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Abstract
Sexual segregation in feeding strategies has been widely reported in seabirds. Most seabirds occupy wide breeding distribu-
tional ranges, and dissimilar ecological settings may result in distinct environmental pressures on males and females lead-
ing to geographical differences in sexual segregation. Using GPS loggers and stable isotope analysis of whole blood (δ15N, 
δ13C), we assessed the occurrence of sexual differences in Kelp Gull (Larus dominicanus) foraging trip parameters, habitat 
use, isotopic niche and diet during the incubation period at three breeding locations in Argentina characterized by different 
foraging contexts. At Islote Arroyo Jabalí Este, sexual differences were found in trip parameters and habitat use mainly asso-
ciated with a significantly higher use by males of a refuse dump as foraging site. However, their isotopic niches were similar 
with both sexes consuming mostly recreational fish waste, suggesting it was mainly obtained by males at the dump and by 
females at shoreline areas used by fishers. At Punta Tombo, there were no sex differences in trip parameters nor in the main 
prey consumed consisting of fishery discards, although females used more shoreline areas and males presented a significantly 
larger isotopic niche width. In contrast, at Isla Vernaci Este, males and females showed similar trip parameters, habitat use, 
and isotopic niche width and diet composition. Results show geographical differences in the degree of sexual segregation, 
which may result from differences in the availability of local food resources, particularly anthropogenic food subsidies.

Introduction

Intrapopulation trophic niche variation can result from dif-
ferent foraging strategies in relation to sex, age, morphol-
ogy and individual specialization (Bolnick et al. 2003; Bear-
hop et al. 2006; Ceia and Ramos 2015). Among seabirds, 
sexual segregation in feeding strategies is common (Wear-
mouth and Sims 2008; Phillips et al. 2011). For example, 

differences between males and females have been reported 
in relation to diet (Bearhop et al. 2006; Lavoie et al. 2012; 
Washburn et al. 2013), foraging range and depth (Weimer-
skirch et al. 2009; Zavalaga et al. 2007; Cleasby et al. 2015), 
and timing of foraging trips (Cook et al. 2007; Quintana 
et al. 2011). Sexual segregation has been mostly attributed to 
sexual size dimorphism (González-Solís et al. 2000; Phillips 
et al. 2011), although it may also occur in monomorphic spe-
cies (Lewis et al. 2002; Welcker et al. 2009) due to different 
parental roles and nutritional requirements (Ludynia et al. 
2013; Pinet et al. 2012). Most seabirds have wide breeding 
ranges, thus populations of the same species may show dif-
ferent intrapopulation variations in their trophic ecology in 
response to local habitat characteristics and prey availability. 
These dissimilar ecological settings may result in distinct 
environmental pressures on male and female individuals, 
leading to geographical differences in sexual segregation 
(Wearmouth and Sims 2008; Phillips et al. 2011).

Gulls of the genus Larus are mostly generalist and oppor-
tunistic species with flexible foraging strategies (Duhem 
et al. 2003a; Schwemmer and Garthe 2008; Ramírez et al. 
2012). As a result of their high trophic plasticity, many gull 
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species also take advantage of anthropogenic food sub-
sidies in the form of fishery waste and urban refuse (Oro 
et al. 2013). Thus, populations of the same species may be 
exposed to different feeding opportunities depending on their 
accessibility to supplementary food resources (Bertellotti 
and Yorio 1999; Duhem et al. 2003b). As in other seabird 
species, sexual segregation in trophic and spatial parameters 
has been reported for several gull species. Sex differences 
have been found in relation to diet composition and spatial 
parameters, trophic level and extent of foraging area (i.e., 
Lavoie et al. 2012; Camphuysen et al. 2015; Kazama et al. 
2018), and have been attributed to nutritional requirements 
during a given breeding stage (Navarro et al. 2010; García-
Tarrasón et al. 2015) or competitive exclusion by larger and 
dominant males (Pons 1994; Kazama et al. 2018). In gulls, 
males are typically larger (Székely et al. 2000) and, there-
fore, can exclude females by forcing them to feed in lower 
quality food patches at the same feeding area, or to move to 
a different foraging location (Monaghan 1980; Pons 1994; 
Kazama et al. 2018). This may be particularly so in highly 
competitive contexts such as when feeding in association 
with fisheries or at refuse dumps (Greig et al. 1983; Arcos 
et al. 2001).

The Kelp Gull (Larus dominicanus) is a widely distrib-
uted seabird in the Southern Hemisphere that shows general-
ist and opportunistic feeding habits (Steele 1992; Coulson 
and Coulson 1993; Ludynia et al. 2005). During the breed-
ing season in Argentine Patagonia, this species feeds mainly 
on fish, marine invertebrates and food derived from human 
activities such as urban waste and fishery discards, although 
its diet composition varies spatially (Bertellotti and Yorio 
1999; González-Zevallos et al. 2017; Marinao et al. 2018). 
For example, at Islote Arroyo Jabalí Este, Kelp Gulls largely 
depend on fish waste generated by recreational fishery which 
is mostly disposed at the urban refuse dump (Yorio et al. 
2013; Kasinsky et al. 2018; Marinao et al. 2018). In Punta 
Tombo and Isla Vernaci Este, Chubut Province, Kelp Gulls 
complement natural prey with discards provided by coastal 
trawl vessels operating in waters adjacent to both colonies, 
but closer to the latter (Bertellotti and Yorio 1999; Mari-
nao and Yorio 2011; González-Zevallos and Yorio 2006; 
González-Zevallos et al. 2017). Although several studies 
have assessed Kelp Gull breeding diet composition (Bertel-
lotti and Yorio 1999; Petracci et al. 2004; González-Zevallos 
et al. 2017; Marinao et al. 2018), there is still no informa-
tion on the trophic segregation between sexes. This species 
shows moderate sexual dimorphism in body size, with males 
being larger than females (Torlaschi et al. 2000). Kelp Gull 
populations have increased in the study region during the last 
decades and the observed growth has been attributed to their 
use of anthropogenic food subsidies (Lisnizer et al. 2011). 
Therefore, information on sexual differences in trophic 
ecology would not only contribute to the understanding of 

intrapopulation niche partitioning, but also of the potential 
demographic consequences of the differential reliance on 
human derived food resources by males and females.

In this study, we assessed the occurrence of sexual dif-
ferences in Kelp Gull trophic ecology during the incuba-
tion period in three breeding locations characterized by 
distinct foraging contexts. To achieve this goal, we assessed 
sexual differences in foraging trip parameters and habitat 
use using GPS loggers. In addition, we assessed male and 
female isotopic niche and diet composition using stable iso-
tope analysis of whole blood (δ13C, δ15N). The use of stable 
isotope analyses of animal tissues (mostly nitrogen and car-
bon) is a powerful tool to study the use of trophic resources 
by individuals, and in particular trophic niche dimensions 
(Newsome et al. 2007; Jackson et al. 2011). Stable isotope 
Bayesian mixing models allow the assessment of the rela-
tive proportion of different prey consumed by a predator 
helping overcome some of the difficulties associated with 
the use of conventional methods (Inger and Bearhop 2008). 
Several studies have also shown that the analysis of isotopic 
niches is a valuable tool to assess sex differences in foraging 
strategies (Lavoie et al. 2012; Paiva et al. 2018; Calado et al. 
2020). We expected that foraging areas would differ between 
males and females: females would forage further from the 
colony (Wearmouth and Simms 2008; Kazama et al. 2018), 
whereas males would show a higher use of anthropogenic 
food subsidies (Pons 1994). Regarding the isotopic niche, 
we also expected differences between males and females, 
with males showing a broader niche (Lavoie et al. 2012; 
Ronconi et al. 2014).

Materials and methods

Study area

We carried out the study at three Kelp Gull breeding sites: 
Islote Arroyo Jabalí Este (40° 32′ S, 62° 16′ W), Punta 
Tombo (44° 02′ S, 65° 11′ W) and Isla Vernaci Este (45° 10′ 
S, 66° 29′ W), Argentina (Fig. 1). Islote Arroyo Jabalí Este 
(JE) is located in the south-western sector of the Bahía San 
Blas protected area in Buenos Aires Province. The coastal 
sector is characterized by extensive mudflats and marshes 
(Zalba et al. 2008). The town of Bahía San Blas, of about 
1,000 inhabitants, is located about five kilometers from the 
colony, and the main economic activity in the area is rec-
reational fishing (Zalba et al. 2008). The area receives an 
average of over 40,000 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). Recreational fishing generates large quantities of 
waste resulting from the on-shore processing of the boat 
and shore-based catch, which is disposed at the urban refuse 
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dump, although illegal fish cleaning and waste disposal also 
takes place at several other sites along the shore. The num-
ber of Kelp Gull nests was estimated at 1,275 (Suárez et al. 
2014). At this breeding location, Kelp Gulls start laying 
in late September, eggs start hatching in late October and 
chicks start fledging in early December.

The colony of Punta Tombo (PT) is located in the marine 
protected area of the same name, Chubut Province. The 
coastline includes mainly rocky intertidal areas, in addition 
to sectors with sand, shell and gravel substrates. A coastal 
trawl fishery operates in adjacent waters, targeting Argen-
tine Red Shrimp (Pleoticus muelleri) and Argentine Hake 
(Merluccius hubbsi) depending on resource availability 
and market demands. The fishery consists of 40 coastal ice 
trawlers, 21 m length (Funes et al. 2019), which operate 
throughout the year but mostly from September to March 
(Marinao et al. 2014). All vessels operating at this fishing 
ground report information to the vessel monitoring system. 
Non-commercial sizes and by-catch of fish and invertebrates 
are discarded whole overboard. The closest urban areas are 

the city of Trelew (43° 17′ S, 65° 19′ W) and the fishing port 
of Rawson (43° 18′ S, 65° 06′ W), which are located over 
80 km north (Fig. 1). Colony size was estimated at 6,457 
nests, being the third largest colony in the province (Lisnizer 
et al. 2011). Kelp Gulls start laying during the first half of 
November, eggs start hatching in late November to early 
December and chicks start fledging in January (Bertellotti 
and Yorio 1999).

The colony at Isla Vernaci Este (VE) is located at the 
mouth of Caleta Malaspina (Chubut Province), an inlet in 
the southern sector of the Patagonia Austral Marine Park, a 
750-km2 protected area under the joint administration of the 
Federal and provincial governments. The coastline includes 
rocky intertidal areas, both protected and exposed to the 
swell of the open sea, and soft bottom intertidal areas such 
as mudflats and tidal channels. During the study year, only 
high-sea trawl vessels operated in adjacent waters, targeting 
Argentine Hake and providing variable amounts of discarded 
fish and invertebrates to seabirds (González-Zevallos and 
Yorio 2006; Góngora et al. 2012). All vessels operating at 
this fishing ground report information to the vessel monitor-
ing system. The closest urban area, Comodoro Rivadavia 
(45° 52′ S, 67° 30′ W) is located at about 110 km southwest 
(Fig. 1). Colony size was estimated at 2,762 breeding pairs 
(Lisnizer et al. 2011), and the timing of breeding is similar 
as in Punta Tombo (Yorio and García Borboroglu 2002).

GPS tracking

We assessed the foraging patterns of incubating Kelp Gulls 
using global positioning system (GPS) loggers (15–18 g, 
L × W × H: 70 × 40 × 20  mm, Catnip Technologies Ltd, 
USA), sealed using a rubber shrink tube. In each colony, we 
captured during the late incubation period one adult from 
nests at which both parents were present using a leg–noose 
trap or incubation traps. We distributed captures between 
20 October and 23 November 2013 at Islote Arroyo Jabalí 
Este, 24 November and 7 December 2016 at Punta Tombo, 
and 12–17 December 2015 at Isla Vernaci Este. We instru-
mented a total of 45 adults; 20 (10 males, 10 females) at the 
Islote Arroyo Jabalí Este, 14 (5 males, 9 females) at Punta 
Tombo and 11 (6 males, 5 females), at Isla Vernaci Este. 
We sexed Kelp Gulls using a discriminant function on head 
and bill dimensions following Torlaschi et al. (2000). We 
attached the GPS loggers to the dorsal feathers with TESA 
tape and programmed loggers to collect geographic posi-
tions every 1 min, with accuracy within the 5–10 m range. 
GPS devices weighed 15–18 g, which represents less than 
2.5% of Kelp Gull adult body mass (range = 730–1200 g; 
Torlaschi et al. 2000), which were assumed to have negli-
gible impact on individual behaviour (Phillips et al. 2003). 
We also marked instrumented individuals with an orange 
pigment on the neck or breast feathers to facilitate individual 

Fig. 1  Map of the study areas, showing the location of the Kelp Gull 
colonies (black stars) at Islote Arroyo Jabalí Este, Punta Tombo and 
Isla Vernaci Este, Argentina (black dots as the closest urban areas)



 Marine Biology          (2021) 168:14 

1 3

   14  Page 4 of 15

identification at a distance. We marked nests and retrieved 
loggers after 4–9 days to download information. We com-
pleted the capture and recapture procedures in less than 
10 min; all released birds returned to their nests in less than 
10 min and resumed normal incubating behaviour. We did 
not record egg losses in any of the 45 nests at the time of 
Kelp Gull recapture.

Spatial analysis

To control for sampling effort, we restricted the colony-
specific analysis to trips made within a given time window 
(JE = 2–3 days, PT = 3–4 days, VE = 3–4 days). We based 
that time window considering the minimum number of 
complete days tracked for all individuals plus 1 day. We 
eliminated all fixes within 400, 300 and 400 m from the 
colony centroids for Islote Arroyo Jabalí Este, Punta Tombo 
and Isla Vernaci Este, respectively, as our field observations 
indicated that Kelp Gulls used them only as resting areas. 
We classified fixes as “transit” or “foraging” according to 
a threshold speed value of 7 km h−1 (1.94 m s−1). We cal-
culated this value plotting the velocity over time for each 
trip and averaging the speed threshold value at which it 
decreased noticeably (inflection points).

We obtained the information on the distribution of fishing 
trawl vessels operating nearby Punta Tombo and Isla Vernaci 
Este colonies during the study period from the Argentine 
Vessel Monitoring System (VMS, Secretaría de Agricultura, 
Ganadería y Pesca of Argentina). All vessels that operated 
in the study period were considered, based on the range of 
action of the birds. This system provides the GPS position 
and velocity of each vessel every 60 min. We filtered vessel 
positions under the assumption that trawlers were fishing 
when moving at 2 to 5 km. We estimated utilization areas 
(95% density contour) for fishing fleets operating in both 
study areas by fixed kernel method, using a smoothing factor 
calculated from the “KernelUD” function, from the adehabi-
tatHR R package.

We defined areas used by Kelp Gulls based on the 95% 
density contour utilization areas derived from fixed kernel 
analysis (Wood et al. 2000). Also for this analysis we resa-
mpled trips at 60 s. For each colony, we determined a spe-
cific smoothing parameter (h) as the average area-restricted 
search (ARS) derived from the first passage time (FPT) fol-
lowing Lascelles et al. (2016). We quantified the overlap 
between areas used by males and females and between each 
sex and trawl fisheries (see above) using Bhattacharyya’s 
Affinity index (BA, Fieberg and Kochanny 2005), a non-
directional measure of home-range overlap considered one 
of the most appropriate indices for quantifying the simi-
larity between utilization distributions. This index ranges 
between 0 (complete separation) and 1 (completely matching 

probability distributions). We considered only fixes catego-
rized as “foraging” for the overlap analysis.

Based on previous information (Bertellotti and Yorio 
1999; Yorio et al. 2013; González-Zevallos et al. 2017), we 
considered five categories of feeding habitats: (1) refuse 
dumps; (2) terrestrial habitats; (3) shoreline areas; (4) open 
sea; and (5) open sea with fishing activity. We identified the 
different feeding habitats used by Kelp Gulls by overlay-
ing foraging trips on a SPOT satellite image (15 m resolu-
tion) and on the basis of opportunistic field observations. 
To assess the differential use of feeding habitats by sex at 
each colony, we used generalized linear models of mixed 
effects (GLMMs) with individual variable as a random fac-
tor to prevent pseudo-replication, using the lme4 R package 
(Bates et al. 2011). To perform these models, we gener-
ated a response variable of presence (1) and absence (0) 
for each site, and incorporated the individual variable as 
a random factor to prevent pseudo-replication. In addition, 
we included habitat type and sex as fixed factors. We used 
a binomial error distribution and a logit link function (Zuur 
et al. 2009; Logan 2011). We considered models with all 
possible combinations of predictor variables and selected 
best-fitting models using the Akaike’s Information Criterion 
for small samples (AICc; Akaike 1973; Hurvich and Tsai 
1989).

For each colony and sex, we calculated three trip param-
eters: maximum distance (km; MD), total distance travelled 
(km; TDT), and trip duration (min; DUR). To test for dif-
ferences between males and females in relation to the dif-
ferent trip parameters, we used linear mixed models (LMM) 
implemented in the R package nlme (Pinheiro et al. 2009). 
We performed three mixed models for each site, where the 
response variables were trip maximum distance, total dis-
tance travelled and trip duration. We included the variable 
sex as a fixed factor, and individual as a random factor to 
avoid pseudo-replication. When necessary, we corrected the 
models using a uniform composite symmetry correlation 
structure (CorCompSyM), adding the corresponding vari-
ance structure to meet the statistical assumption of homosce-
dasticity (VarIdent).We conducted all analyses in R, version 
3.5.1 (R Development Core Team 2018). In the different 
tests performed we used a threshold of P < 0.05.

Stable isotope analysis

To assess the overlap between the isotopic niche of males 
and females at the three study colonies, we collected 62 
whole-blood samples (JE: nF = 10, nM = 10; PT: nF = 12, 
nM = 10; VE: nF = 11, nM = 9). The period reflected by iso-
topic values depends on the tissue sampled, and whole-
blood samples integrate the isotopic composition of the diet 
assimilated by an individual during approximately a month 
before the sample is collected (Hobson and Clark 1992). We 
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obtained these samples from individuals equipped with GPS 
at the three colonies, and from additional randomly selected 
individuals at the Punta Tombo and Isla Vernaci Este colo-
nies to increase sample size, during the late incubation 
period. We collected whole-blood samples (0.5–1 mL) from 
the brachial vein and conserved them in ethanol 70%, as this 
procedure has been recommended when freezing is not pos-
sible since has no significant effects on blood isotopic signa-
tures (Hobson et al. 1997; Halley et al. 2008). We dried sam-
ples at 60 °C over 24 h and then ground them with 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 
the standard δ 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 
0.06 and 0.17‰ for δ13C and δ15N, respectively.

We evaluated the isotopic niches and their overlap 
between sexes using the hypothesis-testing framework pro-
posed by Turner et al. (2010) and a Bayesian approach based 
on multivariate ellipse metrics (Jackson et al. 2011). We 
tested for differences in centroid location between males and 
females using nested linear models and residual permutation 
procedures (see Turner et al. 2010 for statistical details). To 
describe the spread of data points, we calculated the param-
eters which provide insight into differences in the underly-
ing distribution of δ13C and δ15N data, including mean dis-
tance to centroid (MDC), mean nearest neighbour distance 
(MNN), and eccentricity (ECC) (Layman et al. 2007). As 
a measure of the total isotopic niche of a population, we 
estimated the smallest total isotopic niche area (TA) that 
contained all individuals in the isotopic space using convex 
hulls (Layman et al. 2007). We estimated niche width for 
males and females 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 corrected 
for small sample size  (SEAC) to calculate niche overlap, and 
generated Bayesian estimates of SEA  (SEAB) to test dif-
ferences in isotopic niche spread by comparing their 95% 
credible intervals (CI) (Jackson et al. 2012; Thomson et al. 
2012; Zabala et al. 2013).

The relative contribution of the different prey to the 
isotope mixture of predators was determined using Bayes-
ian mixing models within the simmr package (Parnell and 
Inger 2016) following the guidelines suggested by Phillips 
et al. (2014). Before running the isotopic mixing models, 
we performed the sensitive analysis (using 1500 iterations) 
proposed by Smith et al. (2013) to evaluate the viability 
of the proposed isotopic mixture polygon. As there are no 
diet-tissue discrimination factors (DTDFs) available for 

the Kelp Gull, we used the values of DTDFs between prey 
and whole blood of four species of seabirds following Ceia 
et al. (2014) (δ13C = 0.3 ± 1.0‰, δ15N = 2.85 ± 1.0‰). To 
keep the parameters to be estimated to a minimum (see 
Phillips et al. 2014), we only included in the isotopic mix-
ing models the main prey items contributing to Kelp Gull 
diet in each of the three study sites. We selected those 
prey based on the results of previous studies, considering 
that diet composition differs among colonies (González-
Zevallos et al. 2017; Yorio et al. 2013, 2020; Marinao 
et  al. 2018). Argentine Hake (Merluccius hubbsi) and 
Banded Cuskeel (Raneya brasiliensis) are demersal prey 
normally unavailable to surface-feeding Kelp Gulls and 
regularly discarded by coastal fisheries (Marinao and 
Yorio 2011), and we pooled both species in the fish dis-
cards category when running the model for Punta Tombo 
(average stable isotope values: δ13C =  − 17.1 ± 0.5‰, 
δ15N = 16.9 ± 0.6‰). We also pooled the mussel (Perumyt-
ilus purpuratus) and Green Crab (Carcinus maenas) in 
the intertidal invertebrate category when running the 
model for Isla Vernaci Este (average stable isotope values: 
δ13C =  − 17.7 ± 0.6‰, δ15N = 13.1 ± 0.5‰). We obtained 
information on the isotopic composition of prey from sam-
ples taken in each of the study areas. We obtained Argen-
tine Hake, Banded Cuskeel and Squat Lobsters (Munida 
gregaria) from the discarded fraction of coastal fisheries 
and gathered mussels and Green Crabs by hand in inter-
tidal environments. Pelagic Argentine Anchovies (Engrau-
lis anchoita) and demersal Stripped Weakfish (Cynoscion 
guatucupa), were obtained from the catch of recreational 
fishers at Bahía San Blas. We included a mix of chicken 
and beef, obtained locally, into an organic refuse category. 
All samples were kept frozen until analysis. We could not 
collect samples of mussels and insects from the Islote 
Arroyo Jabalí Este area. Therefore, we carefully selected 
the isotopic values of these prey from published studies 
carried out in nearby areas and during, or as close as pos-
sible, to the breeding season (García et al. 2011; Storero 
et al. 2016; E. García, unpublished data 2017). The iso-
topic composition of the mussel (Brachidontes rodriguezi) 
corresponds to individuals captured in the Gulf of San 
Matías (δ13C =  − 19.5 ± 0.1‰, δ15N = 11.4 ± 0.1‰), while 
that of insects corresponds to samples obtained in the 
Province of Buenos Aires north of Bahía San Blas. Lipids 
from Argentine anchovy samples were extracted with chlo-
roform–methanol (2: 1) prior to stable isotope analysis. 
We rinsed them five times for 120 min (Post et al. 2007). 
We did not extract lipids from other fish species because 
the C:N ratio of all those samples is low (C:N < 3.5; Post 
et al. 2007). We conducted all analyses in R, version 3.5.1 
(R Development Core Team 2018), and we used a thresh-
old of P < 0.05 in the different tests performed.
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Results

Male and female spatial foraging patterns

Kernel analysis showed that the total area used by females 
outside the colony was greater than that of males at the 
three colonies, at least four times greater at Islote Arroyo 
Jabalí Este and up to two times greater at Punta Tombo 
and Isla Vernaci Este (Table 1). Mean sizes of these areas 
were consistently larger in females than males in the three 
colonies (Fig. 2).

At Islote Arroyo Jabalí Este, the overlap between sexes 
in foraging areas was 0.53 (Bhattacharyya’s Affinity index, 
BA) (Fig. 3a). Females used 51.1% of the total forag-
ing area used by males, while males used only 5.5% of 
the total area used by females. The area of overlap was 
restricted to 22  km2, which corresponded to the Bahía 
San Blas refuse dump and beaches close to the colony 
(Fig. 3a). The use of the shoreline also differed between 
sexes. Males used mainly beaches north of the colony, 
with only one trip reported to southern beaches, while 
females only used beaches located to the south of the col-
ony (Fig. 3a). Males used mostly refuse dumps as feed-
ing habitat (72.1%, ntrips = 111; 90.0%, nind = 10). They 
mainly used the Bahía San Blas refuse dump, as the one 
at Pocitos, located 17 km north of the colony was visited in 
only a few occasions (3.6% of trips and 20.0% of individu-
als). Likewise, based on the parameters estimated by the 
model that best fit the data, which included sex, habitat, 
and their interaction and explained 32.3% of the total vari-
ation (Online Resource 1), male presence was positively 
related to refuse dumps (GLMM, βM*Refuse = 3.9, z = 8.3, 
P < 0.001). Males also used shoreline habitats distant a 
few kilometres from the colony (41.4% of trips and 90.0% 

of individuals), although model parameters indicated 
their presence was negatively related to shoreline areas 
(βM*Shoreline =  − 2.2, zM*Shoreline =  − 4.3, P < 0.001). Males 
also used terrestrial habitats on a few foraging trips (3.6% 
of trips and 40.0% of individuals), but none used open sea 
areas. In contrast, females visited mainly shoreline habitats 
used by recreational fishers (70.8%, ntrips = 48 and 100%, 
nind = 10) and to a lesser extent open sea areas (31.2% 
of trips and 70.0% of individuals). Model parameters 
indicated that female presence was positively related to 
both habitat categories (βF*Shoreline = 0.2, zF*Shoreline = 0.2, 
P < 0.001; βF*Open sea = 18.2, zF*Open sea = 0.1, P < 0.001). 

Table 1  Trip parameters 
(mean ± SD; range in 
parentheses) and overall size 
of areas used when leaving the 
colony (95% kernel contours) 
during the incubation period 
of male and female Kelp Gulls 
breeding at Islote Arroyo Jabalí 
Este (JE), Punta Tombo (PT) 
and Isla Vernaci Este (VE), 
Argentina

Colony Sex Trip parameters Areas  (km2)

Maximum 
distance (km)

Distance travelled (km) Trip duration (min)

JE Females 29.2 ± 44.3 83.5 ± 118.7 251.7 ± 267.8 400
(n = 10) (0.3–158.5) (0.8–429.5) (19.8–1094.1)
Males 6.1 ± 4.9 16.6 ± 14.9 97.4 ± 121.3 44
(n = 10) (0.7–31.8) (2.4–93.8) (7.7–679.2)

PT Females 38.0 ± 25.0 96.2 ± 67.4 317.9 ± 266.8 3000
(n = 9) (0.4–114.2) (0.2–301.1) (17.4–1693.2)
Males 47.3 ± 19.9 114.4 ± 57.1 296.8 ± 181.8 1727
(n = 5) (1.1–89.0) (1.6–284.2) (31.8–958.2)

VE Females 26.5 ± 20.3 80.3 ± 70.1 332.1 ± 243.0 1033
(n = 5) (2.0–94.6) (3.8–331.6) (51.6–969.0)
Males 17.9 ± 14.6 59.2 ± 62.3 286.4 ± 184.9 600
(n = 6) (2.1–43.5) (4.0–271.9) (56.4–682.9)

Fig. 2  Areas covered  (km2) during foraging trips by male and female 
Kelp Gulls breeding at the Islote Arroyo Jabalí Este (JE), Punta 
Tombo (PT) and Isla Vernaci Este (VE) colonies, Argentina. Box 
boundaries represent the 25th and 75th percentiles, horizontal black 
lines indicate the median, and vertical black lines indicate minimum 
and maximum values
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Although females regularly used refuse dumps (52.0% of 
trips and 50.0% of individuals), model parameters indi-
cated that their presence was negatively related to this 
habitat category. Terrestrial habitats were less used than 

other habitats categories (18.8% of trips and 50.0% of indi-
viduals). Of the trips made by females to refuse dumps, all 
were made to the one at Bahía San Blas, except for one trip 
to Carmen de Patagones, located 65 km southwest from 
the colony (Fig. 3a).

At Islote Arroyo Jabalí Este, the best model explaining 
the variation (14.5%) in maximum distance included sex 
as a fixed factor  (AICC:Null = 1170.3 and  AICC:sex = 1164.9) 
and the estimated parameters showed a significant effect 
(LMM, β =  − 20.5, z =  − 2.8, P < 0.05), indicating that maxi-
mum distances reached by males were shorter than those 
by females. Regarding the total distance travelled, the best 
model also included sex as a fixed factor  (AICC:Null = 1521.5 
and  AICC:sex = 1514.3). Model parameters showed an effect 
of sex on total distances travelled (LMM, β =  − 60.7, 
z =  − 3.2, P < 0.05), indicating that these were also shorter 
in males than in females. Finally, of the models describing 
the variation in trip duration, the one that presented the best 
fit to the data was the one that included sex as a fixed fac-
tor  (AICC:Null = 1999.8 and  AICC:sex = 1993.5) explaining an 
11.4% of the variation. Based on the estimated parameters, 
a significant effect of sex was recorded (LMM, β =  − 141.5, 
z =  − 4.1, P < 0.001), indicating that the duration of male 
trips was shorter than that of females.

At Punta Tombo, the overlap between sexes in foraging 
areas was 0.33 (BA), mostly in the open sea and shoreline 
areas (Fig. 3b). Females used 20.1% of the total foraging 
area used by males, while males used 34.9% of the total 
area used by females. Open sea was the main habitat used 
during foraging trips by both males (90%; ntrips = 30 and 
90%; nind = 5) and females (71.0%; ntrips = 104 and 100%; 
nind = 9). Based on the parameters estimated by the model 
that best fit the data, which included the variables sex, habi-
tat, and their interaction (Online Resource 1) and explained 
33.4% of the data variation, male presence was only posi-
tively related to the open sea habitat category (GLMM, 
βM*Open sea = 3.9, zM*Open sea = 3.0, P < 0.001). Open sea was 
also one of the categories positively related to the female 
presence (βF*Open sea = 2.6, zF*Open sea = 1.9, P < 0.001). 
Shoreline areas were more visited by females than males 
(29%, ntrips = 104 and 77%, nind = 9 vs. 6%, ntrips = 30 and 
40%, nind = 5, respectively), although model parameters indi-
cated that only female presence was positively related to this 
habitat category (GLMM, βF*Shoreline = 3.7, zF*Shoreline = 3.0, 
P < 0.001). One male visited a slaughter house in the city 
of Trelew, over 80 km north of the colony (Fig. 3b). Forag-
ing trips to open sea areas with fishing activity were made 
by both sexes (males: 13.0%; ntrips = 30 and 40.0%; nind = 5; 
females: 10.0% ntrips = 104 and 44.0%; nind = 9), but male and 
female presence showed no relationship with this habitat cat-
egory (P > 0.05). Overlap between foraging individuals and 
fishing areas was less than 0.15 for both sexes  (BAM = 0.12; 
 BAF = 0.14) (Fig. 3b).

Fig. 3  Overlap between foraging male and female Kelp Gulls and 
areas of fishing activity during the incubation period at a Islote 
Arroyo Jabalí Este, b Punta Tombo and c Isla Vernaci Este. Stars 
indicate the location of colonies. Areas are shown as the 95% ker-
nel utilization distribution for foraging Kelp Gull males (blue) and 
females (red) and for the area of trawl fishing activity (green)
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At Punta Tombo, the best models describing the vari-
ation in maximum distance  (AICC:Null = 1222.5 and 
 AICC:Sex = 1218.0; variation explained: 8.7%), total distance 
travelled  (AICC:Null = 1504.0 and  AICC:Sex = 1498.2; varia-
tion explained: 9.1%) and trip duration  (AICC:Null = 1853.4 
and  AICC:Sex = 1844.4; variation explained: 7.3%) were those 
which included sex as a fixed factor, but model parameters 
showed it had no significant effect on any of the three vari-
ables (P > 0.05).

At Isla Vernaci Este, the overlap between sexes in for-
aging areas was 0.59 (BA). Males used 69.8% of the total 
foraging area used by females, while females used 40.9% 
of the total area used by males (Fig. 3c). Shoreline areas 
was the main habitat category visited by both sexes (males: 
59.1%, ntrips = 27 and 50.0%, nind = 6 vs. females: 42.8%, 
ntrips = 28 and 80.0%, nind = 5), followed by the open sea 
habitat category (males: 22.2%, ntrips = 27 and 38.3%, nind = 6 
vs. females: 50.0%, ntrips = 28 and 100%, nind = 5). Forag-
ing trips to the areas where trawl vessels were operating 
were made by both males and females (55.0%, ntrips = 27 
and 83.3%, nind = 6 vs. 53.3%, ntrips = 28 and 100%, nind = 5, 
respectively). Overlap between foraging individuals and 
areas with fishing activity was 0.57 for males and 0.50 for 
females (BA). Of the models explored to assess habitat use 
by Kelp Gulls breeding at Isla Vernaci Este, the model that 
best fit the data was the one that contained only the habi-
tat variable (Online Resource 1), explaining 2% of the total 
variation. The model selected from the Akaike Information 
Criteria did not include sex as an explanatory variable, sug-
gesting that sex did not influence the type of feeding habitat 
used.

The best models describing the three foraging trip vari-
ables included sex as a fixed factor (MD,  AICC:Null = 366.4 
and  AICC:Sex = 362.6, variation explained: 4.3%; TDT, 
 AICC:Null = 554.7 and  AICC:Sex = 548.4, variation explained: 
1.7%; DUR,  AICC:Null = 758.9 and  AICC:Sex = 749.6, varia-
tion explained: 2.3%), and model parameters showed that sex 
had no significant effect on trip parameters.

Male and female isotopic niche and main prey

Mean δ13C values of incubating males varied between − 17.2 
and − 17.8‰ while mean δ15N values varied between 
17.6 and 18.7‰ (Fig. 4). Mean δ13C values for incubat-
ing females varied between − 17.0 and − 17.7‰ while 
mean δ15N values varied between 17.7 and 18.3‰ (Fig. 4). 
No significant differences were found between males and 
females at each of the colonies in relation to the loca-
tions of the respective centroids for isotopic values (JE: 
 MDM–MDF = 0.95, P = 0.391; PT:  MDM–MDF = 0.32, 
P = 0.287; VE:  MDM–MDF = 0.18, P = 0.825; using a 1000 
iteration permutation procedure). The comparison of the 
niche width given by the absolute value of the difference 

of the mean distance to the centroid (MDC) did not dif-
fer significantly from zero at the Islote Arroyo Jabalí Este 
and Isla Vernaci Este colonies (JE:  MDCM–MDCF = 0.37, 
P = 0.473; VE:  MDCM–MDCF = 0.03, P = 0.983; Fig. 4a–c), 
while they differed significantly from zero at Punta Tombo 
(PT:  MDCM–MDCF = 0.42, P = 0.007; Fig. 4b). No signifi-
cant differences between the sexes were found at the three 
colonies in the absolute value of the difference of nearest 
neighbour distances (MNN) (JE:  MNNM–MNNF = 0.08, 
P = 0.673; PT:  MNNM–MNNF = 0.21, P = 0.156; VE: 
 MNNM–MNNF = 0.21, P = 0.349). Finally, there were no 
significant differences between males and females at the 
three colonies in terms of absolute differences in eccentric-
ity values (ECC) (JE:  ECCM–ECCF = 0.05, P = 0.066; PT: 
 ECCM–ECCF = 0.16, P = 0.608; VE:  ECCM–ECCF = 0.03, 
P = 0.767). The overlap in  SEAC between male and female 
isotopic niches was 43.6% at Islote Arroyo Jabalí Este, and 
total area (TA) was slightly smaller for females than males 
 (TAM: 5.7;  TAF: 4.3; Fig. 4a). At Isla Vernaci Este, the over-
lap between males and females was 42.9%, and both pre-
sented a similar total area  (TAM: 1.8;  TAF: 1.3; Fig. 4c). At 
Punta Tombo, the TA of females was considerably smaller, 
being included within that of males  (TAM: 1.8;  TAF: 0.4; 
Fig. 4b). The overlap between male and female isotopic 
niches using SEAc was 99.9% for females and 26.6% for 
males (Fig. 4b).

Mixing polygon sensitivity analysis showed that iso-
topic values of all individual samples, given the diet-tis-
sue discrimination factors and prey isotopic values used, 
were included in more than 95% of the simulated mixing 
polygons, validating the proposed mixing models (Online 
Resource 2). Bayesian mixing models (Fig.  5; Online 
Resource 3) showed that the proportion of different main 
prey was similar between males and females (Fig. 6). Prey 
showing the largest contribution were Stripped Weakfish, 
fish discards and Argentine Anchovy at Islote Arroyo Jabalí 
Este, Punta Tombo and Isla Vernaci Este, respectively 
(Fig. 6).

Discussion

Male and female Kelp Gulls breeding at Islote Aroyo Jabalí 
Este differed in their foraging trip parameters and clearly 
segregated in the use of feeding habitats. Nine of the ten 
instrumented males used the Bahía San Blas refuse dump 
as their main feeding area in most of their foraging trips. In 
contrast, females used mainly shoreline areas east and south 
of the colony. As a result, the small observed spatial overlap 
between foraging males and females was mainly restricted 
to the urban refuse dump. In addition to urban waste, this 
dump regularly receives large amounts of fish waste gener-
ated by the on-shore processing of fish captured by boat- and 
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Fig. 4  Male (M; red) and female (F; black) isotopic niches of Kelp 
Gulls breeding at the a Islote Arroyo Jabalí Este, b Punta Tombo and 
c Isla Vernaci Este colonies, Argentina, based on δ13C and δ15N val-
ues of whole-blood samples. Isotopic niches are represented using 
the standard ellipse area corrected for small sample sizes  (SEAC, 
includes 40% of the data). Spread of the isotopic niche was obtained 

from the posterior Bayesian estimates of the standard ellipse area 
 (SEAB). The total area (TA) is represented by dotted lines in the left 
panel. Decreasing bar widths in the right panel plots represent 50, 75, 
and 95% credibility intervals of  SEAB computed by SIBER package 
(Jackson et al. 2011)
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shore-based recreational fishers, providing an abundant food 
source for breeding Kelp Gulls (Marinao et al. 2018). The 
differential use of the refuse dump by both sexes could be 

the result of the dominance of larger males over this concen-
trated and predictable anthropogenic food subsidy, leading 
to the competitive exclusion of females as has been reported 
for other gull species feeding in urban refuse dumps (Mona-
ghan 1980; Greig et al. 1985; Pons 1994). Studies in a large 
number of seabird species belonging to different taxonomic 
groups have shown that in general the smaller sized sex 
travels to a greater distance from the colony (see review in 
Wearmouth and Sims 2008). As expected, trips made by 
females at Islote Aroyo Jabalí Este had a longer duration and 
extension, travelling on average to greater distances from the 
colony than males.

Despite both sexes differed in their use of feeding habi-
tats at Islote Arroyo Jabalí Este, results from stable isotope 
analysis indicated that males and females had similar iso-
topic niches, consuming the different food items in similar 
proportions, and both mainly Stripped Weakfish. Stripped 
Weakfish, a demersal fish normally unavailable to surface-
feeding Kelp Gulls, is the main component of the waste 
generated by recreational fishing at Bahía San Blas during 
the months covered by the study (Llompart et al. 2012), and 
was also previously reported as one of the main prey items 
in the diet of Kelp Gulls breeding in the area (Yorio et al. 
2013; Marinao et al. 2018). Although females used the urban 
refuse dump to a lesser extent, they regularly visited shore-
line areas used by recreational fishers where waste is also 
made available to gulls. It should be considered, however, 
that even though stable isotope analysis allows the assess-
ment of the relative proportion of different prey consumed, 
it is inadequate for estimating the fine-scale taxonomic com-
position of seabird diet and different prey may have similar 
isotope values requiring careful interpretation of results 
(Inger and Bearhop 2008). Males and females may have 
also used different areas to obtain other main prey items, as 
suggested by the results on spatial foraging patterns. Spatial 
segregation can often contribute to the existence of dietary 
differences (Wearmouth and Sims 2008), although this may 
not always be the case as similarly reported in other studies 
(e.g. Kazama et al. 2018).

Results obtained at the Punta Tombo colony showed that, 
contrary to expected, there were no sex differences in feed-
ing trip parameters, and there was a similar use of foraging 
habitats except for a higher use of shoreline areas by female 
individuals. Despite this general similarity in the use of feed-
ing habitats, overlap between sexes in foraging areas, mainly 
open sea habitats, was relatively low. This possibly reflects 
the large extension of areas used by incubating Kelp Gulls 
at this breeding location and the relatively small sample 
size. As many other gull species around the world, Kelp 
Gulls regularly associate to commercial fishing activities 
to take advantage of discards resulting from the low selec-
tivity of trawl fishing gear (Yorio and Caille 1999; Bertel-
lotti and Yorio 2000; González-Zevallos and Yorio 2006), 

Fig. 5  Isotopic mixing diagram, showing the values of whole blood 
of males (open triangles) and females (open circles) of Kelp Gull and 
their prey at a Islote Arroyo Jabalí Este, b Punta Tombo and c Isla 
Vernaci Este colonies. Prey values (means and SD) are corrected by 
discrimination factors
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including at fishing grounds near the Punta Tombo colony 
(Marinao and Yorio 2011). Contrary to expected, the asso-
ciation with fishing activity during the course of the tracking 
period was relatively low. However, stable isotope analysis 
showed that diet composition was similar between sexes 
with fishery discards represented by demersal species such 
as Argentine Hake and Banded Cuskeel being the main prey, 
implying a higher use of this anthropogenic food resource 

than suggested by tracking results obtained in a shorter 
time scale. A higher use of this alternative food resource 
by larger and dominant males was also expected, as forag-
ing behind vessels can be highly competitive (Arcos et al. 
2001; Camphuysen 1995) and studies in coastal Patagonia 
show a high degree of social interactions among Kelp Gulls 
feeding on discards (Bertellotti and Yorio 2000; González-
Zevallos and Yorio 2011). However, the spatial association 

Fig. 6  Results of SMMR Bayesian isotope mixing model (median, 
interquartile range and max/min values) showing the estimated 
prey contributions to the diet of incubating Kelp Gulls from a Islote 

Arroyo Jabali Este, b Punta Tombo, and c Isla Vernaci Este. Left: 
males and right: females
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with vessels and consumption of demersal prey was similar 
between sexes. This similarity between sexes suggests that 
females may not be at a disadvantage with respect to larger 
and dominant males when feeding behind vessels, which 
could be due to the higher manoeuvrability afforded by their 
smaller size or to a lack of competition if resources were 
abundant. Evidence to support any of these hypotheses will 
require further research.

The use of terrestrial anthropogenic food resources at the 
Punta Tombo colony was also relatively low, with only one 
male visiting on a single feeding trip a slaughterhouse and 
adjacent urban habitats in the town of Trelew, over 80 km 
north from the colony. Being central place foragers, the low 
use of refuse dumps by Kelp Gulls breeding at Punta Tombo 
may be due to the relative great distance from the colony 
to urban centres, as in general breeders from more distant 
colonies use less frequently or in smaller numbers these 
alternative food sources (Duhem et al. 2003b; Ramos et al. 
2009; Fuirst et al. 2018). In contrast to the other two study 
locations where isotopic niche width was similar between 
sexes, males from Punta Tombo presented a larger isotopic 
niche width. This possibly resulted from the consumption 
of larger marine prey and/or a higher inclusion of terrestrial 
prey by some Kelp Gull males, suggesting that additional 
trips to urban areas may have been made outside the tracking 
period. Sex differences in niche width have been reported 
in other studies on gull species, and have shown that the 
degree of sexual dimorphism can be directly related to the 
size of the isotopic niche, suggesting that larger males have 
competitive abilities that allow them to access larger and a 
wider range of prey (Navarro et al. 2010; Lavoie et al. 2012; 
Ronconi et al. 2014).

Males and females breeding at Isla Vernaci Este showed 
the largest overlap in foraging areas of the three colonies. 
At this southern breeding area, no significant sex differ-
ences were found in the use of different foraging habitats 
and, consequently, no differences were detected between 
male and female isotopic niches or in the proportions of the 
main prey consumed. Both sexes showed a relatively high 
overlap with fishing activity, although results indicate that 
Argentine anchovy was their main prey. This suggests that 
Kelp Gull fed mainly on this forage fish within commercial 
fishing grounds while opportunistically taking advantage of 
discarded demersal prey. It should be noted that during the 
study season, fishing effort declined in northern San Jorge 
gulf, with no fishing activity by freezer trawlers and the 
operation of only two or three ice high-sea trawlers, result-
ing in lower discard availability to breeding Kelp Gulls. The 
similarity in the feeding strategies of male and female Kelp 
Gulls breeding at Isla Vernaci Este was possibly related to 
greater availability of Argentina Anchovy during the study 
period than in the other two study locations, a prey spe-
cies which shows large temporal biomass fluctuations due 

to bottom-up effects in response to oceanographic changes 
(Hansen et al. 2001).

Our results show that the foraging strategies of male 
and female Kelp Gulls depend on the context of local food 
resources, resulting in geographical differences in the degree 
of sexual segregation as it has been reported for other sea-
bird species (see review Wearmouth and Sims 2008; Phillips 
et al. 2011). Given that sampling was done in different years 
at each colony, further research is needed to assess the role 
that interannual fluctuations may play in shaping the differ-
ences among colonies. Anthropogenic food subsidies in the 
form of fishing waste were used at the three study locations, 
but were only relevant at Islote Arroyo Jabalí Este and Punta 
Tombo. The Kelp Gull is an opportunistic species that takes 
advantage of anthropogenic food subsidies associated with 
urban environments throughout its southern hemispheric dis-
tributional range, both during the breeding and non-breeding 
season (e.g. Steele 1992; Coulson and Coulson 1993; Silva 
et al. 2000; Yorio and Giaccardi 2002; Ludynia et al. 2005), 
and if this behaviour results in sexual differences in feeding 
strategies at other locations and stages of the annual cycle is 
unknown. Patterns of sexual differences in Kelp Gull feeding 
ecology both within and outside the breeding season deserve 
further study, and should be considered when assessing its 
demographic behaviour, particularly in coastal sectors where 
populations are increasing.
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