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Coastal dunes possess considerable geomorphological and ecological significance, serving as natural 
barriers against storms and saline aerosols from the ocean, while also providing diverse habitats for 
wildlife. Despite their ecological and geomorphological value, coastal dunes are subject to substantial 
developmental pressures arising from various economic activities. The protection and management 
of species occupying the highest trophic levels, through the conservation and management of their 
habitats, constitute an effective strategy for habitat preservation. This study examines the relationship 
between ecological factors and bird diversity, with an emphasis on top trophic levels within coastal 
dune ecosystems, to inform their effective management. Data on vegetation structure, biotic variables 
including the diversity of plants, invertebrates, and birds and land cover were collected from 44 coastal 
dunes surveyed during the national ecological survey of coastal dunes conducted between 2019 and 2024. 
To examine the relationship between ecological factors and bird diversity on coastal dunes in South 
Korea, we employed generalized linear models (GLMs). The optimal model, selected from a series of 
generalized linear models, revealed that insect diversity, ground vegetation coverage, and the proportion 
of agricultural land surrounding each dune were strongly associated with bird diversity. In contrast, tree 
units categorized into coniferous and deciduous shrubs, as well as vegetation coverage within the shrub, 
understory, and canopy layers, exhibited weaker associations with bird diversity. The relationship between 
bird diversity and ecological factors on coastal dunes is strongly influenced by the quantity and quality of 
food resources. Managing and conserving the plant community on coastal dunes not only prevents erosion 
by trapping sand particles but also provides valuable habitat for birds. Therefore, when managing and 
conserving dunes, it is necessary to consider the vegetation present on both the foredune and hind dune.

INTRODUCTION

Coastal dunes, which are geomorphological sedimentary 
formations, demonstrate considerable dynamism in 

response to windstorms, precipitation, and wave action 
(D’Alessandro et al., 2020). These dunes comprise 
multiple habitats, including the beach, foredune, and 
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hind dune, each characterized by distinct ecological 
attributes (Iwasato and Nagamatsu, 2017; Chadwick et 
al., 2022). For instance, the beach is typified by elevated 
mineral concentrations and arid conditions, being 
largely exposed to marine influences and dominated by 
sand. Conversely, the hind dune resembles a terrestrial 
environment with dense vegetation, shielded by the 
foredune, which functions as a buffer against sea breezes 
(Kammann et al., 2023). Coastal dunes exhibit unique 
properties such as high mineral content, dryness, and 
elevated water  permeability, making them favorable 
habitats for certain species (Wagner and Wilms, 2010; 
Chang et al., 2021). Consequently, despite their limited 
spatial extent, coastal dunes hold substantial ecological 
value and represent important habitats for conservation.

Coastal dunes experience significant developmental 
pressures despite their considerable ecological importance 
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(Pessoa and Lidone, 2013; Gao et al., 2020). Factors 
such as increasing urbanization, intensified agricultural 
activities, recreational use, and sand mining have markedly 
impacted the functionality and volume of these dune 
systems (Gao et al., 2020). These pressures stem from 
diverse economic activities, including resting, trampling, 
vehicular traffic, horse riding, camping, and recreational 
sports (Kindermann and Gormally, 2010; Hanley et 
al., 2013). The depletion of sand within coastal dunes, 
driven by climate change, anthropogenic influences, 
and rising sea levels, has accelerated the reduction of 
both their physical extent and ecological functions, 
a phenomenon commonly termed coastal squeeze 
(Pontee, 2013). Furthermore, coastal dunes constitute 
highly dynamic geomorphological systems composed 
of sediments naturally eroded by windstorms, ocean 
currents, and precipitation (Mohamed and Verstraeten, 
2012). Anthropogenic developments near coastal dunes 
further exacerbate their degradation through mechanisms 
such as localized alterations of ocean currents and the 
introduction of invasive species (Bakker et al., 2012).

Habitat conservation and management necessitate 
a wide range of information and economic resources 
(Raymond and Brown, 2011). Therefore, the protection of 
target species such as keystone species (Delibes-Mateos 
et al., 2011), umbrella species (Branton and Richardson, 
2011), flagship species (Qian et al., 2020), or other focal taxa 
(Finke and Snyder, 2010; Redoath et al., 2017) represents 
the most ecologically and economically efficient approach. 
Accordingly, the selection of target species for protection is 
a critical consideration. The conservation and management 
of species or taxa at the apex of trophic hierarchies represent 
an effective approach to habitat preservation (Marczak et 
al., 2007; Redpath et al., 2017). Generally, Mammalia 
and Aves encompass multiple trophic levels, ranging from 
primary consumers to apex predators on the mainland. 
Especially, carnivores in the order Carnivora, as mammalian 
apex predators on the mainland, require extensive forest 
or grassland habitats that support the species they prefer 
to prey upon (Lantschner et al., 2012). However, coastal 
dune ecosystems, characterized by fewer forest patches, 
tend to exhibit low mammalian biodiversity. In contrast, 
avian species, which consume fish from the ocean and 
invertebrates from mudflats and the mainland, display high 
biodiversity in coastal areas (Luna-Jorquera et al., 2012). 
Consequently, birds occupy the apex trophic level within 
coastal dune ecosystems (Horn et al., 2017). Moreover, 
because of being highly sensitive to environmental changes, 
birds are considered good indicators of various ecosystems 
(Gregory et al., 2008). Therefore, the protection and 
management of bird populations at the apex of trophic 
hierarchies on coastal dunes, which serve as indicators of 

habitat quality, based on the conservation and management 
of their habitats, may be beneficial for the preservation 
and management of coastal dune ecosystems. Therefore, 
this study assessed the influence of habitat composition on 
avian diversity in coastal dunes during the spring season to 
provide ecological insights that can inform management 
strategies for these ecosystems.

MATERIALS AND METHODS

Study area
This study was conducted from April 2020 to August 

2024 on coastal dunes situated in the Incheon, Gangwon, 
Gyeongsang, Jeolla, and Jeju regions of South Korea. The 
spatial extent of these coastal dunes varied from 7,334 
m² to 1,004,555 m². Given the considerable distances 
between sites, the dunes were categorized according to 
their respective regions. Accordingly, between 7 and 11 
coastal dunes were surveyed annually (Fig. 1).

Fig. 1. Location of the ecological survey of national 
coastal dunes conducted by regions involved Gangwon 
(8), Gyeongsang (10), Incheon (11), Jeju (7), Jeolla (9) 
from April 2020 to August 2024.

H. Kim et al.
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Data collection and analysis 
Data from the ecological survey of national coastal 

sand dunes, conducted annually from April to October 
between 2020 and 2024, were utilized in this study. The 
survey encompassed 45 coastal dunes: 7 dunes in Jeju, 11 
in Incheon, 10 in Gyeongsang, 8 in Gangwon, and 9 in 
Jeolla (Fig. 1). The minimum distance between the edges of 
coastal dunes was approximately 900 m to avoid possible 
double counting. Our analysis focused on the breeding 
season, from April to June, to evaluate the influence of 
ecological factors on bird diversity within coastal dune 
habitats, thereby minimizing disturbance from extreme 
atmospheric conditions. The habitat preferences of avian 
populations are influenced by multiple factors, including 
landscape composition, vertical vegetation structure, 
and the availability of food resources within specific 
habitats. Accordingly, this study examined ecological 
variables within the study area, categorizing them into 
three groups: vegetational structure, biotic factors, and 
land cover. Vegetation structure and biotic factors were 
surveyed from April to June each year between 2020 and 
2024. Each factor, including vegetation structure, birds, 
and insects, was surveyed by the same observer for each 
taxon across spatial and temporal scales to minimize 
observer bias and temporal variation. Vegetation structure 
data were collected at 30 randomly selected points per 
coastal dune, encompassing coverage of vertical strata and 
characteristics of dominant plant species. Vertical structure 
was classified into four height categories: tree (over 15 m, 
TRC), arborescent (between 2 m to 15 m, ARC), shrub 
(between 1 m to 2 m, SHC), and grass (under 1 m, GRC). 
Vegetation coverage was categorized into six classes 
following Westhoff and Van der Maarel (1978): 0 (<1%), 
1 (1–5%), 2 (6–25%), 3 (26–50%), 4 (51–75%), and 5 
(75–100%). For vegetation exceeding one m in height: 
tree (over 15m, TRS), arborescent (between 2m to 15m, 
ARS), shrub (between 1m to 2m, SHS), dominant plant 
species were further classified as deciduous or coniferous. 
Bird survey was conducted for diurnal bird species from 
April to June between 2020 and 2024. Each coastal dune 
was surveyed on a single day within the same year due to 
the large spatial extent of the study area, and birds were 
counted within a 100 m-radius from the site. Moreover, 
insect survey was conducted for diurnal and nocturnal 
species by sweeping and setting a pitfall trap per 0.15 km2 
from April to July between 2020 and 2024. Each coastal 
dune was surveyed for two days in the same year. Land 
cover was estimated based on the proportional coverage of 
vegetation (Vegetation), agricultural areas (Agriculture), 
and total dune area (Size), using land use maps of coastal 
dunes provided by the Ministry of Environment (2020). 
Spatial analyses were performed using ArcGIS Pro (Esri, 

USA). The composition of flora and fauna on each dune was 
assessed. Floral diversity was quantified by enumerating 
the total number of plant species, encompassing grasses, 
shrubs, and trees (Plant). Faunal diversity was evaluated 
using the Shannon-Weaver index for bird (Bird) and 
insect (Insect) populations using the maximum number of 
individuals observed during field survey on each coastal 
dune (Table I).

Table I. Variables of ecological factors on the study.

Varia-
bles

Description

Vegetational structure
TRC Coverage (%) of over 15m vegetation
TRS Dominant species of tree type (1: deciduous or 2: 

coniferous)
ARC Coverage (%) of between 2m to 15m vegetation
ARS Dominant species of arborescent type (1: deciduous or 

2: coniferous)
SHC Coverage (%) of between 1m to 2m vegetation
SHS Dominant species of shrub type (1: deciduous or 2: 

coniferous)
GRC Coverage (%) of under 1m vegetation
Biotic factor
Plant Species richness on each coastal dune for vascular 

plant
Insect Biodiversity calculated by Shannon-Weaver Index on 

each coastal duneBird
Land cover
Vege-
tation

Proportion of vegetation coverage excluding the agri-
cultural area on each coastal dune

Size Total area of each coastal dune
Agri-
culture

Proportion of agricultural area on each coastal dune

Statistical analysis
To assess the impact of ecological factors on avian 

diversity, we conducted statistical analyses using R (ver. 
4.4.1). The Kruskal-Wallis test was employed to evaluate 
differences in vegetational structure, biotic factors, and 
land cover across the surveyed regions. When the Kruskal-
Wallis test indicated statistically significant differences, 
post-hoc comparisons were performed using a Bonferroni-
type adjustment. Moreover, to guarantee the independence 
of bird populations across coastal dunes and to account for 
spatial autocorrelation within the data, we utilized Moran’s 
I correlogram to assess the spatial autocorrelation patterns 
in bird diversity. The analysis revealed no significant spatial 
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autocorrelation of bird diversity within individual coastal 
dunes (Moran’s I = -0.04, Expected I = -0.02, p = 0.69). 
Subsequently, Generalized Linear Models (GLMs) with an 
identity link were applied to investigate the relationship 
between bird diversity, measured by the Shannon-Weaver 
Index (H’), as the response variable, and vegetation 
structure along with biotic factors. Model selection was 
based on the Akaike Information Criterion (AIC), with 
models exhibiting ΔAIC values less than 2 considered 
competitive. Regression coefficients were subsequently 
estimated, and the relative importance of predictor 
variables was assessed using the MuMIn R package 
(Bartoń, 2016). To address potential multicollinearity, 
variance inflation factors (VIF) were calculated for each 
predictor variable; all VIF values were below 2, indicating 
an absence of significant multicollinearity in the analyses.

RESULTS

Within the study area, a total of 17 orders, 52 
families, 190 species, and 32,722 individual birds were 
documented. The order Passeriformes included 12,550 
individuals spanning 97 species, constituting the greatest 
species diversity observed on coastal dunes. Conversely, 
Charadriiformes comprised 13,934 individuals across 32 
species, representing the highest abundance of individuals 
recorded in this habitat (Table II).

Vegetation structure varied significantly among the 
regions with respect to tree coverage (F = 0.41, p < 0.01), 
shrub coverage (F = 3.76, p < 0.01), grass coverage (F = 
4.61, p = 0.03), and dominant shrub species (F = 7.05, p < 
0.01). In contrast, no significant differences were observed 
in arborescent coverage (F = 3.83, p > 0.05), dominant 
tree species (F = 0.95, p = 0.33), or dominant arborescent 
species (F = 0.49, p = 0.49) (Table III). Furthermore, biotic 
composition across the regions did not differ significantly 
in terms of total plant species (F = 0.21, p = 0.65), insect 
biodiversity index (F = 1.44, p = 0.24), or bird biodiversity 

index (F = 0.44, p = 0.51) (Table IV). Additionally, land 
cover including vegetation coverage (F = 0.11, p = 0.75), 
agricultural area (F = 0.11, p = 0.75), and total size of 
coastal dunes (F = 0.02, p = 0.90) exhibited no significant 
differences among the regions (Table V).

Table II. Composition of birds on coastal dunes during 
breeding season, South Korea.

Order No. of 
family

No. of 
species

No. of 
individual

Passeriformes 27 97 12,550
Falconiformes 2 14 149
Columbiformes 1 2 812
Galliformes 1 1 86
Pelecaniformes 1 2 234
Ciconiiformes 3 10 955
Anseriformes 1 10 3,128
Charadriiformes 5 32 13,934
Cuculiformes 1 4 42
Strigiformes 1 2 3
Coraciiformes 3 3 66
Podicipediformes 1 3 30
Piciformes 1 4 123
Apodiformes 1 2 51
Gruiformes 1 2 8
Gaviiformes 1 1 1
Procellariiformes 1 1 550

Three generalized linear models (GLMs) were selected 
based on a ΔAIC value of less than 2 to investigate the 
relationship between habitat factors and bird diversity on 
coastal dunes. These models incorporated similar variables 
associated with bird diversity. The first model was specified 
as follows: 0.23 × Insect + 0.00 × Plant + 0.00 × SHC - 0.09 
× SHS - 0.00 × ARC + 0.00 × TRC + 0.03 × GRC + 0.03 ×

Table III. Differences of vegetational structures (mean±S.E.) among the study regions.

Variables IC* GW GS JL JJ F p
TRC 22.57±2.90a 20.47±2.79a 12.56±2.23b 18.56±2.64b 5.25±1.74c 4.01 <0.01
TRS 1.21±0.06 1.02±0.02 1.00±0.00 1.28±0.07 0.00±0.00 0.95 0.33
ARC 5.61±1.56 1.51±0.65 8.86±1.94 7.56±1.61 7.52±2.15 3.83 0.05
ARS 1.92±0.08 2.00±0.00 1.95±0.05 1.96±0.04 2.00±0.00 0.49 0.49
SHC 40.43±3.04a 26.21±2.88b 22.34±2.89b 45.73±3.13a 55.54±3.77a 3.76 <0.01
SHS 1.85±0.03a 1.73±0.05b 1.92±0.03a 1.94±0.02a 1.90±0.03a 7.05 <0.01
GRC 66.69±4.43a 54.34±2.42b 49.04±2.78b 66.07±2.28a 53.38±3.08b 4.61 0.03

* IC, Incheon region; GW, Gangwon region; GS, Gyeongsang region; JL, Jeolla region; JJ, Jeju region; a>b>c
SeeTable I for details of variables.

H. Kim et al.
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Table IV. Differences of compositions on the flora (No. of species) and fauna (H’) factors (mean±S.E.) among the 
study regions.

Taxon IC* GW GS JL JJ F p
Plant 186.73±14.76 167.50±14.55 154.40±16.53 209.33±13.12 152.00±16.23 0.21 0.65
Insect 2.18±0.21 1.61±0.33 1.62±0.17 2.57±0.12 2.26±0.27 1.44 0.24
Bird 2.36±0.19 2.76±0.30 2.50±0.11 3.37±0.22 2.13±0.16 0.44 0.51

* IC, Incheon region; GW, Gangwon region; GS, Gyeongsang region; JL, Jeolla region; JJ, Jeju region.

Table V. Differences of abiotic factors (mean±S.E.), vegetation coverage and agricultural area on the coastal dune 
(%), and total area of coastal dune (km2) among the study regions.

Taxon IC* GW GS JL JJ F p
Vegetation 11.18±5.12 12.09±7.44 11.67±8.78 34.52±13.37 0.87±0.67 0.11 0.75
Size 0.17±0.07 0.49±0.13 0.21±0.06 0.33±0.10 0.23±0.08 0.02 0.90
Agriculture 46.97±6.21 51.84±8.08 53.91±8.74 37.64±11.97 73.05±6.57 0.11 0.75

* IC: Incheon region, GW: Gangwon region, GS: Gyeongsang region, JL: Jeolla region, JJ: Jeju region

Table VI. Models based on the correlated Akaike Information Criterion (AICc) developed to explain the relative 
abundance index (RAI) of bird diversity index (H’) in each ecological factors on study area by the ΔAICc value 
resulted by the generalized linear model.

Model AICc ΔAICc ω
+ Insect + Plant+ SHC+ SHS+ ARC+ TRC+ GRC + Agriculture 801.18 0.00 0.40
+ Insect + Plant + SHC + SHS+ ARC+ ARS+ TRC+ GRC + Agriculture 801.21 0.34 0.34
+ Insect + Plant + SHC + SHS + ARC + ARS + TRC +TRS + GRC + Agriculture 801.37 1.89 0.16

Table VII. Coefficients and relative variable importance, including the best model that explains the variability in the 
relative abundance index of ecological factors on study area for each species.

Variables Coefficient S.E. t P Relative variable importance
Intercept 0.77 0.07 10.77 <0.001
Insect 0.23 0.01 15.84 <0.001 0.86
Plant 0.00 0.00 1.45 0.15 0.00
SHC 0.00 0.00 1.89 0.06 0.00
SHS -0.09 0.02 -4.58 <0.001 0.00
ARC -0.00 0.00 -2.58 0.01 0.00
TRC 0.00 0.00 7.10 <0.001 0.01
GRC 0.03 0.00 33.34 <0.001 1.00
Agriculture 0.03 0.00 37.46 <0.001 0.83

Agriculture. The second model was specified as: 0.24 × 
Insect + 0.01 × Plant + 0.01 × SHC - 0.12 × SHS - 0.02 × 
ARC + 0.05 × ARS + 0.00 × TRC + 0.02 × GRC + 0.03 
× Agriculture. The third model was specified as: 0.24 × 
Insect + 0.01 × Plant + 0.01 × SHC - 0.12 × SHS - 0.02 × 
ARC + 0.05 × ARS + 0.00 × TRC - 0.09 × TRS + 0.02 × 
GRC + 0.03 × Agriculture (Table VI). Based on the ΔAIC 
and model weight (ω) values, the first model provided 

the best explanation of the relationship between habitat 
variables and bird diversity on coastal dunes in South 
Korea. Furthermore, relative variable importance analysis 
identified the proportion of vegetation coverage, insect 
biodiversity, and proportion of agricultural area as the 
most influential factors affecting bird biodiversity in this 
ecosystem (Table VII).
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DISCUSSION

Habitat preference in species is determined by 
multiple factors, including seasonal home range (Rechetelo 
et al., 2016), the quantity and availability of food resources 
(Chatterjee and Basu, 2018), protection from predators 
(Šálek et al., 2010), and competition for resources within the 
habitat (Codron et al., 2011). Accordingly, when evaluating 
habitat preferences for a given species, it is essential to 
define habitat based on patterns of use. Most seabirds 
preferentially select uninhabited islands as breeding 
sites to establish colonies that afford protection from 
predators (Golubev, 2022). Additionally, birds breeding 
in mountainous habitats tend to select areas with dense 
vegetation cover, which serves to conceal nests and chicks 
and provides food resources such as caterpillars and insects 
(Huang et al., 2015). In the present study, Passeriformes 
emerged as the dominant avian order, primarily consuming 
invertebrates and typically nesting within forest interiors 
or edges. Ground-level vegetation coverage exhibited a 
stronger correlation with Passeriformes density during 
the breeding season than other vertical vegetation strata 
(Santamaria-Rivero et al., 2016). Dense ground vegetation 
is closely associated with invertebrate abundance. Certain 
Passeriformes and Galliformes species demonstrate 
ground-feeding behaviors that are strongly linked to 
ground vegetation coverage (Chen et al., 2019; Alves 
et al., 2023). Although our study of each coastal dune 
was conducted over a short term, limiting the observed 
probability of detecting a more diverse fauna population or 
rare species, our findings indicate that vegetation coverage 
at the ground, shrub, understory, and canopy levels, as well 
as insect biodiversity, are significant habitat variables on 
coastal dunes. The functional roles of vascular plants in 
these environments extend beyond erosion control through 
sand particle retention (Kim and Yu, 2008; Sigren et al., 
2014); they also offer critical habitats for bird species. 
Consequently, management should prioritize maintaining 
native ground vegetation complex on both foredunes and 
hind dunes to support invertebrate prey, and establish buffer 
zones to mitigate the negative edge effect of surrounding 
agriculture.
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