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Stable isotopes analyses (SIAs) are an efficient tool to obtain a general insight into the diet of generalist
consumers, such as the Yellow-legged Gull (Larus michahellis). Here we analysed §'3C, 3'°N and 3%4s
values in feathers of chicks and adults, and used Bayesian triple-isotope mixing models to reconstruct the
diet of a Yellow-legged Gull population breeding in the southeastern Bay of Biscay. Questions to test were
(1) whether adults and chicks rely on different feeding resources during breeding period; (2) whether
there is a seasonal foraging effect involving a higher proportion of refuse food in winter compared to
Diet summer, and (3) the magnitude of the annual variation in diet. Prey consumption differed between
Generalist predator colonies, among years, and also varied slightly between seasons, and this was mainly due to a differential
Gulls use of prey of marine origin. However, diet did not differ between age classes. These results suggest a
Marine fish prey relatively monotonous diet with only slight variations from year to year, seasonally and at a local
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1. Introduction

Many large gulls (Larus spp.) have experienced a noticeable
population increase during recent decades (Olsen and Larson,
2004). With the goal of reducing that population increase or
minimizing its consequences (e.g. predation on sympatric seabirds
during the breeding period), some gull colonies have been the
target of management policies (Smith and Carlile, 1993; Harris and
Wanless, 1997; Olijnyk and Brown, 1999; Bosch et al., 2000).
However, the management actions undertaken have commonly
been revealed to be of doubtful efficacy, in part because such ac-
tions address the consequence and not over the causes of the
population increase (Bosch et al., 2000). A superabundance of
some feeding sources such as refuse tips and fish discards, is
among the chief causes explaining this population increase (Bosch
et al., 1994; Belant et al., 1998; Bertellotti and Yorio, 1999; Ramos
et al,, 2006). Thus, identifying the main foraging habitats of a
population is critical to understand large gulls’ population dy-
namics (e.g., Oro et al., 1995; Annett and Pierotti, 1999), as well as
to design adequate management policies.
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The Atlantic coast of Iberia (including the Bay of Biscay) hosts a
population of more than 80,000 Yellow-legged Gull (Larus micha-
hellis) breeding pairs, as well as a wintering population comprising
several gull species, most of which are Yellow-legged Gulls that
travel from the Mediterranean (Martinez-Abrain et al., 2002). The
Basque Yellow-legged Gull colonies from the southeastern Bay of
Biscay have undergone a population increase of 146% between 1980
and 2000 (Arizaga et al., 2009). Refuse tips offer gulls a food source of
great energetic value: in some cases such sites have played a very
decisive role in driving the population increase observed in a num-
ber of gull colonies (Rock, 2005; Duhem et al., 2008). However, the
diet of some Yellow-legged Gull colonies from the southeastern Bay
of Biscay is reported to depend highly on fish (Arizaga et al,, 2011),
although this conclusion is derived from studies of regurgitates, that
were only collected from chicks. Because this type of sampling
reflects food preferences over a short period, it is insufficient for a
proper assessment of foraging habits for the entire breeding (in
chicks, nestling) season, so additional analyses are required.
Furthermore, within a larger geographic scale-level (e.g. the Atlantic
coasts of Iberia), studies carried out until now chiefly focused on how
chicks’ diet varies geographically. By contrast, it is still poorly known
how gull diet varies in relation to time (i.e., from year to year or
between seasons in a year) and age (e.g., chicks versus adults).
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Stable isotopes have been reported to be useful to identify target
prey groups in seabird species (Hobson, 1994), including large gulls
(Sanpera et al., 2007; Moreno et al., 2009; Ramos et al., 2009b).
Although a stable-isotopes approach (SIA) cannot be used to
identify specific prey, it is useful to identify target trophic groups of
prey (Hobson, 1994). In opportunistic seabirds that exploit rela-
tively complex food webs, the use of additional isotopic signatures
beyond 3'3C and 3'°N is recommended (Hobson and Welch, 1992).
In particular, 3*S has been used to distinguish between terrestrial
food and prey of marine origin, and even between prey of marine
origin when prey are very diverse (Hobson et al., 1997; Knoff et al.,
2002; Moreno et al., 2009). Mixing models constitute and addi-
tional step for diet reconstruction, allowing us to link particular
isotopic signatures to specific prey groups (for instance see Moreno
et al., 2009). Thus, mixing models are useful to obtain the relative
contribution of each prey group in a diet.

Using stable isotope values of nitrogen, carbon and sulphur, the
main goal of this work was to examine, for the resident Yellow-
legged Gull population in the southeastern bay of Biscay, (1) dif-
ferences in isotopic values and resource consumption among three
colonies, (2) temporal variations in foraging behaviour at both the
seasonal and annual scales, and (3) differences in isotopic values
between adults and chicks to ascertain whether age groups rely on
the same or different feeding resources.

(1) Chicks’ diet can show geographic variation associated with
prey availability (Moreno et al., 2009; Ramos et al., 2009a), this
being the reason why Yellow-legged Gull’s diet is considered to
reliably indicate food abundance at the local scale. There is a
lack of knowledge about the cause, or causes of the increase in
the Yellow-legged Gull population in the southeastern Bay of
Biscay. A priori, the fact that all of the colonies from Gipuzkoa
(in the southeastern Bay of Biscay) are situated near harbours
with high fishing activity (and, probably, a high amount of fish
discards) should be associated with a high intake of marine
prey by these colonies compared to other alternative foods
such as refuse tips. Nevertheless, waste disposal sites in the
area can also constitute a valuable resource.

(2) Another question that has been poorly explored is the temporal
changes in foraging behaviour, either from year to year or be-
tween seasons (e.g., breeding/winter). Previous analyses in the
same area were unable to detect significant differences in the
main prey groups consumed by chicks from year to year.
However, such results were obtained from a limited number of
regurgitates (Arizaga et al., 2011). Assuming that gulls’ diet
indicate food abundance at a local scale (Moreno et al., 2009;
Ramos et al., 2009a), we should expect no change or only slight
annual variations in the main type of prey consumed if food
availability is rather stable among years. On a seasonal basis, a
food shortage during some months should also promote sea-
sonal foraging changes. In northern Iberia, particularly the
southeastern Bay of Biscay, fishing activity tends to be lower
during late-summer, autumn and even part of the winter, due
to bad weather (Fig. 1). Therefore, a higher consumption of
refuse tips or other prey types (e.g., terrestrial) is expected if
fish availability is limited during this period or when weather
conditions prevent foraging on some marine prey. In this case,
seasonal variations in the diet may be expected, with lower
intake rates of marine prey during winter compared to
breeding season.

(3) Adults have been reported to feed chicks with a higher pro-
portion of high quality marine prey, such as fish (Pedrocchi
et al., 1996). Therefore, we expect a higher intake of marine
prey in chicks compared to adults, who can switch to foraging
on refuse tips or other alternative types of prey.
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Fig. 1. Mean (£SE) amount of fish unloaded at the Pasaia harbour (Gipuzkoa, Northern
Iberia). Years: 2001—2010. Pasaia is one of the main harbours in Gipuzkoa (22% of
inshore fishing in 2010) and, therefore, its activity can be considered as representative
for the entire region. Bar colours: inshore fishing, open bars; deep-sea fishing, grey
bars. Fish discards come primarily from inshore fishing.

No previous studies have simultaneously addressed the spatio-
temporal variability in resource consumption, on both a seasonal
and yearly scales as well as age-related changes in diet.

2. Materials and methods
2.1. Sampling area and data collection

The study was carried out in three breeding colonies of Yellow-
legged Gull in Gipuzkoa (Northern Iberia): Ulia (43°20’N 01°57'W),
Santa Clara (43°19’N 01°59'W) and Guetaria (43°18’'N 02°12'W)
(Fig. 2). All colonies were situated within a distance of 25 km along
the coast. Colony sizes were approximately 520, 85 and 92 adult
breeding pairs, respectively (Arizaga et al., 2009), accounting for
the 92% of the Yellow-legged Gull breeding population from
Gipuzkoa, and ca. 15% from the southeastern Bay of Biscay (Arizaga
et al., 2009).

During the breeding period of 2007—2010, we collected feather
samples from both chicks and adults, in the latter case only from
the Ulia colony (Table 1). Mantle feathers from chicks were taken
from the back zone (ca. 4 feathers/individual) when they were ca.
20 days of age. Simultaneously, the chicks were ringed (for details
see Arizaga et al., 2010) and we recorded body mass (+10 g) and
tarsus length (+0.1 mm). When available, freshly regurgitated
pellets from chicks (hereafter, regurgitates) were also collected
(n = 18). Fresh individual prey items from regurgitates were used to
obtain prey isotopic signatures (Moreno et al., 2009; Ramos et al.,
2009Db).

Adults were captured with a spring trap placed in the nest
during incubating (breeding period of 2008—2010). Two feathers
were taken from each adult bird: P1 (the innermost primary
feather, grown at the end of the breeding period so that it contains
isotopic signatures of breeding diet), and S6 (the sixth secondary,
numbered from outermost to innermost, formed during the winter
so that it contains isotopic signatures of winter diet) (Cramp and
Simmons, 1983; Olsen and Larson, 2004). The P1 feathers
sampled in this study were old feathers from a previous year, so
they provided values on diet from the previous breeding period.
The Yellow-legged Gull within the Bay of Biscay, and in our sam-
pling area in particular, is resident (Munilla, 1997), so both P1 and
S6 are expected to grow within the same geographic area.

To obtain clues about the seasonal and annual fluctuations in
fish availability, data on fish discards were obtained at one of the
main fishing harbours in the area (Pasaia) (Fig. 2). We differentiated
between inshore and deep-sea fishing, as most discards come from
inshore fishing.
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Fig. 2. Location of the Yellow-legged Gull colonies where the study was carried out, in Gipuzkoa, northern Iberia. We also indicate the location of the harbours and dumps known to
be used by local gulls. Two main fishing harbours have been indicated (letters in italics).

2.2. Stable isotope analyses and mixing models

Stable isotopes of three elements were analysed: 3'3C, 3'°N and
3%4s. 31°N values relate to trophic level because predator tissues are
enriched in the heavier 3'°N isotope compared to prey. 83C and
3%4s allowed discrimination between prey of terrestrial and marine
origin, higher values corresponding to marine prey (Hobson, 1993,
1994). The inclusion of 3*4S also improves the discrimination power
of mixing models, as it allows a better estimation of resource
contribution, especially when marine prey are very diverse
(Moreno et al., 2009).

Feathers were washed once by rinsing in a solution of Na(OH)
(1 M), dried (60 °C) and stored in polyethylene bags until they were
analysed. Thereafter, both feathers and prey items were homoge-
nised into a fine powder with an impactor mill (Freezer/mill 6750-

Table 1

Isotopic signatures (mean 4 95% CI) of chicks and adults of a Yellow-legged Gull
population from the Bay of Biscay. Year refers to the year when the bird was captured
and the feather samples collected.

Sampling Sample 3'3C 3"°N 3%4s
year size

Chicks®

Ulia 2007 33 —-184+03 13.0+0.2 14.0+0.6
2008 26 —186+03 124+03 133 +06
2009 27 -191+03 121+03 136 +0.6

Santa Clara 2007 20 -185+04 128 £03 145 +0.8
2008 16 —-192+04 115+04 126+1.0
2009 14 -196+04 11.6+03 13.1+09

Guetaria 2007 6 -179+04 132+04 164 +09
2008 20 -186+03 120+03 142 +0.7
2009 10 —-186+0.5 1244+04 159+0.7

Adults®

P1 (breeding diet) 2008 6 -19.0+06 120+04 13.7+23
2009 20 —18.7+04 124+04 144+1.1
2010 10 —187+05 1264+05 142+16

S6 (winter diet) 2008 6 -188+03 121 +03 155+ 1.1
2009 20 -19.0+05 124+06 147 +1.6
2010 10 —-180+06 119+05 173 +1.8

2 Feathers (ca. 4/bird) obtained from the back zone. In case of >2 chicks in a nest,
feathers were taken from only one individual in order to avoid pseudo-replication.
b Feathers obtained from a single colony (Ulia).

Spex Certiprep) that operates at ca. —200 °C. Only in order to
analyse 3'3C, an aliquot of each prey sample was lipid extracted
following Folch et al.’s (1957) protocol in order to minimise 3'3C
variability due to the differences in lipid content among individual
items.

Weighed sub-samples of powdered feathers and prey (ca.
0.36 mg for 8'3C and §'°N; 3.60 mg for 3>*S) were placed into tin
capsules for combustion. Isotopic analyses were conducted by
elemental analysis-isotope ratio mass spectrometry (EA-IRMS)
with a ThermoFinnigan Flash 1112 (for N and C)/1108 (for S) ana-
lyser coupled to a Delta isotope ratio mass spectrometer via a
ConFlo III interface.

The stable isotopes values were calculated as X = [(Rsample/
Rstandard)—1] x 1000, where X is N, 3C or 34s and R the ratio
I5N/1N, 13¢/12C or 345/32S. The standard values for the isotopic
ratios of N, C and S are the atmospheric Nitrogen (AIR), Vienna
PeeDee Belemnite (VPDB) and the Vienna Canyon Diablo Troilite
(VCDT), respectively. International standards (IAEA) were inserted
every 12 samples to calibrate the system and compensate for any
drift over time. The accuracy was within <0.1%, for the 83C mea-
surements, <—0.3%, for 3'°N and <0.3%, for 834S. In reference to
elemental concentration, the mean coefficient of variation of
repeated samples were 1.4% for nitrogen, 1.1% for carbon and 0.4%
for sulphur.

Analyses were carried out at the Serveis Cientifico-Técnics,
University of Barcelona. The accuracy of stable isotopes ratios
measures was 0.1% for carbon and 0.3% for nitrogen and sulphur.

2.3. Statistical analyses

[sotopic values were visualised using quantile—quantile plots to
assess if they were normally distributed. As normality was
confirmed, parametric statistics were used for data analysis. To test
for the effect of the locality and year on stable isotopes values we
used the data from chicks, as adults were captured in only one of
the colonies (Ulia). Thus, we used two-way ANOVA analysis on each
variable (5'3C, 3"°N and $34S) with the locality and year as factors.

To test whether prey consumption varied between chicks and
adults, we compared the isotopic values of chick and adult feathers
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grown during a same breeding season (2007, 2008 and 2009): back
feathers for chicks and P1 for adults. However, since P1 grows at the
end of the breeding season, we collected it during the following
breeding season (2008, 2009 and 2010). We used two-way ANOVA
analyses with age and season (year) as factors. SNK procedures
were used to test for an a posteriori pairwise comparison when
needed. To detect differences in isotopic values between winter and
breeding seasons paired t-test on S8 and P1 were conducted.

Diet of chicks can change with age, so chicks’ age is thus a factor
to be considered (Ramos et al., 2009a). In our samples, however,
none of the isotopes analysed were correlated to tarsus length,
which could be used as a proxy of chicks’ age (3'3C: r = 0.03,
p = 0.66; 3°N: r = —0.05, p = 0.50; 834S: r = —0.06, p = 0.44).
Therefore, we did not consider chicks’ age in the stable-isotopes
analyses.

To interpret isotopic differences, we performed a diet recon-
struction using the three isotopes. To estimate the relative
contribution of different food resources (marine, terrestrial,
refuse), we used a Bayesian stable-isotopes mixing model (SIAR;
Parnell et al., 2008) including a non informative Dirichlet prior
distribution («; = 1/3). SIAR was run using its default values for
MCMC estimation (chain length = 2 x 10°, burning = 5 x 10%,
thinning = 15), consequently, the distributions of source contri-
butions are based on 10° estimations and are presented as
Bayesian 95% credibility intervals. The mean isotopic values for the
three types of food categories (sources) considered are shown in
Table 2. We used the following isotopic discrimination values
from the literature: +5.0, +2.2 and +1.3%, for 3'"°N, 83C and §34s,
respectively, for refuse, +4.0, +2.7 and +1.3%, for terrestrial
(Peterson et al., 1985; Bearhop et al., 2002; Hobson and Bairlein,
2003), and +3.0, +0.9 and +1.9%, (Hobson and Clark, 1992;
Ramos et al., 2009a) for fish. A constant value of 0.1 was used as
standard deviation to include uncertainty in all mean isotopic
discrimination values.

Statistical analyses were performed using PASW Statistics 18.0
and R 2.14 (R Development Core Team, 2011).

3. Results

Focussing on chicks’ feathers, univariate models (ANOVAs)
revealed variations for all the isotopes analysed in relation to the
locality and year without interaction between the two factors.
Carbon signatures (for details see Table 1) were found to be lower in
Santa Clara than in the other two colonies and differed among years
(313C: colony, Fy163 = 8.7, p < 0.001; year, F5163 = 11.1, p < 0.001;
colony x year, F4163 = 1.1, p = 0.36; Fig. 3). Nitrogen signatures
(Table 1) increased from Santa Clara to Ulia (Guetaria was inter-
mediate and did not differ in relation to the other two colonies),
and were higher in 2007 (8'°N: colony, F2163 = 9.8, p < 0.001; year,
F2163 = 28.1, p < 0.001; colony x year, F4163 = 2.2, p = 0.07; Fig. 3).
Sulphur signatures (Table 1) were higher in Guetaria and differed
among years (with intermediate values in 2009) (3°S: colony,
Fr163 =17.2, p < 0.001; year, F2163 = 11.2, p < 0.001; colony x year,
F4‘153 =18, b= 0.13; Fig. 3).

Table 2
Isotopic signatures (mean + 95% CI) of different food resources obtained from re-
gurgitates of chicks.

Prey category n 313¢ 3'°N 3%4s

Terrestrial® 5 —-23.84 +2.90 8.86 + 2.82 7.98 +4.41
Refuse tipr 3 -21.12 £ 117 4.35 + 1.88 8.09 + 2.48
Marine fish® 8 —18.04 + 0.65 11.14 + 1.87 17.99 + 2.07

2 Includes annelids (earthworms), mollusks (family Arionidae).

b Ppork, beef or chicken.

¢ Includes fish prey from families Carangidae, Clupeidae (pelagic), Sparidae, Tra-
chinidae, and Gadidae (benthic).

Stable isotopes analyses showed higher §°N and 8>S signatures
as well as lower 3'3C values for marine prey (fish) compared to
other prey items (Table 2). Globally, mixing models (Fig. 4) revealed
a higher intake of marine prey in 2007 (>40%) and in the colony of
Guetaria (always >40%).

When comparing chicks and adults within the Ulia colony, we
did not find differences between age classes nor among years (all F
values associated with a p > 0.05) except for the 3°N (age:
Fi13s = 0.7, p = 0.39; year: F,133 = 0.2, p = 0.83; interaction:
Fy138 = 5.6, p = 0.01). A more detailed analysis revealed that ni-
trogen signatures differed among years for chicks but not for adults
(for details see Table 1).

The isotopic signatures of adults did not differ between seasons
except for the 534S (3°N: t = 1.14, p = 0.26; 5'3C: t = 0.15, p = 0.88;
3%4s: t = 2.06, p = 0.04; n = 36; for values see Table 1). 84S values
were marginally higher in winter (15.38 + 1.11) than during the
breeding period (14.23 + 0.82) suggesting a change in diet. Using
SIAR model we found that the proportions of terrestrial, marine and
refuse resources were 7.2%, 43.5% and 49.3% during the winter,
whereas during the summer they shift to 15.0%, 42.7% and 42.3%,
respectively. Additionally, we detected that the isotopic signatures
of feathers formed during the breeding and winter were positively
correlated (3!°N: r = 0.54, p = 0.001; 3'3C: r = 0.38, p = 0.02; 534S:
r=0.38,p =0.02; n = 36).

4. Discussion

Three stable isotopes (5'3C, 3'°N and 534S) were used to assess
the diet of a Yellow-legged Gull population from the Bay of Biscay
and its variation according to locality, year, season within a year and
gull age. Overall, significant differences were obtained in relation to
the locality and year in chicks (for details see Fig. 3), but not be-
tween age classes (chicks/adults). Differences between seasons
(breeding/winter), tested in adults, were significant for only one of
the isotopes (534S), with a slightly higher intake of marine prey in
winter compared to the summer period.

The isotopic signatures of Yellow-legged Gull chicks differed
among colonies, although the difference was slight. In particular,
we only detected clear-cut differences among colonies for 534S
(Guetaria having higher values), this indicating that chicks from
Guetaria were fed with a higher proportion of marine prey
compared to the other two colonies. This result highlights that the
diet can differ even at a local level, since distance from the Gue-
taria to the Santa Clara colony (the nearest sampled one) is only
15 km, underlining a decisive role of certain feeding sources at a
small geographic scale. Moreover, these results agree with what
has been reported in other areas in Iberia (Ramos et al., 2006;
Moreno et al., 2009), i.e., that chicks are fed primarily with fish.
The higher proportion of marine prey in Guetaria may be due to its
location. Guetaria is the main harbour in the region of Gipuzkoa
(46% of inshore fishing in 2010; source: Basque Government,
www.euskadi.net). This activity may have had a beneficial effect
for this new colony (Arizaga et al., 2009), which is still experi-
encing a noticeable annual increase (A. Aldalur, obs. pers.). Its
dependence on marine prey, most likely consisting mainly of
demersal fish from discards (Arizaga et al., 2011), suggests that fish
management offshore and/or at harbours is crucial for the popu-
lation dynamics of opportunistic seabird species, such as the
Yellow-legged Gull.

In chicks, result from SIAR showed that in 2007 the diet was
richer in marine prey than in subsequent years, particularly in the
Guetaria colony. Causes underlying this result are, however, un-
known to us. In 2007, the higher intake of marine prey by chicks
may have been related to the also higher availability of this resource
during that year. Effectively, more fish were landed in the Pasaia
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Fig. 3. Mean (95% CI) stable isotopes signatures of feathers obtained from Yellow-legged Gull chicks during the breeding period of 2007—2009, in three study colonies situated in
the southeastern Bay of Biscay (from west to east: Guetaria, Santa Clara, Ulia). Groups with the same letters indicate no significant differences. For sample sizes see Table 1.
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Fig. 5. Amount of fish unloaded at the Pasaia harbour (Gipuzkoa, Northern Iberia)
during the months when chicks were reared by adults in the colonies (May and June).
Bar colours: inshore fishing, open bars; deep-sea fishing, grey bars. Fish discards come
primarily from inshore fishing.

harbour in 2007 than in 2008, but not more than in 2009 (Fig. 5).
The lack of a direct relationship between fish consumption by gulls
and the amount of fish landed at the harbour denotes some gaps in
the use of offloaded fish as a reliable indicator of available quantity
of discarded fish.

Interestingly, the fact that the primary dump in the area was
closed by the end of 2008 did not seem to have any detectable effect
on chicks’ diet. Gulls were reported to appear at other nearby
dumps (less than 50 km from each colony) as soon as the main
dump was closed (A. Aldalur and A. Herrero, pers. obs.). This result
highlights that regional management policies are required to pre-
vent gulls from accessing to refuse tips or, overall, certain key
sources of food.

Representing a proportion of 20—40% of assimilated biomass,
refuse appeared to be more important than was observed for the
Atlantic colonies of Northwestern Iberia (Moreno et al., 2009).
Accordingly, refuse tips could play a significant role for the survival
and productivity of the Yellow-legged Gull population within the
southeastern Bay of Biscay. This is an aspect to be tested in future
studies.

The isotopic values of chicks and adults during the breeding
period were similar. This contrasts with other studies where chicks
have been reported to be fed by a higher proportion of high-quality
marine prey (Moreno et al., 2009). Since refuse tips availability does
not vary seasonally, a sufficiently high amount of fish during
breeding period might allow adult birds to maintain a diet as rich in
marine prey as that provided to chicks.

In adults, isotopic values were observed to differ slightly be-
tween seasons, with higher values of 3°*S during winter. The
resource percentage estimation from SIAR indicated a noticeable
decrease in the use of terrestrial food during the winter, which was
compensated for by proportional increase in usage of marine and
refuse resources.

The isotopic signatures of feathers moulted during the breeding
and winter periods were positively correlated. This suggests either
individual foraging specialisation in resource exploitation or a
marked individual effect on isotopic fingerprinting mediated by the
individual’s physiological status, a result that has also been re-
ported for other gull populations (Moreno et al., 2009).

In conclusion, the diet of Yellow-legged Gull chicks from the
southeastern Bay of Biscay differed slightly among colonies and
years, primarily due to the differential use of marine prey. However,
chicks’ diet was rather homogeneous across colonies, relying
chiefly on marine fish as well as refuse tips; the use of terrestrial
prey was observed to be complementary. Isotopic signatures did

not differ between age classes (chicks/adults), and in adults we
found a small difference between seasons (breeding/winter).
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