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Abstract The diet of the Kelp Gull (Larus domi-

nicanus) was investigated at the northern limit of its

distribution along the South American Atlantic coast.

We used two complementary methods, pellet analysis

and stable isotope analysis (SIA), to describe and

compare Kelp Gull feeding ecology in freshwater and

marine environments. The assimilated diet over two

different time scales was investigated via SIA of

plasma and red blood cells, blood components with

different turnover rates. Fish composed the bulk of the

diet of Kelp Gulls in both marine (White Croaker

Micropogonias furnieri and Banded Croaker Paralon-

churus brasiliensis) and limnetic areas (Armoured

Catfish Loricariidae and La Plata Croaker Pachyurus

bonariensis), despite the importance of benthic prey

from the intertidal zone in samples collected from the

marine environment (Wedge Clam Donax hanleyanus

and the Yellow Clam Mesodesma mactroides). The

fish consumed by the gulls were common discards

from fisheries in both environments, and marine

bivalves were found at a high density at the marine

beach. Diet varied between the different time scales

analysed. Conventional diet data generally agreed

with stable isotope model estimates, emphasising the

importance of using complementary approaches in

dietary studies.

Keywords Diet � Pellets � Stable isotopes �
Freshwater environment � Seabirds

Introduction

The Kelp Gull (Larus dominicanus) is widely distrib-

uted in the southern hemisphere (Howell and Dunn

2007), and its populations have expanded in several

localities, primarily due to an increased availability

of garbage and other anthropogenic wastes, such as

fishing discards (Fordham 1970; Crawford et al. 1982;

Powlesland and Robertson 1987; Yorio et al. 1998).

The Kelp Gull is described as an opportunistic

generalist with great plasticity in feeding and the

selection of foraging areas (Brooke and Cooper 1979;

Bertellotti and Yorio 1999; Silva et al. 2000). Its

feeding habits have been studied in Oceania (Coulson

and Coulson 1993), Africa (Brooke and Cooper 1979;

Steele 1992), the Antarctic (Favero et al. 1997), South

America at Tierra del Fuego (Hockey 1988), Pata-

gonia (Bertellotti and Yorio 1999), northern Argentina
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up to 36�S (Silva et al. 2000) and the Pacific coast

(Ludynia et al. 2005). However, in Brazil, there is no

information about the Kelp Gull’s diet, even though

this species is present along more than 2,000 km of

coastline (Sick 1997) and breeds on several islands

(Vooren and Brusque 1999). In Rio Grande do Sul, the

southernmost Brazilian state, the Kelp Gull is the most

common gull species on the marine beach, despite not

breeding in the area (Vooren and Chiaradia 1990), and

it is often found in coastal lagoons (Belton 1994).

Moreover, the Kelp Gull’s diet in freshwater ecosys-

tems is poorly known across its distribution, limited to

a single recent study (Frixione et al. 2012).

Seabird dietary studies are important for under-

standing the relationships of these birds with their

habitats and communities (Barrett et al. 2007). Some

predatory birds, such as raptors, gulls and some

shorebirds, produce regurgitated pellets composed of

the hard, indigestible parts of their prey (Simmons

et al. 1991; Petracci 2002; Ludynia et al. 2005). These

pellets and other food remains have been used for

many decades to reconstruct bird diets. Nevertheless,

these methods are biased towards foods with large or

abundant indigestible parts, and highly digestible

foods are therefore underrepresented or not detected

(Mariano-Jelicich and Favero 2006; Barrett et al.

2007; Lindsay and Meathrel 2008). Pellets represent

recent diet, usually the last meal, and gulls and related

birds can produce more than one pellet per meal

(Duffy and Laurenson 1983; Votier et al. 2001; Weiser

and Powell 2011).

Stable isotope analysis (SIA) has been used in diet

studies for over two decades, as the method allows the

determination of the foods that have been digested and

assimilated by animals (Hobson and Clark 1992).

Carbon and nitrogen stable isotope ratios in organisms

vary predictably between some food webs (i.e., marine

and freshwater), and prey from different habitats or

trophic levels often have distinct isotopic signatures

(Peterson and Fry 1987). Nevertheless, discrimination

factors (the amount of change in isotope ratios as they

are incorporated from prey into the consumers’ tissue)

are frequently cited as the weakest link in the use of

stable isotope mixing models to answer ecological

questions of diet reconstruction (Gannes et al. 1997;

Wolf et al. 2009; Bond and Diamond 2011).

Pellet analysis is useful for identifying prey species

and the recent diets of avian predators, whereas stable

isotope models could estimate the contribution of

different food sources to the diet (Barrett et al. 2007).

Used simultaneously, both methods could provide an

assessment of the predator’s impact on particular prey

groups (Weiser and Powell 2011). Moreover, because

blood can be separated into cellular and plasma

fractions, components known to differ in their rates

of protein turnover (with a half-life of 32 and 4.3 days,

respectively; Hahn et al. 2012), one could obtain

dietary information reflecting diet over two different

periods of integration from the same non-destructive

blood sample.

Behavioural studies have demonstrated differences

in food selectivity and foraging efficiency between

immature and adult individuals for Kelp (Bertellotti

and Yorio 2000) and other Larus gulls (e.g., Olrog’s

Gull, L. atlanticus, Berón et al. 2011). Such differ-

ences were attributed to the learning of prey recogni-

tion and handling and the possibility that older birds

may be more skilled and competitive at foraging

grounds (Bertellotti and Yorio 2000). Age-related

differences in foraging behaviour and efficiency may

also be linked to the higher pre-reproductive or

migratory requirements of adults (Annett and Pierotti

1989; Ludynia et al. 2005; Limmer and Becker 2009).

In this study, we used SIA of Kelp Gull blood and

the analysis of pellets found on non-breeding roosting

sites from two adjacent beaches in southern Brazil—

one marine (Cassino Marine Beach) and one fresh-

water (Mirim Lagoon Beach). This study aimed to (1)

describe and compare Kelp Gull diets in marine and

freshwater environments, (2) analyse Kelp Gull diets

over two different time scales and (3) compare two

methods of diet analysis (pellet analysis vs. SIA).

Methods

Study area

The coast of the State of Rio Grande do Sul is a sandy

beach 620 km long, stretching from Torres at the north

(29�200S; 49�440W) to the Chuı́ stream at the south

(33�450S; 53�220W); it is interrupted in three places by

the mouths of large coastal lagoons (Tramandaı́, Peixe

and Patos) and by several ephemeral creeks draining

post-dune ponds. The Kelp Gull diet was studied at the

Cassino Marine Beach and at the adjacent freshwater

Mirim Lagoon Beach, on its eastern shore (Fig. 1).

Cassino is the southernmost beach of Brazil, stretching
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from the mouth of the Patos Lagoon to the Chuı́

stream, near the Uruguayan border. It is an important

feeding and roosting ground for several shorebirds,

inland waterbirds and coastal seabird species, which

includes resident species, migrants from the northern

hemisphere that use the beach as a staging and

wintering area from spring to autumn, and southern

migrants that use the area during winter (Vooren and

Chiaradia 1990). The Mirim Lagoon shores are also

important for the abovementioned birds as a staging,

feeding and roosting area (Silva-Costa unpub. data).

Pellet sampling and analysis

Kelp Gulls roost in both beaches in mono and

multispecific flocks. From December 2010 to May

2011, 416 fresh pellets, still covered by mucous, were

collected weekly at roosting places where flocks were

observed. The typical size, shape and texture of the

Kelp Gull pellets were determined from material

obtained from monospecific flocks. We used these

criteria to identify Kelp Gull pellets when they were in

multispecific flocks.

Pellets were placed in paper envelopes and identi-

fied by area and date. In the laboratory, pellets were

dried in an oven at 60 �C for 4 h and stored with

naphthalene as an insect repellent. Each pellet was

analysed under a dissecting microscope, and prey

remains were identified to the lowest taxon possible.

A prey taxon present in the pellet was termed a

‘food type’, and for each food type, an individual

animal represented in the pellet was termed a ‘prey’

(Bugoni and Vooren 2004). Fish were identified using

the bone plates and mandibular bones available in a

reference collection at the Waterbird Laboratory

(Universidade Federal do Rio Grande—FURG) and

using otoliths identified according to criteria in Corrêa

and Vianna (1992) and in Naves (1999) and by

comparison with a reference collection. The number of

fish prey was determined from the maximum number

of otolith pairs (right and left otoliths of similar size),

opercular bones and eye lenses.

Insects were represented in pellets as fragments of

chitin exoskeleton and were identified by referencing

Roth (1970) and Carrera (1989). The number of insect

prey was determined by pairing mouth parts, eyes and,

in the case of beetles, elytra. Bivalves were identified

by their shells, and their numbers were determined

from the maximum number of pairs of chondrophores,

the sites where the ligament keeps valves attached.

Fish otoliths (sagitta) were measured with a

microscopic scale at the ocular to estimate fish length

and body mass through allometric equations

(Table 1). For each otolith, the length, width and

index of digestion (ID 0–3) were recorded following

Bugoni and Vooren (2004). Only otoliths that had

undergone slight or moderate digestion, ID (0) or ID

(1), were measured and used for the calculation of the

Fig. 1 Study area in

southern Brazil where Kelp

Gulls (L. dominicanus) were

captured for blood sampling

and where pellets were

collected from December

2010 to May 2011. Black
lines are beaches where

pellets were collected
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body length and body mass of prey. Otolith width was

used when otoliths were broken, precluding otolith

length measurement. For fish identified to the species

level but without measurable otoliths and for those fish

not identified to species level, the mean of the prey

mass calculated for all other fish prey in the corre-

sponding taxon and area was assigned as an estimate

of their body mass. For bivalves, measurements of

unbroken shells were used to estimate the size of

broken ones and, thus, the prey mass. The masses of

both mollusc species found were assumed to be the

same. An estimated body mass of 0.2 g was assigned

to all insects following Bugoni and Vooren (2004).

Stable isotope sampling and analyses

Twelve Kelp Gulls were captured at the Mirim Lagoon

from fishing canoes used by the artisanal fishery at the

Capilha settlement. Captures were conducted from

February to May 2011 using a reel with nylon line tied

to a fish as bait.

Kelp Gulls start to breed at 4 years of age and can

be aged on the basis of plumage characteristics and bill

colour up to breeding age (Howell and Dunn 2007).

Thus, gulls were aged as follows: juvenile, mottled

brown plumage with a black bill; immature, faded

plumage in comparison with adults, black spots on the

neck and a bill that was still dark; and adult, a black

back and upper wings, white ventral areas and neck,

and a yellow bill with a red tip (Howell and Dunn

2007). Among the twelve captured gulls, six were

juveniles, one was immature and five were adults.

Three millilitres of blood was collected from the

braquial or tarsal vein using a syringe and needle.

Whole blood was transferred to a 5-ml cryotube and

kept on ice until centrifugation (30 min at 3,000 rpm)

to separate blood components with different turnover

rates, that is, plasma and red blood cells (RBCs). Using

a micropipette, plasma was transferred to cryotube

vials, and the two blood components were frozen

separately at -20 �C. Gulls were marked with metal

bands to avoid resampling the same individual and

were released near the capture location.

Samples of potential food types identified in the

pellets were collected from both marine and freshwa-

ter areas for stable isotope analysis. From fresh

specimens, fish white muscle from the lateral region

and bivalve mantle were collected. White muscle is

regarded as the best tissue for ecological studies using

stable isotopes because individual variation is lower

(Pinnegar and Polunin 1999).

Lipids were removed from animal prey in a Soxhlet

extractor over 6 h using petroleum ether as the solvent

(Labsynth� Diadema, SP). Such a procedure was

necessary, as lipids are 13C depleted relative to whole

tissue, and lipid extraction reduces carbon isotope

variability due to the varying lipid content in different

tissues (Sotiropoulos et al. 2004). All prey and blood

samples were lyophilised, weighed (1 ± 0.2 mg),

encapsulated in 4 9 6 mm tin capsules and analysed

by continuous-flow isotope mass spectrometry (CF-

Table 1 Otolith length (mm) and length (mm)/body mass (g) relationships of fish prey of Kelp Gulls L. dominicanus in southern

Brazil

Species Total length 9 otolith length Body mass 9 total length Total length 9 otolith width

M. furnieria TL = 16.434024OtL1.158209 M = 0.0000019TL3.3303687

P. brasiliensisa TL = 15.631357OtL1.192579 M = 8.8310686 (10-7) TL3.458188 TL = 22.707827OtW1.9636747

S. rastrifera TL = 15.042305OtL1.4217153 M = 7.2182324 (10-7) TL3.597134

U. brasiliensisa TL = -22.65 ? 24.254OtL M = 2 (10-7) TL3.7386

M. ancylodona TL = -6.412 ? 18.451OtL M = 1.633 (10-6) TL3.3014

C. voga TL = 50.212OtL ? 8.9525 M = 1.7361TL - 230.65

P. bonariensis TL = 2.4639OtL - 0.7337 M = 16.251TL - 223.84

O. robustus TL = 0.0126OtL ? 0.3294 M = 4 (10-6)TL3.1221

D. hanleyanus M = 0.0366TL3.4838

Common names as in Table 3

TL total length, M body mass, OtL otolith length, OtW otolith width
a Naves (1999)
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IRMS) at the Analytical Chemistry Laboratory, Insti-

tute of Ecology, University of Georgia, Athens,

Georgia, USA. Isotopic results for carbon and nitrogen

were quantified as deviations relative to isotopic

standards (delta notation):

d13C or d15N ¼ ðRsample=RstandardÞ � 1
� �

ð1Þ

where R = 13C/12C or 15N/14N. The standards used

were Pee Dee Belemnite limestone and atmospheric

air for carbon and nitrogen, respectively. Laboratory

standards were run together with samples to avoid drift

during analysis of the same batch and among batches.

Statistical analysis

For each food type from both the marine and the

freshwater areas, the following parameters were

calculated: FO = frequency of occurrence in pellets,

that is, the number of pellets with a particular food

type; FO% = relative frequency of occurrence, that is,

FO as a percentage of the total number of pellets

examined; N = number of prey counted in all pellets;

N% = numerical proportion in the diet, that is, N as a

percentage of the total number of prey of all food types

in the pooled sample; M = total mass of all prey in the

pooled sample, reconstructed from remains;

M% = proportion by mass in the diet, that is, M as a

percentage of the total mass of all prey of all food

types in the pooled sample; IRI = index of relative

importance; and IRI% = index of relative importance

as percentage. IRI was calculated as follows:

IRI ¼ N%þM%ð ÞFO% ð2Þ

according to Bugoni and Vooren (2004). Recon-

structed mass was used instead of prey volume, which

was used in the original IRI (Pinkas et al. 1971). As the

prey volume could not be determined and the mass of

ingested aquatic animal food is proportional to its

volume, both mass and volume are similar (Diamond

1983).

All statistical analyses were performed using R

software (R Development Core Team 2010). Normal-

ity and homoscedasticity were verified, and when

possible, variations in carbon and nitrogen isotope

values between age classes, blood components and

prey were tested using the parametric t test. When

these statistical assumptions were not met, the Mann–

Whitney nonparametric test was used. For comparison

between stable isotopes of carbon and nitrogen in

blood components, we used paired t tests and paired

Mann–Whitney tests.

We used the Bayesian stable isotope mixing model

(SIAR; Parnell et al. 2010) to provide an estimate of

the relative contributions of different food sources

assimilated by Kelp Gulls. This model integrates

variability in resource and consumer isotope values,

providing a distinct advantage over other mixing

models. Seven prey species were collected, three from

the marine environment and four from Mirim Lagoon,

for use in the mixing model (Table 2). Before running

models in SIAR, we grouped prey species with similar

functional significance and isotopic values (Phillips

et al. 2005). As the proportion C/N in plasma was

higher than 3.5 (mean = 5.4 ± 0.3), thus character-

ising lipid rich material, we used the mathematical

correction proposed by Post et al. (2007). Kelp Gull

samples were grouped according to d13C, d15N and

blood components (Group 1 = plasma; Groups 2 and

3 = RBCs with distinct stable isotope values). Groups

were validated by similarity analysis ANOSIM

(R = 0.82, p \ 0.001; Fig. 2). This analysis was

conducted with PAST software (Hammer et al.

2001) using the Euclidean distance and standardised

and centred data.

The model consisted of three Kelp Gull groups and

four prey sources: intertidal invertebrate = Yellow

Clam (Mesodesma mactroides); demersal marine =

White Croaker (Micropogonias furnieri) and Banded

Croaker (Paralonchurus brasiliensis); limnetic pri-

mary consumer = Characin (Cyphocharax voga); and

limnetic predator = Pike Characins (Oligosarcus

robustus and O. jenynsii) and La Plata Croaker

(Pachiurus bonariensis) (Fig. 2). The RBC discrimi-

nation factor values used in the model were

-0.3 ± 0.5 and 2.61 ± 0.5 for d13C and d15N,

respectively. These values were the mean values of

discrimination factors for penguins fed on whole fish

in Cherel et al. (2005a) (d13C = -0.81, d15N = 2.07

and d13C = 0.20, d15N = 2.72, for King Penguin

Aptenodytes patagonicus, and Rockhopper Penguin

Eudyptes chrysocome, respectively) and Williams

et al. (2007) for control groups of the Tufted Puffin

Fratercula cirrhata (d13C = -0.30 and d15N =

3.05). The plasma discrimination factors were 0.8

and 2.93 ± 0.5 for d13C (Klaassen et al. 2010) and

d15N, respectively. For N, we derived the plasma

discrimination factor from Cherel et al. (2005b). The
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N discrimination factor for whole blood was 2.2 and

2.5 % for fasting, breeding King Penguins. As the

discrimination factor for plasma was not reported, we

subtracted the values of the whole blood stable isotope

signature from plasma and added the difference (0.38

and 0.78 %) to the discrimination factor of RBCs.

An uninformative a priori was used in the mixing

model. We ran 500,000 iterations, thinned by 15, and

after an initial discard of the first 50,000 iterations, we

finished with 30,000 posterior draws.

To compare the results obtained from the pellet

analyses and the SIA, we considered only the results

obtained for Group 1 (plasma), which represented a

very recent feeding period and thus was most similar

to the diet represented by the pellets.

Results

Diet inferred by pellet analyses

At Cassino Marine Beach, 2,636 prey items were

found in the 212 pellets analysed, of which 393 were

fish, 2,226 were bivalves and 17 were insects. Fish

remains were present in 71.22 % of the pellets,

bivalves were present in 42.45 % of the pellets and

insects were present in 6.60 % of the pellets. The

estimated body mass of all prey together was

34,777.51 g, of which fish constituted 98.22 % and

Table 2 d13C and d15N values (mean and standard deviation) of red blood cells (RBCs) and plasma of Kelp Gull (L. dominicanus)

and their potential prey in southern Brazil

Group Species d13C d15N

Mean SD Mean SD n

RBCs

L. dominicanus -20.75 2.69 14.51 1.28 12

Plasma

L. dominicanus -24.23 1.10 14.44 0.73 12

Marine fish

M. furnieri -14.97 0.53 15.05 0.22 4

P. brasiliensis -14.22 0.49 15.98 0.55 5

Freshwater fish

C. voga -24.64 1.15 9.52 0.59 5

O. jenynsii -22.76 0.32 13.74 0.25 5

O. robustus -22.71 0.55 12.59 0.92 5

P. bonariensis -23.86 0.70 13.45 0.28 5

Intertidal marine invertebrate

M. mactroides -14.42 0.17 11.44 0.21 6

Common names as in Table 3

Fig. 2 Dual stable isotope plots of nitrogen and carbon showing

the isotopic signatures of potential food prey (filled symbols;

mean ± SD) and Kelp Gulls’ values (empty symbols) for plasma

(Group 1) and RBCs (Group 2 and 3) sampled at Mirim Lagoon

from February to May 2011. Values of Kelp Gulls are adjusted

according to prey-predator discrimination factors using SIAR.

M.D. marine demersal, I.I. intertidal invertebrate, L.P. limnetic

predator, L.P.C. limnetic primary consumer. M.D. and I.I. are

marine prey, and L.P. and L.P.C. are limnetic prey

216 Aquat Ecol (2013) 47:211–224
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bivalves only 1.77 % (Table 3). In number, bivalves

contributed 84.45 %, fish contributed 14.91 % and

insects contributed 0.65 % of the prey. Overall, fish

were the most important prey type for Kelp Gulls

feeding in the marine environment (IRI% = 58.46),

followed by bivalves (IRI% = 41.49). Five fish spe-

cies were identified, of which White Croaker

(FO% = 47.17) and Banded Croaker (FO% =

27.83) were the most frequent. Other fish species

occurred in\5 % of pellets. The total body lengths of

the above fish species were 22.6 ± 2.5 and

16 ± 2.9 cm, respectively (Fig. 3). Two species of

bivalves, the Wedge Clam (Donax hanleyanus) and

the Yellow Clam, were found in 39.62 and 15.09 % of

the pellets, respectively. One pellet contained the

bones of a large vertebrate, most likely a marine

mammal eaten as carrion. This pellet was excluded

from IRI analysis due to the inability to estimate a

mass for this prey. Anthropogenic items such as plastic

(FO = 3 pellets) and aluminium foil (FO = 1 pellet)

occurred in only 1.88 % of pellets. In contrast to the

freshwater lagoon area, where marine species were

Table 3 Diet composition of the Kelp Gull (L. dominicanus) at freshwater and marine environments in southern Brazil

Food types Frequency of occurrence Number Mass Index of relative importance

FO FO% N N% M (g) M% IRI IRI%

Cassino Marine Beach

Fish

M. furnieri (White Croaker) 100 47.17 149 5.65 20,712.76 59.56 3,075.96 45.16

P. brasiliensis (Banded Croaker) 59 27.83 148 5.61 6,395.39 18.39 668.04 9.81

S. rastrifer (Rake Stardrum) 6 2.83 11 0.42 867.23 2.49 8.24 0.12

U. brasiliensis (Brazilian Codling) 6 2.83 7 0.27 265.90 0.76 2.92 0.04

M. ancylodon (King Weakfish) 8 3.77 9 0.34 699.45 2.01 8.88 0.13

Ariidae (Catfish) 19 8.96 24 0.91 1,814.55 5.22 54.92 0.81

Unidentified fish 30 14.15 45 1.71 3,402.28 9.78 162.60 2.39

Bivalves

D. hanleyanus (Wedge Clam) 84 39.62 1605 60.89 444.58 1.28 2,463.18 36.16

M. mactroides (Yellow Clam) 32 15.09 621 23.56 172.02 0.49 363.06 5.33

Insects

Coleoptera (Beetles) 2 0.94 2 0.08 0.35 \0.01 0.08 \0.01

Unidentified insects 12 5.66 15 0.57 3.00 0.01 3.27 0.05

Mirim Lagoon

Fish

C. voga (Characin) 18 8.87 20 6.92 2,412.60 8.53 137.02 2.12

P. bonariensis (La Plata Croaker) 22 10.84 27 9.34 2,681.70 9.48 204.03 3.15

M. furnieri (White Croaker) 8 3.94 10 3.46 923.10 3.26 26.50 0.41

P. brasiliensis (Banded Croaker) 1 0.49 1 0.35 28.40 0.10 0.22 \0.01

Oligosarcus spp. (Pike Characins) 9 4.43 9 3.11 1,440.00 5.09 36.38 0.56

Loricariidae (Armoured Catfish) 45 22.17 45 15.57 5,313.00 18.79 761.67 11.77

Ariidae 1 0.49 1 0.35 118.10 0.42 0.38 0.01

Unidentified fish 108 53.20 130 44.98 15,348.70 54.28 5,280.93 81.63

Bivalves

D. hanleyanus (Wedge Clam) 1 0.49 32 11.07 8.90 0.03 5.47 0.08

Insects

Unidentified insects 7 3.45 14 4.84 2.80 0.01 16.74 0.26

FO frequency of occurrence in the pellets, FO% relative frequency of occurrence, N number of prey counted in the pooled sample of pellets,

N% numerical proportion in the diet, M total mass of prey in the pooled sample, M% proportion by mass in the diet, IRI index of relative

importance, IRI% index of relative importance as a percentage
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also found (see below), no limnetic prey was found in

the samples collected at the marine site.

At Mirim Lagoon Beach, 289 prey were found

in the 203 pellets analysed, of which 243 were fish,

32 were bivalves and 14 were insects. Fish remains

were present in 99.51 % of the pellets, insects were

present in 3.45 % of the pellets and bivalves were

present in 0.49 % of the pellets (Table 3). The

estimated body mass of all prey together was

28,277.30 g. From this total, fish constituted

99.96 %, and bivalves and insects together consti-

tuted 0.04 %. By number, fish contributed 84.08 %,

bivalves constituted 11.07 % and insects constituted

4.8 % of the diet. Similar to the marine environ-

ment, fish were the most important prey for Kelp

Gulls feeding in the freshwater environment

(IRI% = 99.66), despite the fact that most of the

fish from freshwater pellets could not be identified

at the species level, as otoliths were not present

(IRI% = 81.63). A total of four fish species were

identified, with one taxon determined at the genus

level and 2 at the family level (Table 3). The most

common prey identified at Mirim Beach was the

Armoured Catfish (Loricariidae) (FO% = 22.17).

Other important fish were the La Plata Croaker (P.

bonariensis) (FO% = 10.84) and Characin (C.

voga) (FO% = 8.87). Others fish species occurred

in \5 % of the pellets. Unidentified fish were

mostly non-Loricariidae. The Wedge Clam and

anthropogenic debris (plastic) occurred in a single

pellet each. Marine species (Wedge Clam, White

Croaker and Banded Croaker) occurred in 3.6 % of

the pellets collected in the limnetic area (n = 11;

IRI% \ 0.5).

The number of fish by pellet differed between the

freshwater and marine environments. Pellets collected

at Cassino Marine Beach contained more fish than

pellets collected from Mirim Lagoon Beach

(W = 22,267.50; p \ 0.05). Furthermore, fish from

Mirim Lagoon were heavier than those from Cassino

Beach (W = 4,792.50; p \ 0.05), with 110 ± 34.26 g

(n = 45) and 92 ± 63.73 g (n = 290), respectively.

Diet inferred by stable isotopes

As adults and juveniles did not differ in their d13C and

d15N values (W = 15, p = 0.68 and t = 0.31, df = 10,

p = 0.75, respectively), the values of both age classes

were pooled for further analysis. d13C values in the

blood of the 12 Kelp Gulls (captured at Mirim Lagoon)

were lower in plasma relative to RBCs (paired Mann–

Whitney V = 0, p \ 0.05), whereas d15N did not differ

between tissues (paired t test = -0.30, df = 11,

p = 0.76). Freshwater prey d13C and d15N values were

characteristically low, whereas marine prey species had

higher d13C and d15N values (W = 300.00, p \ 0.05

and t = 2.3, df = 28, p \ 0.05).

Freshwater prey were the most important food

source identified in the Kelp Gull diet from Groups

1 and 2 (Fig. 4). Limnetic primary consumers were

the most important prey for these two groups

(Credibility interval (CrI) 95 % = 36–62 and

41–74 %, respectively), followed by limnetic fish

predators (CrI 95 % = 23–56 and 0.5–46 %, respec-

tively). The contribution of marine prey was negli-

gible. Nevertheless, marine and freshwater prey

contributed to the diet of Kelp Gulls from Group 3

in similar proportions.

Fig. 3 Size–frequency distribution of the total lengths (mm) of the two most important fish prey of Kelp Gulls (L. dominicanus) in

southern Brazil: (left) White Croaker (M. furnieri, n = 142) and (right) Banded Croaker (P. brasiliensis, n = 140)
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The two limnetic sources showed a high negative

correlation in their posterior distribution for all

groups of Kelp Gull (Group 1, R = -0.86; Group

2, R = -0.92; Group 3, R = -0.74). Other sources

showed lower correlation coefficients.

Results from the stable isotope mixing model

demonstrated a minor contribution from marine prey

to Kelp Gulls from Group 1 (plasma; CrI% =

0–14 %). Prey from the lowest trophic level, repre-

sented in the model by limnetic primary consumers,

had higher contributions to Groups 1 and 2 than

fish from higher trophic levels, that is, limnetic

predators.

Discussion

Fish composed the bulk of the Kelp Gull diet in both

marine and limnetic areas, despite the importance of

prey from intertidal areas in samples collected at the

marine beach. The fish in the diet of Kelp Gulls were

common discards from fisheries in both the marine

(Haimovici and Mendonça 1996) and freshwater

(authors’ pers. obs.) environments, whereas marine

bivalves were found at a high density at Cassino Beach

(Gianuca 1998). Kelp Gulls show large temporal and

spatial variations in diet related to differences in the

abundance and availability of prey (Favero and Silva

1998; Silva et al. 2000). In areas where residuals of

anthropogenic origin, such as discards from fisheries

and urban or industrial dumps, are available, gulls shift

their diets from natural to anthropogenic items (e.g.,

Yoda et al. 2012), which frequently have a high

availability and are energetically rich. Gulls relying on

prey or food sources with such characteristics have

been reported along the Argentinean coast (Giaccardi

et al. 1997; Bertellotti and Yorio 1999; Yorio and

Caille 1999; Silva et al. 2000), Tasmania (Coulson and

Coulson 1993), South Africa (Brooke and Cooper

1979) and New Zealand (Fordham 1970).

The identification of fish remains in pellets from

Cassino Marine Beach showed that White Croaker and

Banded Croaker composed the bulk of the diet of Kelp

Gulls in this marine environment. Both species are

captured by the shrimp and flounder trawl fisheries

that are active in the neritic waters adjacent to our

sampling area. In these fisheries, small individuals of

Banded Croaker, White Croaker, Rake Stardrum

(Stellifer rastrifer), King Weakfish (Macrodon ancyl-

odon) and Brazilian Codling (Urophycis brasiliensis)

are discarded at sea (Haimovici and Mendonça 1996;

Fig. 4 Results of the SIAR mixing model with 95, 75 and 25 %

credibility intervals, showing estimated prey contributions to the

Kelp Gull diet (Group 1, 2 and 3) sampled at Mirim Lagoon,

southern Brazil. Abbreviations as in Fig. 2
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Haimovici 1997). All of these fishes are incidentally

captured by bottom-trawl nets and are typical demer-

sal species in the region (Haimovici 1997); thus, they

are not naturally available to surface-feeding seabirds

such as Kelp Gulls. Although it is also possible that

large pelagic fish may drive schools of their small fish

prey to the surface and thus make them accessible to

surface-feeding birds (Safina 1990; Bugoni and Voo-

ren 2004), fishery discards appear to be the most

reasonable explanation for the presence of demersal

species in the gulls’ diet.

Discards of demersal fisheries are important items

in the diet of seabirds around the world (Furness 2003;

Bugoni et al. 2010; Marinao and Yorio 2011) and

specifically in southern Brazil (Traversi and Vooren

2010). For instance, aside from the Kelp Gull, at least

another ten species, including albatrosses, petrels and

terns, among others, rely on discards from demersal

fisheries (Bugoni and Vooren 2004; Traversi and

Vooren 2010). Despite the major importance of the

Banded and White Croakers for the Common Tern’s

Sterna hirundo diet (IRI = 85.89 %; Bugoni and

Vooren 2004), this tern does not appear to be

competing with Kelp Gulls, as they feed on fish of

different sizes (Common Tern’s prey, Banded Croaker

mean TL = 8.6 cm and White Croaker mean

TL = 7.5 cm; Kelp Gulls’ prey, Banded Croaker

mean TL = 16.0 cm and White Croaker mean

TL = 22.6 cm). Although these differences may be

related to the availability of sizes between the years

sampled, the size difference between the two species

supports the hypothesis of limited overlap in resource

use. A range of studies on seabird foraging near trawl

vessels has demonstrated the influence of body size

and hierarchy in prey size selection (Furness et al.

2007; González-Zevallos and Yorio 2011).

In areas where discards from fisheries or other

anthropogenic food sources are not available in

significant quantities, Kelp Gulls prey heavily on

invertebrates from the intertidal zone, as in some parts

of Argentina (Hockey 1988; Yorio et al. 1998;

Bertellotti and Yorio 1999; Silva et al. 2000; Bert-

ellotti et al. 2003), South Africa (Brooke and Cooper

1979), central Chile (Bahamondes and Castilla 1986)

and the Antarctic (Favero et al. 1997; Silva et al.

1999). In other studies, Kelp Gulls have been observed

eating only the soft parts of clams and leaving the

shells, whereas small specimens were swallowed

whole with their shells appearing later in regurgitated

pellets (Coulson and Coulson 1993). Such behaviour

was recorded in our study, with the ingestion of only

the soft parts of large Yellow Clams, whereas smaller

individuals of this species and all Wedge Clams

(which is a smaller species than Yellow Clams) were

swallowed whole. This reinforces the importance of

complementary methods in dietary studies, thus

avoiding the underestimation of soft prey items such

as large molluscs or the overestimation of prey with

hard parts, such as the shells of small molluscs, in the

diet of gulls or other predatory birds. Large vertebrates

eaten as carrion were of minor importance in our study

but are more important for other gull species (Weiser

and Powell 2011). In this case, the importance of

vertebrate carrion was detected by SIA but was

underrepresented in pellets.

The most important prey at Mirim Lagoon was the

Armoured Catfish. As it has a body covered by bone

plates, the group was easily identified in pellets. Such

prey with clear diagnostic characteristics could, again,

be overestimated in pellet analysis (Mariano-Jelicich

and Favero 2006). On the other hand, otoliths were

absent in most pellets from Mirim Lagoon Beach. The

reduced number of fish species identified to the species

level in the freshwater environment could be related to

the smaller and more fragile otoliths of freshwater fish

compared to marine species. The low availability of

calcium in Mirim Lagoon waters (Coradi et al. 2009)

could be a key cause of the fragility of these otoliths,

making the otoliths of fish from this lagoon more

susceptible to digestion than those of marine fish.

Mean calcium carbonate values lower than 50 mg L-1

were reported at the mouth of six creeks flowing into

the Mirim Lagoon (Coradi et al. 2009), indicating that

these creeks contained soft water. In freshwater fishes,

inorganic elements in otoliths are obtained from the

water (e.g., 80 % of the Ca; Farrell and Campana

1996) through the gills. Furthermore, the Ca concen-

tration is important for the absorption of other

elements (Campana 1999). As Ca is related to salinity,

there are marked differences between otoliths from

marine and freshwater species (Campana 1999),

which affects the detectability of otoliths and thus

fish species in the pellets of waterbirds.

Armoured Catfish and other freshwater fish such as

the La Plata Croaker and Characin at Mirim Lagoon

are benthic or demersal species (Corrêa and Piedras

2008; Lagemann 2009) and, similar to marine Sciae-

nids, are not naturally available in large amounts to
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gulls. Bottom gillnets targeting Trahira (Hoplias aff.

malabaricus), Silversides (Odontesthes spp.) and

Sucker Mouthed Catfish Loricariichthys anus (Basa-

glia 2008) make benthic fish species available to gulls

at Mirim Lagoon. Small-sized La Plata Croaker and

Characin, remains from catfish that are headed and

gutted onboard are usually thrown overboard (authors’

pers. obs.).

The fish in the pellets of Kelp Gulls were heavier at

Mirim Lagoon Beach than at Cassino Marine Beach;

this difference could be related to the large number of

fish at Cassino Beach, where small fish have propor-

tionally larger otoliths. Thus, such a difference does

not provide support for Kelp Gulls relying less on fish

but rather for the gulls consuming large-sized indi-

viduals at the freshwater site in comparison with the

marine environment. Alternatively, these differences

are potentially explained by the distinct fisheries in

each area, with gillnets at Mirim Lagoon capturing

larger fish, whereas the trawling fishery at Cassino

Beach provides smaller fish as discards. Trawling is

not a selective fishing method, resulting in a large

amount of discards (Haimovici and Mendonça 1996).

In adjacent marine areas, the legal minimum size of

the stretched mesh for commercial shrimp trawling is

3 cm between opposite knots (Klippel et al. 2005),

although meshes of 2 cm have been reported (Haim-

ovici 1997; Branco 2001). At Mirim Lagoon, mesh

sizes smaller than 4.5 cm are forbidden (Basaglia

2008). Thus, the difference in the number of fish per

pellet is likely to be related to otoliths with different

chemical compositions, with implications for the

determination of the number of individuals ingested

at every meal, as well as with the higher availability of

small fish in the marine area. As demonstrated in

previous studies (Votier et al. 2003; Mariano-Jelicich

and Favero 2006; Lindsay and Meathrel 2008), pellets

are not useful for assessing the amount of fish and

other highly digestible prey in the diets of some

predatory birds, despite being useful for birds that feed

mostly on marine fish, such as Common Terns

(Bugoni and Vooren 2004).

At both the marine and freshwater beaches, Kelp

Gulls were observed scavenging large fish and ceta-

ceans stranded on the beach and ingesting muscle and

viscera. In such situations, it is unlikely that any

diagnostic material would appear in pellets.

Although discards from fisheries and urban dumps

are both results of human activities, dumps are always

located near cities, whereas fisheries occur both close

to and far away from urban areas. The low frequency

of plastic and aluminium foil found in this study is

explained by sampling pellets at sites that are far from

cities; in this respect, our findings differ markedly

from studies near cities, where anthropogenic debris

could reach a FO% as high as 90 % (Silva et al. 2000).

Marine prey were typically enriched in d13C and

d15N, as revealed by previous studies in southern

Brazil (Garcia et al. 2007). Kelp Gulls from Group 1

had a limited contribution from marine prey. Plasma

represents a more recent diet than RBCs (half-lives of

3.2 and 32 days, respectively; Hahn et al. 2012),

indicating that these gulls had been feeding in limnetic

environments for approximately one week (Silva-

Costa et al. in prep.). Group 2 also had a limited

contribution from marine prey. As such information

was derived from RBCs, these birds had likely stayed

in limnetic areas for approximately two months. Birds

classified as Group 3 had similar contributions from

both marine and limnetic environments.

High negative posterior correlations of freshwater

sources were found, as shown by similar values

(Parnell et al. 2010). This result occurs when the

model struggles to differentiate between two isotopic

sources, indicating that the solution should include one

or the other source, but not both simultaneously. In

such situations, Bayesian analyses are highly sensitive

to the value of the discrimination factor included in the

model (Bond and Diamond 2011).

Our data on Kelp Gull diet acquired using tradi-

tional methods were in agreement with stable isotope

model estimates (as in Group 1, plasma) in terms of the

importance of prey of different trophic levels. More-

over, both the pellet and SIA methods demonstrated

the minor importance of marine prey for Kelp Gulls at

Mirim Lagoon. On the other hand, both methods also

reinforced the connectivity between the two environ-

ments, with birds moving between marine and fresh-

water feeding grounds, as shown by the presence of

marine prey in pellets collected at the freshwater

beach and the marine isotopic signature in the blood of

gulls sampled in freshwater. Birds from Groups 1

(plasma) and 2 (RBC) were similar in that both

reflected a freshwater signature. In contrast, Group 3

birds had recently moved from a marine to a freshwa-

ter area, where they were captured and sampled.

However, as discussed above, the importance of the

Armoured Catfish could have been overestimated by
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the pellet analysis, and the SIAR model did not

effectively discriminate the relative contributions of

limnetic primary consumers and limnetic predators.

Furthermore, Armoured Catfish could occupy an

intermediate level, as was found for Sucker Mouthed

Catfish in a lagoon adjacent to Mirim Lagoon (Garcia

et al. 2006). The inclusion of an intermediate level in

the isotope mixing model would only contribute to

increased uncertainty, which occurs when different

sources have similar isotopic signatures (Parnell et al.

2010).

Overall, the Kelp Gull was opportunistic in both

areas, feeding primarily on fishery discards. A limited

number of studies have used both traditional and SIA

methods for diet studies of vertebrates, but such

studies are unanimous in highlighting the advantages

and drawbacks of each method and encouraging the

simultaneous use of complementary methodologies.

The advantages of such a combined approach are also

clear from the current study.
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