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ABSTRACT

Estimating habitat use patterns within specific environments provides valuable insights into species-
specific behavioral characteristics in particular areas. Understanding these ecological and ethological
aspects enhances the effectiveness of management and conservation efforts. The Eurasian otter Lutra
lutra, one of the most endangered species in South Korea, inhabits freshwater environments, coastal
areas, and islands. Despite the diverse habitats utilized by Eurasian otters, information.on their habitat
use patterns on islands remains limited compared to studies conducted in terrestrial areas. Therefore, this
study aimed to assess the relationship between habitat characteristics and the occurrence of Eurasian
otters on uninhabited islands in South Korea. Data on the detection or non-detection of Eurasian otter
field signs on uninhabited islands were collected through ecological surveys-conducted annually from
May to October between 2019 and 2023. Habitat variables measured for each island included area;
proportions of forest, grassland, barren, and intertidal zone coverage; elevation; slope; distance from
the mainland; and the density of Eurasian otter field signs on the mainland. The top logistic regression
model, selected from a series of candidate models, identified island area, elevation and slope at the island
edges, and distance from the mainland as significant predictors influencing the occurrence of Eurasian
otters. Moreover, elevation at the island edge was positively associated with the occurrence of Eurasian
otter field signs. Conversely, slope at the island edge, distance from the mainland, and island area were
negatively associated with the occurrence of Eurasian otter field signs. Elevation and slope at island
edges may influence exposure to seawater and locomotion costs, respectively. Therefore, the relationship
between habitat variables on uninhabited ‘islands and the occurrence of Eurasian otter field signs may
reflect energy efficiency strategies that promote the establishment of stable resting sites. Furthermore, our
findings suggest that Eurasian otters primarily use uninhabited islands as shelters or corridors based on
their distance from the mainland. Consequently, conservation strategies for Eurasian otters on uninhabited
islands should differ from those implemented on the mainland.
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INTRODUCTION

Estimating habitat use patterns provides valuable
insights about into species-specific behavioral
characteristics within particular environmental contexts
(Gray and Phan, 2011; Jo and Won, 2019). Even within
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the same species, variations in environmental conditions
or differences in life cycle stages can alter habitat use
patterns. Specifically, differences in habitat factors such as
soil composition, elevation, and atmospheric conditions,
can lead to changes in the flora and fauna communities
(Beyer et al., 2010). These changes affect the availability
of food resources, shelter, and the presence of competitors
for the species (Gutowski et al., 2014). The availability of
food resources (Tranquillo ef al., 2023) and vertical habitat
structure (Xing et al., 2023) are strongly related to species’
habitat preferences. Moreover, the composition of intra-
and interspecific competition within a habitat influences
fluctuations in energy expenditure for foraging, breeding,
and resting (Gao et al., 2022). Additionally, life cycle
stages influence habitat use patterns based on varying
needs. For example, during the mating season, mammals
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typically require larger territories to protect themselves and
their young from starvation, competitors, and predators
(Kelly et al., 2010; Lyons et al., 2013). During migration,
habitat preferences are influenced by the perception and
memory of food resources (Bracis and Mueller, 2017).
Furthermore, habitat use patterns at spatial scales differ
between breeding and wintering seasons due to temporal
variations in habitat requirements (Gaillard et al., 2010).
Therefore, estimating species habitat use patterns at a local
scale provides valuable information about species-specific
interactions among habitat factors.

Uninhabited islands with unique characteristics such
as low human activity, isolation from the mainland, and
exposure to salt spray have influenced the habitat use
patterns of various species (Rho, 2010). Several bird
species, including the black-tailed gull Larus crassirostris,
Chinese egret FEgretta eulophotes, and black-faced
spoonbill Platalea minor, select uninhabited islands as
breeding sites and leave these islands after breeding (Cha
et al., 2025). Additionally, the water deer Hydropotes
inermis exhibits different habitat use patterns, including
preferences for food resources and daily activity, between
forested areas and islands (Rahman and Mardiastuti,
2021). Furthermore, as the distance from the mainland
increases, species richness on islands decreases due to
dispersal limitations and isolation (Riidisser et a/.;2012).
The simpler species composition on islands compared
to the mainland can influence habitat use patterns based
on constraints imposed by biotic and abiotic resources
(Dhimal et al., 2014). Therefore, habitat use patterns of the
same species may differ between the mainland and islands.

The Eurasian otter Lutra lutra, a semi-aquatic
carnivore occupying the highest trophic niche in aquatic
habitats of the Korean Peninsula, has been found in
freshwater systems, coastal area, and islands (Hong ef al.,
2017). Due to decreasing population size and shrinking
ecological niche in aquatic habitats, the Eurasian otter
has been designated as a Grade I endangered species and
a natural monument in South Korea (Jo ef a/., 2017). On
terrestrial areas, the habitat preference of the Eurasian
otter is negatively affected by human activity and water
pollution, and positively influenced by the availability
of food, especially fish (Penteriani et al., 2025). The
relationship between habitat characteristics and habitat use
patterns of the Eurasian otter has been primarily studied
in mainland and freshwater environments (Romanowski et
al.,2013; Wang et al., 2021). For example, in urban areas,
the occurrence and intensity of habitat use by Eurasian
otters are strongly influenced by human disturbance,
habitat structure, and habitat productivity (Tolra et al.,
2024; Lee and Luan, 2025). Moreover, in rural areas,
habitat preference is strongly affected by the availability

of food resources (Bedford, 2009; Dettori et al., 2021).
However, information on the habitat use patterns of
Eurasian otters on islands remains limited, with most
studies focusing on distribution (Galanaki et al., 2019),
genetic diversity (Jang-Liaw et al., 2023), and food
resources (Karamanlidis et al., 2014). Additionally, these
surveys have been conducted mainly on large, inhabited
islands. Therefore, we investigated the relationship
between habitat characteristics and the occurrence of
Eurasian otters on uninhabited islands in South Korea
to provide valuable information for conservation and
management efforts.

MATERIALS AND METHODS

Study area

This study. was conducted on 94 uninhabited
islands (34°06°58” N to 35°04°28” N, 125°05°39” E to
129°05°34” E) in the southern part of South Korea from
May 2019 to October 2023 (Fig. 1). These islands are
protected as specified island by the Ministry of Climate,
Energy and Environment. The islands range in size from
913 m? to 281,693 m? and support diverse terrestrial flora
and fauna, including vascular plants, mammals, birds,
amphibians, reptiles, and insects, with species counts on
each island ranging from 26 to 327. Notably, the study
recorded mammals belonging to 4 orders, 8 families, and
9 species: Lutra lutra, Nyctereutes procyonoides, Sus
scrofa, Hydropotes inermis argyropus, Capra aegagrus
hircus, Hypsugo alaschanicus, Sciurus vulgaris, Rattus
norvegicus, and Mus musculus.

Data collection and analysis

To estimate the relationship between habitat factors
and the occurrence of Eurasian otter field signs on
uninhabited islands, we used data from ecological surveys
conducted annually from May to October between 2019
and 2023 on specific islands. The occurrence of Eurasian
otter field signs was surveyed by the same observer across
spatial and temporal scales to minimize observer bias and
temporal variation. From these data, we selected only
the detection or non-detection of Eurasian otters based
on coupled field signs including footprints, spraints, and
camera trap on each island (Kanwal et al., 2026). If field
signs or camera traps indicated the presence of Eurasian
otters, the island was classified as “detected”; otherwise,
it was classified as “non-detected.. We calculated 9 habitat
variables for each island, including area; proportions of
forest, grassland, barren, and intertidal zone coverage;
elevation; slope; distance from the mainland; and density
of Eurasian otter field signs on the mainland (Table
I). Specifically, uninhabited islands in our study area
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Fig. 1. Location of the ecological survey of specific island from 2019 to 2023, South Korea.

Table 1. Variables of habitat factors on the study.

Variables Description Source

Area Total size of each uninhabited island Digital topographic map

Elevation Mean elevation levels on edge part (the area of buffer zone 10 m from the island

border) of each uninhabited island
Slope Mean slope levels on edge part (the area of buffer zone 10 m from the island
border) of each uninhabited island

Forest Proportion of forest area on each uninhabited island Land Cover Map

Grassland Proportion of grass area on each uninhabited island

Barren Proportion of barren area on each uninhabited island

Intertidal Zone Proportion of intertidal zone area on each uninhabited island

Distance from Shortest length between mainland to uninhabited island

mainland

Density of otter Eurasian otter field sign per km? on the mainland The 5th National

Ecosystem Survey
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experience a tidal range exceeding 5 m and up to a
maximum of 10 m (Byun et al., 2013). Therefore, to
calculate the area of each island, we used a digital
topographic map (National Geographic Information
Institute, 2020), considering only land above 5 m above
sea level to focus on terrestrial habitats. The proportion
of land cover for each island was determined based on
a land cover map (Ministry of Environment, 2020). The
intertidal zone was calculated as the water area contained
within the island boundary, since island borders
were defined at elevations above 5 m above sea level.
Elevation and slope were derived from a digital elevation
model (DEM) generated from the digital topographic
map. Subsequently, the mean values of elevation and
slope were estimated for the edge area, defined as a 10
m buffer zone from the island’s boundary (Albeke et al.,
2010). The distance from the mainland was measured as
the shortest distance between the island and the mainland
shoreline. The connection between the island and the
mainland could potentially alter the island’s community
if connected artificially (Cosson et al., 1999). Therefore,
based on the land cover map, we defined the mainland
boundary as including islands connected to the mainland
by roads, bridges, or other structures facilitating human
activity. Additionally, we assessed the density <of
Eurasian otter field signs on the mainland by estimating
their density using data from the 5th National Ecosystem
Survey, conducted between 2019 and 2023, using kernel
density estimation (field signs per km?) (Fig.2). All
processes for calculating habitat characteristics were
conducted using ArcGIS Pro (Esri; USA).

Statistical analysis

To evaluate the relationship between habitat factors
and the occurrence of the Eurasian otter field signs, we
conducted a statistical analysis using R (ver. 4.4.1). We
performed the Mann-Whitney U test to assess differences
in habitat factors including area, proportion of coverage
by forest, grassland, barren, intertidal zones, elevation,
slope, distance from the mainland, and density of Eurasian
otter field signs on the mainland between islands with and
without Eurasian otter field signs. Additionally, to identify
the relationship between habitat factors and Eurasian
otter occurrence, we ran a logistic regression model.
The results of the logistic regression were used to select
the best model based on Akaike’s Information Criterion
(AIC). To minimize multicollinearity issues, we calculated
the variance inflation factor (VIF) for each factor; all
VIF values were below 4, indicating no significant
multicollinearity in the analysis.
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Fig. 2. Estimated field sign density of Eurasian otter Lutra
lutra based on the 5th National Ecosystem Survey from
2019 to 2023, South Korea.

RESULTS

Habitat factors between islands with Eurasian otter
field signs and those without did not differ significantly,
except for the distance from the mainland (Table II).
Specifically, islands with Eurasian otter field signs were
closer to the mainland than those without (Z = -3.89, p <
0.001).

The top model explaining the relationship between
habitat factors and the occurrence of the Eurasian otter,
based on AIC, identified area, elevation, slope on the edge
area, and distance from the mainland of each island as
significant predictors influencing occurrence of Eurasian
otter field signs (Table III). Slope on the edge of each
island (log-odds =-1.38, p =0.01), island area (log-odds =
-1.21, p = 0.02), and distance from the mainland (log-odds
=-0.89, p = 0.01) were negatively influential variables on
occurrence of Eurasian otter field signs, respectively. In
contrast, elevation on the edge area of each island (log-
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odds =2.26, p = 0.01) had a positive effect on occurrence
of Eurasian otter. Moreover, elevation on the edge area of
each island (odds ratio=9.55,95% CI: 1.80-70.90) showed
the strongest positive association with the occurrence of
Eurasian otter field signs (Table IV).

Table II. Differences of habitat factors (meanzS.E.)
between uninhabited island with and without Eurasian
otter Lutra lutra field sign, South Korea.

Variables Island with Island with- Z p
otter out otter
Area (km?) 0.04+0.01  0.05+0.01  -0.68 0.49
Elevation (m) 8.93+0.41 9.79+1.11  -0.89 0.37
Slope (°) 34.05+1.57 37.63+3.21 -1.08 0.28
Forest (%) 11.0843.38 4.5843.97 -1.02 0.31
Grassland (%) 0.55+0.31  3.79+£2.73  -1.96 >0.05
Barren (%) 2.98+1.50 5.0743.15  -0.65 0.52
Intertidal Zone (%) 0.06+£0.04  0.04+0.03  -0.21 0.83
Distance from 7.81£0.88  23.53+6.30 -3.89 <0.001
mainland (km)
Density of otter 0.07+0.02  0.03+0.01  -1.20 0.23

(field sign/ km?)

DISCUSSION

Species-specific habitat use and preference were
strongly associated with habitat composition, including
land cover, geomorphological characteristics, and species
assemblages (Eggermann et al., 2011; Natsukawa et al.,
2024). Generally, the Eurasian otter’s use of terrestrial
areas is influenced by factors such as food resource
availability, water pollution, human activity, the spatial
extent of rivers, and the coverage of riparian grasslands
(Raha and Hussain, 2016; Tolra et al., 2024). Furthermore,
vegetation coverage around waterbodies is the most
important factor influencing shelter selection in riparian
systems (Weinberger et al., 2019). This vegetation provides
visual protection from predators and thermal insulation for
otters (Baghil and Verhagen, 2005). Our results indicate
that elevation levels at the edge areas of uninhabited
islands are positively correlated with the occurrence of
Eurasian otter field signs. Elevation is strongly related to
temperature; as elevation increases, temperature decreases,
leading to changes in atmospheric conditions and species
composition (You et al., 2010). However, the study area is
characterized by low elevation, reaching a maximum of 150
m. Elevation and slope were estimated within a 10 m buffer
zone from the island shoreline for each uninhabited island.
Beyond atmospheric effects associated with elevation,

Table II1. Models based on the correlation Akaike Information Criterion (AICc) developed to explain the occurrence
probability of Eurasian otter Lutra lutra in each ecological factors on study area by the AAICc value resulted by the

logistic regression model.

Model

AIC, AAIC, ©

+ Area + Elevation + Slope + Distance from mainland

+ Area + Grassland + Elevation + Slope + Distance from mainland
+ Area + Grassland + Elevation + Slope + Distance from mainland + Density of otter
+ Area + Grass + Barren + Elevation + Slope + Distance from mainland + Density of otter

+ Area + Grass + Barren + Intertidal Zone + Elevation + Slope + Distance from mainland + Density of otter

94.66 0.00 0.59
96.24 157 027
98.35 3.68 0.09
102.98 8.32  0.01
105.50 10.84 0.00

+ AreatForestt+ Grass+ Barren+ Intertidal Zone+ Elevation+ Slope+ Distance from mainland+ Density of otter 108.11 13.45 0.00

Table IV. Top model explaining the occurrence probability of Eurasian otter Lutra lutra in uninhabited islands,

South Korea.

Variables Log-odds S.E. Odds ratio 95% CI p
Lower Upper

Intercept 1.37 0.30 4.57 - 0.82 2.01 <0.001

Area -1.21 0.51 -2.37 0.30 0.10 0.78 0.02

Elevation 2.26 0.93 2.44 9.55 1.80 70.90 0.01

Slope -1.38 0.54 -2.58 0.25 0.08 0.69 0.01

Distance from mainland -0.89 0.34 -2.61 0.41 0.17 0.71 0.01
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higher elevation at island edges may provide a more stable
environment for Eurasian otters by offering protection
from ocean waves and seawater intrusion (Krauss et al.,
2010). Furthermore, slope gradient at the edge areas of
uninhabited islands are negatively correlated with the
occurrence of Eurasian otter field signs. Slope also affects
habitat conditions by influencing soil composition, flora
distribution, energy expenditure for climbing, and the
risk of falling (Nations et al., 2019). Moreover, slope near
the shoreline is positively related to the energy required
for climbing onto the island (Birn-Jeffery and Higham,
2014). Therefore, higher elevations and gentler slopes
near shorelines may provide relatively stable resting sites
protected from wave action and seawater intrusion. These
habitat characteristics may reduce locomotion costs and
contribute to suitable resting environments.

Increasing habitat size is generally associated with
enhanced biodiversity, as larger areas encompass a variety
of habitat types including grasslands, forests, water bodies,
wetlands, and barren regions thereby providing sufficient
spatial extent (Lawrence ef al., 2018). However, our study
identified a negative relationship between the presence
of the Eurasian otter and the size of uninhabited islands.
Unlike many species that establish polygonal home ranges
and territories, the Eurasian otter exhibits a linear home
range aligned with river systems (Quaglietta et a/.,2015). In
riparian zones, Eurasian otters preferentially utilize narrow
riparian strips for resting, with field signs predominantly
observed on rocks (Karamanlidis et al., 2014; Weinberger
et al., 2019). Additionally, some studies have indicated
that Eurasian otters use islands as ecological corridors
(Loy et al., 2009; Carvalho-Junior et al., 2012). Moreover,
our findings indicate a negative relationship between
both island area and distance from the mainland and the
occurrence of Eurasian otters. Within riparian habitats,
Eurasian otters exhibit home ranges varying widely from 1
km to 30 km, with home range size influenced by individual
body size and social rank (Erlinge, 1967; Ruiz-Olmo et al.,
2005; Lerone et al., 2022). Furthermore, Eurasian otters
have home ranges of up to 40 km and can travel 20 km in a
single day (Saavedra, 2004). Notably, uninhabited islands
with Eurasian otter field signs were located approximately
8 km from the mainland, suggesting that Eurasian otters
may use nearby islands connected to mainland habitats.

Although the habitat use patterns of the Eurasian otter
were linear, the species did not primarily inhabituninhabited
islands characterized by simple habitat coverage and
limited spatial extent. Our findings suggest that Eurasian
otters utilize uninhabited islands mainly as shelter or
corridors. Therefore, conservation efforts for Eurasian
otters on uninhabited islands require a different approach
than those on the mainland. For example, managing grass

coverage along the edges of islands could increase the
availability of suitable habitat by reduce erosion, which in
turn maintain the elevation and slope gradients (Cha ef al.,
2025). Notably, feral goats Capra aegagrus hircus were
present on 12 islands in our study, where their grazing
has reduced the flora population (Gizicki et al., 2018).
Management of feral goat populations may help maintain
vegetation structure and habitat stability on some islands.
Our study was conducted only from spring to fall and did
not incorporate data on the movement and prey availability
of Eurasian otters. Therefore, additional research on habitat
use patterns across diverse spatial and temporal scales
including uninhabited islands and coastal areas as well as
ethological information such as movement and feeding
behavior, is essential to inform effective conservation
planning for the Eurasian otter.
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