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The establishment of a two month commercial fishing moratorium. which overlapped each 
year with different stages of the breeding cycle of the Yellow-legged Gull Larus cachinnans 
at the Ebro Delta. Spain. provided the opportunity of testing the effects of food limitation 
on the breeding success of this species. The study was. carried out in 1993. when the chick 
rearing stage occurred with normal commercial fishing activity and in 1994. when the 
chick rearing stage overlapped with the trawling moratorium. We recorded diet of the 
chicks. breeding phenology. clutch size. egg volume. hatching success and productivity of 
adult birds. There was a highly significant difference in the diet of the chicks between the 
two years and significantly lower productivity in 1994. whilst the other parameters ex
amined did not change. These results show that a dependence on discards from commercial 
fishing activities may be a limiting factor in the breeding success of this seabird. 

The utilization by seabirds of discarded fish behind fishing 
vessels has been widely described (Watson 1978. Hudson & 
Furness 1988. Furness et al. 1992. Garthe & Hiippop 1994). 
and several authors have attributed the growth of many 
seabird populations to the benefit of this resource (e.g. Nisbet 
1978, Blokpoel & Spaans 1990, Dunnet et al. 1990). How
ever, the impossibility of preventing the utilization of dis
cards by the scavenging seabirds has not allowed the as
sessment of this hypothesis (Bailey & Hislop 1978). 

On the other hand, the influence of food availability on 
the breeding ecology of seabirds has been studied extensively 
(Monaghanetal. 1992,Hameretal. 1993, Uttleyetal.I994), 
but few studies have been able to use simultaneous data on 
prey abundance (see Uttley et al. 1994 and references there
in). Furthermore, since there are several ways in which 
seabirds can face declines in food availability (Uttley et al. 
1994) and food scarcity usually affects the overall breeding 
season, it is difficult to show significant effects of food short
age on breeding success (e.g. Uttley et al. 1994). In this paper, 
food deprivation was restricted to the chick-rearing stage, 
without previous adjustments of other breeding parameters. 
In the Ebro Delta. Spain, there is a large fishing fleet, es
pecially diurnal trawlers (Demestre et al. 1987). The width 
of the continental shelf and the large amounts of nutrients 
carried by the River Ebro give rise to one of the largest seine
fishing areas in the Mediterranean. Since 1991, a trawl
fishing moratorium has been established each year, affecting 
the two provinces surrounding the Delta. In some years, this 
moratorium overlapped with the gulls' breeding season. In 
1993, the moratorium started after the chicks fledged, 
whereas in 1994 the moratorium overlapped with the chick
rearing stage. This provides us with the opportunity to ex-
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amine the effects of food limitation on this specific stage of 
the breeding cycle. 

METHODS 

The study was carried out in 1993 and 1994 in the Ebro 
Delta, northeastern Spain (40"37'N, 00"35'E). The colony 
has been described elsewhere (Oro & Martinez 1992) and 
contained c. 1420 pairs in 1993 and c. 1700 in 1994. 

We recorded breeding phenology, clutch size, egg volume, 
hatching success and breeding performance of the Yellow
legged Gull Larus cachinnans in the Ebro Delta in 2 years 
with different fishing activity (1993 and 1994). Data on diet 
composition were collected during the chick-rearing stage, 
which in 1993 corresponded to a period of normal trawler 
fishing, whereas in 1994 it corresponded to a fishing mor
atorium. Chicks, when handled for ringing, regurgitated 
largely undigested food, which provided a good indication 
of the items collected by the adults (Mudge & Ferns 1982). 
These regurgitates were collected and preserved for later 
identification in the laboratory using our reference collection 
of fish, mammals and invertebrates from the Ebro Delta. 
Fish. when partially digested, were identified on the basis of 
their scales, otoliths and jaws, but identification was usually 
possible from the entire fish. The quantification procedures 
always followed the rule of minimum numbers, and we used 
the percentage of occurrence to compare the diet in the 2 
years. In order to avoid categories poorly represented in the 
diet (Cooper et al. 1990), we grouped all prey from rice fields, 
channels and lagoons of the Delta in one category ("Delta") 
and occasional prey into another category ("others"). 
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Table 1. Percentage of occurrence of food regurgitated by Yellow
legged Gull chicks in 1993 and 1994 

Year 

1993 
1994 

Refuse 

39.1 
32.8 

Fish" 

47.8 
12.1 

Deltab Others' 

13.0 8.7 
56.9 8.6 

" Prey from discards (clupeiforms and benthonic fish). 
b Prey from rice fields, irrigation channels and lagoons. 
, Decapoda, Bivalvia and olives. 
d Number of regurgitates. 

23 
58 

We established an arbitrary linear transect through the 
colony each year. The transect was searched once a day to 
establish the date of first hatching (until no newly hatched 
chicks were found) and clutch size, and the length and width 
of the eggs were measured with callipers to ±0.1 mm. Egg 
volume (ml) was calculated using the equation of Harris 
(1964) with Kv = 0.476, and the average egg volume was 
subsequently calculated for every clutch. A group of 14 nests 
in both 1993 and 1994 was surrounded by netting (50 cm 
high) just before hatching to facilitate the location of the 
chicks and to calculate the breeding success. 

Differences of breeding phenology (dates of appearance of 
first hatchlings) between years were tested using the Mann
Whitney U-test. To detect differences in diet, clutch size, 
hatching success, fledging success and breeding success be
tween the years, contingency tables and the G-test statistic 
were used. To test the effects of year (1993 and 1994) and 
clutch size (two- and three-egg clutches) simultaneously, a 
two-factor ANOVA on the average volume of the eggs in a 
clutch was used (Zahr 1984). Underlying assumptions of the 
statistical tests were verified in all cases. 

RESULTS 

There was a highly significant difference in diet composition 
between the 2 years (G3 = 43.8, P < 0.0001; Table 1). 

Residuals show that refuse was the only category which was 
homogeneous in both periods. Higher feeding rates on fish 
(especially clupeiforms and typically marine Perciformes) 
were positively associated with periods of active trawling 
operations, whereas prey from the rice fields, irrigation 
channels and lagoons became more numerous during the 
moratorium (Table 1). 

Median date of hatching was the same (27 April) in 1993 
and 1994 (Mann-Whitney U-test, Z = 1.6, n.s.). Modal clutch 
size was three eggs in the 2 years, and a likelihood ratio test 
showed that clutch size frequency distributions were very 
similar between years (G2 = 0.33, n.s.). We detected no 
significant year effect in relation to the average volume of a 
clutch (ANOVAFuOl = 0.15, n.s.) nor a clutch size effect (ANOVA 

FuOl = 1.91. n.s.), and interactions between year and clutch 
size were also not significant (ANOVA FuOl = 0.11, n.s.). 
Hatching success did not differ significantly between years 
(Fisher exact test, X2, = 0.37, n.s.). The number of chicks 
fledged in the enclosures was significantly higher in 1993 
(47%) than in 1994 (22%), both to the number of eggs hatched 
(x2, = 4.36, P < 0.05) and to the number of eggs laid (x2, 
= 4.08, P < 0.05; Table 2). 

DISCUSSION 

In the Ebro Delta, the diet of Yellow-legged Gulls depends 
markedly on discards from the trawling fleet because, when 
available, the discards constitute a stable and abundant feed
ing resource both in time and space (Ruiz et aI. in press). 

Since Yellow-legged Gulls are opportunistic feeders and 
refuse, the second most important food resource, is also 
predictable (Domlzar 1992), we expected that the gulls would 
change from one resource to another to compensate for low 
discard availability. Surprisingly, the occurrence of refuse 
in the gulls' diet did not significantly increase during the 
moratorium. This was probably because the low number of 
available refuse tips in the gulls' foraging area limited the 
number of specialists on this resource (Monaghan 1980). 
We estimated the foraging rangt; of Yellow-legged Gulls to 
be c. 40 km around the colony site. This value was obtained 

Table 2. The breeding performance of Yellow-legged Gulls at the Ebro Delta in 1993 and 1994 

Hatching date" (mean ± s.e.) 
Clutch size (mean ± s.e.) 
Egg volume (ml) (mean ± s.e.) 

Hatching successb ("!o) 
Fledging success' ("!o) 
Breeding successd (Dfo) 

1993 

25.9 ± 2.5 
2.63 ± 0.48 
82.4 ± 0.91 

97.4 
47.4 
46.2 

" Mean hatching date, expressed as number of days after 1 April. 
b Number of eggs hatched, expressed as a percentage of the number laid. 

n 

54 
54 
46 

14 
14 
14 

, Number of chicks fledged, expressed as a percentage of the number hatched. 
d Number of chicks fledged, expressed as a percentage of the number of eggs laid. 

1994 

n P 

24.8 ± 2.6 57 n.s. 
2.58 ± 0.09 57 n.s. 
82.7 ± 1.08 39 n.s. 

94.7 14 n.s. 
22.2 14 <0.05 
21.1 14 <0.05 



1995 EFFECTS OF TRAWLING ON BREEDING SUCCESS OF YELLOW-LEGGED GULL 549 

from our data on distances to the coast at which the species 
is not recorded when making observations from fishing ves
sels. Within this area, there are only four refuse tips avail
able, and the largest is about 30 km from the colony site (D. 
Oro, M. Bosch & X. Ruiz, unpubl. data). 

However, Monaghan et al. (1994) have shown that Guil
lemots Uria aaIge, a species in which flight is costly, travel 
up to six times farther when foraging at times of low food 
availability. This difference in foraging behaviour can arise 
because Guillemots in Shetland depend on only one high
energy prey type (Uttley et al. 1994) and, thus, attempt to 
capture larger sandeels (Ammodytes) to compensate for the 
greater distances travelled (Monaghan et al. 1994), whilst 
Yellow-legged Gulls are eclectic in diet composition (D. Oro, 
M. Bosch & X. Ruiz, unpubl. data), and they only need to 
balance for the energy invested in collecting the wide array 
of prey types consumed. Since one of the most expensive 
energy budgets corresponds to distance travelled (Ricklefs 
1984) and the Ebro Delta ecosystem (rice fields, irrigation 
channels and lagoons) provides adequate prey items (Gon
zalez-Solis et al. in press), gulls move to feed on these neigh
bouring resources instead of flying to forage at refuse dumps. 
Indeed, during the moratorium, mullet (Mugil sp.) taken in 
the delta constituted the main food resource for the species. 

Nevertheless, this change was accompanied by a signifi
cant decrease in the breeding success as measured by the 
number of chicks fledged per pair, whilst, as expected, breed
ing phenology, clutch size, egg volume and hatching success 
were unchanged, suggesting that food availability was sim
ilar in both years until the establishment of the moratorium 
during the chick-rearing stage in 1994 caused a food short
age. 

These results show that dependence on discards from fish
ing activities may in fact be a limiting factor for the breeding 
success of a scavenging seabird. The overall fledging success 
dropped by 46% in 1994, a decline similar to that recorded 
by Pons (1992) for Herring Gulls Larus argentatus in Brittany 
after a decrease of 80% in the amount of refuse dumped at 
a nearby tip. 
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