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ABSTRACT

Cho, D.-H., Jung, S.-M., Kim, D.-H., Kim, T.-W., Lee, S.-W., & Sung, H.-C. (2026). Offshore seaweed aquaculture provides key 
winter roosting habitats for Black-tailed Gulls Larus crassirostris in southwest Korea. Marine Ornithology, 54(2), 421–429. http://doi.
org/00.0000/0000-0000.00.0.0000

Roosts are sites that birds repeatedly use and that provide ecological benefits. Many coastal roosting sites for gulls, however, are increasingly 
being lost or degraded due to land reclamation and human disturbance. This degradation has created a need for gulls to seek alternative 
roosting opportunities. The province of Jeollanam-do, in South Korea, supports offshore aquaculture, characterized by floating infrastructure 
that may offer stable resting substrates. We evaluated whether these aquaculture structures function as floating roost sites for the Black-tailed 
Gull Larus crassirostris and assessed their potential to complement degraded coastal roost habitats. From 2021 to 2024, we tracked 38 adult 
Black-tailed Gulls using GPS loggers. Roosting behavior was defined as stationary location fixes with a movement speed of 0 km hr−1. Each 
roosting fix was initially assigned to a land-cover habitat category and subsequently overlaid with spatial polygons representing aquaculture 
facilities. We classified fixes according to the corresponding aquaculture category and the underlying land-cover type. Statistical analysis 
showed that during winter, roosting activity was concentrated on offshore aquaculture structures, particularly floating seaweed farms. In 
contrast, roosting during spring and summer was dominated by terrestrial and intertidal habitats. Diel patterns differed markedly, with 
daytime roosting primarily occurring in intertidal habitats and nighttime roosting shifting toward marine waters and floating seaweed farms. 
Overall, our findings identify offshore aquaculture as a roosting resource for Black-tailed Gulls and highlight an underrecognized ecological 
function of floating seaweed farms. Managing human disturbance and maintaining floating infrastructure during periods of peak winter use 
may therefore help sustain roosting opportunities in rapidly changing coastal landscapes.
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INTRODUCTION

Roosts are sites where birds settle to rest or sleep, often repeatedly and 
for extended periods (Eiserer, 1984). Communal roosting is widely 
thought to confer multiple benefits, including reduced thermoregulatory 
demands, decreased predation risk (through safety-in-numbers effects), 
and enhanced foraging efficiency via social information transfer 
(Beauchamp, 1999; Bijleveld et al., 2010; Eiserer, 1984; Ward & 
Zahavi, 1973). Because roost-site selection involves trade-offs, the 
availability and quality of roost sites can influence individual fitness 
and, ultimately, population persistence (Pearse et al., 2017; Walsberg, 
1986). Roost-site selection is typically shaped by a balance among 
predator avoidance, proximity to foraging areas, and exposure to 
human disturbance (Clark, DeStefano, et al., 2016; Cresswell, 1994; 
Rogers et al., 2006; Webb & Blumstein, 2005). Many seabirds use 
communal roosts, forming aggregations that range from small groups 
to thousands of individuals (Beauchamp, 1999; Eiserer, 1984). Within 
the family Laridae, large communal roosts on inland and coastal waters 
are widespread and may include thousands to tens of thousands of 
individuals (Gosler et al., 1995; Rao & Babu, 2021).

The Black-tailed Gull Larus crassirostris is commonly reported 
to roost in coastal environments that provide high accessibility 
to foraging areas and relatively safe conditions, such as marine 
waters and intertidal flats, as well as port infrastructure and other 
coastal structures (e.g., piers, breakwaters, and seawalls; Kim et 
al., 2021; Rao & Babu, 2021; Vernon & Walsh, 1966). Consistent 
with this pattern, roost-site modeling for Ring-billed Gulls Larus 
delawarensis and European Herring Gulls Larus argentatus has 
indicated that selection is associated with water-body size and 
proximity to an individual’s final daytime location (Clark, Koenen, 
et al., 2016). However, many coastal zones are increasingly 
exposed to multiple threats, including land reclamation, pollution, 
and human disturbance, which may reduce both the availability 
and suitability of sites (Hua et al., 2015; Ma et al., 2019; Santos 
et al., 2023). In particular, the southwestern coast of South Korea 
has experienced substantial losses of potential roosting habitat due 
to reclamation and coastal construction, and remaining sites are 
frequently subject to anthropogenic disturbance (Koh & Khim, 
2014; Lee et al., 2018). Accordingly, increasing emphasis has been 
placed on efforts to provide alternative roosting opportunities. 
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Under these circumstances, floating offshore roosting sites have 
been proposed as a means of supplementing available roost habitat 
in areas that may be less affected by coastal development, thereby 
offering seabirds more stable roosting conditions (East Asian–
Australasian Flyway Partnership, 2020; Watchorn et al., 2022).

South Korea is a peninsula with extensive coastline, providing 
favorable conditions for coastal use, coastal development, and 
offshore aquaculture (Hwang & Park, 2020; Jo, 2011). In particular, 
the province of Jeollanam-do on the southwestern coast supports 
intensive offshore aquaculture, with 5,501 licensed aquaculture 
operations covering a total area of 121,725  ha as of 2024 and 
producing a wide range of taxa, including seaweed and shellfish 
(Ministry of Oceans and Fisheries, 2025). Floating aquaculture 
practiced in deeper waters typically involves the extensive 
deployment of surface structures, such as buoys and cages, which 
can provide stable roosting substrates for seabirds using offshore 
waters and therefore have the potential to function as roosting sites. 
Consistent with this potential, gulls have frequently been observed 
roosting on aquaculture buoys across multiple systems (Comeau 
et al., 2009; Hong & Lee, 2011; Kim et al., 2021; Roycroft et 
al., 2007). Moreover, aquaculture types that are accessible to 
seabirds have been reported to be associated with higher seabird 
abundance and diversity (Scridel et al., 2020). Nevertheless, 
although aquaculture may represent a poorly understood hotspot for 
seabird biodiversity, evidence-based evaluations of its conservation 
value remain limited (Barrett et al., 2019; Kirk et al., 2007).

The Black-tailed Gull is a medium-sized seabird widely distributed 
across the East Asian–Australasian Flyway (EAAF), with all life-
history stages—including breeding, wintering, and non-breeding 
periods—occurring in coastal or marine areas of Korea, China, 
Japan, and Russia (Kang et al., 2024; Kazama et al., 2013; Lee & 
Lee, 2024; Xia et al., 2023). The species is also among the most 
common seabirds observed in coastal and marine waters of the 
Yellow Sea, making it a suitable model for evaluating changes in 
coastal habitat availability and offshore space use (Kim et al., 2014; 
Moores, 2012; Yang et al., 2011). However, the extent to which 
offshore aquaculture structures function as seasonal roosts for 
Black-tailed Gulls in the Yellow Sea, as well as the conditions under 
which they are used, remains poorly quantified.

Accordingly, this study evaluates whether offshore aquaculture 
in Jeollanam-do can function as a seasonal roosting habitat for 
Black-tailed Gulls. Specifically, we assess the potential for these 
aquaculture structures to serve as floating roosting sites (i.e., 
stable roosting substrates at sea) and examine their role as offshore 
roosting habitats that may complement limited or disturbed coastal 
roosts.

METHODS

From 2021 to 2024, we captured 38 adult Black-tailed Gulls along 
the western coast of the Korean Peninsula. All captures were of 
adults and were conducted using a cannon net. Following capture, 
each bird was placed individually in a cloth bag and immediately 
transported to the nearest handling station. There, we weighed each 
bird and attached a solar-powered GPS logger (WT-300; KoEco 
Inc., Daejeon, South Korea) weighing <  5% of body mass to 
minimize potential adverse effects (Kenward, 2000). Loggers were 
mounted as backpacks using a harness made of Teflon ribbon. All 
birds were released within 30 min of capture and exhibited normal 

behavior after release. GPS fix intervals were programmed at 1 hr 
(n  =  1), 2  hr (n  =  35), and 4  hr (n  =  2). To improve positional 
accuracy, we excluded GPS fixes with a dilution of precision 
(DOP) value > 5 (Moen et al., 1997; Rempel et al., 1995). Roosting 
behavior was inferred by classifying GPS fixes with a recorded 
speed of 0 km hr−1 that occurred within suitable roosting habitat as 
roosting fixes.

To assess whether offshore aquaculture structures function as 
roosting sites in the marine waters of Jeollanam-do, we extracted 
tracking locations occurring between the Jeollanam-do coastline and 
the boundary of South Korea’s territorial sea. Offshore aquaculture 
facilities in the region were categorized into seaweed, shellfish, 
and integrated farms based on data for 2023 provided by the 
Korea Hydrographic and Oceanographic Agency (Fig. 1).  Because 
aquaculture methods differ in their capacity to provide perching 
surfaces, facilities were further classified into the following types: 
seaweed farms (floating type), seaweed farms (stilt type), shellfish 
farms (floating type), shellfish farms (bottom type), integrated 
farms (floating type), and integrated farms (bottom-stilt type). 
Floating types typically include buoy-based structures and/or cages 
that provide exposed surfaces suitable for perching (e.g., buoys and 
cage frames), whereas stilt- or bottom-based methods generally do 
not provide suitable perching substrates (Fig. 2). Accordingly, each 
roosting fix was assigned to an aquaculture type when the location 
fell within the boundaries of an aquaculture facility.

To examine monthly and diel (day–night) differences in roost-
habitat use, we reclassified the land-cover map for 2023 provided 
by the Korean Ministry of Environment (MOE) into nine habitat 
categories: built-up, agriculture, bare land, grassland, tree cover, 
wetland, intertidal, freshwater, and marine water.  For each roosting 
fix, the underlying land-cover class was first extracted and then 
overlaid with a spatial layer of aquaculture facilities (Fig. 3). If a 
fix overlapped an aquaculture feature that provided above-water 
perching structures, we assigned it to the corresponding aquaculture 
type. Fixes overlapping aquaculture features considered unsuitable 
for perching (e.g., stilt or bottom types) were not assigned an 
aquaculture category and were instead classified according to the 
underlying land cover (intertidal or marine water). Because sunrise 
and sunset times vary seasonally, we defined day and night using 
daily sunrise and sunset times (Korea Standard Time) calculated 
with the getSunlightTimes function in the “suncalc” package of 
R (Thieurmel & Elmarhraoui, 2019). Daytime was defined as the 
period between sunrise and sunset, and nighttime as the period 
between sunset and the subsequent sunrise.

We used chi-square tests of independence to assess whether 
the composition of roost-habitat types differed among months 
and between day and night. When significant differences were 
detected, we conducted pairwise post hoc comparisons using 
the pairwiseNominalIndependence function in the “rcompanion” 
package of R to identify month pairs and diel periods that differed 
in habitat use (Mangiafico, 2017).

RESULTS

The habitat-type composition of roosting fixes differed significantly 
among months (χ2  =  32,702, df  =  121, p  <  .001; Fig.  4). Post 
hoc pairwise comparisons indicated significant differences in 
habitat-type composition among multiple month pairs (all p < .05). 
Standardized residuals revealed pronounced seasonal shifts in roost-
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Fig. 1. Spatial distribution of offshore aquaculture farms within the territorial sea of Jeollanam-do, South Korea, in 2023 (top); the inset map 
at top right shows the region in relation to South Korea. Aquaculture types are distinguished by color: seaweed farms (stilt and floating), 
shellfish farms (bottom and floating), and integrated farms (bottom-stilt and floating). Panels A–D (bottom) present enlarged views of 
selected hotspots, illustrating fine-scale farm configurations.
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habitat use. Grassland was strongly overrepresented in April and 
May (standardized residuals = +43.83 and +55.09, respectively; 
Fig. 4). Intertidal habitat use peaked in July and August (standardized 
residuals = +30.24 and +42.98, respectively; Fig.  4). In contrast, 
floating seaweed farms were markedly overrepresented during 
winter (November–February; standardized residuals = +23.18 to 

+54.63; Fig. 4) and strongly underrepresented from spring to early 
autumn (April–September; standardized residuals = −22.99 to 
−41.69; Fig. 4).

Habitat-type composition also differed significantly between day and 
night (χ2 = 19,283, df = 11, p < .001; Fig. 5). Daytime roosting fixes 

Fig. 2. Photographs of representative offshore aquaculture farm structures in the study area in Jindo-gun, Jeollanam-do, South Korea, taken 
in December 2024. (A) Seaweed farm (floating type), (B) Seaweed farm (stilt type), and (C) Shellfish farm (floating type). Shellfish farms 
(bottom type) are not shown because this method relies on intertidal seeding (broadcasting) and lacks above-water structures. Integrated 
farms are omitted because their surface structures are not readily distinguishable in photographs. Photo credits: Dae-Han Cho

Fig. 3. GPS locations of Black-tailed Gulls Larus crassirostris (n = 38) recorded from June 2021 to December 2024 within the territorial sea 
of Jeollanam-do, South Korea, overlaid on offshore aquaculture farms. Panels A–C show representative examples of gull locations associated 
with floating-type farms: (A) seaweed farms, (B) integrated farms, and (C) shellfish farms.
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were strongly overrepresented in intertidal habitats (standardized 
residual = +109.19; Fig. 5). In contrast, nighttime roosting fixes were 
overrepresented in marine waters (standardized residual = +82.06) 
and floating seaweed farms (standardized residual = +67.01; Fig. 5).

DISCUSSION

Most studies of roost-site use have relied on visual surveys of 
known or suspected roosts, which are effective for characterizing 
sites that are already recognized. In contrast, satellite telemetry 
enables the tracking of individual gulls across broad spatial and 

temporal scales, thereby revealing both known roosts and previously 
undocumented roosting areas (Clark, DeStefano, et al., 2016). 
Using this approach, we documented previously underreported 
use of offshore aquaculture structures by Black-tailed Gulls and 
demonstrated that this use varies seasonally and extends into the 
nocturnal period. Our analyses revealed a clear temporal structure 
in roost-habitat use by Black-tailed Gulls in the marine environment 
of Jeollanam-do. The habitat-type composition of roosting fixes 
differed markedly among months and between day and night, 
indicating that roosting is not confined to a single habitat class but 
instead shifts predictably across the annual cycle and diel period.

Fig. 4. Heatmap of the standardized residuals from the chi-squared test of independence based on the contingency table between months and 
habitat types. Residuals of habitat use by Black-tailed Gulls Larus crassirostris in the Jeollanam-do, South Korea, study area within each 
month are displayed in the cells, with blue indicating positive residuals (observed > expected), near-white indicating residuals close to zero 
(observed ≈ expected), and red indicating negative residuals (observed < expected). Color intensity increases with the absolute value of the 
residual, reflecting the relative contribution of each cell to the overall chi-squared statistic.

Fig. 5. Heatmap of the standardized residuals from the chi-squared test of independence based on the contingency table between diel period 
and habitat types. Residuals of habitat use by Black-tailed Gulls Larus crassirostris in the Jeollanam-do, South Korea, study area within each 
diel period are displayed in the cells, with blue indicating positive residuals (observed > expected), near-white indicating residuals close to 
zero (observed ≈ expected), and red indicating negative residuals (observed < expected). Color intensity increases with the absolute value of 
the residual, reflecting the relative contribution of each cell to the overall chi-squared statistic.
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The pronounced seasonal shifts in roost-habitat use likely reflect 
both seasonal variation in habitat availability and the advantages of 
minimizing commuting costs between foraging and roosting areas. 
Proximity to major feeding grounds is a key determinant of roost 
site selection because it directly constrains the time and energy 
budgets associated with daily movements (Clark, DeStefano, et 
al., 2016; Rogers et al., 2006). For example, roost-site modeling 
of Ring-billed Gulls and European Herring Gulls demonstrated 
that roost selection was associated with water-body size and 
proximity to an individual’s final daytime location, highlighting the 
importance of minimizing movement costs when selecting roost 
sites (Clark, DeStefano, et al., 2016).

April–May corresponds to the breeding season of Black-tailed 
Gulls, during which individuals typically forage in nearby coastal 
and marine areas and return to breeding sites to rest (Orians & 
Pearson, 1979; Ronconi et al., 2022). Accordingly, the relatively 
high use of bare land and grassland during April–May likely 
reflects increased use of breeding-site habitats. However, some 
stationary fixes (speed  = 0  km  hr−1) recorded during this period 
may represent a mixture of resting and breeding-related behaviors, 
such as incubation or chick-rearing. July–August corresponds to the 
post-breeding season, and the increased use of intertidal habitats 
during this period likely reflects the importance of intertidal flats as 
foraging areas during the non-breeding stage. Larus gulls are known 
to forage extensively on intertidal flats during the post-breeding 
period, where prey such as small fish and benthic invertebrates are 
often abundant and relatively predictable (O’Hanlon et al., 2022; 
Xia et al., 2023). Staying close to these intertidal foraging grounds 
may allow individuals to combine feeding and roosting while 
reducing commuting costs, thereby supporting energetic recovery 
and maintenance of body condition following breeding.

In contrast, during winter, many gulls forage predominantly 
offshore, often exploiting fishery-related resources by following 
fishing vessels (Gimeno et al., 2023; Sommerfeld et al., 2016). 
For individuals that forage far from land, using floating structures 
at sea as roosting substrates may reduce commuting distances and 
associated time and energetic costs compared with returning to 
coastal roosts. This mechanism is likely reinforced by the seasonal 
availability of offshore aquaculture infrastructure. In Korea, seaweed 
aquaculture typically begins when seawater temperatures fall below 
approximately 22 °C (with regional variation, often in late October), 
and surface structures are maintained through winter into early 
spring (Hwang & Park, 2020). This operational cycle increases the 
winter availability of exposed above-water structures, such as buoys 
and frames, potentially providing stable and predictable resting 
substrates at sea. Accordingly, the strong winter association with 
floating-type seaweed farms observed in our study likely reflects 
the suitability of these structures as offshore roosting sites.

Daytime roosting was concentrated in intertidal habitats, whereas 
nighttime roosting was more strongly associated with marine 
waters and floating-type seaweed farms. This elevated nocturnal 
use of offshore habitats is consistent with previous findings (Lee 
et al., 2023). The observed diel differences may reflect constraints 
imposed by reduced visibility. Gulls rely heavily on visual cues 
to locate food and detect potential predators (Beauchamp, 2009; 
Cantlay et al., 2025; Lucas et al., 2024). During daylight, gulls 
can more readily perceive and avoid anthropogenic disturbance 
and predation risk, whereas at night, limited visual information 
may increase perceived risk near land and promote greater use 

of offshore areas (Hébert & McNeil, 1999; Rock et al., 2016; 
Shamoun-Baranes et al., 2011). In addition, some gulls continue 
to forage at night, and artificial light, such as fishing-vessel lights 
used to attract fish, can facilitate visually guided foraging under 
otherwise low-light conditions (Arcos & Oro, 2002; Garthe & 
Hüppop, 1993; Poot, 2003). Accordingly, individuals that forage 
offshore at night may reduce commuting to land and instead 
rest on nearby floating structures at sea, including seaweed-farm 
infrastructure. Therefore, the nighttime association with marine 
waters and floating-type seaweed aquaculture structures observed 
in our study likely reflects a combination of reduced exposure to 
land-based disturbance or predation risk and, for some individuals, 
proximity to nocturnal foraging opportunities.

In contrast, gulls used shellfish and integrated aquaculture types 
more frequently during the daytime. This daytime association 
may reflect both direct predation on farmed organisms and 
indirect increases in foraging opportunities resulting from the 
aggregation of fish and invertebrates around aquaculture structures. 
For example, opportunistic seabirds, including gulls, have been 
reported as common predators around finfish sea-cage farms, and 
predator presence can vary temporally in relation to farm activities 
such as harvesting (Barrett et al., 2019; Díaz López, 2017). More 
broadly, shellfish and finfish farms may attract wild fish and 
generate locally enhanced prey fields, potentially increasing the 
attractiveness of aquaculture sites to opportunistic seabirds (Callier 
et al., 2018; Veggerby et al., 2024). However, further research 
is needed to identify the dominant mechanisms underlying this 
daytime association and to evaluate its ecological consequences, 
ideally by integrating behavioral observations with diet analyses 
and prey-field assessments.

We found that Black-tailed Gulls concentrated their use of floating-
type seaweed farms during winter. Together, these patterns indicate 
that offshore aquaculture structures, particularly floating seaweed-
farm infrastructure, can function as seasonally important roosting 
habitat that complements coastal roost options. This role may 
be especially important in regions where coastal roost sites are 
increasingly constrained by land reclamation, coastal development, 
and human disturbance, such that offshore structures can partially 
offset seasonal limitations in coastal roost availability. Because 
Black-tailed Gulls typically roost in flocks (Gosler et al., 1995; Rao 
& Babu, 2021), the number of individuals using these structures is 
likely greater than the number detected in our telemetry sample. 
Therefore, minimizing disturbance to floating seaweed-farm 
infrastructure during winter may help maintain stable communal 
roosting opportunities.

It is plausible that Black-tailed Gulls have used offshore aquaculture 
structures as roosting sites for many years. Under the “win–stay, 
lose–switch” rule, animals continue to return to familiar sites 
until they experience a negative outcome, after which they shift to 
alternative sites (Switzer, 1993). This behavioral rule is particularly 
evident in long-lived seabirds and provides strong empirical support 
for experience-based site fidelity (Danchin et al., 1998; Robert 
et al., 2014). Given the high site fidelity often observed in gulls, 
individuals may repeatedly use the same aquaculture structures 
during winter. Such fidelity can confer fitness advantages under 
stable or predictable environmental conditions, thereby promoting 
individual survival and population growth (Piper, 2011). However, 
strong reliance on familiar sites can become a liability when habitat 
quality declines or sites are lost, potentially limiting behavioral 
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flexibility and increasing vulnerability to rapid environmental 
change (Merkle et al., 2022; Regan et al., 2024). Therefore, 
conserving and managing currently used aquaculture structures and 
surrounding waters in Jeollanam-do may contribute to maintaining 
stable roosting opportunities for Black-tailed Gulls.

Incentive-based management approaches, such as payments 
for ecosystem services, have been proposed as mechanisms 
to compensate aquaculture operators for ecosystem services, 
including habitat-related benefits, and could potentially enhance 
the conservation value of offshore aquaculture infrastructure by 
incentivizing the retention of floating structures beyond harvest. 
For example, Dai et al. (2021) reported that an eco-compensation 
program enabled the temporary rental and water-level management 
of aquaculture ponds during non-farming periods, resulting in 
positive responses in waterbird abundance and diversity with 
relatively simple interventions. Building on this principle, retaining 
floating seaweed-farm structures beyond the harvest period may 
provide additional roosting opportunities not only for gulls but also 
for migratory shorebirds during spring and autumn. Preliminary 
observations from the Jeung-do tidal flat (in Jeollanam-do) suggest 
that up to 94% of shorebirds present during high tide roosted on 
floating-type seaweed-farm structures in March and that the number 
of individuals declined markedly following structure removal in 
early April (Cho, 2024). Although these patterns require formal 
validation, they highlight the potential for offshore aquaculture 
infrastructure to function as an important roosting resource for 
seabirds.

Although studies of seabirds in aquaculture systems have generally 
focused on nonlethal deterrence to reduce predation and associated 
economic losses (Ross et al., 2001; Scridel et al., 2020; Varennes 
et al., 2013), our results indicate that aquaculture structures can 
also function as important roosting sites. We therefore encourage 
future research to quantify the broader conservation implications of 
aquaculture structures across seabird taxa.
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