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Simple Summary: Gulls are known for their adaptability and can navigate various environments
from coastal and inland areas to marine spaces. Despite extensive studies using GPS tracking devices
to explore the habitat use and flight patterns of numerous gull and other bird species, little such
research has focused on the widely-distributed black-tailed gulls (Larus crassirostris) inhabiting the
Korean Peninsula. To fill this gap in our understanding, our study employed GPS trackers to analyze
the flight behavior and habitat use of black-tailed gulls. Our results unveiled distinct ranges of activity
and flight altitudes that were influenced by both season and region. These findings suggest that the
flight behavior of black-tailed gulls is responsive to environmental changes. Our study contributes
fundamental data on the flight behavior of black-tailed gulls.

Abstract: In this study, GPS trackers were attached to black-tailed gulls (Larus crassirostris) breeding
on five islands in Republic of Korea during April and May 2021, and their flight frequency, behavioral
range, and flight altitude were compared during and after the breeding season. During the breeding
season, the flight frequency was lowest on Dongman Island (28.7%), where mudflats were distributed
nearby, and the range of activity was narrow. In contrast, it tended to be high on Gungsi Island
(52%), where the breeding colony was far from land, resulting in a wider range of activity. Although
the flight frequency on Dongman Island increased post-breeding season (42.7%), it decreased on
other islands. The mean flight altitude during the breeding season was lowest on Dongman Island
and highest on Napdaegi Island. In most breeding areas, the mean flight altitude during the post-
breeding season was higher than that during the breeding season. However, the lead flight altitude
was lower during the non-breeding season compared to that in the breeding season. The home range
expanded after the breeding season, with no significant difference in lead time between the breeding
and non-breeding seasons. Our findings reveal that black-tailed gulls exhibit varying home ranges
and flight altitudes depending on season and geographical location. As generalists, gulls display
flexible responses to environmental changes, indicating that flight behavior adapts to the evolving
environment over time and across regions.

Keywords: black-tailed gull; flight height; home-range; GPS tracking

1. Introduction

Birds employ various flight strategies for each individual flight and consume a consid-
erable amount of energy in the process [1]. Therefore, many bird species exhibit diverse
flight patterns that are influenced by their primary activities, such as feeding, transporting
food, moving between habitats, and migrating [1,2]. Gulls of the genus Larus are the top
predators in marine ecosystems, showing adaptability by consuming various food sources
and modulating their habitats according to food availability [3-7]. They, like other birds,
employ flight strategies aimed at minimizing the energy required for flight, and these
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strategies are influenced by various factors, including environmental characteristics within
their habitat, weather conditions, and the purpose of the flight (e.g., foraging, etc.) [1].

Studies on habitat use, migration, home ranges, and related movement patterns have
been documented with advancements in GPS tracking technology [8-10]. GPS devices
provide comprehensive information on flight behavior, including flight speed, altitude,
and direction, resulting in numerous studies investigating the flight behavior of many
species [11]. Gulls are among the birds that extensively utilize marine space, and there
is active research employing GPS to analyze the impact of offshore wind power farm
operations on their habitat usage and the potential for collisions [12-14].

Black-tailed gulls (Larus crassirostris) are a medium-sized species inhabiting East Asia.
Approximately 1,000,000 black-tailed gulls exist [15], maintaining a stable population
size [16]. However, this species is locally distributed in East Asia and may be vulnerable to
habitat damage and rapid environmental change [17]. Black-tailed gulls breed on islands
adjacent to the mainland of Republic of Korea, China, and Russia, as well as at locations
tens of kilometers away [17-21]. In the Korean Peninsula, most breeding habitats are
located along the western and southern coasts [18]. Studies have explored how these gulls
use various environments such as coastal areas, mudflats, estuaries, and wetlands during
the non-breeding season [21-23]. Black-tailed gulls are generalists that adapt their habitats
and flight patterns in response to seasonal and regional changes [24,25].

Black-tailed gulls are the most common breeding birds along the west coast of the
Korean Peninsula, and studies have explored their ecological characteristics. However, the
majority of these studies were focused on aspects such as reproduction, kin recognition, and
heavy metal contamination [21]. Recently, studies employing GPS trackers on black-tailed
gulls have started to emerge, however, most of these studies primarily focus on migration
routes and analysis of their home range [26-30]. However, as offshore wind farms are
planned to be built in the waters around islands where this species breeds, information
on their flight behavior and habitat use is needed to conserve their populations [31-33].
Therefore, in this study, we investigated the impact of seasonal and geographical changes
on the flight altitude of black-tailed gulls from five breeding colonies in Republic of Korea
by analyzing the relationship between flight altitude and speed using GPS trackers.

2. Materials and Methods
2.1. Study Sites

GPS tracking devices were deployed on 84 black-tailed gulls on five islands (i.e., five
breeding colonies) situated along the west coast of Republic of Korea with the following
distributions: 17 on Bulmugi Island, 16 on Dongman Island, 16 on Gungsi Island, 16 on
Nando Island, and 19 on Napdaegi Island. Bulmugi Island (34°45'32" N, 126°13'27" E),
located in the southwestern Yellow Sea, has an area of 32,590 m?, an altitude of 23 m, and
is situated 4.7 km from the mainland. Herbaceous plants dominate the island, and its
perimeter is encircled by rocks. Approximately 2700 pairs of black-tailed gulls breed on
Bulmugi Island.

Dongman Island (37°32'42" N, 126°16/21" E), situated in the northwest of the Yellow
Sea in Republic of Korea, covers an area of 82,314 m?. At an altitude of 93.9 m above sea
level, it is the closest to the mainland among the surveyed areas at a distance of 3.0 km. The
island is predominantly covered by woody plants at its center, while sand and mud flats
are widespread. Most black-tailed gulls breed along the edges of islands [21].

Gungsi Island (36°40'02"” N, 126°02'06" E), located in the middle-west of the Yellow
Sea, has the largest area among the surveyed islands, covering 146,051 m?. It is 24 km from
land at an altitude of 85 m above sea level. Herbaceous plants such as sedges and rapeseed
dominate the island. Despite being uninhabited, Gungsi Island is frequently visited by
people and among the surveyed locations is an area where black-tailed gulls have recently
begun breeding.

Nando Island (36°39'36” N, 125°49'25" E), adjacent to Gungsi Island and located in
the middle-west of the Yellow Sea, has an area of 47,603 m? and is situated 27 km from
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land. The island’s altitude is 80 m above sea level, and while sandgrass dominates most of
the island, cliffs characterize its edges. Designated and managed as a natural monument,
Nando Island has limited access for people [21].

Napdaegi Island (35°15'57" N, 126°13/17" E), located in the southwest of the Yellow
Sea, covers an area of 7645 m? and is 8.0 km away from the mainland. Milsaceae dominate
the island with scarce woody plants. The slope is gentle, resulting in less vegetation than
that in other areas. Consequently, ample soil is exposed, providing breeding grounds for a
small number of yellow-billed egrets and black-faced spoonbills.

2.2. Attaching GPS Trackers

To study the flight patterns of black-tailed gulls during a large portion of the breeding
season, fieldwork was conducted at the breeding colony from 29 April to 5 May 2021 by
capturing birds during the early incubation stage. The capture method involved the use of a
claptrap, a discrete device consisting of a cloth-covered square steel frame equipped with a
spring-trigger mechanism at its center. This trap is particularly suited for capturing nesting
adult birds because of its small size and minimal noise production, ensuring minimal
disturbance to nearby breeding black-tailed gulls.

Following capture, the black-tailed gulls were secured for the subsequent attachment
of a solar-powered GPS tracker. The weight of the GPS tracker adhered to a critical
guideline, recommended to be less than 3-5% of the bird’s body weight. To adhere to
this recommendation, a 20 g GPS tracker was affixed to individuals weighing over 500 g,
whereas a 10 g GPS tracker was attached to those weighing less than 500 g.

Following the method suggested by Thaxter et al. [34], which highlights a harness
method using strings and hooks as a non-intrusive attachment technique that does not com-
promise survival and flight efficiency, GPS trackers were secured to the black-tailed gulls.
Tubular Teflon strings and rings were employed in the harness method, with adjustments
made for individual variations in shape and size.

The attached GPS tracker was configured to collect data at intervals of 30 min to 1 h,
depending on the remaining battery level and time, and to transmit this information once a
day. The collected data included location coordinates, altitude, speed, and time. To ensure
the accuracy and reliability of the dataset, information recorded in regions where no black-
tailed gulls typically travel, such as polar regions, flight altitudes exceeding 1000 m above
sea level and speeds exceeding 100 km/h were excluded from the subsequent analysis.
This methodological approach aimed to capture a representative dataset of flight behavior
in black-tailed gulls during the breeding season while minimizing any potential adverse
impacts on the study subjects.

2.3. Flight Behavior

The analysis used GPS coordinates collected from May to December 2021. The breed-
ing season was defined as May, marking the initiation of breeding activities, until July, when
black-tailed gulls typically vacate their breeding grounds. The post-breeding period was
from August, following the completion of most breeding activities, to December, preceding
their return to the breeding grounds.

To estimate space use, we used kernel density estimation (KDE) which is a method
often used when analyzing tracking data, e.g., [8,10].

The speed at the time of data collection served as a key indicator for predicting bird
behavior. Following the method proposed by Ross-Smith et al. [12], the analysis classified
behaviors into three primary types: sitting, standing, or floating was recorded at <1 km/h;
swimming or walking was recorded at 1-4 km/h; and flying was recorded at >4 km/h.

2.4. Statistical Analysis

The Shapiro-Wilk test was employed to assess the normal distribution assumption for
all independent variables. Considering that each variable met the assumption of normal
distribution, parametric tests were deemed appropriate for subsequent analyses. Factors
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influencing the flight altitude of black-tailed gulls were explored using generalized linear
models (GLMs). Altitude served as the dependent variable when the birds were in flight
and was defined as moving at a speed over 5 km/h. Flight speed, time (breeding and
post-breeding seasons), and breeding colonies were designated as independent variables.
Additionally, to investigate potential variations in flight speed between the breeding and
post-breeding seasons due to brooding behavior, an interaction variable was included. The
GLM analysis was conducted using the GLM package in R. Model selection was based on
the corrected Akaike information criterion (AICc), and the model exhibiting the lowest
AICc value was selected as the final model [35].

Home range was calculated using the kernel density estimation feature in the adehabi-
tatHR R package [36].

A t-test was employed to compare differences in flight altitudes between the defined
periods, and a one-way ANOVA test with post-hoc Tukey HSD was conducted to compare
flight altitudes across different regions. R version 4.2.1 [37] was used for all statistical
analyses. Results are presented as mean =+ standard error.

3. Results
3.1. Flight Frequency

A total of 84 tracking devices were attached and 73 were used for analysis, excluding
16 tracking devices whose tracking period was too short due to death or interruption of
reception, with the following distribution: 15 on Bulmugi Island, 14 on Dongman Island,
12 on Gungsi Island, 20 on Nando Island, and 13 on Napdaegi Island. Subsequently,
2,331,675 GPS data points were collected: 556,284 on Bulmugi Island, 242,169 on Dongman
Island, 431,421 on Gungsi Island, 463,733 on Nando Island, and 638,068 on Napdaegi Island
(Table 1).

Table 1. Number of black-tailed gulls deployed with GPS trackers; breeding season tracking data for
the five Korean islands from May to December 2021.

Breeding Colony Number of Devices Breeding Post-Breeding Total
Bulmugi 15 251,440 304,844 556,284
Dongman 14 116,721 125,448 242,169
Gungsi 12 245,455 185,966 431,421
Nando 19 217,430 246,303 463,733
Napdaegi 13 301,497 336,571 638,068
Total 73 1,132,543 1,199,132 2,331,675

During the breeding season (May to July in 2021), flight frequency varied across the
Islands. Gungsi Island had the highest frequency at 52%, followed by Bulmugi Island
at 46.0%, Napdaegi Island at 43.8%, Nando Island at 34.2%, and Dongman Island at
28.7%. In the post-breeding season (August to December in 2021), Dongman Island had
the highest flight frequency (42.7%), followed by Bulmugi Island (39.5%), Gungsi Island
(37.6%), Napdaegi Island (30.96%), and Nando (28.6%) (Figure 1).

3.2. Model Selection

A GLM was used to analyze the effects of breeding colony, flight speed, and time on
the flight altitude of black-tailed gulls. Eleven candidate models were selected for this
study. Among these, the global model encompassing all independent variables and the
model excluding flight speed, colony, and season exhibited the lowest AIC values.

When colony, speed, and season were excluded, there was no decrease in the model
fit. However, in the model where variables representing interaction effects, such as
colony X speed, colony x season, and season x speed were removed, the model’s ex-
planatory power decreased significantly (Table 2).
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Figure 1. Differences in flight frequency of black-tailed gulls by period and region on five islands
(Bulmugi, Dongman, Gungsi, Nando, and Napdaegi) on the west coast of Republic of Korea. Note
that the breeding period was from May to July in 2021 and the post-breeding period was from August
to December in 2021.

Table 2. Comparisons of the better fitted models for factors affecting the black-tailed gull flight height
on five islands (Bulmugi, Dongman, Gungsi, Nando, and Napdaegi) on the west coast (i.e., Yellow
Sea) of Republic of Korea (2,331,675 GPS points from 73 individuals). Models are ranked based
on differences in the Akaike’s Information Criteria (AAIC) and Akaike weights (AIC Wt). K is the
number of estimated parameters.

Model K AAIC AIC Wt
Colony + Season + Speed + Colony x Season + Season x Speed + Colony x Speed 7 0 0.143
Colony + Speed + Colony x Season + Colony X Speed + Season x Speed 6 0 0.143
Colony + Season + Colony x Season + Colony x Speed + Season x Speed 6 0 0.143
Season + Speed + Colony X Season + Colony X Speed + Season x Speed 6 0 0.143
Colony + Colony x Season + Colony x Speed + Season x Speed 5 0 0.143
Season + Colony x Season + Colony x Speed + Season x Speed 5 0 0.143
Colony + Colony x Season + Colony x Speed + Season x Speed 5 0 0.143
Colony x Season + Colony x Speed + Season x Speed 4 0 0.143
Colony + Season + Speed + Colony x Season + Season x Speed 6 146 0
Colony + Season + Speed + Season x Speed + Colony x Speed 6 2816 0
Colony + Season + Speed + Colony x Season + Colony x Speed 6 3011 0

The final model showed that breeding colony, season, and flight speed significantly
influenced the flight altitude of black-tailed gulls. The flight altitude of the gulls was
also positively correlated with flight speed. Interestingly, flight altitude during the post-
breeding season was higher than during the breeding season (Table 3). There was a
significant difference in flight altitude among breeding colonies. The flight altitude of gulls
breeding on Bulmugi Island was higher than that on both Dongman and Nando Islands,
but lower than the other islands (Gungsi and Napdaegi) (Table 3). There was a significant
interaction between speed and season: the effect of speed during the breeding season was
lower than the post-breeding season (Table 3). The flight altitude on Bulmugi Island was
negatively correlated with that on Dongman Island (Table 3). The impact of season on
flight altitude differed significantly across different breeding colonies: The flight altitude
on Bulmugi Island was positively correlated with that on Dongman, Gungsi, and Nando
islands, but negatively related to Napdaegi Island (Table 3). The flight altitude on four
islands except Napdaegi Island during the post-breeding season was higher than during
the breeding season, whereas the flight altitude on Napdaegi Island was higher during the
breeding season (Tables 3 and 4).
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Table 3. Summary of the generalized mixed models showing the highest correlation of the flight alti-
tude of black-tailed gulls as a function of independent variables. Note that there were 2,325,427 GPS
data points from 73 individuals.

Final Model Estimate Std. Error t Value p
13.08 0.26 49.99 <0.01
Speed 1.75 0.24 71.48 <0.01
Season
Breeding vs. Post-breeding —2.80 0.24 —-11.24 <0.01
Colony
Bulmugi vs. Dongman —3.23 0.44 —7.28 <0.01
Bulmugi vs. Gungsi 0.71 0.35 2.02 <0.05
Bulmugi vs. Nando -3.09 0.36 —8.54 <0.01
Bulmugi vs. Napdaegi 0.75 0.32 2.32 <0.05
Speed x Season
Breeding vs. Post-breeding 0.27 0.02 12.16 <0.01
Colony x Speed
Bulmugi vs. Dongman —0.24 0.04 —5.82 <0.01
Bulmugi vs. Gungsi —0.05 0.03 —1.62 n.s
Bulmugi vs. Nando 0.04 0.03 1.40 n.s
Bulmugi vs. Napdaegi 0.23 0.03 7.47 <0.01
Colony x Season
Bulmugi vs. Dongman —5.27 0.23 22.88 <0.01
Bulmugi vs. Gungsi —2.31 0.17 12.93 <0.01
Bulmugi vs. Nando —5.90 0.19 31.04 <0.01
Bulmugi vs. Napdaegi 2.94 0.16 17.69 <0.01

Table 4. Mean flight altitude of black-tailed gulls breeding on five islands (Bulmugi, Dongman,
Gungsi, Nando, and Napdaegi) on the west coast of Republic of Korea. Note that there were
2,325,427 GPS data points from 73 individuals. Data shown as mean + SE (m). Using Tukey’s HSD
test, superscript characters indicate a significant difference to the breeding islands identified by the

character.
Season Dongman (b) Gungsi (c) Nando (d) Napdaegi (e) P
Breeding 33.80 + 0.12P e de 25.70 £ 023 %¢ 36.42 £ 0.15 b de 29.63 £0.15% ¢ 34.63 +0.11%bcd <0.01
Post-breeding 34.16 £ 0.14 ~ &4 34.20 +0.21 © &4 3810 £0.19 b de 3997 + 019> e 31564 015D cd <0.01

The mean flight altitude of black-tailed gulls breeding on Bulmugi Island was
33.80 + 0.12 m; on Dongman Island, it was 25.70 £ 0.23 m; on Gungsi Island, it was
36.42 + 0.15 m; on Nando Island, it was 29.63 + 0.15 m; and on Napdaegi Island, it was
34.63 £ 0.11 m. The highest flight altitude was observed on Napdaegi Island, and Dongman
Island showed the lowest flight altitude. During the post-breeding season, the mean flight
altitude on each island was as follows: Bulmugi Island, 34.16 &+ 0.14 m; Dongman Island,
34.20 £ 0.21 m; Gungsi Island, 38.10 &= 0.19 m; Nando Island, 39.97 £ 0.19 m; and Napdaegi
Island, 31.56 4+ 0.151 m (Table 4).

3.3. Flight Speed

During both the breeding and post-breeding seasons, flight altitude was positively
related to flight speed (<15 m/h). However, during the breeding period, there was a
tendency for altitude to decrease when flight speed exceeded 15 m/h. However, flight
altitudes tended to decrease above 15 km/h during the breeding season, except on Nando
Island. In the post-breeding season, the flight altitude of the gulls also tended to increase
with flight speed, up to 15 km/h. Flight altitude showed a lower rate of increase at speeds
up to 15 km/h, and the deviation was greater above 15 km/h, however, unlike during the
breeding season, there was a tendency to fly at higher altitudes at speeds above 15 km/h.
(Figure 2).
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Figure 2. Relationship between flight altitude and speed of black-tailed gulls breeding on five islands
(Bulmugi, Dongman, Gungsi, Nando, and Napdaegi) on the west coast of Republic of Korea. Note
that the breeding period was from May to July in 2021 and the post-breeding period was from August
to December in 2021.

3.4. Comparison of Home Ranges between the Breeding and the Post-Breeding Seasons

During the breeding season, most black-tailed gulls nested with their colonies around
their breeding island. Post-breeding season, habitat preferences shifted to coastal areas and
river estuaries adjacent to land (Figure 3). Black-tailed gulls breeding on Dongman Island
exhibited a broader range of habitat usage, extending around the breeding colony as well
as to the nearby sea after the breeding season (Figure 3).

As a core area, Kernel density estimation (KDE) at the 50% level indicates a tendency for
the range of most black-tailed gulls breeding in specific grounds to expand. Every five Islands
showed that the area during the non-breeding season was larger than during the breeding
season (Figure 3): Bulmugi—1169.23 km? during the breeding season and 2579.74 km? during
the post-breeding season, Dongman—320.41 km? and 13,037.52 km?, Gungsi—957.26 km?
and 3666.66 km?, Nando—2080.71 km? and 4084.76 km?, Napdaegi—1029.74 km? and
1333.69 km?, respectively.

Overall, the core home-range (i.e., KDE 50%) on Dongman Island during the post-
breeding season was significantly larger than during the breeding season, whereas there
was no substantial difference in the range on Napdaegi Island between breeding and
post-breeding seasons (Figure 3).
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Figure 3. Kernel density estimates (KDE) at the 50% level for breeding and post-breeding seasons
of black-tailed gulls on five breeding islands on the west coast of Yellow Sea in Republic of Korea:
(A) Bulmugi, (B) Dongman, (C) Gungsi, (D) Nando, and (E) Napdaegi.

4. Discussion

On most of the breeding islands, the flight frequency of the black-tailed gulls tended to
decrease during the post-breeding season (August to December, 2021); however, the flight
frequency of the gulls breeding on Dongman Island increased during the period (Figure 1).
During the breeding period (May to July, 2021), black-tailed gulls primarily rely on floating
fish and squid as food sources around their breeding islands [38,39].

When black-tailed gulls utilize fish and squid as a foraging resource, the marine
expanse is vast, and the distribution of food sources may be not uniform [40-42]. Therefore,
the gulls use a broader area as a feeding ground compared to when they exploit coastal
foraging sites, such as intertidal zones and harbors, and it might be better for the gulls to
keep consistently flying over the sea for foraging. Moreover, the gulls it would be repetitive
to walk or stand in order to forage shellfish, invertebrates and fishing byproducts in coastal
areas (e.g., mudflats). Our results showed that the core home range of black-tailed gulls on
most breeding islands was situated around the breeding colony and the coastal area near
the breeding islands during breeding season (Figure 3).

However, at the end of breeding season (i.e., the post-breeding period), their activity
range expanded, and they utilized the coast adjacent to the land as well as the sea. Therefore,
the frequency of flights may decrease post-breeding season when they utilize not only the
sea but also coastal areas, where they do not have to fly to search for food. In contrast, black-
tailed gulls breeding on Dongman Island only used the surrounding mudflats and coastal
area during the breeding season. However, their home range expands to the sea during the
post-breeding season. Therefore, unlike other breeding islands where the proportion using
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the coast increases, the proportion of black-tailed gulls breeding on Dongman Island using
marine space may increase at the end of breeding season. Our results suggest that this
proportion would increase once the gulls complete their breeding and disperse/migrate to
places where they spend time during the post-breeding period.

Gulls, including black-tailed gulls, are recognized for their generalist behavior and
ability to adapt to various habitats based on food resource availability [43—45]. Black-tailed
gulls exhibit flexibility in their foraging strategies, adapt to seasonal and environmental
factors, and show diverse flight patterns corresponding to their habitats [24]. During their
breeding period, many seabirds utilize foraging site close to their colonies [6,46]. In our
study, 50% of the black-tailed gulls were located around the breeding islands (Figure 3).
However, variations in mean flight altitude were observed among the breeding colonies.
During the breeding period, the average flight altitude of black-tailed gulls breeding on
Dongman Island was approximately 4 to 9 m lower than those breeding on other colonies
(Table 3). This discrepancy could be attributed to differences in habitat. Our results also
showed that the foraging site of black-tailed gulls on Dongman Island was concentrated
around the breeding island and encompassed a relatively small area. In contrast, breeding
populations at other colonies with higher mean altitudes extended their foraging site
around the breeding grounds as well as both near and far along coasts adjacent to the land.
Considering that birds generally use higher altitudes for long-distance movement [11], the
flight altitude of black-tailed gulls on Dongman Island, where their core home range (i.e.,
50% KDE) was narrow, might be lower than that at other breeding colonies. During the
post-breeding period on Dongman Island, the mean flight altitude of black-tailed gulls
was about 9 m higher than during the breeding season. However, the flight altitude of
black-tailed gulls breeding on Napdaegi Island was about 3 m lower than that during
the breeding season. The core home range of black-tailed gulls in most breeding areas,
except Napdaegi, increased significantly; there was no significant difference in the range of
population breeding on Napdaegi Island between the breeding and post-breeding periods.
Consequently, it may be considered that the increase in the distance required to move
between habitats due to the expanded area of action is the result of the increase in the mean
flight altitude of black-tailed gulls.

The flight altitude of black-tailed gulls showed a positive correlation, with increasing
flight speed up to ~15 km/h. However, beyond speeds of 15 km /h, there was no significant
change, or even a decrease in flight altitude among most of the population (Figure 2).
During the post-breeding season, there was a tendency for flight altitude to continue
increasing, even at speeds exceeding 15 km/h. Our results support the theory that birds
employ various flight strategies for efficient movement [1] by adjusting their speed and
altitude based on geographical and environmental factors, such as weather, wind, and
terrain, to minimize energy consumption during flight [2,47,48]. However, further study is
necessary to understand the mechanism.

Black-tailed gulls are known for their relatively slow flight speeds [26]. Yoda et al. [26]
characterized speeds higher than 15 km/h as indicative of flight to different areas rather
than flight for feeding purposes. Based on the findings of this study, black-tailed gulls may
migrate at altitudes ranging from 50 to 100 m, with no significant increase in flight altitude
at speeds exceeding 15 km/h. Nevertheless, speeds above 15 km/h revealed variations in
flight altitude during the breeding and post-breeding seasons, as well as in breeding areas,
indicating substantial deviations. Consequently, the altitude of migratory flight is likely to
vary depending on geographical and environmental factors.

Our results show differences depending on the season and breeding area in flight
altitude however there was no dramatic change in flight altitude. Moreover, since weather
conditions and individual differences were excluded from our analysis, further research is
necessary to comprehend the flight behavior of black-tailed gulls.
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5. Conclusions

Previous research on black-tailed gulls has predominantly concentrated on ecological
aspects associated with breeding and behavior [49-53]. Consequently, there are compar-
atively few investigations into the habitat usage and flight behavior of this species. In
our study, we verified that black-tailed gulls display distinct flight behaviors contingent
on timing and environmental factors. Furthermore, the results of this study allow us to
propose suggestions for minimizing the likelihood of bird collisions.

Among offshore wind power facilities, the area with the highest risk of bird collisions
is the part of the blade that rapidly rotates due to the wind. Although there are variations
among facilities, the blade typically rotates at an elevation of 30 to 250 m. In this study, the
average flight altitude of black-tailed gulls in most breeding areas is 30 to 40 m. To reduce
the possibility of collisions, it is essential to position the extreme end of the wind turbine
rotor blade at an altitude higher than this. Additionally, considering that black-tailed gulls
at all breeding sites extensively utilize the ocean around these areas during the breeding
period, it is necessary to avoid installing offshore wind farms near breeding sites or to
implement measures to prevent collisions.

Author Contributions: Conceptualization, W.-S.L.; methodology, J.-C.Y. and W.-S.L.; software,
J.-H.P,; validation, W.-S.L.; formal analysis, I.-Y.]. and S.-H.L.; investigation, J.-H.P, I.-Y.J. and S.-H.L.;
resources, ].-H.P.; data curation, S.-H.L.; writing—original draft preparation, J.-H.P,; writing—review
and editing, J.-H.P. and W.-S.L.; visualization, J.-H.P.; supervision, J.-H.P. and W.-S.L.; project admin-
istration, W.-S.L.; funding acquisition, W.-S.L. All authors have read and agreed to the published
version of the manuscript.

Funding: This paper is based on the findings of the research project “Environmental Impact Analysis
on the Offshore Wind Farm and Database System Development” (2023-005R), which was conducted
by the Korea Environment Institute (KEI) and funded by the Korea Institute of Energy Technology
Evaluation and Planning (Project No. 20203030020080).

Institutional Review Board Statement: This animal study protocol was approved by the Institutional
Review Board of Korea Environment Institute (2020-5194714840, 8 December 2020).

Informed Consent Statement: Not applicable.
Data Availability Statement: Data are contained within the article.
Acknowledgments: We wish to thank the staff at the Korea Environment Institute for field work.

Conflicts of Interest: The authors declare that they have no known competing financial interest or
personal relationship that could have influenced the work reported in this paper.

References

1.  Hedenstrom, A.; Alerstam, T.; Trans, P.; Lond, R.S. Optimal flight speed of birds. Philos. Trans. R. Soc. Lond. B Biol. Sci. 1995, 348,
471-487.

2. Shamoun-Baranes, J.; Van Loon, E. Energetic influence on gull flight strategy selection. J. Exp. Biol. 2006, 209, 3489-3498.
[CrossRef] [PubMed]

3. Bruderer, B.; Boldt, A. Flight characteristics of birds. Ibis 2001, 143, 178-204. [CrossRef]

4. Ramos, R.; Ramirez, F,; Sanpera, C.; Jover, L.; Ruiz, X. Diet of yellow-legged gull (Larus michahellis) chicks along the Spanish
Western Mediterranean coast: The relevance of refuse dumps. J. Ornithol. 2009, 150, 265-272. [CrossRef]

5. Corman, A.M.; Garthe, S. What flight heights tell us about foraging and potential conflicts with wind farms: A case study in
lesser black-backed gulls (Larus fuscus). |. Ornithol. 2014, 155, 1037-1043. [CrossRef]

6.  Shaffer, S.A.; Cockerham, S.; Warzybok, P,; Bradley, R.W.; Jahncke, ]J.; Clatterbuck, C.A.; Lucia, M.; Jelincic, J.A.; Cassell, A.L.;
Kelsey, E.C.; et al. Population-level plasticity in foraging behavior of western gulls (Larus occidentalis). Mov. Ecol. 2017, 5, 27.
[CrossRef]

7. Tobalske, B.W.; Dial, K.P. Effects of body size on take-off flight performance in the phasianidae (AVES). J. Exp. Biol. 2000, 203,
3319-3332. [CrossRef]

8. Baert, ].M.; Stienen, E.W.; Heylen, B.C.; Kavelaars, M.M.; Buijs, R.J.; Shamoun-Baranes, ].; Lens, L.; Miiller, W. High-resolution

GPS tracking reveals sex differences in migratory behaviour and stopover habitat use in the Lesser Black-backed Gull Larus fuscus.
Sci. Rep. 2018, 8, 5391. [CrossRef]


https://doi.org/10.1242/jeb.02385
https://www.ncbi.nlm.nih.gov/pubmed/16943489
https://doi.org/10.1111/j.1474-919X.2001.tb04475.x
https://doi.org/10.1007/s10336-008-0346-2
https://doi.org/10.1007/s10336-014-1094-0
https://doi.org/10.1186/s40462-017-0118-9
https://doi.org/10.1242/jeb.203.21.3319
https://doi.org/10.1038/s41598-018-23605-x

Animals 2024, 14, 202 11 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Borrmann, R.M.; Phillips, R.A.; Clay, T.A.; Garthe, S. High foraging site fidelity and spatial segregation among individual great
black-backed gulls. J. Avian Biol. 2019, 50, €02156. [CrossRef]

Rock, P; Camphuysen, C.J.; Shamoun-Baranes, J.; Ross-Smith, V.H.; Vaughan, LP. Results from the first GPS tracking of
roof-nesting Herring Gulls Larus argentatus in the UK. Ringing Migr. 2016, 31, 47-62. [CrossRef]

Borkenhagen, K.; Corman, A.M.; Garthe, S. Estimating flight heights of seabirds using optical rangefinders and GPS data loggers:
A methodological comparison. Mar. Biol. 2018, 165, 2012-2018. [CrossRef]

Ross-Smith, V.H.; Thaxter, C.B.; Masden, E.A.; Shamoun-Baranes, J.; Burton, N.H.; Wright, L.J.; Rehfisch, M.M.; Johnston, A.
Modelling flight heights of lesser black-backed gulls and great skuas from GPS: A Bayesian approach. J. Appl. Ecol. 2016, 53,
1676-1685. [CrossRef]

Mikami, K.; Kazama, K.; Kazama, M.T.; Watanuki, Y. Mapping the collision risk between two gull species and offshore wind
turbines: Modelling and validation. J. Env. Man. 2022, 316, 115220. [CrossRef] [PubMed]

Thaxter, C.B.; Ross-Smith, V.H.; Bouten, W.; Clark, N.A.; Conway, G.J.; Masden, E.A.; Clewley, G.D.; Barder, L.J.; Burton, N.H.
Avian vulnerability to wind farm collision through the year: Insights from lesser black-backed gulls (Larus fuscus) tracked from
multiple breeding colonies. J. Appl. Ecol. 2019, 56, 2410-2422. [CrossRef]

Brazil, M. Birds of East Asia: China, Taiwan, Korea, Japan, and Russia; A&C Black: London, UK, 2009; p. 528.

Birdlife International Species Factsheet: Larus crassirostris. Available online: http:/ /www.birdlife.org (accessed on 2 December 2023).
Yoo, J.C.; Kwon, Y.S. Some aspects of laying, incubation and hatching in the black-tailed gull, Larus crassirostris. Kor. J. Orni.
1997, 4, 1-5.

Paek, W.K.; Yoo, ]J.C. Time budgets of the Black-tailed Gull, Larus crassirostris, in the daytime of the breeding season. Kor. J. Orni.
1996, 3, 1-9.

Lee, W.S.; Yoo, ].C. Status of the breeding population of black-tailed gulls on Hongdo Island, Korea. Pac Seabirds 2005, 32, 2-3.
Kang, ].H.; Kang, T.H.; Yoo, S.H.; Cho, H.J.; Lee, SSW.; Kim, LK. Study on the breeding status of the natural monument Islet
(Chilbaldo, Sasudo, Nando, Hongdo). Korean J. Ornithol. 2008, 15, 169-175.

Taean County. Research on Monitoring and Management for Black-Tailed Gull Breeding on Nando, Taean-gun, Republic of Korea; Taean
County: Chungcheongbuk-do, Republic of Korea, 2015; pp. 32-34.

Hong, S.B.; Lee, I.S. The visitation aspect of black-tailed gull (Larus crassirostris) in the long period at Nakdong Estuary, Busan,
Republic of Korea. Korean J. Ornithol. 2011, 18, 1-10.

Kim, M.; Kwon, Y.S.; Nam, K.B.; Lee, H.; Myeong, H.H.; Noh, H.S. Breeding population and habitat of black-tailed gulls (Larus
crassirostris) on Nando Island, Natural Monument. Environ. Biol. Res. 2017, 35, 134-142. [CrossRef]

Kazama, K.; Nishizawa, B.; Tsukamoto, S.; Gonzalez, J.E.; Kazama, M.T.; Watanuki, Y. Male and female Black-tailed Gulls Larus
crassirostris feed on the same prey species but use different feeding habitats. J. Ornithol. 2018, 159, 923-934. [CrossRef]

Deguchi, T.; Watanuki, Y.; Niizuma, Y.; Nakata, A. Interannual variations of the occurrence of epipelagic fish in the diets of the
seabirds breeding on Teuri Island, northern Hokkaido, Japan. Prog. Oceanogr. 2004, 61, 267-275. [CrossRef]

Yoda, K.; Tomita, N.; Mizutani, Y.; Narita, A.; Niizuma, Y. Spatio-temporal responses of black-tailed gulls to natural and
anthropogenic food resources. Mar. Ecol. Prog. Ser. 2012, 466, 249-259. [CrossRef]

Kim, M.; Lee, Y.; Choi, S.; Kim, Y.; Kim, J. Status of Black-tailed gulls breeding on Hongdo (Hallyeohaesang National Park) and
Nando Island. J. Nat. Res. 2022, 13, 61-66.

Lee, S.J.; Lee, W.S. Animal home range estimators: A review and a case study. Korean |. Environ. Ecol. 2022, 36, 202-216. [CrossRef]
Hong, M.; Kim, M.; Lee, H.; Cho, S. First report of annual habitat ranges in Black-tailed Gulls (Larus crassirostris) breeding on
Dokdo Island. Ocean Polar Res. 2019, 41, 99-105.

Xia, H.; Nilsson, C.; Thorup, K.; Jia, C.; Lei, F. Non-breeding movements of the Black-tailed Gull (Larus crassirostris). Avian Res.
2023, 14, 100103. [CrossRef]

Choi, J.H.; Yun, S.H.; Hong, M.].; Kang, K.H.; Lee, W.S. Research trends in seabird and marine fish migration: Focusing on
tracking methods and previous studies. Korean J. Environ. Biol. 2019, 40, 25-53. [CrossRef]

Korea Energy Economics Institute. A Study on Offshore Wind Power Policy in Europe—Denmark, Germany and UK; Ministry of Trade,
Industry and Energy: Sejong, Republic of Korea, 2010; pp. 2-3.

Lee, ].S.; Kang, K.S.; Park, B.M.; Won, YJ.; Kim, B.G.; Ahn, N.S. A study on current status and outlook of offshore wind
development in Korea. . Wind Energy 2011, 2, 6-14.

Thaxter, C.B.; Ross-Smith, V.H.; Clark, J.A.; Clark, N.A.; Conway, G.J.; Masden, E.A.; Wade, H.M.; Leat, E.H.; Gear, S.C.; Marsh,
M.; et al. Contrasting effects of GPS device and harness attachment on adult survival in the Lesser Black-backed Gull Larus fuscus
and Great Skuas Stercorarius skua. Ibis 2019, 158, 279-290. [CrossRef]

Anderson, D.R.; Burnham, K.P; White, G.C. AIC model selection in overdispersed capture-recapture data. Ecology 1994, 75,
1780-1793. [CrossRef]

Calenge, C. The package “adehabitat” for the R software: A tool for the analysis of space and habitat use by animals. Ecol. Model.
2006, 197, 516-519. [CrossRef]

R Core Team: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria, 2019;
Available online: https://www.R-project.org (accessed on 2 June 2023).

Kwon, Y.S.; Noh, H.S.; Kim, M. Difference in Black-tailed Gull (Larus crassirostris) diet during the breeding season for the last
10 years in the South Sea of Korea. |. Ecol. Environ. 2013, 36, 217-222. [CrossRef]


https://doi.org/10.1111/jav.02156
https://doi.org/10.1080/03078698.2016.1197698
https://doi.org/10.1007/s00227-017-3273-z
https://doi.org/10.1111/1365-2664.12760
https://doi.org/10.1016/j.jenvman.2022.115220
https://www.ncbi.nlm.nih.gov/pubmed/35658269
https://doi.org/10.1111/1365-2664.13488
http://www.birdlife.org
https://doi.org/10.11626/KJEB.2017.35.2.134
https://doi.org/10.1007/s10336-018-1565-9
https://doi.org/10.1016/j.pocean.2004.06.010
https://doi.org/10.3354/meps09939
https://doi.org/10.13047/KJEE.2022.36.2.202
https://doi.org/10.1016/j.avrs.2023.100103
https://doi.org/10.11626/KJEB.2022.40.1.025
https://doi.org/10.1111/ibi.12340
https://doi.org/10.2307/1939637
https://doi.org/10.1016/j.ecolmodel.2006.03.017
https://www.R-project.org
https://doi.org/10.5141/ecoenv.2013.217

Animals 2024, 14, 202 12 of 12

39.

40.

41.

42.

43.

44.

45.

46.

47.
48.

49.

50.

51.

52.

53.

Kazama, K.; Tomita, N.; Ito, M.; Niizuma, Y.; Takagi, M.; Watanuki, Y. Responses in breeding behaviour of the Black-tailed Gull
(Larus crassirostris) to different marine enviroments. In Proceedings of the Origin and Evolution of Natural Diversity International
Symposium, Sapporo, Japan, 1-5 October 2007.

Burger, J. Foraging behavior in gulls: Differences in method, prey, and habitat. Colon. Waterbirds 1988, 11, 9-23. [CrossRef]
Baduini, C.L.; Lovvrn, J.R.; Hunt, J. Determining the body condition of short-tailed shearwaters: Implications for migratory flight
ranges and starvation events. Mar. Ecol. Prog. Ser. 2001, 222, 265-277. [CrossRef]

Benoit-Bird, K.J.; Battaile, B.C.; Heppell, S.A.; Hoover, B.; Irons, D.; Jones, N.; Kuletz, K.J.; Nordstrom, C.A.; Paredes, R.; Suryan,
R.M.; et al. Prey patch patterns predict habitat use by top marine predators with diverse foraging strategies. PLoS ONE 2013,
8, €53348. [CrossRef] [PubMed]

Villablanca, R.; Luna-Jorquera, G.; Marin, V.H.; Garthe, S.; Simeone, A. How does a generalist seabird species use its marine
habitat? The case of the kelp gull in a coastal upwelling area of the Humboldt Current. ICES J. Mar. Sci. 2007, 64, 1348-1355.
[CrossRef]

Navarro, J.; Grémillet, D.; Afan, I.; Ramirez, F.; Bouten, W.; Forero, M.G. Feathered detectives: Real-time GPS tracking of
scavenging gulls pinpoints illegal waste dumping. PLoS ONE 2016, 11, e0159974. [CrossRef]

Moreno, R.; Jover, L.; Munilla, I.; Velando, A.; Sanpera, C. A three-isotope approach to disentangling the diet of a generalist
consumer: The yellow-legged gull in northwest Spain. Mar. Biol. 2010, 157, 545-553. [CrossRef]

Karris, G.; Xirouchakis, S.; Maina, L; Grivas, K.; Kavadas, S. Home range and foraging habitat preference of Scopoli’s shearwater
Calonectris diomedea during the early chick-rearing phase in the eastern Mediterranean. Wildl. Biol. 2018, 2018, 1-12. [CrossRef]
Tucker, V.A. Bird metabolism during flight: Evaluation of a theory. J. Exp. Biol. 1973, 58, 689-709. [CrossRef]

Ainley, D.G.; Porzig, E.; Zajanc, D.; Spear, L.B. Seabird flight behavior and height in response to altered wind strength and
direction. Mar. Ornithol. 2015, 36, 25-36.

Kwon, Y.S.; Lee, W.S.; Yoo, J.C. Clutch size and breeding success of black-tailed gulls (Larus crassirostris) at Hongdo Island,
Southeast Coast of South Korea. Ocean Polar Res. 2006, 28, 201-207. [CrossRef]

Kwon, Y.S.; Yoo, ].C. Growth rates of black-tailed gull (Larus crassirostris) chicks in Hongdo Island. Korean J. Ornithol. 2007, 14,
39-44.

Kazama, K.; Watanuki, Y. Individual differences in nest defense in the colonial breeding Black-tailed Gulls. Behav. Ecol. Sociobiol.
2010, 64, 1239-1246. [CrossRef]

Chung, H.; Lee, H.J.; Park, S.R. Individual recognition between siblings of the young black-tailed gull (Larus crassirostris). Korean
J. Ecol. Sci. 2002, 25, 365-369. [CrossRef]

Park, S.R.; Park, D. Acoustic communication of the Black-tailed Gull (Larus crassirostris): The structure and behavioral context of
vocalizations. Animal Cells Syst. 1997, 1, 565-569.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.2307/1521165
https://doi.org/10.3354/meps222265
https://doi.org/10.1371/journal.pone.0053348
https://www.ncbi.nlm.nih.gov/pubmed/23301063
https://doi.org/10.1093/icesjms/fsm120
https://doi.org/10.1371/journal.pone.0159974
https://doi.org/10.1007/s00227-009-1340-9
https://doi.org/10.2981/wlb.00388
https://doi.org/10.1242/jeb.58.3.689
https://doi.org/10.4217/OPR.2006.28.2.201
https://doi.org/10.1007/s00265-010-0938-8
https://doi.org/10.5141/JEFB.2002.25.6.365

	Introduction 
	Materials and Methods 
	Study Sites 
	Attaching GPS Trackers 
	Flight Behavior 
	Statistical Analysis 

	Results 
	Flight Frequency 
	Model Selection 
	Flight Speed 
	Comparison of Home Ranges between the Breeding and the Post-Breeding Seasons 

	Discussion 
	Conclusions 
	References

