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Abstract We assessed Kelp Gull (Larus dominicanus) diet composition complementing conventional and stable
isotope methods to determine the relevance of food derived from recreational fisheries. To achieve this goal, we
quantified Kelp Gull diet composition breeding at the Bah�ıa San Blas protected area, Argentina, between 2012
and 2014, assessing differences among four colonies, breeding stages and years. Diet analyses were based on pel-
lets (n = 1054), chick stomach content samples (n = 351) and stable isotope analysis of adult and chick whole
blood samples (n = 20 and 40, respectively). Kelp Gulls fed on at least 41 prey items, mainly fish complemented
by marine invertebrates, Oat grain and insects. Stripped Weakfish (Cynoscion guatucupa), a demersal species, was
in general the most frequent species among fish prey. Analyses of similarity indicated that diet composition based
on pellet analysis was significantly different among the four colonies and, with a couple of exceptions, differed
among breeding stages. Diet composition differed only between 2012 and 2013. Bayesian mixing model outputs
confirmed demersal fish had in general the highest contribution to Kelp Gull diet. Stripped Weakfish is the most
important target of recreational fisheries in the study area, and large quantities of waste resulting from the pro-
cessing of this and other target fish is disposed mainly along the shore and in the Bah�ıa San Blas refuse dump.
The fact that it is a demersal species normally unavailable to surface feeding seabirds and the large size of
Stripped Weakfish individuals found in diet samples (mean 41.5 � 5.2 cm) strongly suggest that Kelp Gulls
obtained this prey from the waste generated by the recreational fishery. Results show a strong association
between the Kelp Gull and the recreational fishing activity that takes place in the Bah�ıa San Blas protected area,
likely resulting from the large amount of waste generated by the fishery.
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INTRODUCTION

The role of anthropogenic food resources in shaping
wildlife behaviour and the way its increased availabil-
ity can result in different effects at the individual and
population levels are growing concerns among
researchers and wildlife managers (Lowry et al. 2013;
Oro et al. 2013; Mateo-Tom�as et al. 2015; Newsome
et al. 2015). Many seabirds, particularly Larus gulls,
have learned to take advantage of food derived from
a variety of human activities, such as fishery waste
(Garthe et al. 1996; Bicknell et al. 2013), domestic
refuse (Belant et al. 1993; Duhem et al. 2003), and
seeds and fruits (Calvino-Cancela 2011). These food
subsidies can have important implications on the
ecology of generalist and opportunistic gulls, and
affect their individual condition, fecundity and sur-
vival (Auman et al. 2008; Weiser & Powell 2010;
Oro et al. 2013). Regarding fishing activities, it is
well-known that commercial trawl fisheries worldwide

provide gulls with abundant and predictable food
subsidies in the form of discards and offal (e.g. Fur-
ness et al. 1992; Bertellotti & Yorio 2000; Weichler
et al. 2004; Wickliffe & Jodice 2010), but there is lit-
tle information about gull use of waste derived from
recreational fisheries. Millions of anglers participate
in recreational fisheries globally, generating billions
of dollars in economically developed countries and
constituting an increasingly important activity in
many developing countries (FAO 2012). Gulls
worldwide associate with recreational fisheries, but
studies up to date have only focused on the negative
impacts resulting from gear related injuries and mor-
tality (Ber�on & Favero 2009; Moore et al. 2009;
Hong et al. 2013; Yorio et al. 2014) and have not yet
assessed the relevance for gull populations of the
waste derived from the on-shore processing of the
anglers’ catch.
The Kelp Gull (Larus dominicanus) is the most

abundant and widely distributed gull in the South-
ern Hemisphere, nesting in South America, Africa,
New Zealand, Australia, sub-Antarctic islands and
Antarctic Peninsula (Burger & Gochfeld 1996). In
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Argentina, its population breeding in coastal areas
was estimated at 106 200 breeding pairs (Yorio et al.
2016). As most Larus gulls, the Kelp Gull has a gen-
eralist and opportunistic feeding ecology, consuming
a wide variety of prey obtained in natural and
human-related environments. Its plasticity in prey
use has been reported in studies conducted through-
out its breeding distribution, including South Africa
(Steele 1992), Australia (Coulson & Coulson 1993),
Chile (Ludynia et al. 2005) and the subantarctic sec-
tor (Favero & Silva 1998). Previous studies in
Argentina based on conventional diet methods
showed that this species feeds on fish, marine inver-
tebrates and terrestrial insects, with an important
anthropogenic component depending on the breed-
ing location (Bertellotti & Yorio 1999; Petracci et al.
2004; Yorio et al. 2013; Gonz�alez-Zevallos et al.
2017).
At the Bah�ıa San Blas protected area, in southern

Buenos Aires, Argentina, Kelp Gulls nest at several
locations, and their numbers have increased in the
last two decades (Su�arez et al. 2014). The area is the
site of one of the largest shore-based marine recre-
ational fisheries in the southwest Atlantic coasts
(Llompart et al. 2012), which generates large
amounts of waste resulting from the on-shore pro-
cessing of the catch. Previous research on the diet
composition of Kelp Gulls breeding in the study area
indicated that the Stripped Weakfish (Cynoscion
guatucupa), which is mostly obtained from recre-
ational fishing in the form of fishery waste, is the
most frequent consumed item (Yorio et al. 2013).
However, this assessment relied only on pellet analy-
sis, which may underestimate the presence of soft
prey items such as fish waste consisting of flesh and
guts, and on chick stomach content samples, which
represent only a snapshot of recent diet. In addition,
prey frequency of occurrence was used as a measure-
ment of diet data, which may over-emphasize prey
that are present in small numbers, persist longer in
stomachs or may not be so significant in terms of
biomass (Duffy & Jackson 1986; Barret et al. 2007).
Stable isotope analysis is a less-invasive method that
provides information on food assimilation over
variable temporal scales depending on the analysed
tissue, although it is inadequate for estimating the
fine-scale taxonomic composition of seabird diet
(Inger & Bearhop 2008). Several gull diet studies
have shown the value of using stable isotope analysis
(Ramos et al. 2009; Moreno et al. 2010; Steenweg
et al. 2011), and it has been found that the analysis
of pellets and food remains underestimate the contri-
bution of fish relative to stable isotope estimates
(Weiser & Powell 2011). The combination of con-
ventional and biochemical methods is often recom-
mended to overcome some of their respective
limitations, minimize biases, and adequately assess

diet requirements (Sydeman et al. 1997; Polito et al.
2011; Karnovsky et al. 2012). Given the apparent rel-
evance of the anthropogenic component in Kelp Gull
diet and its population trend in the study area, it is
important to obtain a more thorough characterization
of its diet, representative of the entire population
breeding in the area and taking into account the
potential variation throughout the breeding season
and among years. Our goal was to assess diet compo-
sition complementing conventional and stable isotope
methods in order to determine the relevance of food
derived from recreational fisheries. To achieve this
goal, we (i) quantified and compared Kelp Gull diet
composition among four colonies located in the Bah�ıa
San Blas protected area and (ii) determined diet varia-
tion throughout the breeding cycle and among years.

METHODS

Study area

The study was conducted in the south-western sector of the
Bah�ıa San Blas protected area in Buenos Aires Province,
Argentina (Fig. 1). The coastal sector is characterized by
extensive mudflats and marshes of Spartina spp. and Sarco-
cornia perennis with crab beds of Neohelice granulata and
Cyrtograpsus spp. (Zalba et al. 2008). The town of Bah�ıa
San Blas, of about 600 inhabitants, is located in Isla del
Jabal�ı (Fig. 1).

The main economic activity in the area is recreational
fishing (Zalba et al. 2008), targeting mainly Stripped Weak-
fish in addition to Whitemouth Croaker (Micropogonias fur-
nieri), Narrownose Smooth-hound (Mustelus schmitti) and
silversides (mainly Odontesthes argentinensis and O. platensis)
(Llompart et al. 2012). The area receives an average of over
40 thousand fishers per year, mostly during the spring and
summer months, and is both shore- and boat-based (about
40 licensed fishing boats) (Llompart et al. 2012). Catches
of Stripped Weakfish, the main target fish, peak during
November and December, and totalling about 69.9 metric
tons for shore-based catches (Llompart et al. 2012). Recre-
ational fishing generates large quantities of waste resulting
from the on-shore processing of the shore-based catch,
mostly Stripped Weakfish. Catches of Whitemouth Croak-
ers are relatively smaller (19.6 metric tons), and only offal
is discarded. Processing of Narrownose Smooth-hounds
(6.4 metric tons) result in low amounts of waste profitable
to gulls, as only heads and skin are discarded, and silver-
sides are not processed on-site. Fish processing occurs
mainly at two designated sites where fishers can clean their
catch and the generated waste is later disposed at the urban
refuse dump, although illegal fish cleaning and waste dis-
posal also occurs at several other sites along the shores of
the island. An estimated 70 metric tons are disposed
between November and December (C. Marinao, unpubl.
data, 2014). The adjacent continental sector of the bay is
used mainly for cattle grazing and the production of annual
crops, including wheat, oat, rye and several different pas-
tures (Iurman 2011).
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We analysed Kelp Gull diet composition during the
2012, 2013 and 2014 breeding seasons at four colonies
located less than 10 km from the town of Bah�ıa San Blas:
Islote Arroyo Jabal�ı Oeste (40°320S, 62°170W), Islote
Arroyo Jabal�ı Este (40°320S, 62°160W), Islote del Fondo
Medialuna (40°370S, 62°140W) and Banco Nordeste
(40°320S, 62°100W) (Fig. 1), totalling an estimated 3600
nest in the 2013 breeding season (Su�arez et al. 2014). In
the study area, Kelp Gulls start laying in late September,
eggs start hatching in late October and chicks start fledging
in early December. The modal clutch size is three eggs
(Yorio et al. 2005).

Conventional diet analysis

We collected pellets from around nests within previously
determined study areas in each of the four colonies every
three to 4 days from October to December. During each
visit we collected all pellets found in the study areas, and
discarded those found in the first visit so as to eliminate
old pellets from the analysis. We noted the general breed-
ing status of nests during each visit when diet samples were
collected, and divided the breeding cycle into three stages:
incubation, young chicks (<15 days of age) and old chicks
(>15 days of age). We distinguished young and old chicks
by size and the degree of plumage development (unpub-
lished data). We collected a total of 1054 pellets in the four
colonies and three above mentioned breeding stages. To

assess possible diet differences among colonies and breed-
ing stages, we used pellets collected during the 2013 breed-
ing season (see Table 1 for sample sizes), and to assess
possible diet differences among years we used pellets col-
lected only in Banco Nordeste and in both chick stages of
the 2012 to 2014 breeding season (see Table 2 for sample
sizes).

We obtained stomach content samples from a total 351
young and old chicks captured by hand at the four colo-
nies using the water offloading technique (Wilson 1984).
We sampled only one chick per nest, the largest in the
brood. We flushed individuals with sea water between one
and three times until the water was clear, indicating the
stomach was empty, using a 4.0 mm surgical catheter
attached to a 60 mL syringe. We drained samples through
a 0.5 mm mesh sieve and preserved them in 70% ethanol
for later analysis. To assess possible differences in diet
composition among colonies and stages of the breeding
cycle, we used stomach content samples obtained in 2013
(see Table 3 for sample sizes), and to assess possible dif-
ferences in diet composition among years we used samples
obtained only at Banco Nordeste in both chick stages of
the 2012 to 2014 breeding season (see Table 4 for sample
sizes).

Back in the laboratory, we dissected each pellet and
stomach content sample in a tray under a zoom binocular
microscope (915 magnifications) and identified food
remains to the lowest taxonomic level possible, using fish
otoliths and cranial bones, crustacean shell fragments and

Fig. 1. Map of the study area showing the location of the Kelp Gull colonies of Islote Arroyo Jabal�ı Oeste (1), Islote Arroyo
Jabal�ı Este (2), Islote Fondo Medialuna (3), Banco Nordeste (4) and the town of San Blas (empty circle).
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chelae, mollusc shell fragments and insect remains. We
identified prey items with the aid of published information
(Castellanos 1967; Boschi et al. 1992; Gordillo 1995; Gosz-
tonyi & Kuba 1996; Deli Antoni 2008) and a reference col-
lection. Except for Stripped Weakfish, otoliths and other
diagnostic prey parts were too eroded for subsequent analy-
sis of prey sizes. Only one Striped Weakfish otolith, cranial
or scapular bone (angular, dentary, maxilla and cleithrum)
in each pellet was selected and used to estimate individual
prey sizes. Otolith and bone length was measured to the
nearest 0.01 mm, and the size of each item was calculated
applying the equations reported in Perez Comesa~na et al.
(2014) that relate otolith and bone length with total length
of individual fish. We classified prey remains that were too
degraded to be securely identified to species level as
‘unidentified prey’.

We calculated frequency of occurrence (the percentage
of sampling units containing a particular prey type) for each
prey type obtained from pellet and stomach content sam-
ples (Duffy & Jackson 1986). Since many prey individuals
were incomplete and most diagnostic prey parts encoun-
tered in samples were too eroded for subsequent analysis,

we could not conduct a numerical analysis nor estimate the
contribution by mass of prey species. For the analysis of
the diet, we grouped samples within the above-defined
three stages of the breeding cycle (incubation, young chicks
and old chicks). We tested for differences in the frequency
of occurrence of prey types between colonies, breeding
stages and years using the analysis of similarities procedure
(ANOSIM) with the PRIMER 6.1.6 package (Clarke &
Gorley 2006). We constructed a similarity matrix of the
samples using the Bray–Curtis similarity coefficient (Clarke
& Gorley 2006), and employed similarity percentages
(SIMPER) to determine the prey species that contributed
most to the dissimilarities between groups (Clarke 1993;
Clarke & Warwick 2001).

Stable isotope analysis

During 2013, we obtained whole blood samples (0.5–
1 mL) from the brachial vein of randomly selected Kelp
Gull adults during the late incubation stage at Islote Jabal�ı

Table 1. Frequency of occurrence (%) of prey items in pellets collected at four Kelp Gull colonies in the Bah�ıa San Blas
protected Area, Argentina, during the different stages of the 2013 breeding season

Islote Arroyo Jabal�ı Oeste Islote Arroyo Jabal�ı Este Islote Fondo Medialuna Banco Nordeste

Incubation
(n = 99)

Young
chicks
(n = 62)

Old
chicks
(n = 70)

Incubation
(n = 57)

Young
chicks
(n = 59)

Old
chicks

(n = 66)
Incubation
(n = 60)

Young
chicks
(n = 71)

Old
chicks
(n = 68)

Incubation
(n = 73)

Young
chicks
(n = 59)

Old
chicks

(n = 73)

Fish 35.4 48.4 41.4 52.6 64.4 69.7 40.0 49.2 85.9 76.7 81.4 81.7
Cynoscion guatucupa 19.2 32.3 25.7 42.1 22.0 30.3 25.0 16.4 57.7 68.5 50.8 46.7
Micropogonias furnieri 0.0 3.2 1.4 0.0 0.0 6.1 0.0 0.0 3.8 1.4 0.0 8.3
Engraulis anchoita 1.0 4.8 4.3 1.8 1.7 1.5 6.7 8.2 1.3 1.4 1.7 1.7
Trachurus lathami 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.3 0.0 0.0 0.0
Odontesthes spp. 1.0 1.6 2.9 3.5 0.0 0.0 5.0 9.8 3.8 0.0 5.1 3.3
Odontesthes nigricans 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.7
Odontesthes smitti 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.7 0.0
Odontesthes argentinensis 2.0 0.0 1.4 1.8 0.0 0.0 0.0 0.0 0.0 4.1 0.0 1.7
Porichthys porosissimus 4.0 3.2 5.7 0.0 39.0 21.2 0.0 6.6 6.4 1.4 10.2 6.7
Triathalassothia argentina 0.0 0.0 4.3 0.0 0.0 13.6 0.0 0.0 5.1 0.0 0.0 0.0
Pleuronectiforme 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.1 0.0 1.7 3.3
Unidentified fish 5.1 4.8 0.0 7.0 5.1 0.0 5.0 11.5 5.1 1.4 10.2 8.3

Molluscs 48.5 41.9 15.7 24.6 22.0 21.2 56.7 27.9 24.4 16.4 3.4 15.0
Brachidontes rodriguezi 45.5 40.3 7.1 24.6 11.9 15.2 53.3 26.2 17.9 16.4 3.4 10.0
Heleobia australis 4.0 6.5 8.6 3.5 1.7 1.5 8.3 4.9 2.6 0.0 0.0 0.0
Crassostrea gigas 0.0 0.0 0.0 0.0 1.7 1.5 0.0 0.0 0.0 0.0 0.0 0.0
Polyplacophora 6.1 6.5 1.4 1.8 1.7 4.5 0.0 0.0 1.3 0.0 0.0 3.3
Pectinidae 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Unidentified molluscs 0.0 0.0 0.0 0.0 5.1 0.0 3.3 0.0 0.0 0.0 0.0 0.0

Crustaceans 3.0 4.8 0.0 5.3 0.0 0.0 0.0 4.9 0.0 0.0 0.0 0.0
Cyrtograpsus angulatus 1.0 0.0 0.0 1.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cyrtograpsus altimanus 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Unidentified isopoda 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.6 0.0 0.0 0.0 0.0
Unidentified crustaceans 1.0 4.8 0.0 3.5 0.0 0.0 0.0 4.9 0.0 0.0 0.0 0.0

Insects 13.1 17.7 14.3 26.3 13.6 16.7 30.0 36.1 3.8 4.1 11.9 1.7
Coleoptera (7 taxa) 18.2 17.8 7.1 38.6 10.2 6.1 21.7 27.9 2.6 5.5 11.9 1.7
Lepidoptera 0.0 0.0 5.7 0.0 0.0 3.0 1.7 0.0 0.0 1.4 0.0 0.0
Ortoptera 0.0 0.0 0.0 0.0 0.0 1.5 0.0 0.0 0.0 0.0 0.0 0.0
Hemiptera 0.0 0.0 0.0 1.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Unidentified insects 0.0 0.0 1.4 5.3 3.4 6.1 20.0 16.4 1.3 0.0 0.0 0.0

Avena sativa 8.1 21.0 31.4 8.8 8.5 16.7 1.7 16.4 2.6 0.0 0.0 0.0
Carrion 7.1 4.8 32.9 0.0 13.6 7.6 0.0 1.6 3.8 2.7 3.4 6.7
Urban refuse (inorganic
material)

3.0 1.6 1.4 15.8 6.8 4.5 25.0 19.7 0.0 6.8 3.4 3.3
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Este (n = 20) and from randomly selected chicks older than
20 days old at each of the four study colonies (n = 40; 10
samples from each colony). Whole-blood samples integrate
the isotopic composition of the prey ingested by an individ-
ual during approximately a month before the sample is col-
lected (Hobson & Clark 1992). We captured adult gulls at
their nests using leg-nooses and sampled only one chick
per nest, the largest in the brood. We conserved blood sam-
ples in ethanol 70% as this procedure has been recom-
mended when freezing is not possible and it has been
shown that it has no significant effects on blood isotopic
signatures (Hobson et al. 1997; Halley et al. 2008). We
dried samples at 60°C over 24 h and then ground them in
a micro mortar. We set a sub-sample of 1 � 0.2 mg. in a
tin capsule for stable isotope analysis. Sample analyses were
performed by the Stable Isotope Facility of the University
of California, Davis (USA). Stable isotope abundance is
expressed using standard d notation relative to carbonate
Vienna PeeDee Belemnite and atmospheric nitrogen. The
internal laboratory standards used were Bovine Liver,
USGS-41 Glutamic Acid, Nylon 5 and Glutamic Acid.

Observed analytical errors were 0.14& and 0.19&, for d
13C and d 15N, respectively. We selected the potential main
prey items in the diet of Kelp Gulls breeding at the Bah�ıa
San Blas protected area based on the results of this study
and a previous study (Yorio et al. 2013). Information on
the isotopic composition of Argentine Anchovy (Engraulis
anchoita) (dorsal muscle; n = 10) and Stripped Weakfish
(dorsal muscle; n = 10) corresponded to prey obtained dur-
ing this study in the study area (d13C = �18.68 � 0.45&,
d15N = 16.07 � 0.74&, and d13C = �15.92&, d15N =
18.94, SD for both = 0.29&). Lipids from Argentine
Anchovy samples were extracted using chloroform–metha-
nol (2:1) (Post et al. 2007). Isotopic information of the
Mussel (Brachidontes rodriguezi) and insects from our study
area could not be obtained, so prey isotopic values were
carefully selected from published studies conducted in
nearby areas and during, or as close as possible, to the
breeding season. Information on the isotopic composition
of the Mussel corresponded to prey obtained at the nearby
Golfo San Mat�ıas (Storero et al. 2016; d13C =
�19.5 � 0.7&, d15N = 11.4 � 0.12&). The isotopic

Table 2. Frequency of occurrence (%) of prey items in pellets collected at the Banco Nordeste Kelp Gull colony, Bah�ıa San
Blas protected Area, Argentina, during the chick stages of 2012, 2013 and 2014

2012 2013 2014

Young chicks
(n = 33)

Old chicks
(n = 66)

Young
chicks

(n = 59)
Old chicks
(n = 73)

Young
chicks

(n = 70)

Old
chicks
(n = 68)

Fish 75.8 95.5 81.4 81.7 71.4 94.1
Cynoscion guatucupa 54.5 62.1 50.8 46.7 44.3 51.5
Micropogonias furnieri 0.0 4.5 0.0 8.3 0.0 0.0
Unidentified Sciaenidae 21.2 19.7 0.0 0.0 0.0 0.0
Engraulis anchoita 0.0 0.0 1.7 1.7 2.9 7.4
Pleuronectiforme 0.0 0.0 1.7 3.3 0.0 1.5
Odontesthes spp. 0.0 0.0 5.1 3.3 1.4 1.5
Odontesthes nigricans 0.0 0.0 0.0 1.7 0.0 0.0
Odontesthes smitti 0.0 0.0 1.7 0.0 0.0 0.0
Odontesthes argentinensis 0.0 0.0 0.0 1.7 1.4 2.9
Porichthys porosissimus 0.0 4.5 10.2 6.7 4.3 8.8
Ramnogaster arcuata 0.0 0.0 0.0 0.0 1.4 4.4
Triathalassothia argentina 0.0 0.0 0.0 0.0 1.4 1.5
Percophis brasiliensis 0.0 1.5 0.0 0.0 0.0 0.0
Unidentified fish 0.0 4.5 10.2 8.3 14.3 19.1

Molluscs 3.0 1.5 3.4 15.0 0.0 0.0
Brachidontes rodriguezi 3.0 0.0 3.4 10.0 0.0 0.0
Polyplacophora 0.0 0.0 0.0 3.3 0.0 0.0
Pelecipoda 0.0 1.5 0.0 0.0 5.7 1.5
Buccinanops globulosus 0.0 0.0 0.0 0.0 0.0 2.9

Crustaceans 3.0 1.5 0.0 0.0 1.4 0.0
Cyrtograpsus angulatus 0.0 0.0 0.0 0.0 1.4 0.0
Unidentified isopoda 3.0 0.0 0.0 0.0 0.0 0.0
Unidentified crustaceans 0.0 1.5 0.0 0.0 1.4 0.0

Insects 18.2 1.5 11.9 1.7 0.0 0.0
Coleoptera (11 taxa) 21.3 0.0 11.9 1.7 0.0 0.0
Lepidoptera 0.0 0.0 0.0 0.0 5.7 4.4
Odonata 0.0 0.0 0.0 0.0 1.4 0.0
Unidentified insects 3.0 1.5 0.0 0.0 18.6 7.4

Carrion 6.1 0.0 0.0 0.0 0.0 0.0
Larus dominicanus (chick) 3.0 0.0 3.4 6.7 0.0 0.0
Urban refuse (inorganic material) 18.2 6.1 3.4 3.3 20.0 11.8
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information of insects (d13C = �29.4 � 0.3&, d15N = 5.64
� 1.94&) corresponds to samples obtained north of our
study area in coastal Buenos Aires Province (Garcia et al.
(2011) and E. Garcia, unpublished data, 2017).

We analysed the relative contribution of the different
prey to the isotope mixture using Bayesian mixing models
within the R package SIAR (Parnell & Jackson 2013) fol-
lowing the guidelines suggested by Phillips et al. (2014).
Before running the isotopic mixing models, we conducted
the sensitive analysis proposed by Smith et al. (2013) in
order to evaluate the feasibility of the proposed isotopic
mixing polygon. As there are no diet-tissue discrimination
factors available for the Kelp Gull, we used the average val-
ues of fractionation between prey and whole blood of four
seabird species following Ceia et al. (2014). We tested for
differences in centroid location, which provide information
on isotopic position, and eccentricity, which provides
insight into differences in the underlying distribution of
d13C and d15N data, using nested linear models and resid-
ual permutation procedures (see Turner et al. 2010 for sta-
tistical details). We estimated niche width for each breeding
site using multivariate ellipse-based metrics (Jackson et al.
2011). The analysis generates standard ellipse areas (SEA)

which are bivariate equivalents to standard deviations in
univariate analyses. We used SEA values corrected for
small sample size (SEAC) to calculate niche overlap and
generated Bayesian estimates of SEA (SEAB) to test differ-
ences in isotopic niche by comparing their 95% credible
intervals (CI) (for examples see Jackson et al. 2012;
Thomson et al. 2012; Zabala et al. 2013). We report
means � 1 SD.

RESULTS

Conventional diet analysis

Pellet analysis corresponding to the 2013 breeding
season indicated that Kelp Gulls fed on at least 41
prey items, including fish, molluscs, crustaceans,
insects, grain, carrion and refuse (Table 1). Fish were
the most frequent prey at the four colonies and in all
breeding stages (41.4–85.9%), except during the

Table 3. Frequency of occurrence (%) of prey recorded in Kelp Gull chick stomach content samples during the young and
old chick stages of the 2013 breeding season at four colonies located in the Bah�ıa San Blas protected Area, Argentina

Islote Arroyo Jabal�ı
Oeste

Islote Arroyo Jabal�ı
este

Islote Fondo Medi-
aluna Banco Nordeste

Young
chicks
(n = 30)

Old
chicks
(n = 31)

Young
chicks
(n = 30)

Old
chicks
(n = 30)

Young
chicks
(n = 32)

Old
chicks
(n = 10)

Young
chicks

(n = 29)

Old
chicks
(n = 31)

Fish 93.3 83.9 80.0 86.7 78.1 90.0 86.2 90.3
Cynoscion guatucupa 70.0 48.4 56.7 60.0 31.3 40.0 20.7 45.2
Engraulis anchoita 16.7 29.0 6.7 6.7 43.8 30.0 41.4 6.5
Pleuronectiforme 0.0 0.0 3.3 0.0 3.1 0.0 0.0 0.0
Trachurus lathami 0.0 0.0 6.7 0.0 0.0 0.0 6.9 0.0
Porichthys porosissimus 0.0 0.0 3.3 3.3 0.0 0.0 6.9 6.5
Squatina guggenheim 10.0 3.2 3.3 0.0 0.0 0.0 3.4 0.0
Triathalassothia argentina 0.0 0.0 0.0 0.0 0.0 10.0 0.0 0.0
Mustelus schmitti 0.0 9.7 0.0 3.3 0.0 0.0 0.0 0.0

Unidentified fish 13.3 19.4 13.3 23.3 6.3 30.0 20.7 32.3
Molluscs 63.3 0.0 6.7 3.3 0.0 0.0 0.0 0.0
Brachidontes rodriguezi 60.0 0.0 6.7 3.3 0.0 0.0 0.0 0.0
Ensis macha 10.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Insects 93.3 35.5 33.3 16.7 59.4 30.0 31.0 16.1
Coleoptera (20 taxa) 60.0 22.6 23.3 16.7 31.3 20.0 20.7 16.1
Hemiptera (6 taxa) 6.7 0.0 0.0 0.0 3.1 0.0 13.8 3.2
Diptera (6 taxa) 3.3 0.0 6.7 3.3 9.4 10.0 10.3 0.0
Ortoptera (4 taxa) 3.3 3.2 0.0 0.0 9.4 10.0 3.4 0.0
Lepidoptera 3.3 3.2 0.0 0.0 31.3 0.0 13.8 3.2
Unidentified insects 46.7 0.0 3.3 0.0 6.3 0.0 0.0 3.2

Crustaceans 6.7 12.9 13.3 6.7 0.0 20.0 6.9 3.2
Isopoda (3 taxa) 0.0 12.9 10.0 0.0 0.0 10.0 0.0 0.0
Peisos petrunkevitchi 0.0 0.0 3.3 0.0 0.0 0.0 0.0 0.0
Pleoticus muelleri 0.0 0.0 0.0 3.3 0.0 0.0 3.4 0.0
Unidentified squid 6.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Unidentified crustaceans 6.7 0.0 0.0 3.3 0.0 10.0 3.4 3.2

Avena sativa 6.7 22.6 16.7 6.7 6.3 10.0 0.0 0.0
Urban refuse (inorganic material) 3.3 38.7 10.0 10.0 18.8 20.0 6.9 9.7
Larus dominicanus (chick) 0.0 0.0 0.0 0.0 3.1 0.0 0.0 0.0
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incubation stage at both the Islote Arroyo Jabal�ı Oeste
and Islote del Fondo where molluscs were the most
frequent (>48.5 and 56.7%, respectively) (Table 1).
The Stripped Weakfish was the most frequent species
among fish prey, except during the young chick
stage at Islote Arroyo Jabal�ı Este where the Toadfish
(Porichthys porosissimus) showed the highest value
(Table 1); the rest of fish species were recorded in less
than 13.6% of samples. Insects were present in all
colonies and stages, with frequencies of occurrence
that varied between 1.7 and 36.1%, with Coleoptera
being the most represented group (Table 1). The
Mussel Brachidontes rodriguezi was the most frequent
among molluscs, being always more frequent during
incubation at all breeding sites and reaching maximum
values at Islote Arroyo Jabal�ı Oeste and Islote Fondo
Medialuna (45.5 and 53.3%, respectively). Grain was
represented only by Oat (Avena sativa), and was pre-
sent in all sites except Banco Nordeste in frequencies

between 2.0 and 32.0% (Table 1). Crustaceans were
also absent in the diet of gulls breeding at Banco Nor-
deste and were rarely recorded during some stages of
the breeding cycle at the other colonies (3.0–5.3%).
Urban refuse consisted mostly of plastic trays and bags
used for bait packaging and food wrappings.
Diet composition based on pellet analysis was sig-

nificantly different among the four breeding sites
(two-way crossed ANOSIM, Global R = 0.083,
P = 0.001), and also for each of the pair wise com-
parisons (R < 0.115, P < 0.001), being the Stripped
Weakfish the prey that contributed most to the
observed differences (SIMPER, 20.1–28.9%). Diet
composition was significantly different among breed-
ing stages at Islote Arroyo Jabal�ı Este (one-way
ANOSIM, Global R = 0.058, P = 0.001; all pair wise
comparisons R < 0.105, P < 0.037) and at Islote
Fondo Medialuna (one-way ANOSIM, Global
R = 0.133, P = 0.001; all pair wise comparisons

Table 4. Frequency of occurrence (%) of prey items in chick stomach content samples at the Banco Nordeste Kelp Gull
colony, Bah�ıa San Blas protected Area, Argentina, during the chick stages of 2012, 2013 and 2014

2012 2013 2014

Young
chicks
(n = 30)

Old chicks
(n = 32)

Young chicks
(n = 29) Old chicks (n = 31)

Young chicks
(n = 33)

Old chicks
(n = 33)

Fish 100.0 84.4 86.2 90.3 75.8 93.9
Cynoscion guatucupa 30.0 28.1 20.7 45.2 27.3 24.2
Micropogonias furnieri 3.3 0.0 0.0 0.0 0.0 0.0
Engraulis anchoita 56.7 34.4 41.4 6.5 24.2 39.4
Trachurus lathami 3.3 3.1 6.9 0.0 6.1 0.0
Porichthys porosissimus 3.3 15.6 6.9 6.5 3.0 0.0
Percophis brasiliensis 0.0 0.0 0.0 0.0 3.0 0.0
Squatina guggenheim 0.0 0.0 3.4 0.0 3.0 0.0
Mustelus schmitti 3.3 3.1 0.0 0.0 0.0 6.1
Odontesthes smitti 0.0 0.0 0.0 0.0 0.0 3.0
Unidentified fishes 6.7 15.6 20.7 32.3 12.1 15.2

Molluscs 10.0 0.0 0.0 0.0 3.0 6.1
Brachidontes rodriguezi 3.3 0.0 0.0 0.0 0.0 0.0
Polyplacophora 0.0 0.0 0.0 0.0 0.0 3.0
Heleobia australis 0.0 0.0 0.0 0.0 3.0 6.1
Unidentified gasteropoda 6.7 0.0 0.0 0.0 0.0 0.0

Insects 20.0 68.8 31.0 16.1 54.5 48.5
Coleoptera (20 taxa) 10.0 34.4 20.7 16.1 36.3 15.1
Hemiptera(6 taxa) 0.0 9.4 13.8 3.2 15.2 3.0
Diptera(6 taxa) 13.3 12.5 10.3 0.0 27.3 6.1
Ortoptera(4 taxa) 0.0 37.5 3.4 0.0 3.0 0.0
Hymenoptera(4 taxa) 3.3 21.9 0.0 0.0 9.1 3.0
Nezara vindula 0.0 0.0 0.0 0.0 15.2 0.0
Lepidoptera 0.0 6.3 13.8 3.2 39.4 33.3
Unidentified insects 6.7 31.3 0.0 3.2 15.2 12.1

Crustaceans 3.3 9.4 6.9 3.2 3.0 6.1
Isopoda (3 taxa) 0.0 6.3 0.0 0.0 3.0 0.0
Peisos petrunkevitchi 0.0 0.0 0.0 0.0 3.0 0.0
Pleoticus muelleri 0.0 0.0 3.4 0.0 0.0 0.0
Neohelice granulata 0.0 0.0 0.0 0.0 0.0 3.0
Unidentified crustaceans 3.3 3.1 3.4 3.2 0.0 3.0

Urban refuse (inorganic material) 0.0 0.0 6.9 9.7 9.1 3.0

© 2018 Ecological Society of Australia doi:10.1111/aec.12627

KELP GULL DIET AND RECREATIONAL FISHERIES 867



R < 0.172, P < 0.003). Prey species that contributed
most to these differences were the Stripped Weakfish
and Toadfish at Islote Arroyo Jabal�ı Este (18.8–
22.7% and 17.4–21.2%, respectively) and the
Stripped Weakfish and Mussel in Islote Fondo Medi-
aluna (13.7–25.9% and 12.6–22.2%, respectively). In
Banco Nordeste, significant differences were only
found between the incubation stage and each of the
chick stages (one-way ANOSIM, Global R = 0.055,
P = 0.005 and Global R = 0.059, P = 0.001 in the
young and old chick stages, respectively), being also
the Stripped Weakfish the species that contributed
most to the observed differences (38.6 and 33.5%,
respectively). At Islote Arroyo Jabal�ı Oeste, diet com-
position during the old chick stage was significantly
different from that recorded during the incubation
and young chick stages (one-way ANOSIM, Global
R = 0.085, P = 0.001 and Global R = 0.128,
P = 0.001, respectively), being in this case the
Stripped Weakfish and the Mussel the prey that con-
tributed most to the observed differences (SIMPER,
15.2–19.7% and 16.9–23.5%, respectively).
Fish, represented mainly by the Stripped Weakfish,

presented high frequencies of occurrence (>70%) in
Banco Nordeste in all 3 years. Diet composition dif-
fered only between the 2012 and 2013 breeding sea-
sons (Table 2) (ANOSIM, Global R = 0.035,
P = 0.001), being also the Stripped Weakfish the spe-
cies that contributed most to the observed differences
(32.9%).
A total of 73 Stripped Weakfish otoliths, cranial,

and scapular bones were recovered intact from pellet
samples and could be measured (16 otoliths, 18
cleithrum, 21 angular, 17 dentary and 1 maxilla).
The total length of Stripped Weakfish found in Kelp
Gull pellets averaged 41.5 � 5.2 cm (n = 73;
range = 28.4–59.5).
The analysis of chick stomach samples from the

2013 breeding season indicated that food provided by
parents consisted of at least 56 prey items, being fish
the most frequent diet component (78.1–93.3%) at
the four colonies and in both chick stages (Table 3).
Stripped Weakfish and Argentine Anchovy were the
only fish prey with relevant frequencies in most colo-
nies and stages (Table 3), with the rest of the fish spe-
cies contributing less than 10.0% to chick diet
(Table 3). Molluscs showed relatively high frequen-
cies of occurrence only in the young chick stage at
Islote Arroyo Jabal�ı Oeste (63.3%) (Table 3). Insects
were present in the diet of chicks at all breeding sites,
and their frequency was higher during the young chick
stage (e.g. Islote Arroyo Jabal�ı Oeste: 93.3%; Islote
Fondo Medialuna: 59.4%; Table 3). Coleoptera was
the most frequent group among insects (16.1–60.0%),
except during the young chick stage at Islote Fondo
Medialuna where Lepidoptera were more frequent
(31.3%) (Table 3). Many of the Coleoptera recorded

were larval stages of underground habits. Oat grains
were present in frequencies of less than 22.6%, and
were absent in samples from the young chick stage at
Islote Arroyo Jabal�ı Oeste and in all samples from
Banco Nordeste. Crustaceans were present in both
chick stages at all breeding sites, except during the
young chick stage at Islote Fondo Medialuna but in
relatively low frequencies of occurrence (3.2–20.0%).
Similarly, urban refuse items similar to those found in
pellets were recorded in both chick stages and at all
breeding sites in relatively low frequencies, reaching a
maximum of 38.7% during the old chick stage at Islote
Arroyo Jabal�ı Oeste.
Except between Islote del Fondo and Banco Nor-

deste, diet composition differed significantly among
colonies (two-way crossed ANOSIM, Global
R = 0.104, P = 0.001), being the Stripped Weakfish
the prey that contributed most to the differences
(SIMPER, 16.6–25.7%). Diet composition differed
significantly between chick stages at Islote Arroyo
Jabal�ı Oeste (one-way ANOSIM, Global R = 0.282,
P = 0.001), where the Coleoptera, Mussel and
Stripped Weakfish contributed most to the observed
differences (14.3, 14.1, and 13.4%, respectively).
Diet Composition at Banco Nordeste also differed
among chick stages (one-way ANOSIM, R
Global = 0.001, P = 0.001), and the Stripped Weak-
fish and Argentine Anchovy were the prey that con-
tributed most to these differences (21.2 and 19.8%,
respectively). At the other two colonies, diet compo-
sition was similar between chick stages (P > 0.05).
Diet composition at Banco Nordeste differed sig-

nificantly among years (Table 4) (ANOSIM, Global
R = 0.068, P = 0.001, all pair wise comparisons
R < 0.086, P < 0.004). The prey species that con-
tributed most to the observed differences in diet
composition among years, as designated by SIMPER,
were Stripped Weakfish and Argentine Anchovy
(14.3–18.1 and 16.7–17.5%, respectively) while all
other species contributed less than 10%.

Stable isotope analysis

Mean d13C values of Kelp Gull incubating adults
varied between �15.92 and �19.59& while mean
d15N values varied between 14.5 and 20.6&
(Fig. 2a). General mixing polygon sensitivity analysis
(using 1500 iterations) showed that isotopic values of
all individual samples, given the diet-tissue discrimi-
nation factors and prey isotopic values used, were
included in more than 95% of the simulated mixing
polygons, validating the proposed mixing model
(Fig. 2b). On the basis of the isotopic values corre-
sponding to adult gulls, the Bayesian mixing model
outputs showed that Stripped Weakfish had the high-
est contribution (42.0 � 10.3%) (Fig. 3).
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In general, d13C values of Kelp Gull chicks varied
between �15.6 and �21.4&, while d15N values
varied between 14.3 and 20.9& (Fig. 4a). General
mixing polygon sensitivity analysis (using 1500 iterations)
showed that isotopic values of all chick samples,
given the diet-tissue discrimination factors and prey
isotopic values used, were included in more than
95% of the simulated mixing polygons, validating all
proposed mixing models (Fig. 4b). On the basis of
the isotopic values corresponding to chicks from the
four colonies, the Bayesian mixing model outputs
showed that Stripped Weakfish has the highest con-
tribution to gull diet (Islote Arroyo Jabal�ı Oeste:
34%; Islote Aroyo Jabal�ı Este: 75%; Islote Fondo
Medialuna; 53%; Banco Nordeste: 65%) (Fig. 5).

No differences were found among the four breed-
ing sites in the isotopic positions of chicks, based on
the observed differences in their centroid locations
(P > 0.05, using 1000 permutations, Fig. 6). In
accordance, there was an overlap in the isotopic
niches estimated by SEAC of chicks from the four
breeding sites (Islote Arroyo Jabal�ı Oeste vs. Islote
Arroyo Jabal�ı Este: 47.8%; Islote Arroyo Jabal�ı Oeste
vs. Islote Fondo Medialuna: 58.1%; Islote Arroyo
Jabal�ı Este vs. Islote Fondo Medialuna: 53.8%;
Banco Nordeste vs. Islote Arroyo Jabal�ı Oeste:
41.6%; Banco Nordeste vs. Islote Arroyo Jabal�ı Este:
53.3%; Banco Nordeste vs. Islote Fondo Medialuna:
5.6%; Fig. 6). No differences were found in the iso-
topic niche width among individuals at the four
breeding sites (P > 0.05).

DISCUSSION

Our results confirm once again the generalist and
opportunistic feeding habits of the Kelp Gull. This is
the first comprehensive evaluation of the diet of Kelp
Gulls breeding in southern Buenos Aires Province
and in the Bah�ıa San Blas protected area, encom-
passing four nesting locations and considering the
potential temporal variability. The combination of
stable isotope and conventional methods (pellet and
stomach content analysis) allowed the taxonomic
characterization of the diet and the assessment of the
relative importance of the main the prey. Kelp Gull
diet comprised mostly fish, although it also included
molluscs and insects.

Fig. 2. Dual stable isotope plot of d15N (&) and d13C
(&) showing the isotopic values of whole blood of adult
Kelp Gulls breeding at Islote Arroyo Jabal�ı Este and their
potential prey. (a) Isotopic mixing diagram. Open circles:
incubating adults. Potential prey values corrected for frac-
tionation are represented by solid squares (values are means
and error bars � SD). (b) Simulated mixing region for the
biplot in a. The positions of individual Kelp Gulls (open
circles) and the average source values (solid squares) are
shown. Probability contours are at the 5% level (outermost
contour) and at every 10% level.

Fig. 3. Results of SIAR Bayesian isotope mixing model
(50, 75 and 95% credibility intervals) showing the esti-
mated prey contributions to the diet of incubating Kelp
Gulls from Islote Arroyo Jabal�ı Este during the 2013 breed-
ing season.
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Results agree with a previous diet study conducted
at Islote Arroyo Jabal�ı Oeste during the 2006 and
2007 breeding seasons in which a wide variety of
prey was recorded, being the Stripped Weakfish and
Argentine Anchovy the most frequent prey in pellet
and chick stomach content samples, respectively
(Yorio et al. 2013). Results also agree in general with
previous studies on the diet of Kelp Gulls breeding
at other locations along the Argentine coast and the
Southern Hemisphere, where they mainly feed on

marine invertebrates and fish complemented with
food derived from human activities (Steele 1992;
Coulson & Coulson 1998; Bertellotti & Yorio 1999;
Ludynia et al. 2005). In coastal Chubut Province,
Argentine Patagonia, domestic refuse can be a rele-
vant component in the diet of breeding Kelp Gulls,
being larger the contribution the closer the colony to
the nearest refuse dump (Bertellotti & Yorio 1999).
Urban refuse, however, was recorded in low frequen-
cies in the diet of Kelp Gulls nesting in the Bah�ıa
San Blas protected area, despite all four colonies are
located less than 8 km from the town of Bah�ıa San
Blas. Moreover, most urban refuse items recorded in
diet samples were remains of plastic trays and bags
used for fish bait packaging and food wrappings, sug-
gesting they originated from recreational fishing
activities. The low contribution of urban refuse may
also result from the regular availability of abundant,
predictable and higher quality alternative food in the
form of fishery waste (see below).
The Stripped Weakfish was in general the main

component in Kelp Gull diet as indicated by conven-
tional analysis. This species is the most important tar-
get of recreational fisheries in the study area, and
waste resulting from its on-site processing constitutes
an abundant and predictable food source for Kelp
Gulls. The high frequency of occurrence of Stripped
Weakfish in Kelp Gull diet could also be the result of
its abundance in coastal fish assemblages in waters
along the coast of Buenos Aires Province (Jaureguizar
et al. 2006; Llompart 2011). However, the fact that it
is a demersal species normally unavailable to surface
feeding birds and the large size of Stripped Weakfish
individuals found in diet samples (averaged 40 cm)
strongly suggest that this prey was obtained from the
waste generated by the recreational fishery. Results
from stable isotope analysis were in agreement with
those obtained from conventional analysis, although
they may also reflect the contribution of other demer-
sal fish with similar stable isotope values. For example,
recreational fishers also target the demersal White-
mouth Croaker and waste resulting from cleaning of
the catch consists of offal which would not show in pel-
let samples. The presence of the Narrownose Smooth-
hound in gull stomach content samples, a prey species
that given its size and habits is also unlikely to be
obtained through direct capture, reinforces the associ-
ation of feeding Kelp Gulls with recreational fishing
activities. Moreover, Kelp Gulls were regularly
observed during the course of this study feeding on
fishery waste in recreational fishing sites and in the
Bah�ıa San Blas refuse dump, and a previous study
using GPS born incubating individuals indicated that
sites where fish waste is regularly disposed constituted
their main foraging habitat (Kasinsky 2016).
The consumption of other prey items, such as Oat

or many of the recorded insects, also indicates the

Fig. 4. Dual stable isotope plot of d15N (&) and d13C
(&) showing the isotopic values of whole blood of Kelp
Gull chicks at four colonies in the Bah�ıa San Blas protected
area and their potential prey. (a) Isotopic mixing diagram.
Circle: Islote Arroyo Jabal�ı Oeste; Diamond: Islote Arroyo
Jabal�ı Este; Triangle: Islote Fondo Medialuna; Cross:
Banco Nordeste. Potential prey values corrected for frac-
tionation are represented by solid squares (values are means
and error bars � SD). (b) Simulated mixing region for the
biplot in Figure 2a. The positions of individual Kelp Gull
chicks (open circles) and the average source values (solid
squares) are shown. Probability contours are at the 5% level
(outermost contour) and at every 10% level.
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association of feeding Kelp Gulls with human activi-
ties. Kelp Gulls were observed feeding directly in
oat fields relatively near their colonies (C. Marinao,
pers. obs., 2013) and taking advantage of Oat grain
fed to cattle in nearby feedlots (G. Gamero, pers.
comm., 2014). Insect taxa generally associated to
crops, such as those belonging to the families
Scarabeidae and Curculionidae, were also recorded,
with the presence in samples of adult individuals
and of larvae of underground habits which are made
accessible to feeding gulls during ploughing. Many
studies in different gull species worldwide show that
they regularly feed in agricultural lands, taking
advantage of a variety of grain and fruit (see review
in Calvino-Cancela 2011) as well as on terrestrial
invertebrates (e.g. Schwemmer & Garthe 2008;
Caron-Beaudoin et al. 2013). However, although ter-
restrial prey were frequently recorded in diet sam-
ples in the study area, stable isotope analysis

indicated that they comprised a minor component in
Kelp Gull diet.
Diet composition in most seabirds varies spatially

and temporally in response to food availability, indi-
vidual energetic demands and/or breeding require-
ments (e.g. Pierotti & Annett 1991; Suryan et al.
2002; Karnovsky et al. 2008; Chiaradia et al. 2012).
Diet can differ among breeding locations, even at rel-
atively small scales (Wanless & Harris 1993; Bertel-
lotti & Yorio 1999; Velando & Freire 1999), mostly
as a result of spatial variability in prey composition
and availability. In our study area, stable isotope
analysis of chick whole blood, which integrates diet
through most of the growth period, indicated similar
trophic niches among individuals of the four study
colonies, suggesting that the differences observed
using conventional diet methods were the result of
opportunistic feeding events. Diet similarity composi-
tion of individuals from the four study colonies is

Fig. 5. Results of SIAR Bayesian isotope mixing models (50%, 75% and 95% credibility intervals) showing the estimated
prey contributions to the diets of Kelp Gull chicks from (a) Islote Arroyo Jabal�ı Oeste, (b) Islote Arroyo Jabal�ı Este, (c) Islote
Fondo Medialuna, and (d) Banco Nordeste, during the 2013 breeding season.
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likely influenced by the relatively large foraging range
of breeding Kelp Gulls in addition to the regular
availability of fish waste provided by recreational fish-
eries. Unfortunately, we were unable to gather infor-
mation to assess seasonal differences in diet
composition using stable isotope analysis, but statisti-
cal differences among breeding stages were observed
based on conventional methods, with no clear pattern
for the four colonies. The Stripped Weakfish was the
prey item most implicated in the observed differ-
ences, which may be due to the variability in fishing
effort and waste generation throughout the season
and between weekdays and weekends.
This study confirms that food derived from human

activities is widely used by Kelp Gulls breeding at the
Bah�ıa San Blas protected area. Results particularly
show a strong association between the Kelp Gull and
the recreational fishing activity taking place in the pro-
tected area, likely resulting from the large amount of
waste generated by the fishery. There are few reports,
and mostly anecdotal, on trophic associations between
gulls and recreational fisheries. In nearby coastal areas
of Argentina and during the non-breeding season,
Olrog’s gull (Larus atlanticus) make use of fish waste
generated by anglers (Ber�on et al. 2007) and Kelp
Gulls in South Africa scavenge fish and offal provided
by land-based and boat-based recreational fishermen
(Whittington et al. 2006). Although the recreational
fishery operating at Bah�ıa San Blas may be fairly

special in terms of the number of fishers, fishing effort
and waste generated, it is likely that waste generated
by smaller scale recreational fisheries in other coastal
sectors may also contribute with supplementary food
to gull breeding and wintering populations. It should
be noted that the opportunistic feeding by Kelp Gulls
on fishery waste is a common behaviour throughout
their range. A large number of studies have described
the consumption by Kelp Gulls of fishery discards
provided by offshore commercial trawl fishing opera-
tions in Argentina (e.g. Yorio & Caille 1999; Bertel-
lotti & Yorio 2000; Gonz�alez-Zevallos & Yorio 2006;
Marinao & Yorio 2011; Seco Pon et al. 2013) and in
other coastal sectors of South America and Southern
Africa (Abrams 1983; Branco 2001; Villablanca et al.
2007; Soares Traversi & Vooren 2010; Carniel & Krul
2012). As in the Bah�ıa San Blas protected area, Kelp
Gulls have been recorded taking advantage of waste
derived from the on-land processing of the catch from
artisanal fisheries in Brazil (Carniel & Krul 2011) and
at fish processing plants associated to commercial
trawl fisheries in Argentine Patagonia (Yorio & Caille
2004). Despite the apparent benefits derived from the
food subsidy provided by recreational fisheries, the
association with this activity may also result in injuries
and mortality (Yorio et al. 2014). Cost and benefits
resulting from the association with recreational fish-
eries likely apply to Kelp Gull populations breeding at
other Southern Hemisphere coastal sectors and to
several other gull species worldwide.
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