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Abstract
Worldwide, seabird populations are facing significant declines due to various threats, making them valuable bioindicators of 
marine ecosystem changes. Understanding their foraging behavior and identifying crucial foraging areas (FAs) is essential for 
their conservation. In this study, the focus was on Olrog’s gull (Larus atlanticus), a near-threatened species endemic to the 
Atlantic coast of Argentina, Uruguay, and southern Brazil. The objectives were to assess the distribution of FAs and home 
ranges of Olrog’s gull and to evaluate the overlap between FAs and protected areas (PAs) in the Bahía Blanca Estuary (BBE), 
Argentina. Global positioning system (GPS) tracking and dynamic Brownian bridge movement models (dBBMM) were used 
to analyze Olrog’s gull behavior during their breeding season. The results revealed well-defined FAs, with 72% of them 
located outside PAs, raising concerns about potential threats to the species. Sex-related differences were observed, with 
females covering longer distances during foraging flights. In addition, several FAs were located near industrial sites, posing 
health risks due to pollution. This study contributes novel insights into Olrog’s gull foraging ecology, particularly in the most 
critical breeding area for the species. A dynamic web application was developed to provide rapid access to comprehensive 
information applicable to conservation actions. These findings underscore the need for enhanced protection of critical FAs, 
particularly those lying outside currently PAs.
This research emphasizes the importance of well-informed policy decisions to enhance ongoing conservation initiatives for 
Olrog’s gull populations and their habitats, particularly in the face of increasing threats posed by human activities.

Keywords Larus atlanticus · Bahía Blanca Estuary · Protected areas · Spatial ecology

Introduction

Globally, populations of seabirds are declining (Paleczny 
et al. 2015). The threats faced by seabirds are numerous, 
and include predation, habitat loss, bycatch, pollution, and 
overfishing (Dias et al. 2019). Therefore, seabirds can pro-
vide great insight into marine ecosystem changes (Piatt et al. 
2007). Furthermore, seabird foraging ranges can be used 
to identify candidate locations for protection (Thaxter et al. 
2012), and safeguarding these areas can benefit whole eco-
systems (Hooker and Gerber 2004).

The Olrog’s gull (Larus atlanticus) is a near-threatened 
species (BirdLife International 2018) endemic to the Atlan-
tic coast of Argentina, Uruguay, and southern Brazil (Yorio 
et al. 2013). Few Olrog’s gull breeding sites have been 
identified, and all of them are located in Argentina (Yorio 
et al. 2013). Most of the breeding population concentrates 
in the Bahía Blanca Estuary (BBE), Buenos Aires province 
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(Petracci and Sotelo 2013), with the largest colony known 
to this date located on Isla del Puerto (Delhey et al. 2001a).

During their breeding season in the BBE, Olrog’s gull 
adults prey mainly on the grapsid crabs Neohelice granulata 
(Delhey et al. 2001b) and Cyrtograpsus angulatus, which 
they feed to their young. The specialized feeding ecology of 
Olrog’s gull makes it highly dependent on intertidal habitats 
during this critical period. These aspects not only make this 
species highly dependent on coastal habitats but also expose 
it to a myriad of hazards linked to human-related activities 
(Berón and Favero 2009; Berón and Seco Pon 2021). With 
this background, the identification of foraging areas (FAs) 
for Olrog’s gull becomes crucial for the conservation of this 
species through the strategic protection of these key areas.

The main objectives of this research were (1) to assess the 
distribution of FAs and home range used by Olrog’s gull in 
the BBE and (2) to evaluate the overlap between FAs and 
protected areas (PAs).

Materials and methods

Study area and species

The study was conducted in the BBE in southwest Buenos 
Aires province, Argentina. This wetland is characterized by 
extensive mudflats and marshes of Spartina spp. and Sali-
cornia ambigua. It is also home to large populations of N. 
granulata and C. angulatus crabs (Zalba et al. 2008). This 
wetland includes three protected areas: Reserva Natural de 
Usos Múltiples Bahía Blanca, Bahía Falsa, Bahía Verde 
(2600   km2); Reserva Natural Municipal Costera Bahía 
Blanca (3.1  km2); and Reserva Natural Islote de la Gaviota 
Cangrejera/Isla del Puerto (16.1  km2). Annually, the latter 
hosts the largest known breeding colony of Olrog’s gull (38° 
49′ S, 62° 16′ W). Comprising approximately 3500 pairs, 
this colony is distributed among subcolonies alongside the 
intertidal area (Yorio et al. 2013).

Within the study area, Olrog’s gulls commence egg laying 
in early September, with hatching taking place between late 
September and early October. The full fledging of chicks 
is completed by late December (La Sala et  al. 2011a). 
Although there are additional Olrog’s gull colonies in the 
region, they are notably smaller (Petracci and Sotelo 2013).

Sampling

The fieldwork was conducted at the Isla del Puerto breeding 
colony during the late incubation period of the 2015 breed-
ing season (November 1 through November 11). Given the 
difficult accessibility of the studied colony and the need 
to reduce human disturbance during the breeding period, 
a convenience sampling approach was employed. Coulson 

traps (Weaver and Kadlec 1970) were placed over active 
nests with at least one egg, ensuring easy access while mini-
mizing disturbance to other breeding adults. Hooding was 
used during animal manipulation to minimize stress on the 
birds. Following each capture, the trap was relocated to a 
different location, and only one adult Olrog’s gull per nest 
was captured. Each bird was fitted with metal and plastic 
leg bands with unique alpha-numeric identification codes 
to avoid recapture.

To determine the sex of each bird, the individuals were 
weighed with a handheld spring scale (nearest 10 g), and 
four measurements were recorded using a caliper: bill depth 
(at the proximal edge of the nostrils; nearest 0.01 mm), tar-
sus length (from joint between the tarsus and toes to the 
intertarsal joint; nearest 0.5 mm), head-bill length (from 
hindmost point of the head to the tip of the bill; nearest 
0.01 mm), and wing length (from carpal joint to the tip of 
the wing in naturally folded wing; nearest mm) (Eck et al. 
2011). Subsequently, the sex of each individual was deter-
mined through morphometric measurements, following the 
methodology recommended by Petracci et al. (2018).

GPS tracking

Seabirds exhibit a pattern of moving between profitable prey 
patches and decrease their movement upon reaching regions 
abundant in prey, as highlighted by Weimerskirch (2007). 
Consequently, monitoring seabirds can serve as an effective 
method to identify locations with high abundance of prey, 
as suggested by Piatt et al. (2007).

To assess the habitat utilization of Olrog’s gull, each indi-
vidual was equipped with a global positioning system (GPS) 
store-on-board logger (i-gotU GT-120, Mobile Action Tech-
nology). The devices were streamlined by repackaging them 
with rubber shrink tubes, and were affixed to the bird’s dor-
sal mantle cover feathers using adhesive tape (3M™ Vinyl 
Duct Tape 3903). Recording intervals for time and position 
were set at every 11 s.

It is acknowledged that externally attached devices can 
influence the behavior, time allocation, and energy budget 
of birds (Elliott et al. 2007; Vandenabeele et al. 2012). How-
ever, studies using GPS technology on other gull species 
suggest minimal impact on weight, breeding success, and/
or survival (Masello et al. 2013; Camphuysen et al. 2015; 
Thaxter et al. 2016).

In this study, potential adverse effects of GPS on the 
studied birds were mitigated by using small tags (20 g, 
including attachment), representing only 2.6% and 2.2% of 
the average body mass of the captured females and males, 
respectively. Loggers were deployed on one member of 
each pair from 17 nests. Following release, the behavior 
of each gull was closely observed for any indications of 
disturbance, such as nest abandonment, aggression, or 
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interruptions in incubation. Each GPS device operated on 
the bird for approximately 24 h, after which the birds were 
recaptured, and the GPS units were removed for data trans-
fer. Only one GPS device could not be recovered, but both 
pair members were observed nesting normally, indicating 
that the GPS had no negative effects on this individual.

Movement analysis and habitat utilization

Contemporary techniques for estimating home ranges 
go beyond merely measuring the size of an area. They 
also assess the intensity with which animals use different 
areas within their home range. This utilization distribution 
(UD), as introduced by Worton (1989), provides a more 
detailed understanding of how animals distribute their 
activities across different parts of their habitat.

In this context, dynamic Brownian bridge movement 
models (dBBMM) were selected over the traditional ker-
nel method (Worton 1989), based on their superior ability 
to accommodate the autocorrelated nature of telemetry-
derived data. Unlike the kernel method, the dBBMM 
ground their kernel density estimations on the entire move-
ment path rather than relying solely on individual location 
estimates (Horne et al. 2007; Kranstauber et al. 2012). In 
addition, the dBBMM employ Brownian motion variance 
as a measure for behavioral state. This one-dimensional 
measure offers the advantage of simultaneously captur-
ing changes in both turning angles and speed, enhancing 
the method’s sensitivity to nuanced behavioral patterns 
(Kranstauber et al. 2012). This method has been acknowl-
edged for its versatile potential, as demonstrated in eco-
logical studies (e.g., Farmer et al. 2010; Jones et al. 2017; 
Cerecedo-Iglesias et al. 2023), assessments of the efficacy 
of marine reserves for marine birds (Mason et al. 2018), 
and disease outbreak investigations (Takekawa et  al. 
2010).

In the present study, the analysis was conducted using 
the “move” package (Kranstauber et al. 2012) of R (R Core 
Team 2022). The parameters used included an error toler-
ance of 10 m, a time step of 5 min, a margin encompass-
ing 21 locations, and window sizes set at 43, in accord-
ance with the methodology outlined by Kranstauber et al. 
(2012). The GPS locations falling within the boundaries of 
the breeding colony were excluded from subsequent analy-
ses. Graphics were created using the “ggplot2” package 
(Wickham 2016) of R, and mapping was conducted using 
Quantum GIS (QGIS Development Team 2023). 

Due to the limited availability of information on the for-
aging temporal pattern for the studied species, and despite 
the brief tracking period (mean: 24.2 h) used in the present 
research, the results of a descriptive analysis are presented.

Identification of foraging areas

To identify the optimal percentage of UD that effectively 
enclosed the FAs, a receiver operating characteristic curve 
(ROC) analysis was conducted to avoid relying on arbitrary 
thresholds (Delong et al. 1988; Elith et al. 2006). A subset 
of randomly selected gulls, comprising two males and two 
females to mitigate potential biases linked to the birds’ sex, 
was used for this analysis. The GPS locations of this subset 
were classified as FAs (n = 201 areas) or non-foraging areas 
(NFAs; n = 103 areas) by way of expert opinion (Petracci 
and La Sala, pers. comm.). Subsequently, 101 values ranging 
from 0 to 100% were used as threshold levels in each of the 
corresponding UD, and the threshold that exhibited optimal 
discrimination between FAs and NFAs was chosen. Evalu-
ation of classification performance involved metrics such as 
accuracy, sensitivity, and specificity. To ensure consistency, 
the threshold values selected for the four individual gulls 
were averaged, and this value was then uniformly applied 
across the UD models of all 14 studied gulls.

To visually represent FAs, minimum convex polygons 
(MCP) were constructed, encompassing the pixels asso-
ciated with each identified FA. In addition, the centroid 
of each MCP is displayed to enhance the examination of 
smaller FAs.

Foraging areas’ distribution and use

The total and percentage area corresponding to FAs located 
inside or outside any of the PAs were calculated. In addi-
tion, the difference in the proportion of protected FA used 
by males and females was assessed using a logistic regres-
sion model. The distance between each pixel classified as 
FA and the centroid of the breeding colony was calculated 
for each gull. Subsequently, the difference in traveled dis-
tance between sexes was estimated using a mixed-effects 
model that included each gull as a random intercept, using 
the “nlme” R package (Pinheiro and Bates 2000).

For a more interactive exploration of the results, a 
dynamic application was developed utilizing Google Earth 
Engine (Gorelick et al. 2017) through its JavaScript API 
(https:// lucia nolas ala. users. earth engine. app/ view/ olrog 
gull). This application facilitates a comprehensive and user-
friendly visualization of the spatial relationships and varia-
tions in foraging patterns among the gulls.

Results

Tracking and foraging patterns

In this study, GPS tags were operational for an average 
of 24.2 h (SD: 6.5; range: 14.8–40.2, n = 14 gulls). When 

https://lucianolasala.users.earthengine.app/view/olroggull
https://lucianolasala.users.earthengine.app/view/olroggull
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considering only locations outside the boundaries of the 
colony, a mean of 2743 (range: 961–6623) locations per 
gull was recorded. The accumulated tracking time for all 
the birds was 338.72 h (mean: 24.19; range: 15.83–40.87). 
The distribution of flight trajectories showed varying dis-
tribution among individuals and between sexes (Fig. 1; see 
web application for greater detail).

Our model showed that Olrog’s gulls use well-defined 
areas during their foraging trips. Each gull performed 
between one and four foraging trips and used between two 
and eight FAs (Table 1). We identified a total of 57 FAs 
distributed across the study area, 41 (72%) of which were 
located outside the limits of PAs, three (5%) overlapped 
partially with the latter, and 13 (23%) lay completely 
inside their boundaries. Also, eight (14%) of the FAs that 
were located outside PAs lay inside areas recently incorpo-
rated in the Western Hemisphere Shorebird Reserve Net-
work (WHSRN). Finally, 21 (37%) FAs were located along 
the northern shore of the BBE, in proximity to industrial 
and sewage effluents.

The mean home range (100% MCP) was larger (p = 0.002) 
for females (mean: 3082 ha; range: 1821–5030.4) compared 
to males (mean: 1211.8 ha; range: 440.5–1932) (Fig. 2). 
The mean size of FAs was 13.7% larger for females (mean: 
1.23 ha; SD: 0.875; range: 0.21–2.81) compared to males 
(mean: 1.07 ha; SD: 1.11; range: 0.04–3.07), but this dif-
ference was not significant (p = 0.758) (Fig. 3). On average, 
however, the odds of using FAs under protection were 35 
times larger for males than those for females (OR: 36.1; 
p = 0.037; males: 37.7%; females: 1.2%) (Table 2). Three 
FAs were located in artificial water bodies within the prem-
ises of two industrial plants (gulls OG0760 and OG0757), 
eight were under the direct influence of industrial wastewa-
ter discharge points (OG0763, OG0770, OG0756, OG0766, 
OG0767, and OG0771), and at least other four were adjacent 
to the main municipal sewage outfall (gulls OG0763 and 
OG0771) (see web application).  

The mean distance traveled by each gull between 
the nest and each foraging pixel was 8.32 km (range: 
2.6–15.1), and this distance was larger (p = 0.032) for 
females (mean: 10.9 km; SD: 4.52) compared to males 

Fig. 1  Foraging areas for male (black circles) and female (red cir-
cles) Olrog’s gull (Larus atlanticus) in the Bahía Blanca  Estuary, 
southwest Buenos Aires province, Argentina (map inset). The Olrog’s 

gull breeding colony on Isla del Puerto  (blue circle), sewage efflu-
ents (green diamonds), industrial area (green polygon), and protected 
areas (dashed red lines) are shown (color figure online) 
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(mean: 8 km; SD: 2.75) (Fig. 4). Foraging occurred dur-
ing night and day hours, and it was highly variable among 
individuals (Fig. 5).

The model classification process yielded an optimum 
threshold of 0.83 (range: 0.75–0.88), for which mean 
accuracy was 0.82 (0.74–0.95), mean sensibility was 
0.89 (range: 0.79–1), and mean specificity was 0.7 (range: 
0.39–0.94).

Discussion

The findings reveal a notable underrepresentation of 
Olrog’s gull FAs within protected areas in the BBE, 
Argentina. Specifically, more than 60% and nearly 100% of 
the FAs for males and females, respectively, were located 
outside PAs, and this strongly suggests a spatial mismatch 
between Olrog’s gull foraging activities and the existing 
PAs in the region.

Table 1  Number of locations 
outside the boundaries of 
the breeding colony, home 
range using minimum convex 
polygons (MCP) at 100% 
and 50%, foraging area (FA) 
identified using dynamic 
Brownian bridge movement 
models, number of foraging 
trips (FT), and number of 
foraging areas (no. of FAs) for 
male and female Olrog’s gull in 
the Bahía Blanca Estuary

Gull Sex Locations MPC 100 (ha) MPC 50 (ha) FA (ha) FT No. of FAs

GC0756 Male 4931 1915.7 949.43 1.88 1 4
GC0757 Female 2721 2929.27 1300.29 1.32 1 3
GC0758 Female 2364 5030.43 1779.15 0.61 2 3
GC0760 Male 6623 1316.67 1164.68 3.07 2 3
GC0761 Male 2558 777.4 152.32 0.88 1 3
GC0763 Female 1800 1820.88 242.97 0.21 2 8
GC0764 Female 3147 3520.3 1045.05 1.84 2 6
GC0766 Male 2342 1932.03 353.78 1.26 3 3
GC0767 Male 961 613.94 13.83 0.04 3 2
GC0768 Female 2697 1895.09 649.1 0.7 3 4
GC0769 Male 1041 1486.64 113.87 0.08 3 5
GC0770 Female 4697 2759.72 1540.23 2.81 1 6
GC0771 Male 1119 440.48 74 0.25 4 3
GC0772 Female 1400 3618.14 880.76 1.15 3 4

Fig. 2  Home range (ha) estimated for females (n = 7) and males 
(n = 7) of Olrog’s gull (L. atlanticus) in the Bahía Blanca  Estu-
ary. Boxes represent the first quartile  (lower  end), median (middle 
line), and third  quartile (upper  end). Whiskers show minimum and 
maximum values. Double asterisks represent statistically significant 
(p ≤ 0.01) differences between sexes

Fig. 3  Foraging area (ha) estimated for females (n = 7) and males 
(n = 7) of Olrog’s gull (L. atlanticus) in the Bahía Blanca  Estuary 
(BBE). Boxes represent the first quartile  (lower  end), median (mid-
dle line), and third quartile  (upper  end) quartile. Whiskers show 
minimum and maximum values. Non-significant difference between 
sexes is shown (NS)
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A handful of studies have addressed the foraging patterns 
and areas of Olrog’s gull in other regions during the breed-
ing season (Yorio et al. 2005; Suárez et al. 2012). However, 
to date, there were no studies addressing this topic in the 
BBE, which represents the most relevant breeding area for 
the species.

This study stands out as a unique contribution by filling a 
crucial knowledge gap and providing essential insights into 
the foraging ecology of Olrog’s gull in general and in the 
most important breeding area for the species in particular. 
Furthermore, this research successfully introduced the use of 
dBBMM as a novel approach for studying the foraging ecol-
ogy of this species. In addition, a dynamic web application 
was developed, providing scientists, managers, and deci-
sion makers with accessible and relevant information. This 
application serves as a valuable conservation tool, offering 
insights that can be used independently or synergistically 

with other resources for effective conservation and manage-
ment strategies.

Female Olrog’s gulls were observed to cover larger dis-
tances during their foraging flights compared to males. 
These variations in flight distance and habitat utilization 
might be attributed to sex-specific differences in habitat use 
and selection, as has been also found in other gull species 
(e.g., Camphuysen et al. 2015; Kazama et al. 2018; Navarro 
et al. 2010).

Previous research has suggested that mercury (Hg) con-
centrations in the feathers of adult Olrog’s gulls from this 
colony could have potential for long-term effects, with 
reported values largely falling within the toxic range for 
this metal in seabirds (La Sala et al. 2011b). Furthermore, 
gulls from the same colony have been found to carry patho-
gens of both human and animal origin, including Salmonella 
enterica var. typhimurium, Salmonella enterica serovar 
Gallinarum, and Escherichia coli (La Sala et al. 2014). In 
addition, prey items for Olrog’s gull, specifically crabs N. 
granulata and C. angulatus from some of the FAs identified 
in this study, were found to carry Clostridium perfringens 
type A in their gastrointestinal tracts (La Sala et al. 2015). 
This pathogen has been found to cause necrotic enteritis in 
both poultry and wild birds (Asaoka et al. 2004; Shojadoost 
et al. 2012). Given this background, our results raise addi-
tional concerns about the health risks for Olrog’s gull in 
the study area, particularly in FAs located near industrial 
effluents and sewage outfalls.

Olrog’s gulls used FAs located both inside and outside 
PAs, but unprotected FAs were considerably more common 
than protected ones. Moreover, the number of FAs exposed 
to the impacts of industrial activities or wastewater pollu-
tion raises additional concerns about their potential negative 
effects on this population.

Recently, new areas totaling 4760 ha were incorporated 
into the WHSRN. In our study, 14% of the FAs were located 
within these areas. However, despite their international 
importance for the conservation of shorebirds, these sites 
are not protected by law and remain vulnerable to future 
human-related activities.

In conclusion, our research underscores the necessity 
of intensifying policy efforts and implementing targeted 
conservation strategies to effectively protect FAs that 

Table 2  Foraging area (FA) for 
male and female Olrog’s gull in 
the BBE

Total and protected FA (ha) are reported as mean, standard deviation (SD), and range for males and 
females. Protected FA is also presented as percentage of the total FA

Total FA (ha) Protected FA (ha) Protected FA (%)

Sex Mean SD Range Mean SD Range Mean

Males 1.07 1.11 0.04–3.07 0.40 0.51 0–1.3 37.7
Females 1.23 0.88 0.21–2.81 0.01 0.02 0–0.06 1.16

Fig. 4  Distance (km) between the breeding colony and foraging 
areas (FAs)  for females (n = 7) and males (n = 7) of Olrog’s gull 
(L. atlanticus) in the Bahía Blanca  Estuary (BBE). Boxes represent 
the first quartile  (lower  end), median (middle line), and third quar-
tile (upper end). Whiskers show minimum and maximum values. Sin-
gle asterisk represents statistically significant (p ≤ 0.05) differences 
between sexes
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are crucial for Olrog’s gull, especially those lying outside 
the boundaries of currently PAs.
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