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ABSTRACT: The effect of fisheries on seabirds is a key issue for seabird conservation and management. Fish discards, for instance, are an important and significant food resource for many bird
species. Despite extensive research, the attractiveness of fishing fleets to seabirds has not been
fully explored. We compare the densities of the near-threatened Audouin’s gull Larus audouinii in
2 areas off the Ebro delta (NW Mediterranean) which are affected by 2 trawling moratoria in different months of the breeding season (May–June and July–August, respectively). We assessed
and quantified the effect of fisheries and moratoria on the species’ density in both areas under
both fishing scenarios by monthly aerial surveys. The gull’s distribution is strongly influenced by
the trawling moratoria as it overlaps with that of the operating trawlers. Audouin’s gulls are
scarcer in areas where trawling is prohibited. A complementary analysis of the presence of colorringed L. audouinii at Tarragona and Borriana harbours (located 75 km north and 100 km south of
the delta, respectively) showed similar results, with a decrease in the number of individuals during the span of the moratoria. Our findings highlight the strong influence of fisheries on the distribution of L. audouinii. The strong dependence of L. audouinii on discards from the fishing fleet
suggests that the management and conservation of this species must be directly linked to fishery
management by the respective stakeholders. This will help ensure the long-term sustainability of
L. audouinii colonies in this marine important bird area.
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Seabirds interact with fisheries in many different
ways, which include negative and positive effects on
their ecology, reproductive success or survival (Tasker
et al. 2000). Accidental by-catch may have strong
negative effects on the population demography and
the conservation of some species (Barbraud et al.
2008, Igual et al. 2009). In addition, fisheries can
deplete fish stocks by overexploitation (Furness &

Tasker 2000, Grémillet et al. 2008). On the other hand,
fish discards from vessels have been widely reported
as an important food supply for many seabirds worldwide, positively affecting their fitness (Tasker et al.
2000, Furness et al. 2007). The management of these
fisheries has far-reaching consequences for seabirds
(e.g. Votier et al. 2004, Furness et al. 2007).
Fisheries can influence seabird foraging behavior
(Torres et al. 2011) and their distribution at sea (Karpouzi et al. 2007, Cama et al. 2012a). However, the
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strength or scale of the influence of fishing fleets on
the distribution of seabirds at sea is hardly known.
Different attempts to analyze this key issue of seabird
management have provided contrasting results as a
function of scale, species and ecosystem. Votier et al.
(2010) detected small scale attraction of Atlantic gannets Morus bassanus to fishing vessels, but not to the
distribution of long-term averaged vessel density.
Contrastingly, in the southern Indian Ocean, the distribution of white-chinned petrels Procellaria aequinoctialis and fisheries overlap on a broad scale, but
not at a local level (Delord et al. 2010). At the transition between the Baltic and North seas, fisheries attract seabirds at a local level (<10 km), but the overall
distribution of birds at sea is explained primarily by
oceanographic conditions (Skov & Durinck 2001). On
the other hand, in the NW Mediterranean the absence or presence of the fishing fleet correlated with
changes in foraging destinations of Balearic shearwaters Puffinus mauretanicus and Cory’s shearwaters Calonectris diomedea within a very short time
frame (Bartumeus et al. 2010).
Fishery management policies regulate different aspects such as fishing quotas, prohibited fishing locations or temporal moratoria (i.e. periods when fishing
is not allowed in particular areas). These regulations
restrict the availability of fish discards accessible to
birds (Oro et al. 1995, Oro 1996). As a consequence,
moratoria are excellent opportunities to quantify the
influence of fisheries’ management regimes on seabird distribution at sea, by comparing areas or periods
with and without fishing activity. We investigated the
potential effect of fishing restrictions on the local and
regional distribution of the near-threatened Audouin’s
gull Larus audouinii in a marine area affected by both
temporal and spatial fishing moratoria.
Larus audouinii mainly reproduces on the Mediterranean coasts, with 65% of its worldwide breeding
population occurring at the Ebro delta, NW Mediterranean Sea (Oro et al. 2009). Despite being one of the
most endangered seabird species worldwide in the
last century, the population increased considerably
since the Ebro delta colony had established in 1981
(Genovart et al. 2008). This population increase was
partly the consequence of new food resources provided by fish discards from trawlers (Oro et al. 1997).
In the study area discards are easy to capture,
energy-rich and predictable in space and time (Oro
et al. 1997, Arcos 2001, Cama et al. 2012a). However,
this resource is not available for breeding L.
audouinii during the entire breeding season, since
1991 several trawling moratoria periods have been
declared in the area to protect fish stocks.

In 1991, the moratoria overlapped with the breeding season of L. audouinii and most individuals
shifted their diet from discards to epipelagic fishes,
mainly clupeiformes that are their traditional food
resource, and adapted to feed in freshwater habitats
(Oro et al. 1997, Pedrocchi et al. 2002). Some individuals were reported to expand their foraging range to
>110 km, reaching areas with operating trawlers
(Arcos & Oro 1996, Oro et al. 1997, Mañosa et al.
2004). Despite this foraging plasticity (Christel et al.
2012), these alternative feeding strategies were not
sufficient to meet the food demands of the entire
colony, as the overall colony productivity was reduced in terms of egg and clutch sizes and recruitment (Oro et al. 1996, 1999). From 1997 onwards, the
sea adjacent to the colony has been under a fishing
moratorium during July and August, when the seabird breeding activity has already finished. In May
and June a moratorium affects the area north of the
Ebro river mouth, ~20 km north of the colony (see
Fig. 1). Under this new fishing policy, the colony has
grown reaching its maximum size in 2007 with
~16, 000 pairs (Genovart et al. 2008). However, the
intense fishing activity is depleting the fish stocks
(Lleonart 1996) causing long-term conservation
implications for Audouin’s gull, the rich seabird community in the area and the associated marine ecosystem (Coll et al. 2009).
The aim of this work is to assess potential effects
of fishing moratoria on the distribution of Larus

Fig. 1. The Ebro delta and the study area in the Western
Mediterranean. Note the location of Tarragona and Borriana harbours as well as the limit of the 2 moratorium areas.
North of the limit (shaded) the moratorium took place in
May and June whereas south of the limit it took place in
July and August
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audounii at sea. For this purpose, we conducted
surveys of L. audouinii to determine the local scale
distribution at sea during its breeding period as a
function of the distribution of the fishing effort, by
means of aerial surveys in periods with and without
moratoria. At a wider scale, a long-term ring-reading
study was conducted at Tarragona harbour, 75 km
north of the breeding colony, and Borriana harbour,
100 km to the south, to detect potential effects of the
moratoria. We discuss these results and their direct
implications on the management and conservation
of the near-threatened L. audouinii in the northwestern Mediterranean, where most of the world’s
population of this gull occurs.

MATERIALS AND METHODS
Study area
The Ebro delta sea shelf (Fig.1), is a key foraging
and breeding area for Mediterranean seabirds
(Arcos 2001, Louzao et al. 2006), and has been identified as a marine Important Bird Area (IBA) by
SEO/Birdlife (Arcos et al. 2009). This area is very
productive because of the influence of the LiguroProvençal-Catalán front and the Ebro river runoff
(Salat et al. 2002, Arin et al. 2005), producing high
fish densities, especially of European sardine Sardina pilchardus and anchovy Engraulis encrasicolus
(Olivar et al. 2001, Sabatés et al. 2007). This fish
abundance has favored the development of a very
active fishing fleet, which provides resources for
seabirds (Arcos 2001, Arcos et al. 2008). The demersal trawling fleet is of particular importance for
seabirds because of the large amount of discards
caused by unselective catching methods (for detailed information about discard composition see
Arcos 2001).

Aircraft surveys
Monthly aerial surveys took place from May to
October 2005 covering 1435 km2 of the Ebro delta sea
shelf (Fig. 1). All the study area was surveyed in a
single day during periods with trawling allowed
or banned according to the limits shown in Fig. 1.
The area north of the moratorium limit was affected
by the moratorium in May and June whereas the
southern part was affected in July and August.
We used standard seabird aerial survey methods
(Noer et al. 2000, Christensen et al. 2001) with minor
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adaptations. The surveys were done from a Partenavia P-68 twin-engined aircraft, commonly used for
wildlife observation. The aircraft followed 45 predefined transect lines with a length ranging from 13
to 23 km because of coastal shape, and separated by
a constant distance of 2 km. The flight altitude was
300 feet (~100 m). The flight speed was fixed to 100
knots (~185 km h−1). All censuses were performed
during clear days with very good visibility conditions
and with wind not exceeding level 3 on the Beaufort
scale. Each total census lasted ~6 h.
Two observers with previous experience in aircraft
surveys (A.C. and Francisco Javier Macià) carried
out the censuses. The observers used Steiner Commander V 7 × 50 binoculars. During these censuses
all observed bird flocks in a 2 km band (1 km each
side of the aircraft) were recorded. An inclinometer
was used to define the limit of the 1 km band. With
the established flight height, the limit of 1 km is ~6° to
the horizontal axis. The extent of the transect lost
because of the limits of the window view has been
established as 59 m on the basis of previous studies
(Noer et al. 2000, Christensen et al. 2001), reducing
the real census band to 941 m width.
All L. audouinii groups were recorded on a dictaphone including information about the number of individuals and time of the observation. Although gull
identification can be complicated in certain areas
where closely related species occur sympatrically, L.
audouinii identification is reliable from great distances
in individuals >1 yr old. The mantle color is obviously
different from that of the lesser black-backed gull
Larus fuscus and slightly different from that of the yellow-legged gull L. michahellis, and wing-tip patterns
between species are also distinctive. In birds <1 yr old
the identification is reliable because of the distinctive
rump-tail pattern (Olsen & Larsson 2003). At longer
distances not all gulls were identified to species level,
and this bias was consistent throughout the study.
When the sun reflex on the sea occupied > 50% of the
observer visual range, data were not recorded to
avoid biased detection and identification rates.
Observations were linked to a GPS with a Turbo
Pascal application (I. K. Petersen pers. comm.). We
used the program ArcGIS version 9.2 to create a 2 ×
2 km grid and to summarize all the information of the
surveys in 378 grid cells (118 north of the moratorium
limit and 260 south of it). Data were summarized in 2monthly periods according to the trawling policy: (1)
March and April (prior to the moratoria), (2) May and
June (moratorium affecting only north of the river
mouth), (3) July and August (moratorium affecting
only south of the river mouth), (4) September and Oc-
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tober (after the moratoria). We generated a density
distribution model of the species for every 2-monthly
period. We used a Generalized Linear Model following the negative binomial distribution (McCulloch &
Searle 2001, Cama et al. 2012b) with a single variable:
the sector (i.e. north or south of the moratorium limit).
To test if this variable was significantly associated
with the gull density, the log-likelihood of this model
was compared with that of the model without any
variable using the Likelihood Ratio Test (LRT). MASS
library for R v2.13 was used for this analysis.

Ring-reading
To evaluate the potential effect of the moratoria on
the regional distribution of the species, long-term
ring-reading work was conducted at the Tarragona
and Borriana harbours (Fig. 1). These harbours are located at the northern and southern limits of the Ebro
sea shelf respectively and are also affected by fishing
moratoria (see Fig. 1). Readings of color-rings were
conducted from 2002 to 2007 during the same time of
the year when the aerial surveys were performed,
from March to October. Ring-reading often provides
a biased sample of individuals, according to the different ringing effort in the different ringing areas or
to the inter-annual ringing effort on each ringing locality (Bønløkke et al. 2006). The results from our
study area can be taken as representative of the population since the population has been subjected to a
large and constant ringing effort throughout the last
20 yr in the main breeding areas (Cam et al. 2004). In
addition, during the study period 65% of the world’s
population bred in a single colony (La punta de la
Banya at the Ebro delta, Oro et al. 2009). The mean
number of ringed individuals per observation day
was compared among the different moratorium scenarios. First calendar year individuals were not included in the analyses because their arrival at the
harbours may correspond to their first departure from
the colony, rather than to changes in their foraging
areas. To test differences in mean values, we used
Mann-Whitney U statistics with SPSS 15.0.

the density found in May and June (0.27 gulls km−2)
when the moratorium affected the north (see Figs. 2,
3a). However, most of the observed L. audouinii were
detected off the southern part of the Ebro delta, with
an average density of 0.40 gulls km−2 in March–April
and 0.37 gulls km−2 in May–June. In contrast, fewer
individuals were detected north of the moratorium
limit during the first half of the study, with 0.04 gulls
km−2 in March–April and 0.13 gulls km−2 in May–
June. North-south differences were significant both
in March–April (LRT = 35.83, p < 0.001) and May–
June, (LRT = 16.88, p < 0.001).
During the second half of the study period the situation reversed (Figs. 2 & 3a). In July–August, when
the moratorium affected the southern part of the
Ebro delta, most gulls were observed in the northern
part. The average density across the whole study
area (north and south) decreased (0.12 gulls km−2 in
July–August and 0.13 gulls km−2 in September–
October) and most gulls concentrated north of the
moratorium limit, with 0.26 gulls km−2 in the north
versus 0.05 gulls km−2 in the south for both periods.
North-south differences were significant both in
July–August (LRT = 34.70, p < 0.001) and September–October (LRT = 17.78, p = 0.005).

RESULTS
Aircraft surveys
During the first half of the study period, from
March to June, the overall L. audouinii mean density
was 0.28 gulls km−2 in March–April, very similar to

Fig. 2. Larus andouinii. Densities (2-monthly means; ind.
km–2) off the Ebro delta from March to October 2005.
Shaded areas: affected by the moratoria during each survey
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Ring-reading
At Tarragona harbour (north of the moratorium
limit) 2590 readings of color-ringed L. audouinii were
done in 169 observation days (see Table 1 & Fig. 3b).
The lowest average number of readings was produced in March–April with 2.45 rings d−1. The readings increased in May–June to 14.96 rings d−1, reaching a maximum of 34.88 rings d−1 in July–August, and
decreasing again in September–October to 5.48
readings d−1 (Fig. 3b). The number of readings per
day showed significant statistical differences in all
the inter-period comparisons (Mann-Whitney U tests
p < 0.05). South of the moratorium limit (Borriana),

283

Table 1. Larus andouinii. Number of rings read from 2002 to
2007 in Tarragona (North) and Borriana (South) according
to the fishing scenario: March and April (prior to the
moratoria), May and June (moratorium affecting the north
of the river mouth), July and August (moratorium affecting
the south of the river mouth), September and October (after
the moratoria). The number of observation days and the
mean number of rings per day are also shown. Shaded parts
of the table highlight the periods affected by moratoria
March– May– July–
Sept.– Total
April
June August October
Tarragona
No. of readings
No. of days
Mean rings d−1

98
40
2.45

404
27
14.96

1814
52
34.88

274
50
5.48

2590
169
15.33

Borriana
No. of readings
No. of days
Mean rings d−1

230
28
8.21

84
11
7.64

26
9
2.89

61
10
6.10

401
58
6.41

401 readings were achieved in 58 observation days
(see Table 1 & Fig. 3b). Only in July–August when
the moratorium affected the area, was the mean number of rings significantly lower (1.89 rings d−1) than in
March–April (7.64 rings d−1; U = 59.5, p = 0.017) and
May–June (8.21 rings d−1; U = 24.0, p = 0.048).

DISCUSSION

Fig. 3. Larus andouinii. (a) 2-monthly density (ind. km–2) off
the Ebro delta from March to October 2005. (b) 2-monthly
number of read rings per day in Tarragona (North) and Borriana (South) harbours from 2002 to 2007. Means ± 95% CI

This is the first fine-scale, at-sea distribution study
of L. audouinii near its main breeding location. Moreover, the fishery management policy in the Ebro
delta sea shelf allowed us to test and quantify the
effect of the trawling fleet on the spatial density distribution of a near-threatened seabird.
The density and area of occupancy of the species
decreased significantly in the areas and periods
affected by the moratoria which indicated a strong
influence of the fishing policies on the marine distribution of L. audouinii. The aerial surveys showed
lower average densities in the areas affected by the
moratoria, both in May and June in the north, and in
July and August in the south. Similar results were obtained with the supplementary analysis of ring-reading data in harbours placed ~100 km from the breeding colony but affected by the same moratoria. The
number of ringed ind. d–1 was significantly higher
when the moratorium occurred beyond the borders
of each surveyed area. Results from the 2 independent survey methods highlight the capacity of L.
audouinii to shift its distribution according to the
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presence of fishing boats, concentrating mainly
ulation of this species through fish discards. Howwhere trawling is allowed and avoiding areas where
ever, excessive fisheries may overexploit the fish
it is banned.
stocks and deplete the natural prey of the gulls, comSince the moratorium shift coincides with the end
promising the long-term sustainability of the colony.
of the chick rearing period, the post-breeding disperThis may be the case with the present fishery, which
sal could also have an important role in the observed
is known to have already reduced the fish stocks
distribution changes, but the ring-reading results
(Lleonart 1996), changed the trophic webs in the ecoshow that birds preferentially disperse to where
system (Coll et al. 2009), and which could collapse in
trawlers operate. We hypothesize that the lack of
the future. The new European Common Fisheries
trawling activity around the colony likely forced the
Policy calls for a reduction of the fish waste from vesstart of the dispersal process.
sels (Penas 2007), but if this is not accompanied with
It is well known that fishery waste attracts seameasures to favor the sustainability of the stocks, this
birds. In many cases seabird distribution at sea overcould have the same negative effect on the long-term
laps with fisheries (e.g. Karpouzi et al. 2007, Cama et
sustainability of both seabirds and the fish they
al. 2012a). However, no general response pattern to
depend on.
fisheries seems to exist at a population (Skov & Durinck 2001, Bartumeus et al. 2010) or individual level
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