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The diet and feeding ecology of breeding Audouin's Gull Larus audouinii were examined at
the Ebro Delta (NW Mediterranean) during 1993, 1994 and 1995 and found to depend
on the activity of the commercial fisheries operating within the foraging range of the birds
in the colony. One of the largest fishing fleets in the Mediterranean operates in this afea,
both diurnal inshore trawlers and nocturnal purse-seine boats. Since 1991, a trawler
moratorium has coincided with the breeding season of the gull, which has affected its
feeding ecology in the afea. Data were collected under four commercial fishing regimes:
diurnal trawling only, diurnal trawling and purse-seine fishing at night, night fishing only,
and no fishing. Although Audouin's Gull usually feeds mainly on epipelagic fish (65% by
biomass on average), in our study they depended largely on trawler discards (benthonic
fish represented up to 73% by biomass when only trawlers operated) because they are a
food source with a high energetic value and are predictable in space and time. The active
capture of clupeiform fish significantly increased when trawlers were not operating, and
the gull has also broadened its foraging niche to feed in rice fields, in ecotonic habitats
and occasionally on reCuse tips, suggesting that the clupeiform population was not large
enough to meet the food demands of the colony. The presence of some discard prey in the
diet when trawlers were not operating indicated that some breeding gulls were able to
travel beyond the afea affected by the moratorium (more than 110 km from the colony).
The frequency of incubation changeovers did not change significantly when trawlers were
not operating, but marked changes brought about by the moratorium were recorded during
the chick-rearing stage. Chick feeding frequency significantly decreased during the trawler
moratorium, although the number of prey per regurgitate delivered to chicks did not vary.
When trawlers did not operate, adults seemed to compensate for the lower food availability
by carrying larger prey items to the chicks. In contrast, chicks occasionally did not accept

!'\ the regurgitated food, especially when trawler discards were available. The trawler mora-
torium affected not only the diet of Audouin's Gull but also the adult time budgets and
the provisioning rates of chicks, although the species showed some ability to buffer against
low food availabiUty.

Audouin's Gull Larus audouinii is a rafe seabird endemic in breeding success (Oro & Martínez-Vilalta 1992, Paterson et
the Mediterranean region. Although their numbers have in- al. 1992). Oro and Martínez-Vilalta (1992) suggested that
creased in recent years, the breeding population is concen- the dramatic growth of the Ebro Delta colony was based on
trated in very few colonies (Pedrocchi & Ruiz 1995), and exploitation of trawler discards, since food supply during the
the species is still considered to be threatened (Tucker & breeding season is considered one of the main limiting fac-
Heath 1995). Since 1991, a 2-month trawler moratorium tors regulating the size of seabird colonies (see review in
has been established in the Ebro Delta afea each year, co- Cairns 1992). The trawler moratorium eliminated a sub-
inciding with the breeding season of Audouin's Gull. Prelim- stantial part of the food resources for the species, and it
inary studies recorded the changes brought about by the offered the possibility to analyse the influence of trawler
moratorium in the diet of the species and a decrease in its fisheries on Audouin's Gull feeding ecology. Ruiz et al.

(1996) recorded large differences in the diet of Audouin's
. Corresponding author. Present address: Centre d'Ecologie Fonc- Gull with and without a trawler moratorium. However, the
tionnelle et Evolutive. CNRS. 1919 Route de Mende. 34293 Mont- study did not consider night fishing activity, which is known
pellier Cedex 5. France. to be exploited by the gulls. Although the diet of Audouin's
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Gulls has often been studied throughout the breeding range (Pedrocchi et al. 1996). The sampling period extended from
(Witt et al. 1981, Catala et al. 1990, Ruiz et al. 1996), sam- the pre-Iaying stage (March-April) to the juvenile fledging
pIe sizes were often small and diet analyses grouped different stage Gune-July).
food samples, such as regurgitates, remains and pellets, with Prey were identified using collections of fish, birds, mam-
no estimation of the bias associated with each sample meth- mals and invertebrates from the Ebro Delta afea. Partially
od (Duffy & Jackson 1986). digested fish were identified using their scales and otoliths,

If the moratorium generated a shortage of food for Au- but identification was normally possible from the entire fish
douin's Gull (Oro & Martínez-Vilalta 1992), not only its diet bodies. Quantification procedures followed the rule of min-
but algo the adult time budgets and the provisioning pat- imum numbers (Duffy & Jackson 1986).
terns of chicks during the rearing stage would be expected
to change. This paper examines the diet of Audouin's Gulls '

in relation to trawler and nocturnal fishing activities and Adult aud chick responses to
assesses their importance to Audouin's Gull feeding ecology. changes in food availability
The consequences of the trawler moratorium are algO quan-
tified in terms of incubation changeovers, chick provisioning We measured incubation changeovers, chick provisioning
rates, number and size of food items regurgitated and re- rates, number and size of food items regurgitated and re-
sponse of chicks to food regurgitated by the adults. sponse of chicks to food regurgitated by the adults. Data

were recorded in 1994, when the moratorium coincided ~
with the incubation and chick-rearing stages, and 1995,

METHODS when the moratorium started in the beginning of the chick-
rearing stage.

Study area and fishing activities During incubation, watches were made over six 12-h ob-

The study was made during 1993, 1994 and 1995 on Au- servation periods during the trawling moratorium (1994)
douin's Gulls breeding in the Ebro Delta (NW Mediterra- and three 12-h observation periods when trawlers operated
nean). The colony was located in the Punta de la Banya, a (1995). Twelve pairs were monitored each year. A change-
protected brackish marsh habitat of 2500 ha (40037'N, over in which material for the nest was brought in was not
00o35'E, Ebro Delta Natural Park). The colony was estab- considered in the analysis since it did not correspond to a
lished in 1981 by a few pairs, and since then it has dra- foraging trip. No significant differences were found in hatch-
matically enlarged its numbers up to c. 10,300 pairs in ing dates between 1994 and 1995 (Ruiz et al., unpubl.).
1994 (65% of the total world population; Pedrocchi & Ruiz After hatching, five 12-h observation periods were made
1995). in both 1994 (all of them coinciding with the moratorium,

In the Ebro Delta afea, both diurnal trawler and night which started in May) and 1995 (without the moratorium).
fisheries occur. These two fleets have a timetable which All observations were made during the beginning of the
shows little variation, and each day of the week has a par- chick-rearing stage. Thus, the 5 days sampled in the chick-
ticular fishing pattern, depending on which fishery operates rearing stage in 1994 (23, 25, 27, 30 and 31 May) were
(Oro 1995). During the moratorium, only two situations oc- compared with those sampled in 1995 (25, 26, 29-31
curred: (1) only the purse-seine fishery operated (night fish- May) , and the bias associated with changes in adult behav-
ery), (2) no fishing at any time. When trawlers operated, iour with chick age was avoided. Sixteen nests were moni-
four different fishing activities were recorded: (1) trawling tored each year. All the observations were made from a birle """"""1
only, (2) both trawling and purse-seine fishing, (3) purse- in the study colony between 06.00 h and 18.00 h. Watches
selle fishing at night only and (4) no fishing. Samples were were shared by two observers, each observer being relieved
collected in relation to the fishing situation pertaining each after 4 h. Nests were marked, and chicks were ringed when
day, and occasional changes in fishery activities (because of they hatched. Some adults were caught and ringed with
bad weather, holidays) were algo considered. colour combination codes, and other adults were already

ringed and could be identified. Plumage characteristics al-
F d 1 lowed us to identify some other adults. In total, 81 % of

00 samp es adults watched were easily identifiable in 1994 and 75% in .
Fresh food regurgitated by adults and fledgling gulls was 1995. All the regurgitations to feed the chicks of the ob-
collected when the birds were handled for ringing or when served pairs were recorded. We algO recorded when regur-
regurgitates were produced in the subcolonies as a defensive gitate samples were fresh, the number and size of prey perresponse against intrusion by researchers. In spite of the regurgitate (the bill length was used as a guide) and the .

drawbacks of this method (see review in Duffy & Jackson number of times that chicks did not feed on the regurgitated
1986), only regurgitates were analysed because remains food (as an indicator of chick satiation). Prey were classified
and pellets are more biased samples for Audouin's Gull diet into three size categories: small (10-69 rnm), medium (70-
analysis (González-Solís et al., unpubl.). The regurgitates 120 rnm) and large (121-350 rnm). Since the birle was
from young chicks were not analyzed because they have a close to the nests and the manipulation time of the food by
different diet from the older chicks, fledglings and adult gulls the adults was long when chicks were a few days old, most
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of the prey was identified (75% in 1994, 67% in 1995) and Table l. List of identified prey items in the analysis of the diet
quantified. Means are given :t 1 s.d. unless otherwise stated. of Audouin's Gulls in the Ebro Delta, 1993-1995

Analytical methods and statistical procedures Taxonomic category Ecologic typology

Two criteria, taxonomic and ecological (typologic) , were Coleoptera
used to establish prey categories because the categorization Aquatic Beetle Hydrophilus pistaceus Ecotonic
procedures may have a great influence on the interpretation Gnathobdellida
of diet analyses (Cooper et al. 1990). Taxonomic categories Leech Hirudo medicinalis Ecotonic
were based on order level to avoid analytical difficulties re- Decapoda
sulting from many groups with zero counts. Typologic American Crayfish Procambarus
groups were based on prey locomotive characteristics, which c/arckii Ecotonic
might represent different hunting behaviour, predation ef- Crab Carcinus sp, Ecotonic
fort and foraging habitat. Sepioida

The following descriptors of the diet were used at both Little Cuttlefish Sepia orbignyana Epipelagic
taxonomic and typologic levels: prey number (N); numeric Teuthoida
percentage (%N); percentage of occurrence (percentage of Long-finned Squid Loligo vulgaris Epipelagic

1""'"\ sampling units containing the prey category, %P) and per- Clupeiformes
centage of biomass (in dry weight, %B). The biomass per- Sardine Sardina pilchardus Epipelagic
centage was algo used to compare diet composition among European Anchovy Engraulis
the different fishing situations since it is an important cor- encrasicholus Epipelagic

t.. t. t f t. . t-l. Round Sardine\Ia Sardinella aurita Epipelagicrec Ion m any es Ima e o energe lC m CU\.e.
The width of the trophic niche was measured by Bril- Escorpeniformes

1 " d ' ' t ' d (P' 1 1975) d . ck knl"'e pro Gurnard Aspitrygla sp, Benthic/mesopelagicoum s IverSI y m ex le ou ,an a Ja - 11 -
cedure was used to estímate diversity, together with the as- Perciformes
sociated variance (ZahI1977). In the present case, the niche Bogue Boops boops Epipelagic

.d h b d th t ' f d d Axillary Sea Bream Pagellus acarne Benthic/mesopelagic
Wl t was ase on e propor lOng o resources use an C b S B th ' / l '. . . .. om er erranus sp. en lC mesope aglc
not on the availablhty of resources. The Jack-knife values of Flathead Grey Mu\Iet Mugil cephalus Ecotonic
diversity were matched with the values obtained using the Red Bandflsh Cepola rubescens Benthic/mesopelagic
diversity spectra for each fishing situation in order to ensure Mediterranean Horse-mackerel
that sample sizes were large enough (Pielou 1975, Sherry Trachurus sp. Epipelagic
1990). Since trawler discards belong mainly to one typolog- Blue Whiting Micromesistius
ical category but are formed by many taxonomic categories, poutassou Benthic/mesopelagic
a diversity index was algo calculated on typological catego- Anguilliformes
ríes to assess the diversity of foraged typologies in each fish- Eel Anguilla anguilla Benthic/mesopelagic
ing situation. Comparisons of jack-knifed diversity values Snake Eel Ophictus sp, Benthic/mesopelagic
were performed using a modified Student's t-statistic Pleuronectiformes
(Hutcheson 1970), and Bonferroni correction was used Plaice Pleuronectes sp. Benthic/mesopelagic

f" when appropriate. Flounder Citharus macrolepidotus Benthic/mesopelagic

Comparisons of diet composition among the fishing situ- Anseriformes
ations were carried out by means of the G-test (Sokal & Rolf Ma\Iard Anas platyrhynchos, chick Terrestrial walker

1981), and standardized residuals were used to interpret the Passeriformes
detected differences. When comparing relative frequencies Nightingale Luscinia sp. Terrestrial fIyer

of each prey category between periods, we grouped some
categories in order to avoid difficulties arising from catego-
ríes poorly represented in the data matrix. Biomass impor- categories to which prey items were assigned. The common-
tance was compared using the Mann-Whitney U-test of est prey, the Sardine Sardina pilchardus, was classified as ep-
rank order. Changeover frequency and provisioning rates ipelagic, although those coming from trawler discards
were algO compared using the Mann-Whitney U-test, where- should be classified with typical offal prey (benthonic and
as the number and the size of prey per regurgitate were mesopelagic). The unknown amount of Sardine coming
compared by X2 tests. from trawler discards probably biased the assessment of the

importance of discards when trawlers operated, thus its im-
portance was likely underestimated (see Discussion).

RESULTS Table 2 shows the diet at both taxonomic and typologic
levels. Por the whole breeding seasons of 1993, 1994 and

A list of the different prey items identified in the study is 1995, the commonest fishing situation was when only the
shown in Table 1, indicating the taxonomic and typologic night selle fleet was operating (43% of days), and trawlers
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Table 2. Descriptors o/ diet importance o/ Audouin's Gulls in the Ebro Delta, 1993-1995, in relation tofishery activities and based on
taxonomic and typologic categories. Diversity índices are also given at both taxonomic and typologic levels

Commercial fishing activity

Diurnal and nocturnal Diurnal only Nocturnal only No activity

%Na %pa %Ba %N %P %B %N %P %B %N %P %B

Taxonomic

Clupeiformes 57.1 63.2 56.7 22.7 33.3 21.9 72.7 64.1 70.6 46.8 54.6 58.4
Perciformes 30.2 26.3 32.1 36.4 57.1 34.0 13.2 20.3 18.2 11.7 15.9 13.3
Anguilliformes 6.4 5.3 1.9 9.1 19.1 0.2 1.7 3.1 0.1 1.3 2.3 0.1
Gadiformes 1.6 1.8 0.9 9.1 4.8 12.6 - - - - - -
Pleuronectiformes 1.6 1.8 4.9 22.7 4.8 31.4 - - - - - -
Aves 1.6 1.8 3.1 - - - 0.8 1.6 1.3 2.6 4.6 2.16
Sepioida 1.6 1.8 0.4 - - - 4.1 7.8 6.8 1.3 2.3 2.5
Decapoda - - - - - - 3.3 4.7 3.1 13.0 13.6 18.7
Gnathobdellida - - - - - - 2.5 3.1 0.1 15.6 4.6 0.6

"""""Orthoptera - - - - - - - - - 3.9 2.3 0.1
Coleoptera - - - - 1.7 1.6 - 2.6 2.3 0.7Waste food - - - - - - - - - 2.3 1.3 3.6

Typologic
Ecotonic 3.2 3.5 5.0 2.3 4.8 - 6.6 7.8 3.1 33.8 25.0 26.7
Epipelagic 68.3 75.4 69.6 25.0 38.1 26.9 89.3 89.1 95.3 57.4 68.2 67.4
Benthic/mesopelagic 28.6 21.1 25.4 72.7 71.4 73..1 1.7 3.1 0.3 1.3 2.3 0.1
Terrestrial walker - - - - - - 1.7 1.6 - 6.5 6.8 2.3
Terrestrial flyer - - - - - - 0.8 1.6 1.3 - - -

l'Refuse tip - ~ - - - - - - - 1.3 2.3 3.6

Diversity (s.e.)
Taxonomic 1.6 (0.2) 2.5 (0.4) 1.5 (0.2) 2.6 (0.3)
Typologic 1.1 (0.1) 1.0 (0.2) 0.7 (0.2) 1.5 (0.2)

% of days involved 28.6 7.1 42.9 21.4
No. regurgitates 57 21 64 44
No. items 63 44 121 77

a %N = numeric percentage, %P = percentage of occurrence, %B = percentage of biomass.

operated on 36% of the days. No cornmercial fishing activity ~
occurred on 21 % of days during the study. In an. 186 re-
gurgitates were anaiysed. with a total of 305 prey items

100 identified. oYeran. clupeiforms were clearly the main re-

source for Audouin's Guns. The amount of Sardine con-
sumed was not significantly different according to trawler

75 activity (Mann-Whitney U-test, z = -0.71, n.s.). When

trawlers operated, however, perciforms and algo pleuronec-
50 tiform fish had more importance than clupeiforms, showing

that benthonic and mesopelagic prey (typicany trawler dis-
cards) may have been the most relevant prey in periods with

25 trawler activity. The consumption of epipelagic prey relative
to other typologic categories decreased significantly when
trawlers operated (Mann-Whitney U-test, z = -2.57, P <

Diurna! Nocturna! No acttvlty 80th acttvlty 0.01), and thus significantly more benthonic and mesope-
lagic prey were consumed (Mann-Whitney U-test, z =

~Eplpelagic D8anumesopelag¡c .Ecotonlc ~Terrestrlal ~Refusetlp -5.67, P < 0.001; Fig. 1). The G-test revealed a significant
difference in diet among the four fishing situations at ty-

Figure l. Percentage of prey biomass consumption of Audouin's Gull pologic level (G6-test = 169, P < 0.001). Higher consump-
under the different fishing situations in the Ebro Delta, 1993-1995. tion of clupeiforms (64% by occurrence and 71% by bio-
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1.4 the analysis. Dietary niche width at the population rever

~--~.
" ,.,1-"--- showed changes among the population diversity indices for1.2 1'_1 '

,.v-,' the four situations, and the trend was similar at both tax-
~O 1-__,1 onomic and typologic levels (Table 2). The lowest diversity

/' ""'. ,'. ,.",.,..,..",.."""""""""..,., indices occurred when only night fisheries operated, while_, ' ,"".8 .'.,' ' "." , , higher diversity values were recorded during trawler activity

f and especially when no fishing activity occurred in the area
~ .6 . /', .~-~.~ (see algo diversity spectra in Fig. 2). Dietary niche breadth

.", -,..¡ o""/\/- .~.- was significantly higher when no fishing took place (Table
, ~.,\ o \/ '-- .4 i '-"0/' ,/ ' Both tisheries 3)0 When only trawlers operated, the dietary niche width at

! Í\."."JI - both taxonomic and typologic levels was significantly great-
: , Dlurnal tishery

.2 !! --- er than when only nocturnal activity occurred (Table 3)0
: I Nocturnal tishery Th 1 th f ' b t o t ' o 1 oi j e eng o an mcu a Ion s mt m our samp es m-

000 ! j No tisheries creased during moratorium periods, but differences were not
o 10 20 30 40 50 80 significant (1994: trip length = 5.9 :t '300 h, n = 65 stints;

Nurnberofaggregstedsemplingunhs 1995: trip length = 4.7 :t 0.1 h, n = 46 stints; Mann-
,.." Figure 2. Medians of estimated Audouin's Gull diet diversity for 100 Whitney U-test, z = 0.5, n:s.).

random runs as a function of fue number of aggregated sampling units A total of 418 regurgrtates were recorded from the
for each fishing situation. watches (n = 220 in 1994; n = 198 in 1995). Provisioning

rates were significantly higher when trawlers operated than
when the moratorium was established (1995: 6.8 :t 4.3

mass) were positively associated with periods of night fish- feeds/nest/day, n = 5 days; 1994: 4.5 :t 3.2 feeds/nest/day,
eries only, whereas perciforms were relatively more impor- n = 5 days; Mann-Whitney U-test, z = 2.3, P < 0.05). The
tant when only trawlers operated (57% by occurrence and numbers of prey per regurgitate were not different between
34% by biomass). At typologic rever, higher consumption of years (X23 = 0.29, n.s.), but the size of food red to chicks
discards was positively associated with trawler activity (both was significantly larger when food shortage occurred (1994;
with and without night fisheries), although this resource X22 = 12.4, P < 0.005; Fig. 3). This trend did not change
was especially important when only trawler activity oc- when only the fish caught actively by the gulls was consid-
curred (71% by occurrence and 73% by biomass). Second- ered (X22 = 10.1, P < 0.005). Clupeiforms measured from
ary prey (such as the American Crayfish Procambarus clarckii trawler discards were of similar size in both years (1994:
or the Aquatic Beetle Hydrophilus pistaceus) were consumed 13.0 :t 0.2 cm, n = 397; 1995: 13.1 :t 0.1 cm, n = 423;
frequently only when no fishing fleet operated (25% byoc- tSIs = 0.7, n.s.). Commercial fishing catches per unit effort
currence and 27% by biomass). in the area were similar in both years (D. Oro, X. Ruiz, L.

Figure 2 shows that the jack-knife values of diversity Jover, v: Pedrocchi & J. González-Solís, unpubl.) , suggesting
matched the values obtained using the diversity spectra for that neither the size nor the population density of fish
each fishing situation, so sample sizes were large enough for changed between 1994 and 1995. Significantly higher rates

~
Table 3. Statistical differences between Audouin's Gull foad diversity index values for the tour fishing situatians (Hutcheson modified Stu-
dent's t-statistic value, d,}: in parentheses) for both typologic (above the diagonal) and taxonomic (below the diagonal) levels

Fishing activity
Fishing activity Diurnal only Nocturnal only No activity Both activities

'I'ypologic
Diurnalonly 1.13 (127) -1.98 (114) -0.46 (86)

n.s. n.s. n.s.
Nocturnalonly 2.26 (70) -3.11 (184) 1.76 (184). . n.s.
No activity -0.16 (97) -2.85 (140) -1.80 (133)

n.s.. n.s,
Both activities -1.96 (63) 0.54 (176) 2.52 (121)

n.s. n,s. .
Taxonomic

. P < 0.05, Bonferroni corrected.
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70 affected the reproductive performance of the scavenging

80 .1994 seabirds breeding in the Punta de la Banya (Oro & Martínez-
Ld1995 Vilalta 1992, Oro et al. 1995). This suggests that the ex-

50 ploitation of night fisheries by Audouin's Gull does not to-
g tally compensate for the lack of trawler discards. This dif-
§. 40 ference in feeding benefit from each of the two fishing fleets

~ 30 arises from the differences in fishing strategies and com- '"

at mercial interests: while the night fleet is specialized in catch-

20 ing clupeiforms (which entails fewer discards), trawlers often
concentrate on catching benthonic fish and crustaceans and

)0 generate large amounts of discards. The significant increase s

o in dietary niche breadth during periods of the trawling mor-
Sma" Madium Large .. 11 t t. h th . ht fi h. fl t d '

dP . t atorlum, espeCIa y a lInes w en e rng s mg ee Irey s,ze ca e90ry

not operate either, showed that the rice field ecosystem and
Figure 3. The percentage of prey in dilTerent size classes red to young the dunes were exploited to a large extent at that time. This
Audouin's Gull chicks in 1994 (n = 81) and 1995 (n = 168). increase algo indicates that when no fishing fleet was op-

erating, gulls were not able to meet their food requirements
of nonacceptance of regurgitates were recorded in young from catching clupeids, and they were forced to feed algO on '"

chicks during 1995 (6% of regurgitates) than in 1994 ecotonic prey. When food shortage occurred, the gull
(1.5% of r~gurgitates; X22 = 4.3, P < 0.05). showed both opportunistic foraging behaviour and high diet

and activity plasticity (Oro 1995) linked to the high avail-
ability of alternative resources, such as rice fields, ecotonic

DISCUSSION habitats and kleptoparasitism on other seabird species (Oro
1996). Although prey from rice fields are energetically poor-

The relevance of clupeids to the feeding habits of Audouin's er than fish, their consumption has probably prevented total
Gulls under any fishing situation showed the gulls' ecolog- breeding failure, which was recorded in the Columbretes Is-
ical dependence on this resource. This dependence was even lands colony under the same moratorium situation but
more marked in our study because the commonest feeding without alternatíve foraging resources (Oro et al. 1996b).
situation for breeding Audouin's Gulls was when only night The presence of some discard prey when the trawlers did
fisheries operated (Table 2). For the first time, the diet of not operate indicated that some breeding gulls were able to
Audouin's Gull was analysed when none of the fishing fleets travel beyond the area affected by the moratorium (more
was operating, showing the gull's high ability to catch free- than 110 km from the colony).
swimming clupeiforms, especially Sardines (58% by bio- When trawlers were not operating, Audouin's Gulls did
mass) , and its characteristic of being a highly specialized, not significantly alter the incubation changeover frequency,
nocturnal marine predator. These results, compared with but during the chick-rearing stage, they did decrease the
those obtained when only night fisheries occurred, showed provisioning rates of chicks. This difference in the response
that Audouin's Gull may algo exploit these fisheries (increas- of the species probably arises from the differences in ener-
ing the consumption of clupeiforms) and confirm that the getíc demands of the two stages, which are especially higher ~
gull has a nocturnal foraging pattern which involves the during the chick-rearing stage (Furness & Monaghan
nocturnal fishing fleet (Beaubrun 1983, Oro 1995). How- 1987). Data suggest that adults increased the time dedicated
ever, the diet of Audouin's Gullla;rgely depended on trawler to foraging by c. 50% when trawlers did not operate, es-
discards (benthonic fish represented up to 73% by biomass pecially when the moratorium coincided with the chick-
when only trawlers operated). The gull behaves as an op- rearing stage. These costs have probably increased in recent
portunistic scavenger, as do many seabird species through- years because of the decrease in clupeiform density in fue
out the world (Blaber & Wassenberg 1989, Furness et al. area (Palomera & Pertierra 1993). The gulls seemed to com-
1992). pensate for the lack of discard availability by feeding their

Our results are similar to those given by Ruiz et al. (1996) chicks with larger fish, as recorded by Uttley et al. (1994) "

for the same colony, where they algo recorded a strong de- for Guillemots Uria aalge. This may explain why the Au-
pendence of this colony on trawler fisheries. Audouin's Gulls douin's Gull chick growth was not significantly lower when
benefit from this opportunism through a decrease in the the moratorium coincided with the chick-rearing stage (Oro
time devoted to foraging (since trawl discards are resources et al. 1996a), probably because adults increased load size
predictable in space and time) and an increase of the tem- and chicks did not receive less energy (Uttley et al. 1994).
poral ruche dimension since trawlers are active diurnally In contrast, Monaghan et al. (1992) found that under food
and Audouin's Gulls are typically nocturnal predators. Food shortage conditions, adult Arctic Terns Sterna paradisaea red
supply is considered one of the most important factors in their young with smaller prey but at higher rates. This dif-
the regulation of seabird colony sizes (Cairns 1992), and ference may arise from the capacity of Audouin's Gull to
the trawler moratorium established since 1991 has greatly gather many fish in its throat (regurgitates often contained
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more than three fish, and on some occasions up to 11 me- in food availability on reproductive effort in Arctic Terns Sterna
dium-sized Sardines were recorded). The importance of paradisaea, Ardea 80: 71-81.
maintainin a hi h roportion of Sardines in the diet of Monaghan, p" Uttl.ey, J.~., Burns, M.D., Thaine, G. & Blac~wood, J.h. k g h g P 1 d.d t t . b bl 1989. The relatlonshlP between food supply, reproductlve effortc 1C s even w en trawers 1 no opera e, 1S pro a y re- '.. ..' and breedmg success m Arctlc Terns Sterna paradlsaea. J. Arnm.

lated to the positive correlation between dietary represen- Ecol. 58: 261-274.

tation and chick growth (Monaghan et al. 1989, Hamer et Oro, D. 1995. The influence of commercial fisheries in daily activ-
al. 1991) since Sardines have high energetic value. ity of Audouin's Gull Larus audouinii in the Ebro Delta, NE Spain.

The results of this study showed that when the morato- Ornis Fenn. 72: 154-158.
rium occurred, Audouin's Gull exhibited a capability to buff- Oro, D. 1996. Interspecific kleptoparasitism in Audouin's Gull: A
er against the potential food shortage. This capability in- behavioural response to low food availability. Ibis 138: 218-221.
cluded changes not only in the diet but algO in the adult Oro, D. & Martínez-Vilalta, A. 1992. The colony of Audouin's Gulls
time budgets and the size and number of prey red to chicks. Larus audouinii in the Ebro Delta. Avocetta 16: 98-101.
This capability may explain why, despite the decrease in Oro, D., Bosch, M. & Ruiz, X. 1995. Effects of trawler moratori~m
b d. . h t bl . h t f th t . on the breeding success of the Yellow-legged Gull Larus cachln-

ree mg success smce t e es a 1S men o e ~ora ~num nans. Ibis 137: 347-349.

in 1991, breeding failure has not been recorded m th1S col- Oro, D., Jover, L. & Ruiz, X. 1996a. Influence of trawling activity

ony. on the breeding ecology of a threatened seabird, Audouin's Gull

Larus audouinii. Mar. Ecol. Prog. Ser. 139: 19-29.
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(Generalitat de Catalunya). terranean Sea. Sci. Mar. 57: 243-251.
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