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Abstract. – The Kelp Gull (Larus dominicanus), a common seabird in coastal Patagonia, has recently
increased in overall abundance and distribution, creating some concerns for the protection and conser-
vation of other native, threatened species. We combined genetic and demographic data of four large
Kelp Gull colonies distributed along 1800 km of the northern Patagonian coast of Argentina to further
understand patterns of population growth and migration of the species. DNA analysis of variable intron
sequences of two separate genes (myelin proteolipid protein, β-fibrinogen) revealed similar intra-colony
levels of DNA sequence diversity. Pairwise FST comparisons revealed significant differentiation of the
northernmost colony, Islote La Pastosa, from the two southern colonies, Punta Tombo and Isla Vernaci
Sudoeste (p < 0.05). Indirect estimates of gene flow suggest significant mixing among colonies (Nm > 6).
Demographic estimates revealed that Islote La Pastosa showed an increase in the number of breeding
individuals over time (λ = 1.075), representing an area of potential population expansion. This is consis-
tent with previous studies that have suggested that the demographic connectivity among Kelp Gull colo-
nies in Patagonia may follow a source-sink dynamics, where growth rates of growing colonies are fueled
by the immigration of individuals from nearby colonies. The observed pattern also reflects the overall
expansion of the species in the Patagonian region. This study suggests that proper management strate-
gies for the Kelp Gull should take into account the genetic and demographic dynamics of this species.

Resúmen. – La Genética y demografía de la Gaviota Cocinera en Patagonia. – La Gaviota Cocinera
(Larus dominicanus), un ave marina de las costas de Patagonia, ha incrementado su abundancia y dis-
tribución, creando problemas para la protección y conservación de otras especies nativas. En éste tra-
bajo combinamos datos genéticos y demográficos de cuatro colonias de gaviotas cocineras distribuidas
a lo largo de 1800 km de la costa norte de la Patagonia argentina para mejorar el conocimiento sobre los
patrones de crecimiento poblacional y migración de la especie. Análisis de secuencias de ADN de intro-
nes de dos genes (el gen de la Proteína Proteolipídica de la Mielina y el gen del β-fibrinógeno) revelaron
niveles similares de variabilidad genética intra-colonial. Comparaciones apareadas del FST entre colo-
nias indicaron una diferenciación genética significativa entre la colonia más septentrional, Islote La Pas-
tosa, y las colonias del sur, Punta Tombo e Isla Vernaci Sudoeste (p < 0.05). Estimadores indirectos del
flujo génico indican un intercambio migratorio significativo entre las colonias reproductivas (Nm > 6).
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Estimadores demográficos revelaron que Isolate La Pastosa mostró un incremento en el número de
individuos reproductivos a lo largo del tiempo (λ = 1.075), representando un área potencial de expansión
poblacional. Estos resultados son consistentes con estudios previos que sugieren que la conectividad
demográfica entre las colonias de la gaviota cocinera en la Patagonia sigue una dinámica metapoblacio-
nal de fuente-sumidero, donde las colonias en crecimiento reciben individuos inmigrantes de colonias
cercanas. Los patrones observados también reflejan la expansión general de la especie en la región.
Este trabajo sugiere que las estrategias de manejo para la gaviota cocinera debieran tomar en cuenta la
dinámica genética y demográfica de ésta especie.

Key words: Demography, genetic diversity, gene flow, Larus dominicanus, metapopulation, population
growth, seabird colonies.
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INTRODUCTION

Genetic studies can provide important infor-
mation to complement demographic assess-
ments and help to better understand the
structuring of breeding populations in the
wild. Specifically, measures of genetic diver-
sity can help to assess the overall health and
future evolutionary potential of populations
and species (Frankham et al. 2002, Bouzat
2010). Genetic markers may also reveal evi-
dence of genetic differentiation, genetic struc-
turing, and levels of genetic connectivity
among local populations and breeding colo-
nies (Avise 2000). This is especially relevant in
seabirds, where breeding colonies can poten-
tially represent genetically and demographi-
cally independent units of conservation
concern (e.g., Roeder et al. 2001, Morris-
Pocock et al. 2012, Taylor & Friesen 2012).
Although seabirds are able to migrate and dis-
perse over long distances, several studies have
shown that population differentiation can be
strong (see review by Friesen et al. 2007). Sev-
eral factors can potentially influence popula-
tion genetic structure in seabirds, including
physical barriers, geographic distance bet-
ween colonies, colony dispersal, and non-
breeding distribution (Amos & Harwood
1998, Friesen et al. 2007). Thus, knowledge of
the degree of genetic connectivity and levels
of differentiation among colonies is a key fac-
tor for the identification and implementation

of species-specific management plans, (e.g.,
development of adequate conservation or
pest-control strategies). 

Among seabirds, gull species tend to be
generalist and opportunistic foragers (Burger
& Gochfeld 1996). This feeding strategy
allows gulls to take advantage of food sources
of anthropogenic origin, which in many cases
have increased population growth (Blokpoel
& Spaans 1991, Garthe et al. 2006, Oro et al.
2013, Tyson et al. 2015). In some cases, popu-
lation increases have resulted in negative
effects on other coastal species, promoting
the development of management actions
aimed at reducing gull abundances (Thomas
1972, Belant 1997, Coulson & Coulson 2009;
but see Oro & Martínez-Abraín 2007). Effec-
tive management of gull populations requires
broad scale approaches, so as to take into
account the potential connectivity among
breeding colonies (Lisnizer et al. 2015).
Genetic data are particularly useful to explore
population connectivity in widely distributed
species because it is typically difficult to mea-
sure dispersal directly through banding tech-
niques over large spatial scales (Lowe &
Allendorf 2010).

The Kelp Gull (Larus dominicanus) is a
widely distributed seabird breeding through-
out the Southern Hemisphere (Jiguet et al.
2012). This species is the most abundant gull
breeding along the Atlantic Ocean coast of
Argentina, from Buenos Aires (36º20’S) to
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Tierra del Fuego (54º58’S), with a population
estimated to exceed 105,000 breeding pairs
distributed in ~ 140 colonies (Yorio et al. in
press). Recent demographic trends suggest
that this species is rapidly increasing in terms
of both the number of breeding colonies and
overall population size along the coasts of
northern Patagonia, Argentina (Lisnizer et al.
2011). Spatial and temporal variations in pop-
ulation trends reported by Lisnizer et al. (2011,
2015) revealed that breeding colonies differ
significantly both in size and growth rates.
Population expansion has been also reported
in other regions of the Southern Hemisphere
(Coulson & Coulson 1998, Whittington et al.
2006), including South America (Yorio et al. in
press). The Kelp Gull population increase in
Patagonia is believed to be driven by metapo-
pulation dynamics among colonies, influenced
by the availability of human refuse and fisher-
ies waste (Yorio et al. 1998a, Lisnizer et al.
2011). The population expansion of the Kelp
Gull in northern Patagonia is a matter of con-
cern given their predation on globally threat-
ened species [e.g., Magellanic Penguin
(Spheniscus magellanicus), Olrog´s Gull (Larus
atlanticus), and White-headed Steamer Duck
(Tachyeres leucocephalus)], potential hazards to
the commercial aviation industry, and threats
to human health (Yorio et al. 1998a, 2005). As
a consequence, rapid changes in Kelp Gull
abundance and regional distribution have cre-
ated interest in developing management poli-
cies in this region with the intention of
protecting other, more vulnerable species
(Sironi et al. 2009). 

Although several studies have assessed
levels of genetic differentiation among popu-
lations of seabirds with wide geographic dis-
tributions (e.g., Friesen et al. 2007, Bouzat et al.
2009, Morris-Pocock et al. 2012), there is rela-
tively limited information on the genetic
structuring of Kelp Gull colonies. Most
genetic studies on Kelp Gulls are focused on
the phylogeny and taxonomy of Larus spp.

(e.g., Liebers et al. 2004, Pons et al. 2005), and
the development of molecular markers to
assess the degree of genetic variation and dif-
ferentiation among Kelp Gull populations
from different continents (e.g, Liebers et al.
2001, Dantas et al. 2009). Only a few studies
were aimed at assessing levels of genetic vari-
ability and structuring among Kelp Gull
breeding colonies on local and regional scales
(Dantas et al. 2006, 2012).  

In this study, we estimated size, growth
rate, population connectivity, and levels of
genetic diversity within and among four Kelp
Gull breeding colonies located along 1800 km
of the southern Atlantic shores of Argentina.
The combination of genetic and demographic
information from these colonies provides
important insights into the genetic structuring
of breeding colonies and the population
dynamics of this species. Results from this
study are discussed in the context of recent
metapopulation modeling of the demographic
dynamics and the overall expansion of Kelp
Gulls in northern Patagonia. We suggest that
proper management strategies for the Kelp
Gull should take into account the demo-
graphic dynamics and levels of connectivity
among breeding colonies. 

METHODS

Study area. The studied Kelp Gull colonies are
located along the northern Patagonian coast
of Argentina (Fig. 1). These include the colo-
nies of Islote La Pastosa (41º25’S, 65º02’W),
Punta Leon (43º04’S, 64º29’W), Punta Tombo
(44º02’S, 65º11’W), and Isla Vernaci (45º11’S,
66º31’W). These colonies are part of a net-
work of 68 colonies distributed along 1770
km of Atlantic Ocean shoreline, with a
total estimate of 72,600 breeding pairs
(Lisnizer et al. 2011). This coastal area en-
compasses more than 65% of the Kelp Gull
breeding population of Argentina. The
median number of breeding pairs per colony
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in this area is 454 (range: 1–11,300; Lisnizer et
al. 2011). 

The four focal Kelp Gull breeding colo-
nies (Fig. 1) were selected because of their
historically and consistently large population
sizes (> 3000 breeding pairs) and their loca-
tion in four coastal sectors where Kelp Gulls
have shown variable demographic trends (Lis-
nizer et al. 2011). Selected colonies are all
located within protected areas and are sepa-

rated from each other by at least 140 km
(Islote La Pastosa–Punta Leon = 288.5 km;
Punta Leon–Punta Tombo = 146.7 km; Punta
Tombo–Isla Vernaci = 249.6 km). 

Sampling of breeding colonies and estimates of demo-
graphic parameters. The sizes of the colonies
(i.e., number of breeding pairs) were esti-
mated during 2006–2008 either by full nest
counts or by sampling counts in circular plots

FIG. 1. Geographic distribution of Kelp Gull breeding colonies (represented by black dots) along the
coasts of northern Patagonia, Argentina. The four focal colonies used in this study (Islote La Pastosa,
Punta Leon, Punta Tombo, and Isla Vernaci Sudoeste) are identified. Gray circles indicate four major
coastal cities in the region.
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of 100 m2, depending on the colony (Bibby et
al. 1992). Plots were placed randomly
throughout the colony, so as to capture differ-
ences in the density of nests and habitat. We
considered a nest to be active when it con-
tained an egg, chick, or signs of recent use,
such as fresh nesting material. Counts were
made during late incubation. Egg laying
begins in early October at Islote La Pastosa
and Punta León (Yorio et al. 1994; NL unpub.
data), in early November at Punta Tombo
(Bertellotti & Yorio 1999), and in mid-
November at Isla Vernaci Sudoeste (Yorio &
García-Borboroglu 2002). 

We evaluated abundance trends from 1994
to 2008 using the counts conducted during
this study and values obtained from published
literature (Yorio et al. 1998b, Yorio et al. 2005).
We estimated annual population growth rates
for each colony by simple log-linear regres-
sion of counts against time, based on the pop-
ulation model Nt = N0 e

rt, where Nt refers to
the population size at time t, N0 is the popula-
tion size at time 0, r is the intrinsic rate of
growth, and t refers to time in number of gen-
erations. The slope of the regression line cor-
responds to estimates of lambda (λ), the
population growth rate (Caughley 1977). Con-
fidence intervals for lambda were estimated
by bootstrapping the residuals of the linear
regression between population size and time
(Efron & Tibshirani 1993). This method
assumed a deterministic population growth
model and attributed all variability in the data
to errors in the estimates of population size
(i.e., observation error model). We estimated
levels of population connectivity indirectly as
the number of neighboring colonies within a
circle area with a radius of 114 km around
each of the studied colonies. The diameter of
the sampling area (228 km) represents the
average distance between the four studied col-
onies. We also report the number of colonies
within 50 km from the focal colonies to assess
potential connectivity with neighboring colo-

nies. Colonies located less than 2 km from
each other were considered one unit (Yorio et
al. 1998b). 

Blood samples for genetic analysis were
collected during the 2008 breeding season
from 18–20 Kelp Gull chicks randomly
selected from different nests from each target
colony (77 individuals in total). Blood samples
were obtained by puncture of the brachial
vein and collection of five to ten blood drops
onto a Whatman paper, and stored dry until
further analysis.

DNA extractions and sequencing of intron markers.
Total DNA was extracted from blood samples
using the QIAGEN QIAamp® DNA Mini
extraction kit (Valencia, CA), following the
manufacturer’s instructions. Quality and
quantity of extracted DNA was tested by aga-
rose gel electrophoresis. Extracted DNA was
re-suspended in sterile water at a concentra-
tion of 50–100 ng/µl for PCR amplification. 

For this study, two nuclear introns previ-
ously described in Larus species (Dantas et al.
2009) were selected to assess levels of genetic
diversity and structuring among the four focal
colonies. For the Kelp Gull, nuclear introns
have found to be more variable than mito-
chondrial markers (Dantas et al. 2012), show-
ing a significantly higher number of SNPs,
and thus making them more appropriate for
population-level studies. Furthermore, the
mode of inheritance of nuclear introns
reflects both maternal and paternal demo-
graphic patterns, in contrast to the typical
maternal inheritance of mitochondrial DNA.
Intron 4 of the myelin proteolipid protein
(MPLPR) gene was amplified using primers
located in exon 3 and 4 of the MPLPR gene
(F-Primer: 5’- ACA TCT ACT TTA ACA
CCT GGA CCA CCT G -3’; R-Primer: 5’-
TTG CAG ATG GAG AGC AGG TGG
GAG CC -3’; Primmer et al. 2002, Dantas et al.
2009), which resulted in an amplification
product of 286 base-pairs (bp). In addition, a
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725 bp section of the β-fibrinogen gene,
including the complete intron 7, was ampli-
fied using primers located in exons 6, 7, and 8
(F-Primers: 5’- CAG GAC AAT GAC AAT
TCA C -3’ and 5’- TTG CAA AGA GTG
GAG GGA AG -3’; R-Primer: 5’- CCA TCC
ACC ACC ATC TTC TT -3’; Prychitko &
Moore 1997, Hackett et al. 2008, Dantas et al.
2009). PCR conditions and amplification pro-
tocols were based upon those described pre-
viously (Prychitko & Moore 1997, Primmer et
al. 2002, Hackett et al. 2008, Dantas et al.
2009). 

PCR amplification products were directly
sequenced by the University of Chicago DNA
Sequencing and Genotyping Facility by cycle
sequencing reactions using fluorescent dye
terminators and one of the amplification
primers as a sequencing primer. The DNA of
each individual analyzed was subject to a min-
imum of two independent sequencing reac-
tions per locus. Individual DNA with
sequences indicating heterozygote genotypes
(i.e., double peaks in electropherograms), in
which individual alleles could not be defined,
underwent subsequent amplification by PCR,
cloning, and DNA sequencing using the Pro-
mega pGEM-T Easy cloning kit (Promega
Corp., Madison, WI) and fluorescent cycling
sequencing of individual clones. This allowed
for the characterization of individual alleles
and assignment of genotypes for each locus in
all individuals studied.

Data analysis. DNA sequences from each
marker were aligned using CLUSTAL X (Lar-
kin et al. 2007) and unique haplotypes were
identified and named following the format
Ldom0## (Larus dominicanus [haplotype num-
ber]), with MPLPR- or βFib- as a prefix for
the MPLPR and β-fibrinogen locus, respec-
tively. For the genetic analyses, sequences
were trimmed to exclude terminal DNA sec-
tions flanking intron sequences and ambigu-
ous sequence information due to direct

sequencing. The data analysis was therefore
based on the partial exon 3 (69 bp) and com-
plete intron 4 (217 bp) of the MPLPR gene
and ~80% of intron 7 of the β-fibrinogen
gene (725 bp).

DnaSP (Librado & Rozas 2009) was used
to identify haplotypes and estimate measures
of genetic diversity, including nucleotide
diversity, number of nucleotide differences,
and number of polymorphic sites per locus.
Arlequin (Excoffier et al. 2005) provided esti-
mates of genotype diversity (heterozygosity),
sequence diversity (nucleotide diversity), and a
hierarchical Analyses of Molecular Variance
(AMOVA), clustering colonies into North
(Islote La Pastosa, Punta Leon) and South
(Punta Tombo, Isla Vernaci Sudoeste) groups.
The AMOVA allowed partitioning of the total
genetic variation into both within- and
among-colony components, as well as a varia-
tion component between the defined regions.
Pairwise FST comparisons were performed to
assess genetic differentiation between colo-
nies. Indirect estimates of gene flow (Nm)
were calculated based on the inverse relation-
ship between FST and Nm (FST = 1 / 4Nm),
with Nm representing an estimate of the num-
ber of migrants between any two colonies per
generation (Slatkin 1987). 

Haplotype networks were characterized
for each intron marker to assess relationship
patterns among haplotypes and potential
structuring of haplotypes across colonies.
Minimum Spanning Networks were deter-
mined using Arlequin (Excoffier et al. 2005)
and recreated using HapStar10 (Teacher &
Griffiths 2011).

 
RESULTS

Demographic parameters. Colony size, estimated
as the number of breeding pairs, ranged from
2935 for Islote La Pastosa to 7445 for Isla
Vernaci Sudoeste (Table 1). Annual growth
rates from 1994 to 2008 varied among colo-
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nies, with Islote La Pastosa showing an
increase in the number of breeding pairs (λ =
1.075), increasing from 1140 in 1995 to 1881
in 2002 and to 2935 in 2008. In contrast,
annual growth rates estimated for the other
colonies remained relatively stable, with λ val-
ues not being significantly different from 1
(Table 1). The uneven distribution of Kelp
Gull breeding colonies throughout the study
area indicates that the four focal colonies have
different levels of population connectivity, as
measured by the number of neighboring colo-
nies (Fig. 1, Table 1). Overall, Islote La Pas-
tosa and Punta Leon are located in regions of
low colony density, having only six and eight
neighboring colonies within a 114 km radius,
respectively. Furthermore, Islote La Pastosa
showed no neighboring colonies within the
nearest 50 km. In contrast, the southern colo-
nies Punta Tombo and Isla Vernaci Sudoeste
are located in areas of high colony density,
with 23 and 28 neighboring colonies within a
radius of 114 km, respectively.

Genetic diversity. Direct DNA sequencing of
amplification products from the MPLPR and
β-fibrinogen introns of all studied individuals
identified multiple haplotypes and the pres-
ence of heterozygote genotypes exhibited by

the detection of two distinct amplified DNA
sequences. Further cloning and sequencing of
individual clones provided the complete char-
acterization of intron diversity, which resulted
in the detection of eight and 12 distinct haplo-
types for the MPLPR and the β-fibrinogen
introns, respectively (GenBank accession
numbers: KT449802–KT449821; localities of
individual birds and corresponding haplo-
types are reported as Supplementary Material
Online).

Intron markers showed relatively high
levels of diversity both at the DNA sequence
and genotype levels, with nucleotide diversity
(π) estimates of 0.005 and 0.004, and
observed heterozygosities (HO) of 0.662 and
0.714 for the MPLPR and the β-fibrinogen
introns, respectively (Table 2). There were no
significant differences in the average levels of
DNA sequence diversity between colonies
(0.055 ≤ p ≤ 0.816). For both intron markers,
most haplotypes were detected in multiple
colonies. However, some colonies had a
number of unique haplotypes (i.e., haplotypes
not found in any other colony). In particular,
Islote La Pastosa revealed five unique β-
fibrinogen haplotypes and in Punta Tombo,
two unique MPLPR haplotypes were
detected.

TABLE 1. Colony size (number of breeding pairs), onset of egg laying period, population growth rate λ
(with 95% confidence intervals and number of years used for growth rate estimates in parentheses), and
indirect estimates of population connectivity as measured by the number of neighboring colonies within 50
and 114 km of each of the four Kelp Gull breeding colonies studied in northern Patagonia (see Methods). 

Colony Colony 
size

Year of 
census

First egg 
laying

Growth rate λ
(95% CI; n)

Colonies 
within 50 km

Colonies 
within 114 km

Islote La Pastosa

Punta León

Punta Tombo

Isla Vernaci 
Sudoeste

2935

5813

6457

7445

2008

2007

2007

2006

October

October

November

November

1.075
(1.075–1.076; 3)

0.981
(0.955–1.007; 7)

1.006
(0.989–1.022; 5)

1.016
(0.990–1.043; 4)

0

2

2

12

6

8

23

28
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Levels of heterozygosity in all colonies
were relatively high (HO > 0.389), with the
highest average across loci found in Punta
Tombo (HO = 0.825). Observed and expected
heterozygosities revealed that none of the
markers analyzed showed significant devia-
tions from Hardy-Weinberg expectations in
any of the studied colonies (Table 2). Haplo-
type networks for both intron markers
revealed a star-shaped pattern with no struc-
turing of haplotypes across colonies (Fig. 2).

Genetic structuring. At regional level, AMOVA
results indicated no significant genetic struc-
turing between northern and southern colony
groups (FST = 0.027; p = 0.333), with most
variation (98%) being explained by differ-
ences between individuals. Variation among
populations within groups was also not signif-
icant (p = 0.610).

Pairwise FST between colonies revealed,
however, significant genetic differentiation (p
< 0.05) between the northernmost colony
Islote La Pastosa and the colonies of Punta
Tombo and Isla Vernaci Sudoeste in the
south (FST = 0.040 and 0.031, respectively;

Table 3). Indirect estimates of gene flow (Nm)
based upon pairwise FST values ranged from
six to 110 individuals per generation (Table
3), with an average Nm estimate of 35
migrants per generation across colonies.

DISCUSSION

Estimates of genetic diversity within and
among Kelp Gull breeding colonies indicated
relatively high levels of genetic variation at the
two nuclear intron markers studied, and lim-
ited genetic structuring across 1400 km of
Atlantic Ocean shoreline in northern Patago-
nia. Both northern and southern colony
groups and colonies within groups were not
significantly different, suggesting consider-
able genetic mixing among breeding colonies.
This is consistent with a demographic study
conducted in northern Patagonia indicating
that the Kelp Gull exhibits metapopulation
dynamics, with significant transfer of individ-
uals among breeding colonies (Lisnizer et al.
2015). Similar demographic and genetic pat-
terns have been reported for Kelp Gull colo-
nies from southern Brazil (Dantas et al. 2012),

TABLE 2. Genetic diversity estimates for the myelin proteolipid protein (MPLPR) and the β-fibrinogen
gene introns in four Kelp Gull breeding colonies from northern Patagonia. N = sample size; # of haps =
number of haplotypes; S = number of polymorphic sites; π = nucleotide diversity; HO = observed
heterozygosity; HE = expected heterozygosity

Colony N MPLPR β-fibrinogen

# of 
haps

S π HO HE # of 
haps

S π HO HE

Islote La 
Pastosa
Punta León
Punta Tombo
Isla Vernaci 
Sudoeste

Mean
Total

18

19
20
20

19.25
77

6

4
7
4
 

5.25
8

5

5
6
5
 

5.25
6

0.0049

0.0047
0.0050
0.0044

 

0.0047
0.0047

0.389

0.684
0.900
0.650

 

0.656
0.662

0.537

0.661
0.665
0.596

 

0.615
0.621

10

6
5
5
 

6.50
12

14

9
9
9
 

10.25
16

0.0039

0.0034
0.0039
0.0044

 

0.0039
0.0039

0.889

0.526
0.750
0.700

 

0.716
0.714

0.770

0.693
0.712
0.722

 

0.724
0.732
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other gull species (Oro & Pradel 1999, Geno-
vart et al. 2003, Doxa et al. 2013), and other
colonial seabirds (Friesen et al. 2007, Bouzat et
al. 2009). 

Pairwise FST values, however, indicated
some degree of genetic differentiation
between Islote La Pastosa in the north and
the colonies at Punta Tombo and Isla Vernaci
Sudoeste (~ 3–4%; p < 0.05), which are
located 680 and 1260 km south from Islote La
Pastosa, respectively. This result is consistent
with our estimates of population connectivity
(Table 1), which showed that Islote La Pastosa

is located in a region with a relatively small
number of neighboring colonies (Fig. 1). In
fact, there were only six colonies detected
within a radius of 114 km from Islote La Pas-
tosa, and none of these colonies were found
within 50 km from this focal colony. Distance
between colonies has been shown to be one
of the most important determinants of
dispersal within the Audouin’s Gull (Larus
audouinii) metapopulation, although for this
species a low rate of dispersal was recorded
even between the most distant colonies (Oro
& Pradel 1999). Indirect estimates of gene

FIG. 2. Haplotype networks of MPLPR and β-fibrinogen intron markers. Size of circles indicates relative
haplotype frequency and colors correspond to the proportion of the haplotype found in the correspond-
ing breeding colony.
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flow are consistent with the levels of genetic
differentiation found in our study, as Islote La
Pastosa revealed an average estimate of seven
migrants per generation with Punta Tombo
and Isla Vernaci Sudoeste, compared to the
overall average of 35 migrants per generation
estimated across all colonies. The observed
pattern of differentiation was not consistent
with a pattern of isolation by distance, since a
Mantel test of genetic and geographic dis-
tances between colonies was not significant
(data not shown). However, a non-significant
Mantel test could have resulted from low sta-
tistical power, since only four colonies were
analyzed in this study.

Although estimates of gene flow are con-
sistent with our indirect measures of popula-
tion connectivity between colonies, these do
not suggest a high degree of genetic structur-
ing within the spatial scale studied. As shown
by other studies, Kelp Gulls have a cohesive
gene pool with limited genetic differentiation
at regional and global scales (Dantas et al.
2009, 2012). In our case, genetic differences
between Islote La Pastosa and the two south-
ernmost colonies are likely due to the pres-
ence of unique haplotypes, as this colony
showed the highest number of haplotypes for
both genetic markers analyzed (Table 2). The
genetic differentiation of Islote La Pastosa
from southern colonies does not preclude the
existence of significant demographic inputs
from other colonies in the North. Demo-
graphic estimates revealed that, compared to

the other studied colonies, Islote La Pastosa
had a population growth rate (λ = 1.075)
above the replacement rate. In a survey of 68
colonies, Lisnizer et al. (2015) have also shown
that the growth rate of Islote La Pastosa was
within the maximum growth rate reference
value estimated for this species in Patagonia,
indicating that this colony is located in an area
of population expansion. These results are
consistent with the idea that the demographic
connectivity among Kelp Gull colonies in
Patagonia follows a source-sink dynamics,
where growth rates of growing colonies are
fueled by the immigration of individuals from
nearby colonies acting as sources (Lisnizer et
al. 2014, 2015). This may explain the presence
of unique haplotypes at Islote La Pastosa,
which may result from the recruitment of
individuals from other, genetically differenti-
ated neighboring colonies located in the
North. 

The observed pattern is also consistent
with an overall expansion of breeding colo-
nies throughout the species’s range. The star-
shaped haplotype networks with no apparent
phylogeographic patterns suggest a recent
demographic expansion of the species in this
region, promoting a cohesive gene pool. This
is also consistent with a previous demo-
graphic study of Kelp Gulls by Lisnizer et al.
(2011), which revealed positive growth rates
(λ > 1) in 70% of the colonies, an increase in
overall abundance by 37%, and the establish-
ment of ten new colonies between 1994 and

TABLE 3. Breeding colony pairwise FST (below diagonal) and pairwise estimates of gene flow (Nm) as
number of individuals per generation (above diagonal). * p < 0.05, ** p < 0.009.

Islote 
La Pastosa

Punta León Punta Tombo Isla Vernaci 
Sudoeste

Islote La Pastosa
Punta León
Punta Tombo
Isla Vernaci Sudoeste

-------
0.002

   0.040**
 0.031*

110
-------
0.005
0.013

6
46

-------
-0.012

8
19
20

-------
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2008. A recent genetic study by Dantas et al.
(2012) has shown a similar demographic
expansion of Kelp Gulls along the Brazilian
coast.  

Our study revealed considerable levels of
intra-population genetic variation across
breeding colonies of the Kelp Gull in north-
ern Patagonia and some level of genetic dif-
ferentiation of specific colonies. This is an
unexpected result for a widespread seabird
species with relatively high demographic con-
nectivity; however, it can be explained by a
metapopulation dynamics within an expand-
ing population context. The genetic differen-
tiation of the Islote La Pastosa population
from southern colonies may be driven in part
by distinct ecological attributes associated
with the San Matias Gulf region and its poten-
tial demographic connectivity with colonies in
the north. This is consistent with observed
mismatches in the phenology of northern col-
onies, where breeding takes place at least one
month in advance compared to the two
southernmost colonies (Table 1). Additional
genetic studies of gull colonies north of Islote
La Pastosa would be required to further
uncover the potential regional pattern of
genetic structuring. 

Results from this study suggest that the
demographic dynamics of Patagonian Kelp
Gull breeding colonies should be studied
under a metapopulation framework within a
scenario of recent population expansion.
Over the last few decades, there has been a
considerable debate about culling as a poten-
tial management tool for controlling the num-
ber of breeding gulls in Europe and North
America (Duncan 1978, Coulson 1991, Bosch
et al. 2000, Oro & Martínez-Abraín 2007).
Although some local authorities and nongov-
ernmental organizations in northern Patago-
nia have proposed culling as a potential
strategy to minimize the negative effects of
Kelp Gulls on endangered species, such as the
southern right whale, Eubalaena australis

(Sironi et al. 2009), there has been some con-
cern about the effectiveness of this manage-
ment option. Our results suggest that in the
case of the Patagonian Kelp Gull a thorough
understanding of metapopulation dynamics
may be essential before the implementation of
management policies, since the demography
of individual colonies, their potential levels of
genetic differentiation/distinctiveness, and
their connectivity to neighboring colonies
may have significant effects on the outcomes
of this strategy (Pulliam 1988). Our study
shows the importance of combining genetic
and demographic data to assess the popula-
tion dynamics of seabirds, and thus plan
effective management strategies for seabirds.
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SUPPLEMENTARY MATERIAL

Sampling localities of individual birds and corresponding haplotypes can be accessed at:
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