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SUMMARY: We analysed and compared the diet of Audouin’s gulls Larus audouinii between their two largest breeding
sites in the world: the Ebro Delta and the Chafarinas Islands (western Mediterranean). These two localities showed marked
differences in the features of the commercial fishing fleet: in the Ebro Delta area a large fishing fleet produced large amounts
of discards, while in the Chafarinas the fleet discarded smaller amounts of fish and marine invertebrates, due to the smaller
number of vessels. It is also likely that the percentage of discards from total catches is also lower around the Chafarinas than
at the Ebro Delta. We distinguished two types of fishing to compare diet compositions: diurnal (only trawling activity) and
diurnal and nocturnal (trawling and purse-seine activity, respectively). We also differentiated regurgitates from young
nestlings (up to 20 days old) and from older nestlings or adult birds. At the two localities, fish was the main food of
Audouin’s gulls, with epipelagic prey (mainly clupeoids) being more important when both diurnal and nocturnal fisheries
were operating. This confirms that epipelagic prey either caught actively by the gulls or linked to fisheries was particularly
important in the feeding habits of Audouin’s gulls. Nevertheless, differences between the two colonies appear mainly when
only trawlers operated: while at the Ebro Delta gulls showed higher consumption of benthic-mesopelagic prey (probably
linked to a higher trawler discard availability), gulls from the Chafarinas Islands consumed higher biomass of epipelagic
prey probably caught actively at night. When both fleets operated around the two colonies, the average biomass of prey in
a regurgitate of younger chicks was significantly higher at the Ebro Delta than at Chafarinas, and the opposite trend was
recorded for older nestlings and adults. Niche width was broader in Chafarinas than in the Ebro Delta for both age classes
and for any fishing fleet schedule, suggesting again that the exploitation of discards was higher at the Ebro Delta than at the
Chafarinas, where gulls showed a more varied diet. Despite the fact that availability of discards was probably higher at the
Ebro Delta than at Chafarinas, the per capita availability was not so different at both localities due to the increasing seabird
community population at the Ebro Delta, which ca. doubled that at Chafarinas in the last decade. 
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RESUMEN: DIFERENCIAS EN LA DIETA ENTRE LAS DOS MAYORES COLONIAS DEL MUNDO DE GAVIOTA DE AUDOUIN: EFECTOS DE
LAS ACTIVIDADES PESQUERAS. – En el presente trabajo analizamos y comparamos la dieta de la gaviota de Audouin Larus
audouinii entre sus dos colonias de cría más grandes del mundo: la del delta del Ebro y la de las islas Chafarinas (Medite-
rráneo occidental). Las dos localidades mostraron diferencias marcadas en las características de la flota pesquera comercial:
en el delta del Ebro una flota muy importante genera grandes cantidades de descartes, mientras que en las Chafarinas la flota
local descarta cantidades menores de peces e invertebrados marinos, debido al reducido número de barcos que allí faenan.
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INTRODUCTION

Audouin’s gull Larus audouinii is considered a
specialist in the capture of clupeiforms during the
night (see Oro 1998 and references therein), though
it is now well known that the species also scavenges
at nocturnal and diurnal commercial fisheries (e.g.
González-Solís et al., 1997a; Oro et al., 1997; Oro
and Ruiz, 1997). However, this opportunistic behav-
iour seems to be more widespread in the western
than in central and eastern Mediterranean breeding
areas (Oro, 1998), where colonies are mainly locat-
ed in areas with lower fishing activity (e.g. GFCM,
1967 and 1991; Oro, 1998).

The increase of the world population of
Audouin’s gull has been dramatic in the last 15
years, and its growth rate is one of the largest ever
recorded for a larid species. Most of this increase
occurred at a new colony established in the Ebro
Delta in 1981, which currently holds 60% of the
total world population (Oro, 1998). The high avail-
ability of discards from trawler fishing boats has
probably enhanced the growth of this colony (Oro
and Ruxton, 2001), as suggested in other studies of
scavenging seabird species (e.g. Furness et al.,
1992). The second largest colony of Audouin’s gulls
in the world is at the Chafarinas Islands, which holds
ca. 25% of total population. 

Several studies have recorded the feeding habits
of Audouin’s gulls. However, fecal pellets have been
used as the main source of information (de Juana et
al., 1979; Witt, 1977a; Witt et al., 1981), or infor-
mation coming from different food sampling meth-
ods has been merged (Català et al., 1990; Ruiz et al.,
1996). Most of the available information has not

paid attention to the age of sampled individuals, and
has relied on small sample sizes (e.g. Wallace, 1969;
Mester, 1971; Araujo et al., 1977; Witt, 1977b;
Beaubrun, 1983).

In this study we compared the diet of different
age groups of Audouin’s gulls at the Ebro Delta and
at the Chafarinas, according to the activity of local
commercial fisheries. We performed diet compar-
isons on the basis of information provided from
regurgitates, which is the least biased means of food
sampling used to describe the diet of gulls during the
breeding season (Pedrocchi et al., 1996; González-
Solís et al., 1997b).

METHODS

Study areas and fisheries

The Ebro Delta (40º40’N, 0º45’E; W Mediter-
ranean) colony is located in the Peninsula de la
Banya, a protected area formed by 2500 ha. of salt
marshes. This area is an important fishing ground
of the Mediterranean (Palomera, 1992; Palomera
and Pertierra, 1993), resulting in one of the largest
fishing fleets in this region (Irazola et al., 1996;
Oro 1999): ca. 170 trawlers, operating only by day
and ca. 50 purse-seine vessels, operating only by
night. The Chafarinas (35º11’N, 2º26’W; SW
Mediterranean) are a small volcanic archipelago
3.5 km off the Moroccan coast. About 50 trawlers
from Nador harbour (50 km west of the colony)
and 13 purse-seine vessels from Ras el Ma harbour
(just off the islands) operate around the islands, the
former operating continuously, night and day, and
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Es también probable que el porcentaje de descarte respecto a la captura total sea menor en las Chafarinas que en el delta del
Ebro. Para la comparación de la dieta distinguimos entre dos tipos de regimenes de pesca: diurno (sólo actividad de los arras-
treros) y diurna y nocturna (actividad de arrastre y de cerco respectivamente). También distinguimos entre regurgitados de
jóvenes pollos (hasta los 20 días de edad) y volantones y adultos. En las dos localidades, los peces fueron el principal ali-
mento de la gaviotas de Audouin, siendo las presas epipelágicas (fundamentalmente los clupeidos) más importantes cuando
las dos flotas de arrastre y cerco faenaban. Este resultado confirma que las presas epipelágicas capturadas activamente por
las gaviotas o bien gracias a la actividad pesquera son particularmente importantes en los hábitos tróficos de la especie. No
obstante, las diferencias entre las dos colonias aparecen principalmente cuando sólo faenan los arrastreros: mientras en el
delta del Ebro las gaviotas mostraron un consumo superior de presas bentónicas o mesopelágicas (seguramente ligadas a una
mayor tasa de descartes de arrastre), las gaviotas de Chafarinas consumieron cantidades de biomasa mayores de presas epi-
pelágicas, probablemente capturadas activamente durante la noche. Cuando ambas flotas faenaron alrededor de las dos colo-
nias, la biomasa promedio por regurgitado en los pequeños pollos fue significativamente mayor en el Delta que en Chafari-
nas, mientras que la tendencia opuesta se registró para volantones y adultos. La amplitud de nicho trófico fue mayor en Cha-
farinas que en el delta del Ebro para ambas clases de edad y para cualquier régimen de pesquerías, sugiriendo una vez más
que la explotación de los descartes pesqueros fue mayor en el Delta del Ebro que en Chafarinas, donde las gaviotas mostra-
ron una dieta más variada. A pesar de que la disponibilidad de descartes fue mayor en el delta del Ebro que en Chafarinas,
la disponibilidad per capita no fue tan diferente debido al aumento en el número de parejas reproductoras de la comunidad
de aves marinas del Delta, que ha casi doblado la de Chafarinas en la última década. 

Palabras clave: abundancia, composición de la dieta, descartes pesqueros, Larus audouinii.



the later only by night (e.g. González-Solís et al.,
1997a, 1998). The distance between the two
colonies is ca. 650 km.

To assess possible differences in fish availability
from fishing fleets around the two colonies, we used
two rough approaches: first, we assumed that fish
discarded from trawlers was proportional to the
catches landed (e.g. Oro and Ruiz, 1997) (for this
we only had available the total catches from the
Ebro Delta area and we assumed that proportion of
fish discarded at the two areas was not different
using simply the number of vessels at the two areas
to estimate fish discarded); and second, estimates of
fish landed from purse-seine activities using catch
statistics in every area from fishermen bulletins.

Food samples

Fresh regurgitates from adults and nestlings were
collected during the breeding seasons (May-June) of
1993, 1994 and 1995. Adult regurgitates were col-
lected while birds were incubating so this food was
not intended for feeding chicks. The fishing activity
around the colony when regurgitates were collected
was recorded to assign samples to different fishing
activity categories (see below). Where possible, prey
items were identified to the species level using ref-
erence collections of fish and invertebrates. Dry
weights were obtained either directly by desiccation
in an oven at 60ºC, or through the application of lin-
ear regression predictions of dry weight biomass
from available measures (Rogers et al., 1977; Díaz
and Díaz, 1990; our data).

We included in the analysis only those regurgi-
tates collected during comparable fishing situa-
tions in both areas. Daily statistical catches were
available from Ras-el-Ma, the closest harbour to
the Chafarinas colony. These data allowed us to
distinguish between two fishing situations: 1) days
with both diurnal (trawlers) and nocturnal (purse-
seine) fishing and 2) days with diurnal fishing only
(see also González-Solís et al., 1997a and 1998).
At the Ebro Delta there were four situations: both
diurnal and nocturnal fishing activities, only diur-
nal, only nocturnal, and none (e.g. Oro, 1995; Oro
and Ruiz, 1997). From these, two were discarded
(only nocturnal and none) because they were less
comparable with the situations found in Chafari-
nas, as indicated by an analysis of correspondence
on the typological categorisation of prey items
(Fig. 1). In this analysis, all the fishing situations
and typologies were represented in a bidimension-

al graph following the axis of maximum inertia,
which explains their similarity with a cumulative
83% of variability.

We distinguished between two age classes:
chicks younger than 20 days, and gulls older than 21
days. Age of chicks was assessed using bill and tar-
sus measures and applying chick growth curves pre-
viously calculated at the two colonies (authors,
unpubl. data). We assumed that diets of older
nestlings and adults did not differ significantly, as
indicated by previous studies (e.g. Pedrocchi et al.,
1996).

Diet analysis

Prey items were grouped according to taxonom-
ic and typologic categories (Cooper et al., 1990). To
describe the importance of each category we used
the number of prey items (N) belonging to it, the
percentage by number it represented (%N), its per-
centage of occurrence (%P), and the percent of bio-
mass (%B). Niche width was estimated using Bril-
louin’s diversity index (Pielou, 1975) combined with
a Jack-knife procedure to obtain associated vari-
ances (Zahl, 1977) and a modified Student t-test for
comparisons (Hutcheson, 1970).

Dietary differences have been assessed using the
G test (likelihood ratio) on contingency tables (Zar,
1984). Biomass values were compared using Mann-
Whitney U tests. 
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FIG. 1. – Simple correspondence analysis for all the fishing situa-
tions and colonies at typological level. DN = ‘Delta nocturnal’;
DNF = ‘Delta no fishing’; DDN = ‘Delta diurnal and nocturnal’;
DD = ‘Delta diurnal’; CHDN = ‘Chafarinas diurnal and nocturnal
fishing’; CHD = ‘Chafarinas diurnal’. Typologies: Walk = Terres-
trial walker; Eco = Ecotonic; Tip = Garbage; Epi = Epipelagic; Fly
= Flying; Fish = Indeterminated Fish; B-M = Benthic-Mesopelagic; 

Jump = Jumper.



RESULTS

Taxonomic and typologic diet composition
according to fishing situations for both localities is
described in Tables 1 and 2. Overall, Audouin’s
gulls fed mostly on Clupeiforms and Perciforms.
The most frequently consumed clupeiform in the
Ebro Delta was the Sardine, Sardina pilchardus,
whereas in Chafarinas it was the Gilt sardine, Sar-
dinella aurita. The Anchovy, Engraulis encrasico-
lus, which appeared in both localities, was less
important. 

Secondary prey from foraging habitats other than
the sea were very scarce. Such prey were caught in
ecotonic habitats, like rice fields in the Ebro Delta
(such as leeches Hirudo medicinalis or eels Anguil-
la anguilla), or crops in the Moroccan coast (such as
grasshoppers). 

We found distinctive prey types associated with
the fishing activities, an increased proportion of ben-
thic-mesopelagic prey appeared when only trawlers
operated, whereas epipelagic prey appeared espe-
cially when diurnal and nocturnal fisheries operated

at the same time (Table 1). Fish availability for the
two colonies, according to different fishing activi-
ties, is shown in Figure 2.

Diurnal and nocturnal fishing

For the younger age class, there are significant
differences in diet composition between the locali-
ties, both at taxonomic and typologic level (G-test =
22.57, p = 0.0001 for taxonomic categories, G =
18.76, p < 0.001 for typologic categories) but not for
the older age class (G = 4.96, p = 0.189 for taxo-
nomic categories, exact G = 6.35, p = 0.13 for typo-
logic categories).

We considered the biomass contributed by the
different prey categories in the regurgitate of the
younger age class. There were no significant differ-
ences between localities either for epipelagic (U =
224.5, p = 0.14), benthic-mesopelagic (U = 292.5, p
= 0.74) nor accessory (U = 292.0, p = 0.69) preys.
However, the average biomass of prey in a regurgi-
tate was significantly higher at the Ebro Delta (U =
156.0, p < 0.01).
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TABLE 1. – Descriptors of the diet of Audouin’s gull during May-June 1993, 1994 and 1995 relative to colony and age of the individuals when
diurnal and nocturnal fisheries operated, at both taxonomic and typologic levels. Diversity indices are also shown at both levels (%N = 

numeric percentage, %P = percentage of occurrence, %B = biomass percentage).

Chicks < 20 days old Adults and chicks > 21 days old
Ebro Delta Chafarinas Is. Ebro Delta Chafarinas Is.

Num. regurgitates 12 51 54 101
Num. prey items 12 90 58 143

%N %P %B %N %P %B %N %P %B %N %P %B

Taxonomic
O. Clupeiforms 50.0 50.0 72.9 27.8 47.1 38.9 55.2 59.3 58.8 45.5 58.4 58.4 
O. Perciforms 33.3 33.3 19.6 20.0 27.5 26.4 31.0 29.6 26.4 26.6 28.7 22.8
O. Anguilliforms 16.7 16.7 7.5 - - - - - - 7.7 9.9 3.7
O. Gadiforms - - - 2.2 3.9 2.4 1.7 1.9 1.0 4.9 5.9 4.2
O. Pleuronectiforms - - - - - - 6.9 5.6 5.6 - - -
O. Zeiforms - - - - - - 1.7 1.9 4.2 - - -
O. Atheriniforms - - - 8.9 3.9 15.7 - - - 2.1 2.0 0.8
Indeterminated Fish - - - 8.9 15.7 11.2 - - - 7.0 9.9 3.8
Cl. Aves - - - - - - 1.7 1.9 3.5 - - -
O. Sepioida - - - - - - 1.7 1.9 0.4 2.8 3.0 2.7
O. Isopoda - - - 16.7 3.9 3.1 - - - - - -
O. Orthoptera - - - 14.4 11.8 2.3 - - - 1.4 2.0 0.1
O. Hymenoptera - - - - - - - - - 0.7 1.0 0.1
Organic Garbage - - - - - - - - - 1.4 2.0 3.1
Fruits and Seeds - - - 1.1 2.0 0.1 - - - - - -

Typologic
Ecotonic 16.7 16.7 7.5 - - - 1.7 1.9 3.5 - - -
Epipelagic 58.3 58.3 87.8 41.1 62.8 60.1 69.0 74.1 72.6 62.2 78.2 75.1
Bent/Mesop 25.0 25.0 4.7 17.8 19.6 23.3 29.3 24.1 23.9 27.3 26.7 17.9
Indeterminated Fish - - - 8.9 15.7 11.2 - - - 7.0 9.9 3.8
Terrestrial Prey - - - 32.2 11.8 5.5 - - - 3.5 2.0 3.3

Diversity (s.e.)
Taxonomic 1.5 (0.17) 2.9 (0.3) 1.7 (0.2) 2.3 (0.15)
Typologic 1.4 (0.22) 1.6 (0.16) 0.9 (0.13) 1.1 (0.09)



The opposite was found for the older age class.
The amount of biomass in a regurgitate was signifi-
cantly higher at Chafarinas than at the Ebro Delta (U
= 1942.5, p = 0.01), owing to a significantly larger
proportion of epipelagic prey items (U = 2067.0, p <
0.05). It was not due to differences in benthic-
mesopelagic (U = 2540, p = 0.76) nor secondary (U
= 2521.5, p = 0.37) prey items.

Niche width according to taxonomic categorisation
was significantly broader in Chafarinas than in the
Ebro Delta for both age classes (younger chicks, t = -
4.06, df = 89, p < 0.05; older chicks and adults, t = -
2.40, df = 125, p < 0.05). However, there were no sig-
nificant differences according to typological catego-
rization (younger chicks, t = -0.73, df = 27, p = 0.50;
older chicks and adults, t = -1.26, df = 115, p = 0.25).
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TABLE 2. – Descriptors of the diet of Audouin’s gull during May-June 1993, 1994 and 1995 relative to colony and age of the individuals when
only diurnal fisheries operated, at both taxonomic and typologic levels. Diversity indices are also shown at both levels (%N = numeric 

percentage, %P = percentage of occurrence and %B = biomass percentage)

Chicks < 20 days old Adults and chicks > 21 days old
Ebro Delta Chafarinas Is. Ebro Delta Chafarinas Is.

Num. regurgitates 9 32 21 114
Num. prey items 15 59 44 240

%N %P %B %N %P %B %N %P %B %N %P %B

Taxonomic
O. Clupeiforms 20.0 33.3 50.6 17.0 28.1 29.8 22.7 33.3 21.6 27.5 41.2 47.7 
O. Perciforms 6.7 11.1 22.7 11.9 21.9 17.4 34.1 52.4 28.6 26.3 41.2 28.9
O. Anguilliforms - - - 3.4 6.3 6.1 9.1 19.1 1.5 4.2 7.0 2.2
O. Gadiforms - - - 10.2 6.3 24.6 9.1 4.8 12.4 7.5 9.7 13.8
O. Gasterosteiforms - - - - - - - - - 0.4 0.9 0.1
O. Pleuronectiforms - - - - - - 22.7 4.8 31.0 - - -
O. Zeiforms - - - 1.7 3.1 1.3 - - - 3.3 3.5 0.7
Indeterminated Fish - - - 8.5 15.6 12.9 2.3 4.8 4.9 2.5 5.3 1.9
O. Sepioida 6.7 11.1 24.5 1.7 3.1 0.9 - - - 12.1 9.7 4.1
O. Octopoda - - - - - - - - - 0.4 0.9 0.8
O. Decapoda - - - - - - - - - 0.4 0.9 0.1
O. Orthoptera - - - 45.8 18.8 7.0 - - - 15.4 7.0 0.5
O. Gnathobdellida 60.0 44.4 2.1 - - - - - - - - -
O. Diptera 6.7 11.1 0.1 - - - - - - - - -

Typologic
Ecotonic 60.0 44.4 2.1 - - - 2.3 4.8 1.2 0.4 0.9 0.1
Epipelagic 26.7 44.4 75.2 28.8 50.0 47.1 22.7 33.3 21.6 47.9 57.9 61.0
Bent/Mesop 6.7 11.1 22.6 17.0 18.8 32.9 75.0 76.2 77.2 33.8 45.6 36.6
Indeterminated Fish - - - 8.5 15.6 12.9 - - - 2.5 5.3 1.9
Terrestrial Prey 6.7 11.1 0.1 45.8 18.8 7.0 - - - 15.4 7.0 0.5

Diversity (s.e.)
Taxonomic 1.7 (0.29) 2.4 (0.3) 2.6 (0.39) 2.7 (0.1)
Typologic 1.5 (0.24) 1.5 (0.16) 0.9 (0.19) 1.5 (0.11)
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FIG. 2. – Fish availability estimated for every year in the two colonies as the amount of discarded fish from trawling fishing (period 1975-
1989) and from fish landed from purse-seine fishing (period 1988-1993).



Diurnal fishing

In this fishing situation, the epipelagic prey
decreased markedly in both localities and were
replaced by other prey types mainly belonging to the
benthic-mesopelagic category. This led to signifi-
cant differences in diet composition between the two
localities for both age classes and any of the two
prey categorisation schemes: younger chicks, G =
16.42, p < 0.0005 (taxonomic categories), G =
18.73, p < 0.0001 (typologic categories); older
chicks and adults, G = 33.74, p < 0.0001 (taxonom-
ic categories), G = 32.00, p < 0.0001 (typologic cat-
egories).

Trophic diversity was always higher at Chafari-
nas, but differences were significant only for the
older age class in typologic categories (t = -2.73, df
= 77, p < 0.05).

DISCUSSION

Audouin’s gulls feed mainly on epipelagic fish,
provided either by nocturnal fisheries or caught
actively by themselves (Witt et al., 1981; Oro,
1998), or on benthic-mesopelagic fish obtained
from trawler discards. Our results suggest that the
relative importance of these two resources in the
diet varied depending heavily on the type of fishing
activity and also on the locality. Fishing fleet fea-
tures at each locality are different, numbers of
trawlers being much higher at the Ebro Delta than
at the Chafarinas area (e.g. Charbonnier and Garcia,
1985; CGPM, 1988; Demestre et al., 1988; Irazola
et al., 1996; own data). In addition, trawling activi-
ty and timetable are constant and predictable in
space and time around the Ebro Delta (Castilla and
Jiménez, 1995; Oro, 1995; Oro and Ruiz, 1997;
Oro, 1999), whereas at the Chafarinas the activity
pattern of trawlers seemed much less predictable
(own data). Furthermore, trawlers generate large
amounts of discards because their fishing gears are
not selective (Oro and Ruiz, 1997; Oro, 1999),
whereas purse-seine boats are highly selective and
do not normally discard fish (Arcos and Oro, 2002).
Finally purse-seine boats do not always succeed in
their search for fish, they may fish for more than
one night and their fishing grounds vary in space
depending on the season, sea conditions and lunar
cycles (Arcos and Oro, 2002). As a consequence, at
the Ebro Delta the amount of discards available
from trawlers is high and constitutes the main food

of breeding gulls (Oro et al., 1996a; Oro and Ruiz,
1997; Oro 1999), whereas at the Chafarinas, gulls
caught higher amounts of epipelagic fish especially
when purse-seine boats were also operating
(González-Solís et al., 1998). Epipelagic fish
remained the main resource used by breeding gulls
in this locality and this is the cause of the signifi-
cant dietary differences between the two colonies.
When both fishing fleets operated, there were no
differences because of the predominance of
epipelagic prey in both localities. However, the
average biomass of prey in a regurgitate of younger
chicks was higher at the Ebro Delta than at Chafari-
nas, and the opposite trend was recorded for older
nestlings and adults. Results suggest that at least
part of the clupeiforms consumed by gulls were
caught taking advantage of the activity of the purse-
seine boats, which attract epipelagic fish to the sur-
face using lights, and making them easily accessible
to the gulls (Arcos and Oro, 2002). Niche width was
broader in Chafarinas than in the Ebro Delta for
both age classes and for any fishing fleet schedule,
suggesting again that the exploitation of discards
was higher at the Ebro Delta than at the Chafarinas,
where gulls show a more diverse diet. 

We have found specific dietary components
linked to age class. Irrespective of the fishing situa-
tion, in the younger age class epipelagic prey pre-
dominated in the diets of the Ebro Delta vs. Chafari-
nas, while the proportion of benthic-mesopelagic
prey was always significantly more important at
Chafarinas in every fishing situation. Furthermore,
younger chicks had a distinct dietary component of
small soft-bodied prey, which were caught for them
by adults in non-marine environments both at the
Ebro Delta (rice fields) and at the Chafarinas (ter-
restrial grounds) colonies. This has been interpreted
as a way to overcome problems posed by hyperos-
motic marine prey to younger seabird chicks (Rick-
lefs et al., 1978). Other studies have reported this
kind of prey in the food composition of young gulls
(Spaans, 1971; Mudge and Ferns, 1982; Fox et al.,
1990; Hillström et al., 1994).

The rough estimates of the amounts of fish dis-
carded or made accessible by human fisheries sug-
gest that they are probably higher at the Ebro Delta
than at the Chafarinas. Although information avail-
able from purse-seine fisheries suggest that differ-
ences in activity of this fleet between the two areas
are not large, purse-seine fisheries do not generate
large amounts of discards and are probably a
resource less important than trawler discards (see

318 V. PEDROCCHI et al.



also Arcos and Oro, 2002). Very little is known
about the rate of discarded fish by trawlers along
the Moroccan Mediterranean coasts, though the dif-
ference in number of trawlers operating around the
two colonies is large. However, it seems that
Moroccan vessels probably discard less fish than
Spanish vessels due to the differences in fish mar-
ket features between the two countries. For
instance, some common species caught by trawlers
like bogue Boops boops or Mediterranean horse
mackerel Trachurus mediterraneus are normally
discarded at the Ebro Delta area while around the
Chafarinas islands they are landed for sale (authors
pers. obs.). The importance of the fishing fleet
around the Ebro Delta is not casual, but due to the
importance of the fishing grounds in the area, which
are in turn the result of several oceanographic fea-
tures (high width of the continental shelf, nutrients
carried by the Ebro river) that enhance primary pro-
duction (e.g. Salat, 1996; Estrada, 1996). It is
known that in this area large concentrations of
seabirds occur (both scavenging seabirds and
seabirds that scavenge only occasionally), some of
them coming from distant breeding colonies (e.g.
Abelló and Oro, 1998; Arcos and Abelló, unpubl.
data). This means that even when trawlers do not
operate (such as during trawling moratoria), gulls
breeding at the Ebro Delta can still exploit the high
availability of fish (mainly clupeoids) around the
colony (e.g. Oro et al., 1996a, b). At the Chafarinas
Islands oceanographic features seem different, with
narrow continental shelf and primary production
very variable depending on the entries of cold water
from the Atlantic Ocean through the Gibraltar Strait
(e.g. Rubin, 1997; Font et al., 1998). These facts
probably explain why breeding success of
Audouin’s gulls has been normally higher at the
Delta, especially before the establishment of a
trawling moratorium from 1991 that overlaps with
the breeding season of the gulls (e.g. Oro et al.,
1996a, b; Oro, 1998). Some data also suggest that
density dependent food availability may operate at
the Chafarinas but not at the Ebro Delta colony
(Ruiz et al., 1998 and Oro, 1999 respectively),
where the energy available for the seabird commu-
nity is still higher than the energy required (Oro
1999). However, the per capita availability of
trawler discards at the two colonies is probably not
very different, due to the increasing breeding
seabird community at the Ebro Delta, which in the
last decade is much larger than that at the Chafari-
nas (ca. 20000 and 8000 pairs respectively). 
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