas fluviales. Se ha considerado el contenido lipídico en el músculo y en la gónada como indicadores de la condi
ción somática y de la energía invertida en la reproducción de Ios individuos respectivamente. Los resultados muestran cómo 
Ios peces con una cantidad mayor de lípidos en el músculo habitan el área donde el impacto pesquero es menor. Puesto que 
la abundancia y la biomasa de poliquetos, que constituyen la principal fuente de alimento del salmonete de fango, son infe
riores en las zonas afectadas por el arrastre que en las zonas donde no se practica este tipo de pesca, se sugiere que las dife
rencias en la cantidad de lípidos en el músculo entre las distintas áreas podrían atribuirse a las diferencias en la abundancia 
de presas, lo cual podría guardar relación con la actividad pesquera. Sin embargo, no se observa impacto alguno de las des
cargas fluviales sobre las reservas de lípidos del salmonete de fango. Los resultados también muestran cómo Ios contenidos 
lipídicos en el músculo y en la gónada de Ios ejemplares no están relacionados entre sí durante la prepuesta de la especie.

Palabras clave: ecofisiología, poliquetos, pesquerías, descargas fluviales, fondos de maerl.

INTRODUCTION

Lipid reserves are a particularly important 
attribute of fishes because they have a large influ
ence on growth, reproduction and survival 
(reviewed by Shulman and Love, 1999), with 
inadequate reserves being im plicated in the

reduced reproductive potential of several fish 
species through reduced fecundity and quality of 
eggs and larvae or delayed maturation (reviewed 
by Lambert et al., 2003). Body fat content affects 
the maturity, spawning and egg quality of many 
fish species; a deficiency can negatively affect 
gonad development, fecundity, fertilisation and
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hatching rates (Adams, 1999; Oskarsson et al., 
2002). Low energy reserves may also lower the 
chances o f survival of fishes, leading to an 
increase in natural m ortality (Cunjak, 1988; 
Griffiths and Kirkwood, 1995; Sogard and Olla, 
2000). Starvation due to exhaustion of energy 
reserves, particularly during the non-feeding and 
reproductive periods, weakens fishes and also ren
ders them more susceptible to predation, diseases 
and a variety of environmental stressors (Shulman 
and Love, 1999). Lipids are also known to play a 
role as regulators of body density, buoyancy, cel
lular metabolism, detoxification and behaviour 
(Adams, 1999; Morris and Culkin, 2000; Clemens 
and Stevens, 2003). The accumulation of suffi
cient energy reserves is not only important to safe
guard the future population success of harvested 
species but also to guarantee the viability of other 
animals feeding on them, including top predators 
(Wanless et ah, 2005).

The fat content of fishes can be affected by habitat 
characteristics such as bottom or biotope type and 
food supply, and thus possesses great potential as a 
‘marker' of habitat quality and feeding conditions in 
marine (see e.g. Lloret and Planes, 2003; Shulman et 
al„ 2005; Levi et al„ 2005; Lloret et al„ 2002, 2005) 
and freshwater (see e.g. Clemens and Stevens, 2003; 
Pothoven et al., 2006) ecosystems. However, fish lipid 
reserves have seldom been used to assess fishing 
impacts on fish species and most research has dealt 
with changes of abundance, biomass, growth and 
maturity of individuals in relation to harvesting.

Red mullet (Mullus barbatus L., 1758) is a com
mon demersal fish species that inhabits the soft bot
toms of the continental shelf of the Mediterranean 
and the northeast Atlantic (Hureau, 1986). It serves 
as food to a number of fishes such as hake 
(Carpentieri et al„ 2005) and bonito (Yoshida, 1980), 
and is a major target species of Mediterranean dem
ersal fisheries because of its high abundance and eco
nomic value (Demestre et al„ 1997; Relini et al„ 
1999; Tseipes et al„ 2002). Its high abundance, nar
row spawning season and wide spatial distribution 
make it a suitable species for testing habitat and fish
ing effects on fish energy reserves.

The aim of the present study is to analyse, from 
an ecophysiological perspective, the lipid reserves 
of red mullet in different areas of the northwestern 
M editerranean, showing differences in fishing 
impact and freshwater runoff. Higher diversity and 
abundance of benthic organisms can be found in the

seabed zones less impacted by trawling activities 
(Kaiser et al., 1999; Demestre et al., 2000a; 
Eleftheriou, 2000; Smith et al., 2000; Sánchez et al., 
2000). Lurthermore, freshwater inflow is known to 
enhance benthic productivity in coastal areas 
(Montagna and Yoon, 1991; Montagna and Kalke, 
1992; Salen-Picard eta!., 1997; Massé, 2000). In the 
northwestern Mediterranean, a positive response of 
benthic populations—particularly polychaetes—to 
river runoff has been shown (Salen-Picard et al„ 
1997; Massé, 2000). As polychaetes represent the 
main food supply for red mullet (Labropoulou and 
Eleftheriou, 1996; Machias and Labropoulou, 
2002), we hypothesise that differences in abundance 
and biomass of these benthic animals, linked to fish
ing impact and river runoff, may determine in part 
the lipid reserves of fish in each study arca. The 
study is conducted during pre-spawning of the 
species—a crucial life period for lipid mobilisation 
and future population success.

MATERIALS AND METHODS 

Fish sample collection

99 female red mullet pre-spawners, whose 
lengths ranged between 13 and 22.5 cm, were cap
tured in May-June 2004 during the reproductive 
period (Bizsel, 1987; FishBase, 2000) on the 
muddy bottoms of three areas of the Catalan Sea’s 
continental shelf (northwestern Mediterranean): 
Blanes (33 individuals), Ebre (38 individuals) and 
Valencia (27 individuals, Fig. 1). Individuals were 
derived from the MEDITS trawl surveys and from 
commercial trawlers, and were caught at depths of 
between 61 and 133 m (Blanes 61-128 m, Ebre 75- 
133 m, Valencia 81-131 m). The groundfish sur
veys followed the technical specifications given in 
Bertrand et al. (2002).

Individuals were eviscerated, and muscle and 
gonads were removed. Total length, total weight, 
eviscerated weight, gonad (ovary) weight and 
muscle weight were then measured. All females 
included in the analysis were classified macro- 
scopically to be in the late pre-spawning maturity 
stage: ovaries were large, with blood capillaries, 
yellow/orange coloured and with visible but still 
non-hydrated oocytes. Although initially more 
than 99 females were collected, some of them 
were in the early pre-spawning phase (their eggs
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F ig . 1. -  M ap of the northwestern Mediterranean showing the three 
study areas: Blanes, Ebre and Valencia.

and ovaries were small) or were already spawning 
(hydrated eggs), and were therefore disregarded 
for the analyses. Furthermore, the livers of four 
individuals were collected and weighed to meas
ure lipid allocation in the various tissues and to 
help us decide on suitable tissues for analysing fat 
content. Lengths and wet weights were measured 
to the nearest 0.5 cm and 0.01 g, respectively.

Evaluation of total lipids

Muscle, gonad and liver total lipid content 
were analysed as a measure of energy reserves 
during pre-spawning. Determination of total lipid 
was carried out in these tissues since mesenteric 
and subcutaneous fat depots were lacking. The 
whole gonad and liver were taken for lipid analy
sis, whilst for the muscle a portion of ca 5 g was 
taken dorsally directly under the anterior dorsal fin 
and well above the lateral line. The tissue samples 
were cleaned of skin, scales and bones, rinsed with 
seawater and immediately frozen at -30°C for fat 
content determination in the laboratory.

Samples were unfrozen while deposited on des- 
iccant paper and minced in a Petri dish. To deter
mine dry muscle and gonad weights, samples were 
desiccated first at 70°C for 24 hours in a stove and 
second under vacuum for 12 hours. The dry sam
ples were put in a mortar together with anhydrous 
sodium sulphate previously desiccated in a stove

at 100°C for 24 hours. Tissue samples and sodium 
sulphate were then vigorously ground to a fine 
powder. The anhydrous sodium sulphate con
tributes to the complete desiccation of samples 
and avoids the formation of tissue aggregates, thus 
improving the grinding process (samples become 
better homogenised) and optimising the lipid 
extraction afterwards.

Total lipids were determined gravimetric ally 
with the Soxhlet method according to Shahidi 
(2001). The Soxhlet is a commonly used semi-con- 
tinuous method applied to extraction of lipids from 
fishes (see e.g. Belk, 1993; Tornaritis et al„ 1993; 
Clemens and Stevens, 2003; Pothoven et al., 2006). 
Lipids were extracted by repeated washing (percola
tion) with a volume of 200 ml of hexane/acetone 
(1:1 v/v) for ca. 0.5-1.0 g of sample. This organic 
solvent mixture flowed for several cycles through 
the sample into a glass vitrified capsule (thimble) by 
distillation using heating mantles. By using pure 
(100% lipid) cod liver oil, adsorbed in a similar 
matrix, this gravimetric method was able to extract 
as much of 99.22% of total lipids.

The ground samples were placed in the porous 
thimbles of the Soxhlet apparatus together with a 
number of little glass balls (boiling chips) to avoid 
splash projections during extraction. The extrac
tion time was between 5 and 8 hours depending on 
sample aggregation and taking into account that 
the distillation rate must be about 2 to 6 drops per 
second. When the extraction—measured with an 
internal standard in a similar m atrix—was com
plete, the content of the flask was filtrated and 
evaporated using a rotary evaporator and weighed 
in a previously calibrated flask. The lipid content 
in the samples was then calculated by differences 
in weight. After the gravimetric determination of 
the total lipid content in the sample with a balance 
(to the nearest 0.1 mg), values were corrected for 
a recovery ratio of 99.22%.

The lipid compartmentalisation was studied by 
analysing the relative and absolute lipid content in 
the muscle, gonad and liver of four individuals. In 
these female pre-spaw ners, lipids constituted 
between 15.042 and 18.773% of the dry liver, 
between 4.656 and 9.197% of the dry muscle and 
between 15.403 and 27.078% of the dry gonad. On 
the other hand, the absolute fat content in the liv
ers ranged between 0.04 and 0.06 g between 0.38 
and 0.89 g in the muscles and between 0.26 and 
0.63 g in the gonads. Thus, although the percent -
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age of fat in the liver was relatively high, the 
absolute amount of lipid stored in this organ was 
small compared to that stored in the gonad and the 
muscle. Because of this, we assumed that muscle 
constitutes the major source of lipid reserves in 
red mullet, so we analysed only the total lipid con
tent (% dry weight) in the muscle and the gonad of 
the rest of the female pre-spawners.

The relative muscle and gonad lipid contents, 
expressed as a percentage of dry masses, were 
given, and a Lipid Musculosomatic index (LMSI) 
and a Lipid Gonadosomatic index (LGSI) were 
computed with the formulas

'ABSM
LMSI =

EW
- X 1 0 0 and

LGSI = =
ABSG
EW

X100

where EW is the eviscerated wet weight and ABSM 
and ABSG arc the absolute lipid content in the mus
cle and gonad, respectively, computed by multiply
ing the respective lipid contents (in % wet weight) 
by total muscle and gonad wet weights. The relative 
muscle lipid content and the LMSI were considered 
as indicators of red mullet condition, whilst the rel
ative lipid content in the gonad and the LGSI were 
used as proxies of the energy reserves invested in 
reproduction.

Food supply, fishing impact and river runoff

Since the condition of a fish is a measure of 
physical and biological circumstances during some 
previous period (Shulman and Love, 1999), avail
able historic data on red mullet’s food supply, fish
ing impact and river runoff were gathered. To eval
uate a possible effect of bawling on red mullet’s 
food supply, the abundance and biomass of poly
chaetes, which arc the dominant prey of red mullet 
(forming ca. 60% by number and 50% by weight of 
its diet followed by small decapods and amphipods, 
Labropoulou and Eleftheriou, 1996; Aguirre, 2000; 
Machias and Labropoulou, 2002), were computed 
during 2002-2004 in a fished and an unfished zone 
within the Ebre arca, where the soft-bottom commu
nities arc dominated by polychaetes (Demestre, 
2006) and where the fishing impact is higher than in 
the other study arcas. During the period 1989-2004, 
the Ebre arca was affected by the highest values of 
number of trawlers (198), total capacity (7083 gross

registered tonnage, GRT), total machine power 
(48425 HP) and fishing days per year- (43560), 
according to the Official Census of Fishing Vessels 
of the Spanish Minishy of Agriculture and Fisheries, 
whilst the lowest values were recorded in Valencia 
(49 trawlers, 2155 GRT, 12675 HP and 10780 fish
ing days per year, Table 1). These values arc means 
over the whole period (1989-2004). Days at sea per 
year- were estimated assuming that each vessel fish
es 5 days a week and 11 months a year. Data from a 
given area considered the trawling fleet based in all 
fishing ports from that arca. Since trawlers are 
obliged by law to make one-day trips (i.e. they 
depart early in the morning and return late in the 
afternoon), fishing takes place within a short dis
tance (ca. 5-10 miles) from the port. Thus, the fleet 
from a given port tend to operate in the fishing 
grounds nearby. Benthic fauna (including poly
chaetes) were sampled during seven surveys 
(November 2002, June, July, August, September and 
November 2003, and June 2004) in the framework 
of the EU RESPONSE project (contract no. Q5RS- 
2002-00787). During each survey, polychaetes were 
sampled from five stations in the fished and adjacent 
unfished zones, which were both comprised 
between 47 and 61m  depth on muddy bottoms. Five 
replicate samples were collected with a 0.1 m2 van 
Veen grab from each station. Samples were sieved 
through a 1 mm sieve on board and preserved in 5% 
buffered formalin. For each sample, the total num
ber of polychaetes and their biomass (in g wet 
weight) per square metre were calculated

The freshwater discharged in each arca was cal
culated by integrating the runoff (in cubic hectome
tres; Hm3) of the most important rivers flowing into 
each arca, from January 1970 to June 2004: the 
Rivers Tordera and Besós in the Blanes arca (data 
gathered from the Agenda Catalana de V Ai gua -  
Dept, of Environment of the Autonomous 
Government of Catalonia), the River Ebre in the 
Ebre arca (data gathered from the Confederación 
Hidrográfica del Ebro -  Spanish M inistry of

T a b l e  1 . -  Statistics for the trawler fleet in each study area (data are 
means over the period 1989-2004).

Area Total number 
of trawlers

Total capacity 
(grossregistered 
tonnage, GRT)

Total machine Total days 
power (HP) at sea per 

year

Blanes 106 4645 32997 23320
Ebre 198 7083 48425 43560
Valencia 49 2155 12675 10780
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Fig. 2. -  Linear relationship between the lipid content (% dry 
weight) and the water content in the muscle, y = -1.553x + 127.14, 

r2= 0.34,p<0.05, n = 98.

Environment), and the Rivers Mijares, Palancia and 
Turia in the Valencia area (data gathered from the 
Confederación Hidrográfica del Júcar -  Spanish 
Ministry of Environment). Runoff data from the 
gauging station closest to the sea were always used.

Statistical analyses

Analyses of variance (ANOVA) and covariance 
(ANCOVA) models were used to compare lipid 
content among areas (categorical factors) and 
depths and lengths (covariates), as well as to 
ascertain differences in abundance and biomass of 
polychaetes in the fished and the unfished zone 
within the Ebre area. Data were In transformed 
because the assumptions of normality and homo
geneity of variances, tested with Kolmogorov and 
the Cochran’s tests, respectively, were not met. 
Fisher’s post-hoc test (LSD) was used for compar
isons of significant effects. For ANCOVA models,

the homogeneity of regressions (or slopes) among 
groups was tested with the test of homogeneity of 
slopes (test of parallelism). A R-value < or = to 
0.05 was considered statistically significant.

RESULTS 

Lipid reserves

Lipids constituted between 1.77 and 26.18% 
(mean = 9.04%, S.E. -  0.40, n -  98) of the dry mus
cle and between 9.74 and 53.91% (mean = 25.36%, 
S.E. -  0.54, n -  99) of the dry gonad. The muscle 
lipid content (as a % of dry weight) was inversely 
related to the water content in this tissue (Fig. 2). 
However, no significant relationship was observed 
between the relative lipid content in the gonad (% of 
dry weight) and the water content.

On the other hand, the relative lipid content in 
the gonad decreased with fish length (linear- regres
sion, % lipid in the gonad= -1.02* TL + 43.52, 
p<0.05, n = 99), even though the coefficient of 
determination was low (r2 = 0.19), whilst the per
centage of fat in the dry muscle, the LMSI and the 
LGSI were size-independent within the size ranges 
of the fish analysed (p>0.05).

The results of the analyses of variance and covari
ance to test the effect of area on the relative muscle 
and gonad lipid levels (% of dry weight), LMSI and 
LGSI are shown in Table 2. Because the effect of 
depth was never significant, the analyses were con
ducted without including this factor. Similarly, length 
was only included in the analysis of the relative gonad 
lipid content (in %), since the effect of fish size on the 
other parameters analysed was not significant.

T a b l e  2 . -  Summary of results from analyses o f variance (ANOVA), covariance (ANCOVA) and post-hoc Fisher test (LSD) evaluating the 
effect o f area (Blanes, Ebre and Valencia) on muscle and gonad lipid content (% o f dry weight), LMSI and LGSI of red mullet; and the effect 
o f zone (fished vs. unfished) on the abundance and biomass of polychaetes in the Ebre area. The symbol * denotes significance at p<0.05.

Variable Test Effect d f p  LSD

% lipid muscle ANOVA Area 2 0.033* V alencia>Ebre=Blanes
% lipid gonad ANCOVA Area 2 0.268

Length 1 <0.001*
Homogeneity of slopes 2 0.272

LMSI "a n o v a Area 2 0.010* V alencia>Ebre=Blanes
LGSI ANOVA Area 2 0.166
Polychaete abundance ANOVA Zone 1 0.002* Unfished>Fished

Survey 6 0.002*
Zone X survey 6 0.002*

Polychaete biomass ANOVA Zone 1 0.002* Unfished>Fished
Survey 6 <0.001*

Zone X survey 6 0.023*
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mullet female pre-spawners between the study areas (Blanes, Ebre 
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Individuals from the Valencia arca showed a signifi
cantly higher percentage of lipid in the muscle than 
individuals from the Blanes and Ebre areas (Fig. 3). 
Similarly, the mean LMSI of individuals caught in 
Valencia was significantly higher than that of individ
uals caught in the Ebre and Blanes areas (Fig. 3). 
Thus, red mullet captured in the Valencia area had a 
higher percentage of fat in the muscle than those col
lected in the Ebre and Blanes areas. However, statisti
cal analysis did not show significant area variations in 
gonad fat content (taking into account the effect of 
length) or LGSI (Table 2).

The percentage of fat in the muscle and the LMSI 
were not significantly related to the relative gonad 
lipid content or the LGSI (linear regression,p> 0 .05).

Food supply, fishing impact and river runoff

Comparisons of the abundance and biomass of 
polychaetes in the fished and unfished zone of the 
Ebre area in the different benthic surveys showed 
higher abundance and biomass of polychaetes in 
the unfished zone than in the fished one, with the 
exception of the survey conducted in September 
2003 (Fig. 4). Considering all benthic surveys 
together, the abundance of polychaetes ranged 
between 354 and 1000 individuals per square metre 
in the unfished zone and between 271 and 850 indi
viduals per square metre in the fished zone. 
Regarding the biomass, values ranged between 
2.26 and 6.03 g of polychaetes per square metre in 
the unfished zone and between 1.68 and 4.24 g per 
square metre in the fished zone. Results of the 
analyses of variance showed a significantly higher 
abundance and biomass of polychaetes in the
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F ig . 4. -  Differences in (a) abundance (number nv2, mean +- SE) 
and (b) biomass (g m 2, mean +- SE) of polychaetes between a 
fished and an unfished zone within the Ebre area, in the seven ben
thic surveys: November 2002, June, July, August, September and 
November 2003, and June 2004. Tire symbol * denotes that the dif
ference is significant (p<0.05; ANOVA 's post-hoc tests; see 

Table 2).

unfished zone than in the fished one (Table 2). 
Post-hoc tests of the abundance identified signifi
cant treatment (fished vs. unfished) effects on sur
veys conducted in June and July 2003 and June 
2004 (Fig. 4a), whilst post-hoc tests of the biomass 
provided significant effects on June, July and 
August 2003 (Fig. 4b).

During the period 1970-2004 (Fig. 5), the Ebre 
area received between 1784 and 7694 Hm3 of annu
al runoff (mean = 4169 Hm3), Valencia received 
between 184 and 1012 Hm3 (mean = 488) and 
Blanes received between 0 and 636 Hm3 (mean = 
114). The freshwater discharged in all three areas 
showed a decreasing bend over the whole period 
(Fig. 5). In June 2004 (when lipid reserves of red 
mullet were calculated), the total runoff into the 
Ebre area was 225 Hm3, compared to 62 Hm3 in the 
Valencia area and 11 Hm3 in the Blanes area. Thus, 
the Ebre area was the only one to receive large 
amounts of freshwater runoff whilst the Valencia 
and Blanes areas received small inputs.
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DISCUSSION

Fish with the highest muscle lipid levels inhab
ited the area where fishing impact (in terms of 
number of trawlers, fishing days, total capacity 
and total machine power) was lowest, i.e. the 
Valencia area. Furthermore, the abundance and 
biomass of polychaetes, which represent the main 
food source for the red mullet (Labropoulou and 
Eleftheriou, 1996; M achias and Labropoulou, 
2002), was lower in trawled zones than in unfished 
ones. Thus, we suggest that red mullets are fatter 
in the Valencia area because the lower fishing 
impact there allows a greater abundance and bio
mass of polychaetes, as has been demonstrated in 
the study carried out in the Ebre area. In other 
Mediterranean areas trawling has been shown to 
reduce benthic productivity and diversity too (see 
e.g. Kaiser and De Groot, 2000; Smith et al., 
2000). Trawling has also been demonstrated to 
affect the density of red mullet on muddy bottoms, 
with higher densities recorded at sites charac
terised by low fishing activity (Demestre et al.. 
2000b; Papaconstantinou and Faruguio, 2000; 
Tserpes et al.. 2002), such as the Valencia area 
(Lombarte et al., 2000).

Apart from the differences in fishing impact 
between areas, it is important to note the presence 
of maerl beds in the eastern part of Valencia, 
where they benefit from the protection of the 
marine reserve of Columbretes Islands (Templado 
and Calvo, 2002). Maerl beds are structurally 
complex and highly productive habitats charac
terised by accumulations of living and dead unat
tached calcareous rhodophytes, which provide 
nursery grounds for demersal marine species 
(Hall-Spencer and M oore, 2000; BIOMAERL 
team, 2003). The higher diversity and biomass of

benthic animals in these fragile habitats might 
enhance the red m ullet’s food supply and explain 
the higher than average muscle lipid reserves of 
individuals caught in Valencia. The relative body 
and liver masses and stomach contents of red mul
lets caught on maerl beds of the Aegean Sea were 
found to be higher than those caught on adjacent 
muddy bottoms (Somarakis et al.. 2004). In spite 
of their ecological importance, maerl beds are 
under threat from many human activities including 
trawling (Bordehore et al.. 2000; Hall-Spencer 
and Moore, 2000), particularly in the western 
Mediterranean (Massuti et al.. 1996). Overall, we 
hypothesise that exploitation might negatively 
affect the somatic (muscle) lipid reserves of red 
mullet by reducing the abundance of preys, and 
that the preservation of sea bottoms against 
intense trawling activities may be important for 
the condition of this species.

Even though higher than average red mullet 
lipid levels in the Ebre area as a consequence of 
the enhanced benthic productivity in relation to 
the high freshwater inflow was expected, no sig
nificant results were found. It could be hypothe
sised that the positive effect of Ebre river runoff 
on polychaete abundance is offset by a negative 
impact of the high fishing impact existing in that 
area, or that current densities of polychaetes are 
relatively low because the Ebre River inflow dur
ing recent years has been particularly low com
pared with the long-term mean.

The results also show that, although red mullet 
allocates lipid reserves to the gonad during the 
reproductive period, it does not experience deple
tion in muscle lipids, which is probably because it 
feeds intensely at that time (Bizsel, 1987). The 
match between the reproductive and feeding sea
son may have also led to insignificant relation
ships between the muscle lipid reserves and the 
gonad lipid reserves of red mullet, since energy 
invested in egg production will be obtained direct
ly from feeding instead of the muscle. The nega
tive correlation between the concentrations of 
water and lipid in the muscle of red mullet is well 
known for other fish species (Shulman and Love, 
1999; Shulman et al.. 2005), and water content in 
the muscle may be thus used in the future as a 
proxy of lipid content if red mullet condition has 
to be monitored regularly.

Overall, the results provide evidence that studies 
on the ecological physiology of wild animals through
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the evaluation of their lipid reserves (particularly if 
the spatial variation in fat store is accounted for) 
could be important for population bioenergetics mod
elling of marine animals such as fishes (Shulman and 
Love, 1999) and whales (Evans et al., 2003).
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