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Simple Summary

We investigated how nest defense behavior in Saunders’s Gulls varies with nest density
and predator type in South Korea. Using decoy experiments with a diurnal avian predator,
a nocturnal mammalian predator, and a neutral co-nester, we found that gulls responded
most rapidly and aggressively to magpies, less to raccoon dogs, and least to terns. Highly
dense nest sites showed stronger collective defense with more mobbing individuals. Over-
all, Saunders’s Gulls flexibly adjusted their defense according to predator threat and social
context, demonstrating the adaptive value of density-dependent collective defense in a
colonially breeding seabird.

Abstract

Nest defense is a key component of avian reproductive success, yet its intensity and
expression often depend on ecological and social contexts. We investigated the nest defense
behaviors of Saunders’s Gulls (Saundersilarus saundersi) breeding in Incheon Bay of South
Korea in 2022 in relation to nest density and perceived threats. Using decoy presentations
of three heterospecifics, Oriental Magpie (Pica serica; diurnal avian nest predator), common
raccoon dog (Nyctereutes procyonoides; nocturnal mammalian nest predator), and Little Tern
(Sternula albifrons; neutral co-nester), we quantified latency to respond, bombing attack rate,
and the number of mobbing individuals at high- and low-density nesting sites within a
breeding colony. Mixed models revealed that latency to respond and attack rates varied
strongly with stimulus type, with diurnal predator magpies eliciting the fastest and most
intense responses, followed by nocturnal predator raccoon dogs and co-nester terns. Nest
density influenced the number of mobbing individuals, which was significantly greater at
high-density sites. Principal Component Analysis reduced the three behavioral metrics into
a composite score, which correlated negatively with latency and positively with bombing
attack rate and mobbing intensity. This score varied with both nest density and stimulus
type. Our findings demonstrate that Saunders’s Gulls adjust their nest defense strategies
according to both the social context and predator type, highlighting the importance of
density-dependent collective nest defense in colonial breeders.

Keywords: anti-predator strategy; behavioral plasticity; collective vigilance; mobbing
behavior; predator—prey interaction
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1. Introduction

Colonially breeding seabirds exhibit a suite of anti-predation strategies that are es-
sential for minimizing the risk of nest loss, particularly since their nesting sites are often
densely aggregated and spatially predictable [1]. In large colonies, the probability of early
predator detection increases through the “many eyes effect”, followed by loud alarm calls
that alert neighboring individuals and can collectively deter predators [2,3]. Synchronous
behaviors—such as mass take-offs, coordinated flushing, and mobbing flights—further
confuse or intimidate predators [4,5]. Some seabirds engage in direct mobbing attacks,
including dive-bombing or physical harassment of intruders [6,7]. For example, coordi-
nated mobbing and dive-bombing of the Black Skimmer (Rynchops niger) are most effective
against avian predators, while alarm calling synchronizes group responses and recruits
additional defenders [8]. Even within densely packed colonies, individual pairs defend
small territories, resulting in one predator intrusion eliciting defense from multiple neigh-
bors in European Herring Gull (Larus argentatus) and Great Black-backed Gull (L. marinus)
colonies [9,10]. Recent research showed that colony-nesting gulls (Larus spp.) in western
Norway suppressed the activity of Eurasian otters (Lutra lutra) during the breeding sea-
son, suggesting that colonial seabirds can directly influence predator behavior through
aggressive nest defense [11]. Additionally, synchronous breeding may saturate a predator’s
capacity to consume prey, thereby reducing the per-nest risk of predation as colony size
increases. Moreover, individual variation in nest defense behavior can strongly influence
reproductive outcomes within colonies. In Black-tailed Gulls (L. crassirostris), aggressive
defenders lowered predation risk not only for their own nests but also for nearby non-
aggressive neighbors [12]. Understanding how collective and individual defense strategies
mitigate predation risk is essential for predicting colony stability and informing conserva-
tion management of threatened seabird populations.

In addition to these general strategies, predation pressure on seabird colonies can
vary greatly depending on the time of day and the type of predator. Some predators are
primarily diurnal, such as corvids and raptors, while others, including foxes and raccoon
dogs, are mostly nocturnal or crepuscular, exposing nests to predation risks over a full
24-h cycle [13-15]. Studies on colonial gulls and terns have reported that nocturnal nest
losses are often associated with mammalian predators, whereas diurnal attacks tend to be
avian [13]. Moreover, different predator species target distinct prey stages: some specialize
in consuming eggs, others prey upon chicks, and apex predators such as the White-tailed
Eagle (Haliaeetus albicilla) may even capture adult birds [16-18]. Therefore, seabirds must
adjust their defensive behavior depending on the predator’s foraging pattern and the
vulnerability of different life stages within the colony.

The Saunders’s Gull (Saundersilarus saundersi) is a small, colonial, and globally vul-
nerable seabird distributed primarily in eastern China, with smaller breeding populations
in Korea, and Japan [19,20]. In South Korea, the first breeding record was documented in
1998 at Incheon, and the species has since been designated as Vulnerable by the IUCN and
protected under the Korean Ministry of Environment as an endangered wildlife species [21].
Currently, approximately 1500 breeding pairs are estimated to nest annually along the
western coast of Korea [22], with the largest colonies concentrated in the reclaimed tidal
flats of Incheon Bay. These reclaimed areas, formed through extensive coastal development
projects in the 1990s, provide open and sparsely vegetated substrates that resemble the
species’ natural breeding habitats. The flat terrain and proximity to tidal foraging grounds
make such areas highly attractive for nesting gulls [21]. However, the artificial connection
of these habitats to the mainland has simultaneously increased exposure to terrestrial preda-
tors and human disturbance. A diversity of mammalian and avian predators frequently
invade the colonies, resulting in substantial egg and chick losses [21]. These pressures
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create ecological conditions characteristic of an ecological trap [23,24], in which birds are
drawn to habitats that appear suitable but ultimately reduce reproductive success [25,26].
Our long-term monitoring conducted between 2011 and 2024 revealed that Saunders’s Gull
colonies often persist for only two to three consecutive breeding seasons before relocating
to new reclaimed sites, typically following severe nest predation events [21]. Such recurrent
site shifts appear to function as an adaptive behavioral strategy to mitigate predation risk
and maintain the stability of the national breeding population within rapidly changing
coastal environments. Previous studies have reported that such breeding dispersal follow-
ing heavy nest predation occurs frequently in reclaimed habitats [21]. However, breeding
dispersal is not the focus of the present study and is referred to here only as ecological
background information.

Beyond natural predators, human disturbance has emerged as a major factor influenc-
ing breeding success in colonial seabirds. Numerous studies have demonstrated that even
infrequent human visitation can trigger flushing, heightened vigilance, or nest abandon-
ment in gulls and terns [27]. Human approach distance is commonly quantified as the Flight
Initiation Distance (FID), the distance at which a bird flees from an approaching human or
intruder, serving as an indicator of perceived risk [28]. In densely populated colonies, how-
ever, seabirds may show shorter FIDs, as individuals rely on collective defence and social
facilitation that reduce the perceived risk of approaching threats [29,30]. Nevertheless, ex-
cessive or repeated human presence can elevate physiological stress and indirectly increase
predation risk by exposing unattended nests to opportunistic predators [31]. Taken together,
these findings highlight that both natural predation and anthropogenic disturbance inter-
actively shape behavioural strategies in colonial species. Therefore, understanding how
Saunders’s Gulls respond to these pressures is essential for assessing colony persistence in
highly modified coastal ecosystems.

The present study experimentally investigates the direct anti-predation strategies
of Saunders’s Gulls, focusing on synchronous nest defense in relation to colony density
and predator type. We tested the hypothesis that collective defense intensity increases
with colony density through enhanced vigilance and cooperative mobbing—the so-called
“many-eyes” and “group-attack” effects. We further predicted that gulls would exhibit
predator-specific defensive responses, reacting more rapidly and aggressively toward
threatening predators than toward neutral co-nesting species. To test these predictions, we
conducted decoy experiments using both diurnal and nocturnal predator models and a
neutral control species, and quantified multiple behavioral variables. By integrating these
experimental results with long-term field observations, this study aims to elucidate how
social context and predator recognition shape collective nest defense behavior in a colonially
breeding seabird. The findings provide may insights into the adaptive significance of
density-dependent defense and offer implications for the conservation of this endangered
species in coastal ecosystems.

2. Materials and Methods
2.1. Study Site

Since the first domestic breeding colony of Saunders’s Gulls (Saundersilarus saundersi)
was confirmed at the Sihwa Reclamation Area (37°15'29” N, 126°37'53" E) in 1998, breeding
has persisted primarily within the Songdo reclamation complexes in Incheon, South Korea.
Black-headed Gulls are known to relocate breeding sites when predation pressure exceeds a
certain threshold [21]. The present study was conducted in Section 11-2 of the Songdo recla-
mation area in South Korea (37°23'13"” N, 126°38'35" E) (see Figure 1), which comprises an
extensive (approximately 153 ha) flat tidal-reclaimed tract directly connected to urban land.
This open and low-lying terrain provided little natural cover, making the colonies easily ac-
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cessible to potential predators. However, the sparse and low vegetation also offered broad
visibility for breeding Saunders’s Gulls, allowing them to detect approaching predators
at an early stage. The vegetation in the study area was sparse and primarily composed
of halophytic species such as Korean seablite (Suaeda japonica), common glasswort (Sal-
icornia europaea), sea plantain (Plantago maritima), and sea bindweed (Calystegia soldanella).
Vegetation cover was generally below 20%, and extensive bare sand and mudflat areas
dominated the central nesting sites [32]. Major avian predators include the Oriental Magpie
(Pica pica) and Large-billed Crow (Corvus macrorhynchos), while mammalian predators such
as the common raccoon dog (Nyctereutes procyonoides), Siberian weasel (Mustela sibirica),
and feral dogs and cats (Canis and Felis spp.) were also observed within or around the
breeding sites. Despite some snake and rodent predator species can potentially occur
in our study sites, we did not detect any of them during our study period. Within the
Saunders’s Gulls colonies, a small number of Little Terns (Sternula albifrons) and Eurasian
Oystercatchers (Haematopus ostralegus) were also recorded, forming mixed-species nesting
assemblages. Recreational human activities were not observed within or adjacent to the
study area during the breeding season, ensuring minimal direct anthropogenic disturbance.
The study area (Incheon) experiences a humid continental climate (Koppen Dwa type)
under the influence of the East Asian monsoon, characterized by hot, humid summers and
cold, dry winters [33]. According to data from the Korea Meteorological Administration
(KMA), the 30-year (1991-2020) mean annual temperature in Incheon is 12.5 °C, with an
average annual precipitation of 1220.8 mm. In 2022, the mean annual temperature was
likewise 12.5 °C, while total annual precipitation reached 1620.5 mm, indicating a wetter-
than-average year [34]. During the field survey (20-26 May 2022), weather conditions were
stable and favorable for behavioral observations, with no rainfall and a mean wind speed
of 2.7 m/s. The mean monthly temperature in May 2022 was 17.1 °C and total precipitation
was 5.4 mm, reflecting typical pre-monsoon conditions. Sunrise and sunset times during
the survey period ranged from 05:20 to 05:16 and from 19:37 to 19:43, respectively [34,35].
The mean tidal range in the study area, based on data from the Korea Hydrographic and
Oceanographic Agency, approximately 9 m [36].

50 km

Figure 1. Map of study site enclosed by a dashed line with focal species used to investigate the nest
defense behavior of Saunders’s Gulls (Saundersilarus saundersi): (A) a breeding colony located in a
reclaimed coastal area in Incheon Bay of South Korea; (B) an incubating Saunders’s Gull on its nest.
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2.2. Study Species

The Saunders’s Gull (Saundersilarus saundersi) is a small, colonial, and ground-nesting
seabird endemic to East Asia. Adults measure approximately 29-32 cm in body length,
with a wingspan of 87-91 cm and a body mass of 170220 g. During the breeding season,
the entire head becomes black, contrasting sharply with the pale grey mantle and white
underparts. The bill is black, the legs are reddish, and males and females are sexually
monomorphic in appearance [37,38]. The global population of mature individuals is
estimated at approximately 21,000-22,000 birds, distributed mainly along the eastern coast
of China, the Korean Peninsula, and Japan. More than 10% of the world’s breeders (around
2900 individuals) occur in South Korea [19,35]. Owing to population declines associated
with habitat loss and breeding-site disturbance, the species is listed as Vulnerable on the
IUCN Red List and is legally protected as an endangered wildlife species under the Korean
Ministry of Environment [38]. The breeding season extends from April to June. Saunders’s
Gulls form dense colonies on flat, sparsely vegetated coastal reclamation areas or natural
tidal flats located near foraging sites [39—-41]. Their diet consists mainly of crabs and
polychaete worms. Nests are built directly on the ground using dry plant stems, and the
clutch size typically ranges from two to three eggs. both sexes share incubation duties for
approximately 25-28 days [21]. The chicks are semi-precocial, leaving the nest 3-5 days
after hatching and forming small creches near the nesting territories [21,22]. Saunders’s
Gulls show high breeding-site fidelity but tend to relocate to alternative sites in subsequent
years when predation pressure or human disturbance intensifies [21]. Adults exhibit strong
vigilance and alarm behaviors against avian and mammalian predators, often performing
dive flights or bombing attacks as collective defense behaviors. Such coordinated mobbing
actions are common among colonial seabirds and serve to reduce predation risk through
group vigilance [11,42]. After the breeding season, individuals winter along the western
and southern coasts of Korea, as well as in Hong Kong, southern Japan, Taiwan, and
northern Vietnam [38].

2.3. Behavioral Data Collection

To examine Saunders’s Gull anti-predation strategies by predator type, we used
two single plots (ca. 1.2 km apart) within the same colony differing in local breeding
density: one high-density plot (37°21'57 N, 126°40'59" E) within Songdo Reclaimed Land
Section 11-2 with ca. 531 nests-ha~! and one low-density plot (37°22/22" N, 126°41'36" E)
with ca. 86 nests-ha~! in May of 2022. Here, nest density values for each plot were derived
from imagery obtained during a drone-based population survey conducted on 19 May
2022, which was during the incubation period. Using three drones (Mavic 2, DJI, Shenzhen,
China) flown at an altitude of 30 m and a constant speed of 10.1 m s~ (i.e., previously
tested a non-invasive protocol for Saunders’s Gulls [22,43]), we photographed the entirety
of Section 11-2 and obtained 1807 images. To ensure seamless coverage, the photographs
were acquired with intentional overlap, mosaicked into a single map, and then subdivided
into 163 equal-sized image tiles (per-image footprint: 57 m x 57 m). We counted the number
of nests in images encompassing the low- and high-density plots and calculated density
accordingly [22]. To prevent visual and acoustic interference between the two focal plots
during the experiments, we prioritized plots that were as far apart as possible. Because
antipredator-behavior trials can disturb incubation, we confined the experiments to a short
window (5 days; 20-26 May 2022) and scheduled them for the late incubation period (mid-
to late May) based on our long-term survey data.

For antipredator behavioral assays (see Figure 2), we used taxidermic mounts of a
common raccoon dog and an Oriental Magpie as nest predator stimuli, and a co-nesting Lit-
tle Tern (Sternula albifrons) as a non-predatory control. Common raccoon dogs is a nocturnal
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predator that takes Saunders’s Gull eggs and chicks and can also injure adults. In contrast,
the Oriental Magpie is a diurnal predator that primarily preys on eggs. We presented the
three mounts to both the high- and low-density plots to test whether defensive responses
differed by stimulus type. We then quantified three behavioral variables: response latency,
number of mobbing individuals, and number of dive-bombing attacks. Because the mounts
elicit strong reactions and one stimulus could carry over to the next, we controlled for
order effects by implementing all six permutations (3! = 6) of the three-stimulus sequence.
For each group, we established six presentation points—the five vertices of the pentagon
plus the centroid—spaced 25 m apart. The order of stimuli and their assignment to points
were drawn at random. To allow stabilization between trials, sessions alternated between
groups, following the randomized schedule.

Mobbing individuals )

N

Video recording range
using a ultra-wide lens

/ Bombing attack =

¥ Predator decoy

Figure 2. Measurement of nest defense behaviors (latency time, number of bombing attacks, and
number of mobbing individuals) in a breeding colony of Saunders’s Gulls (Saundersilarus saundersi).
Observations were conducted using a smartphone recording function equipped with an ultrawide
(180°) lens in the presence of predator and neutral decoys—Oriental Magpie (Pica serica), common
raccoon dog (Nyctereutes procyonoides), and Little Tern (Sternula albifrons). Here, arrows indicate the
direction of bombing attacks. The dashed-line area represents the observation range covered by the
ultrawide lens.

For each specimen display for stimulus, a single experimental set proceeded as follows.
To complete all trials, this sequence was repeated 33 times. First, at the designated presen-
tation point, we placed the taxidermic mount on a turntable connected to a rope that could
be pulled from a distance to rotate the platform and simulate predator movement. The
mount and turntable were installed at the pre-marked point and the mount was concealed
with a brown cloth similar in color to the ground-surface. A smartphone fitted with an
ultrawide lens (Next, Seoul, Republic of Korea; 10 mm, 180° wide, 0.2 x) was positioned
adjacent to the mount to record the number of mobbing individuals, latency, and number of
bombing attacks. Video recording was initiated prior to leaving the setup. Second, to avoid
disturbing the gulls, the observer remained concealed inside a vehicle while exposing the
stimulus. Two ropes were attached—one to the cover (for uncovering the mount) and one
to the turntable—allowing remote removal of the cover and remote rotation from within
the vehicle. Third, the cover was removed by pulling the rope, and the turntable rope
was intermittently tugged for 5 min to simulate predator movement. From the recorded
video, we quantified latency, number of mobbing individuals, and number of bombing
attacks. Lastly, after each set, the observer approached the colony to re-cover the mount,
removed the equipment from the immediate vicinity, and returned to the vehicle. We
then waited until at least one individual had settled and the colony appeared stabilized
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near the presentation point before initiating the next trial. Conducting all trials under
consistent daylight conditions minimized potential variability caused by light or visibility
differences. Although the density contrast between the two plots was clear (approximately
sevenfold difference in nest number), detailed spatial data of all active nests surrounding
each stimulus point were not available. Therefore, we could not calculate the number
of mobbing individuals relative to the local number of nests within a predefined radius.
Nevertheless, the observation conditions (duration, distance, and viewing range) were kept
consistent across all trials to ensure comparability between density treatments.

2.4. Statistical Analyses

We examined three measures of nest defense behavior—latency to respond (min), rate of
bombing attacks (attacks-min~!), and number of mobbing individuals (individuals-min~!)—as
a function of nest density (high vs. low) and stimulus type (Oriental Magpie as a diurnal
nest predator, common raccoon dog as a nocturnal nest predator, and Little Tern as a
neutral co-nester) using mixed models with experimental spot ID included as a random
effect. Although formal normality tests were not conducted, inspection of model residuals
and fitted values did not reveal any serious violations of normality or homoscedasticity.
Given the moderate sample size (n = 33) and balanced experimental design, the Gaussian
mixed model was considered robust to minor deviations from normality assumptions
and was therefore retained to ensure stable and interpretable estimates. Given the limited
sample size (n = 33), we retained only the experimental spot ID as the random effect
to ensure model stability. Here, experimental timing (i.e., ranging from 08:00 to 16:00)
and trial order (i.e., three decoy types) were excluded in the final statistical analyses, as
preliminary analyses indicated that these factors had no significant effects on the response
variables. Because detailed nest distribution data were unavailable, behavioral variables
were analyzed as absolute measures per standardized trial rather than relative to the local
number of nests. Although we did not systematically record environmental variables such
as weather conditions, time of day, and breeding stage, we recognize that these factors may
have influenced the birds’ defensive responses. To integrate these behaviors, we conducted
a Principal Component Analysis (PCA; eigenvalue > 1) and extracted a composite principal
component (PC) score. We then interpreted the PC score by examining its correlations
with the original behavioral variables and tested its variation as a function of nest density,
stimulus type, and their two-way interaction. All statistical analyses were performed in
SPSS ver. 16.0 (SPSS, Chicago, IL, USA). We did not need to transform any variables to
meet model assumptions. Behavioral measures are presented as means =+ 1 SE.

3. Results

Defense behaviors of Saunders’s Gulls varied according to nest density (high vs. low)
and stimulus type (decoys of Oriental Magpie, common raccoon dog, and Little Tern).
First, latency to respond did not differ significantly between high-density (2.04 & 0.33 min)
and low-density sites (1.96 £ 0.34 min) (mixed model: F; 57 = 0.03, p = 0.87). However,
latency differed markedly across stimulus types (F, 27 = 32.11, p < 0.001): responses oc-
curred most rapidly to Oriental Magpies (0.21 & 0.41 min), followed by common raccoon
dogs (1.18 &= 0.41 min), and were slowest to Little Terns (4.60 & 0.41 min). Second, the
rate of bombing attacks (attacks per minute) did not differ significantly between high-
density (7.88 =+ 1.40) and low-density sites (4.79 & 1.44) (F1 27 = 2.36, p = 0.14). In contrast,
stimulus type strongly affected attack rates (Fp27 = 18.14, p < 0.001): Oriental Magpies
elicited the highest rates (14.65 + 1.74 times-min '), followed by common raccoon dogs
(3.95 + 1.74 times-min~1), and Little Terns (0.40 % 1.74 times-min~!). Third, the number of
mobbing individuals was significantly greater at high-density sites (17.95 £ 2.06 individ-
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uals) compared with low-density sites (4.61 £ 2.12 individuals) (F; o7 = 20.40, p < 0.001),
whereas this measure did not differ among stimulus types (F; 7 = 2.13, p = 0.14). To inte-
grate these behavioral measures (latency, attack rate, mobbing individuals), we conducted
a Principal Component Analysis (PCA; eigenvalue = 2.11). The first principal component
explained 70.3% of the total variance, and the loadings for the three behavioral variables
were —0.79 for latency, 0.92 for bombing attack rate, and 0.80 for the number of mobbing
individuals. Both the Kaiser-Meyer-Olkin (KMO) measure (0.67) and Bartlett’s test of
sphericity (p < 0.001) indicated that the data were suitable for PCA despite the small sample
size. The first principal component (PC1) was defined as a “defense tendency index,”
representing the shared variation among the three behavioral variables. This index was
interpreted as an exploratory summary of correlated nest defense traits rather than as
a causal variable. The PC1 was strongly correlated with each variable: negatively with
latency (r = —0.79, p < 0.001), positively with attack rate (r = 0.92, p < 0.001), and positively
with mobbing individuals (r = 0.80, p < 0.001). Nest defense behavior varied significantly
with nest density, stimulus type, and their interaction (mixed model: density F; 57 = 6.92,
p = 0.01; stimulus Fp 57 = 17.90, p < 0.001; density x stimulus F;57 = 1.32, p = 0.28; Figure 3).
Specifically, gulls defended more quickly and intensely at high-density sites, and overall
defense responses were strongest toward Oriental Magpies, intermediate toward common
raccoon dogs, and weakest toward Little Terns.
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Figure 3. Variation in nest defense behavior of Saunders’s Gulls as a function of nest density (high
vs. low) and predator stimulus type (Oriental Magpie as a diurnal avian predator, common raccoon
dog as a nocturnal mammalian predator, and Little Tern as a neutral co-nester). Bars represent
mean + 1 SE composite scores (i.e., degrees of nest defense) derived from latency time, bombing
attack rate, and number of mobbing individuals using Principal Component Analysis. Asterisks
above the bars indicate the significance of density-dependent pairwise differences among treatments
(LSD post hoc test; * p < 0.05, ** p < 0.01, *** p < 0.001). Numbers in parentheses indicate sample sizes.
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4. Discussion

Our findings demonstrate that nest defense behavior in Saunders’s Gulls is shaped by
both social and ecological context, reflecting flexible behavioral strategies in response to
perceived threats. Although response latency and attack rate did not differ significantly
between high- and low-density colonies, gulls nesting at higher densities exhibited substan-
tially more collective defense, as indicated by the greater number of mobbing individuals
and overall higher composite defense scores. This suggests that social facilitation enhances
vigilance and coordination among neighboring pairs, reinforcing the benefits of colonial
breeding in deterring predators [1-3]. The pronounced variation in responses to different
stimulus types further indicates fine-tuned predator recognition and threat assessment,
with the most rapid and intense reactions directed toward the diurnal avian predator (Ori-
ental Magpie), moderate responses toward the nocturnal mammalian predator (common
raccoon dog), and minimal responses to the non-threatening co-nester (Little Tern). These
results support the view that Saunders’s Gulls exhibit adaptive behavioral plasticity, mod-
ulating both individual and collective defense efforts according to the level of predation
risk and the density of conspecifics [1,7]. Such context-dependent responses highlight
the ecological and evolutionary significance of density-dependent collective defense in
colonial seabirds and underscore the importance of maintaining suitable colony structure
and habitat conditions for the conservation of this threatened species. In this study, the
first principal component (PC1) derived from the PCA was defined as a “defense tendency
index,” summarizing the shared variation among latency, attack rate, and the number
of mobbing individuals. This exploratory index represents correlated behavioral traits
rather than implying any causal relationship among variables. Therefore, the PCA results
were interpreted as an integrated description of overall defense tendencies rather than as
evidence of direct behavioral causation.

Our findings provide empirical support for the hypothesis that colonial breeding in
seabirds functions as an effective anti-predation strategy by enhancing collective vigilance
and coordinated nest defense [1,44]. In Saunders’s Gulls, individuals nesting at high-
density sites exhibited markedly stronger collective responses—reflected in the greater
number of mobbing individuals and higher composite defense scores—compared to those
at low-density colonies. This density-dependent increase in defense intensity suggests
that coloniality amplifies both predator detection and deterrence efficiency through social
facilitation, a pattern consistent with studies of other colonial species such as Black-headed
Gulls (Chroicocephalus ridibundus) and Common Terns (Sterna hirundo), where group size
correlates positively with mobbing success and predator repulsion [2,6]. The enhanced
defense observed in high-density gull colonies likely reduces per-nest predation risk via
the dilution and confusion effects, making it adaptive even when individual aggression
remains constant [1,4]. In contrast, the lower defense activity at sparse nesting sites may
render isolated pairs more vulnerable to nest predators, underscoring the ecological trade-
offs between breeding density, competition, and predation pressure. Collectively, these
results highlight that coloniality in Saunders’s Gulls not only facilitates efficient predator
recognition and rapid response but also strengthens the overall anti-predation function of
social nesting, reinforcing its evolutionary persistence among sea-birds exposed to visually
hunting, diurnal predators.

The present study provides clear evidence that Saunders’s Gulls discriminate be-tween
avian and mammalian nest predators, and between diurnal and nocturnal threats, revealing
fine-tuned nest predator recognition that likely evolved under differing predation pressures.
Gulls exhibited the strongest and most rapid defense against the diurnal avian predator
(Oriental Magpie), a common nest predator capable of visually locating eggs and chicks
during daylight, while responses to the nocturnal mammalian predator (common raccoon
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dog) were slower and less intense. This distinction suggests that visual cues and daytime
activity patterns strongly influence the gulls’ threat assessment and response strategy [7].
The markedly weaker reactions toward the neutral co-nester (Little Tern) further indicate
that gulls can discriminate true predators from non-predatory species, minimizing unneces-
sary energetic costs of defense [45]. Such predator-specific recognition aligns with findings
in other colonial seabirds: for example, Black-headed Gulls show heightened aggression
toward corvids compared with mammalian predators [41], and Common Terns exhibit
rapid, coordinated mobbing primarily against diurnal aerial predators such as crows and
raptors, while remaining less responsive to nocturnal or ground-based threats [2]. Sim-
ilarly, Arctic Terns (S. paradisaea) are known to direct intense mobbing toward visually
conspicuous avian intruders during daylight, illustrating a shared reliance on vision-based
predator recognition among colonial species [46]. Moreover, the stronger collective defense
observed in high-density Saunders’s Gull colonies may enhance detection and deterrence
of diurnal avian predators, reinforcing the adaptive value of social nesting in environments
dominated by visually oriented nest threats. Together, these results highlight how both
predator type and temporal activity patterns shape the evolution of context-dependent
anti-predator behaviors in colonial seabirds.

Beyond immediate nest defense, breeding dispersal can function as an adaptive, in-
direct anti-predation strategy in colonial seabirds. Movement between breeding seasons
often follows severe nest predation or perceived risk, serving as a behavioral mechanism
to avoid repeatedly unsafe sites [47,48]. Individuals may relocate to colonies that pro-
vide greater protection—such as those with more conspecifics for collective vigilance and
mobbing—or rely on the prior breeding success of neighbors as “public information” when
deciding whether to remain or disperse [47,49]. In this context, breeding dispersal in Saun-
ders’s Gulls appears to operate as an adaptive response to high nest predation [21], which
reported that colonies on reclaimed mudflats in Incheon frequently relocated following
seasons of intense predation pressure. Such movements suggest that dispersal helps es-cape
high-risk sites and enhance reproductive success—a pattern consistent with other colonial
species such as Black-headed Gulls and Common Terns [50,51]. However, the effectiveness
of this strategy in Saunders’s Gulls is constrained by the rapidly changing conditions of
reclaimed habitats, where vegetation succession, human disturbance, and infrastructure
development continually degrade nesting suitability. These reclaimed mudflats may act as
ecological traps [25,26], attracting gulls to habitats that appear suitable but expose them
to persistent predation risk and environmental instability. Thus, while breeding disper-
sal represents a potentially adaptive anti-predation mechanism, its efficacy diminishes
in anthropogenic landscapes where habitat degradation outpaces behavioral adjustment,
underscoring the need for integrated management of reclaimed coastal areas to prevent
ecological traps and ensure the long-term viability of Saunders’s Gull breeding populations.

Although our findings provide novel insights into density-dependent and predator-
specific nest defense behaviors of Saunders’s Gulls, several limitations with uncertainties
should be acknowledged. The experimental design was restricted to two breeding plots
(one high-density and one low-density), which may have confounded the effects of density
with site-specific factors (e.g., microhabitat characteristics, local predator history, or human
disturbance) [51,52]. Future studies should examine multiple colonies across a broader
range of densities to treat density as a continuous ecological gradient and to better dis-
entangle density effects from site-level variation [52,53]. The relatively small sample size
and potential non-independence of repeated observations within colonies could have also
reduced the statistical power and increased uncertainty [51]. Moreover, because the present
study was conducted within a single breeding season, inter-annual variation in predator
activity, colony composition, and individual site fidelity could not be assessed [53,54].



Birds 2025, 6, 61

11 of 14

Additionally, environmental variables such as weather conditions, time of day, visibility,
and breeding stage were not systematically recorded, which might have influenced the ob-
served variation in defensive responses. Future studies should incorporate these covariates
to improve model explanatory power and to distinguish intrinsic behavioral variation from
environmentally driven responses. Long-term monitoring across multiple breeding cycles
will be essential to confirm the consistency of these behavioral patterns and to strengthen
the ecological basis for conservation planning in this endangered species [51-54]. This
study was based on two density plots within a single colony, which limits the generalizabil-
ity of our findings. Therefore, our results should be interpreted as reflecting within-colony
patterns of density-dependent nest defense rather than colony-level or regional variation.
Despite this limitation, the clear density contrast and consistent habitat conditions between
plots provide confidence that the observed behavioral differences largely reflect effects of
local breeding density. Future work incorporating replicated plots across multiple colonies
and breeding seasons would help to verify the robustness and broader applicability of
these patterns.

In South Korea, Saunders’s Gulls have shown remarkable adaptability by establishing
breeding colonies on reclaimed tidal flats; however, this transition into artificial habitats
has also introduced serious ecological challenges that threaten their long-term persis-
tence [21,39,55]. One of the most critical consequences of mudflat reclamation is the influx
of nest predators from the adjacent mainland ecosystem—such as corvids and raccoon
dogs—which now have easy access to breeding colonies that were once naturally pro-
tected by tidal barriers [21]. This mainland-derived predation pressure, compounded
by ongoing habitat modification, vegetation succession, and human disturbance, has re-
sulted in reduced reproductive success, clutch size declines, and repeated colony abandon-
ment [15,21,27]. Although wintering populations appear stable, the breeding population
remains precarious due to these cumulative threats [53]. Future research should there-
fore prioritize understanding how reclaimed landscapes alter predator communities and
spatial risk patterns, and evaluate the effectiveness of targeted predator management
interventions—such as predator exclusion structures, buffer vegetation management, and
strategic nest-site placement—to reduce predation pressure [55]. Long-term monitoring
integrating ecological, behavioral, and spatial data will be essential to clarify how colony
density, predator pressure, and habitat change interact to shape breeding performance.
From a conservation perspective, protecting and restoring semi-natural coastal wetlands,
reducing pollution, and implementing adaptive habitat management on reclaimed lands
are vital steps toward mitigating the ecological traps created by reclamation and ensuring
the sustainable breeding of Saunders’s Gull and other colonially nesting seabirds in rapidly
changing coastal ecosystems.

5. Conclusions

Our study demonstrates that nest defense behavior in Saunders’s Gulls is shaped
by both social and ecological context, highlighting flexible anti-predation strategies that
integrate collective defense, predator recognition, and breeding dispersal. Gulls nesting
at high-density colonies showed stronger collective responses, supporting the adaptive
function of coloniality in enhancing vigilance and predator deterrence, while fine-tuned
recognition of predator type—responding most aggressively to diurnal avian predators
such as Oriental Magpie—illustrates the importance of visual cues and temporal patterns
in threat assessment. High nest predation was also linked to breeding dispersal, as colonies
relocated following predation events, suggesting that movement serves as an additional
behavioral mechanism to mitigate predation risk. However, this strategy becomes less ef-
fective in reclaimed tidal flats, where human-driven habitat change, vegetation succession,
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and the influx of mainland predators (e.g., corvids and raccoon dogs) create ecological
traps that undermine breeding success. To ensure the long-term persistence of this vul-
nerable species, conservation efforts should focus on managing nest predators, restoring
semi-natural wetlands, and implementing adaptive habitat management and long-term
monitoring to balance the ecological functions of colonial breeding with the challenges
imposed by rapidly changing reclaimed environments.
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