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Species richness related to landscape characteristics of uninhabited 
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The principal objective of this study was to characterize the relationships between geographical conditions (e.g., is-

land area, distance to mainland) and landscape structures of uninhabited islands, and to evaluate the effects of islands 

and their landscape structures on species richness. One hundred randomly selected islands and 5,000 m buffered areas 

derived from the boundaries of each island were used to summarize the number of observed bird species, and landscape 

pattern indices, particularly patch density, edge density, shape index, and mean nearest neighboring distance. Spatial 

arrangements of individual patch type at the class level, which are markedly affected by the distance from an island 

to the mainland, have a superior ability to explain the variances in species richness, as compared to the geographical 

conditions and landscape pattern indices at the landscape level. The results demonstrate that the patch type landscape 

structure is the primary factor affecting species richness, as well as the distance to the mainland. In particular, landscape 

pattern indices of cropland/pasture and woody cover are statistically significant in terms of explaining species richness, 

which suggests that food resources and appropriate conditions in landscape structures of habitat types are assumed as 

important elements in attracting bird species. This study also proposes the importance of evaluation on the landscape 

structure of each island, in order to designate protected areas and to establish a management plan for species conserva-

tion in uninhabited islands.
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INTRODUCTION

The equilibrium theory of island biogeography (Ma-

cArthur and Wilson 1967) is predicated on the assump-

tion that the size of an island and its proximity to the 

mainland determine the species richness on an island, 

with larger islands and those nearer the mainland har-

boring more species than the smaller or more distant 

islands (Whittaker and Fernández-Palacios 2007). The 

theory has been applied as a fundamental principle in 

many ecological studies, but the landscape pattern ma-

trix related to the islands has been investigated only in 

studies of species abundance, even though the landscape 

structure of island composition is one of the most impor-

tant factors affecting species abundance and distribution 

(O’Neill 1988, Forman 1995, Haila 2002, Lawler and Ed-

wards 2002, Hong et al. 2008). Large-scale development 

projects and recreational activities along the coastal 

areas have altered the landscape composition and spa-

tial arrangement of each land-cover type in island land-

scapes, resulting in variations in species richness. The 

landscape index has been evaluated to determine species 

richness on uninhabited islands, with the advent of novel 

landscape ecological approaches and remote sensing 

technologies (Kohn and Walsh 1994, Hong et al. 2008).

Several studies have assessed the impact of a variety of 
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island characteristics on species diversity under different 

geographical conditions (Kohn and Walsh 1994, Chung 

and Hong 2002, Choi 2004), geomorphological charac-

teristics (Chung et al. 2008), and human disturbances 

(Hong et al. 2008, Kang 2008). These previous studies 

have focused on the species occurrence and abundance 

of vascular plants and butterflies to the exclusion of their 

spatial arrangements of neighboring islands. Kang (2008) 

previously evaluated the geographical distribution of 

avian communities on islands with environmental con-

ditions including the areas of the islands and their dis-

tances to the mainland. Recently, several studies of island 

ecology (Choi 2004, Oh and Beon 2007, Song et al. 2009) 

have evaluated the spatial distribution of vascular plants 

and their relationships with the characteristics of the is-

lands. Whereas many studies have evaluated the impacts 

of geographical characteristics on species richness, is-

land studies have rarely been conducted regarding the 

impact of landscape pattern matrices on the subsequent 

species richness of vertebrate animals (i.e., birds). Spa-

tial attributes (patch density, mean patch size, distance 

to nearest neighbor, mean shape index) may allow for 

more explicit descriptions of an ecological system than 

geographical contexts alone; the similar size of uninhab-

ited islands can be estimated to have differing effects on 

species richness, owing to the dominant habitat type of 

the islands and the characteristics of their neighboring 

landscapes.

The principal objectives of this study were to charac-

terize the relationships between the geographical con-

ditions (e.g., distance to the mainland, island area) and 

landscape patterns around the uninhabited islands, and 

to evaluate the effects of the landscape structures on spe-

cies richness, which have implications with regard to the 

management of islands and landscapes. Additionally, 

this paper describes some of the limitations of the equi-

librium theory of island biogeography. Geographical in-

formation system (GIS) techniques are utilized to analyze 

the spatial patterns of landscape elements at a landscape 

scale to determine whether or not there are differences 

between habitat type compositions along the distance to 

mainland and protected island areas.

MATERIALS AND METHODS

Data sources

The dataset utilized in this study consisted of species 

data and environmental data for 100 randomly selected 

uninhabited islands and their surrounding landscapes 

(Fig. 1). The species data of each island included the pres-

ence/absence and number of species of vertebrate ani-

mals (i.e., birds). This study addressed only bird species, 

because birds both on and near the islands are affected, 

but the comparisons of the bird species and landscape 

patterns near the islands remain poorly understood. 

These species data were created from the first nation-

wide survey on natural environments for 651 uninhab-

ited islands, which were based on fieldwork by scientists 

and local experts from 1998 to 2002. The species richness 

of each island was calculated by counting the numbers of 

bird species observed per island.

The environmental landscape data provides the geo-

graphical conditions, island characteristics (i.e., size and 

shape), and landscape pattern of each island. Data re-

garding geographical conditions and the sizes of islands 

were derived from the topographic maps (1:25,000). 

Shoreline data were obtained from the Landsat ETM im-

ages, and the protected areas were developed by scan-

ning and manually digitizing the legally protected area 

documents, which were paper maps based on topo-

graphic maps, and were used to estimate the effects of 

the distance to mainland and protected area on species 

richness. Protected areas, in this study, include ‘Wetland 

Fig. 1. Location of 100 randomly selected uninhabited islands in Korea
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Protection Areas’, ‘Ecologically and Aesthetically Impor-

tant Areas’, ‘Designated Islands’, ‘Wildlife Protection Ar-

eas’, ‘National Parks’, ‘Maritime Environmental Conser-

vation Areas’, and ‘Monument Protection Areas’.
In order to identify the landscape pattern neighboring 

the islands, landscapes of 5,000 m-buffered areas from 

the boundary were delineated for the selected island sur-

roundings. The land cover maps of seven classes were ob-

tained to determine the extent of the landscape of each 

island. Twenty three classes of the land cover maps were 

reclassified into an aggregated classification scheme of 

seven classes: woody, herbaceous, bare-ground, wet-

land, cropland, open water, and urbanized areas. These 

aggregated land cover maps were utilized to quantify the 

landscape structure, as well as the topographic maps and 

satellite images, to estimate the distance to the mainland 

and the area of each island.

Development of GIS data

Species richness data were developed for each island, 

and have been correlated with environmental data to 

assess the effects of the distance to mainland and pro-

tected areas on the species richness. The Spatial Analyst 

Extension for ArcView GIS program was employed to cal-

culate the mean distance to the mainland of each island 

(Environmental Systems Research Institute 1998). The 

environmental attributes of the islands consisted of the 

island area, distance to the mainland, and habitat type.

Nationwide land cover data were obtained and used in 

the development of landscape maps, and the data were 

reclassified into species richness-related patch types. 

The land cover categories of each island were converted 

to raster format with a pixel size of 5 m using the Spatial 

Analyst extension. The landscape characteristics were 

then analyzed on seven class levels (woody class, herba-

ceous class, bare ground class, wetland class, cropland 

class, urbanized area class, and water class) and land-

scape level using the ArcView Patch Analyst extension 

(Elkie et al. 1999) developed using the FRAGSTATS land-

scape analysis software (McGarigal and Marks 1995).

A wide variety of landscape indices have been devel-

oped to quantify the landscape patterns of individual 

patches, patch type classes, or of entire landscapes (For-

man 1995, Hong et al. 2008). The redundancy and overlap 

among landscape indices have been previously evaluated 

(O’Neill et al. 1999, Li and Wu 2004). Not all of the land-

scape indices were acquired in the assessments of each 

land-cover composition and spatial configuration of the 

landscape. A small sub-set of the landscape indices were 

selected to identify the landscape patterns, which evi-

denced ecologically reliable and statistically significant 

factors. Some have argued for the desirability of indices 

that combine multiple pattern components into a single 

value to reduce the number of variables carried in a mul-

tivariate analysis (Riitters et al. 1996). Others have assert-

ed that it is difficult enough to interpret indices that mea-

sure a single component of spatial pattern, and that any 

method to quantify spatial patterns must be examined 

and assessed under controlled conditions (Li and Reyn-

olds 1995). One solution that has been proposed involves 

describing fundamental and independent components, 

and developing a suite of indices by which those compo-

nents might be measured. 

In order to identify the relationships between the spe-

cies richness and landscape pattern of each island, seven 

landscape pattern indices at the landscape level were se-

lected for the quantification of the landscape patterns of 

uninhabited islands; these indices were the mean patch 

size (MPS), patch density (PD), interspersion and juxta-

position index (IJI), mean proximity index (MPI), Shan-

non’s diversity index (SDI), mean shape index (MSI), and 

edge density (ED). A patch represents an area that is cov-

ered by one single habitat type. In this study, each patch 

was delineated with the land cover type of satellite im-

agery. MPS and PD are direct information regarding the 

landscape pattern, PD expresses the number of patches 

within the entire landscape, and MPS is the average size 

of patches in the landscape. The value of IJI, a measure of 

the spatial configuration of patch types, increased as the 

patches tended to be more evenly interspersed in a “salt 

and pepper” mixture (McGarigal and Marks 1995). MPI 

considers the size and proximity of all patches whose 

edges fall within a specified search radius of the focal 

patch. The index quantifies the spatial context of a habi-

tat patch in relation to its neighbors of the same class. SDI 

quantifies the diversity of the habitat type: the number 

of different land cover types and the proportional area 

distribution among patch types. The index is calculated 

by adding for each patch type present the proportion of 

area covered, multiplied by that proportion expressed as 

a natural logarithm. MSI is a measure of the deviation of 

a patch shape from that with the lowest possible perim-

eter-area ratio. When working with raster (grid) data, a 

square is the simplest possible shape, and has an index 

value of 1. A high shape index indicates a patch with a 

perimeter-area ratio substantially higher than that of a 

square, hence possessing a complex and/or convoluted 

shape. ED is the total linear distance of the edge mea-

sured for all patches divided by the landscape area, ex-
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pressed as meters of edge per hectare (Forman 1995). At 

the class level, the spatial patterns for land cover, includ-

ing woody class, were quantified via 5 landscape metrics: 

percent cover, PD (number of patches/ha), MPS (m2), ED 

(m/ha), and mean nearest neighbor distance (m). In this 

study, habitat patch was defined as an area of continu-

ous land cover type. The nearest neighbor distance is the 

shortest edge-to-edge distance measured between a giv-

en patch and the nearest neighboring patch of the same 

patch type (i.e., woody to woody).

Data analysis

In order to identify the relationship among distance to 

mainland from island, island area, and protected area, 

correlation analysis was conducted using SPSS (SPSS 

Inc., Chicago, IL, USA). Descriptive statistics were calcu-

lated and utilized to allow for the comparison of the dis-

tribution with the distance to mainland and landscape 

pattern indices, and also to identify landscape differenc-

es between protected areas and other areas. The land-

scape pattern indices were characterized by the mean 

within-landscape indices for the island.

The ArcView map algorithm function was employed to 

calculate the distance to mainland from the island and 

area of island, based on high-resolution satellite images 

and topographic maps. Different aspects of uninhabited 

islands are explained by designating protected areas, as 

well as the distance to mainland and the island area. De-

spite different impacts of distance to mainland and the 

area of island on species richness, correlation analysis 

was conducted to test for relationships between species 

richness and landscape pattern indices. Stepwise regres-

sion analysis was employed to evaluate the effects of the 

landscape pattern indices and geographical conditions 

on bird species richness (Green et al. 1996).

RESULTS

Descriptive statistics of selected islands

The sampled islands are evenly distributed at a spac-

ing of 5,000 m to 30,000 m, and the number of islands 

are proportionally consistent with the administrative 

boundary; that is, 41 islands in Jeonnam Province (Go-

heung, Haenam, Jindo, Shinan, Wando, Yeosu), 19 is-

lands in Gyeongnam Province (Geoje, Goseong, Hadong, 

Jinhae, Namhae, Sacheon, Tongyoung), 12 islands in 

Jeju Province (Bukjeju, Namjeju, Seoguipo), 11 islands 

in Chungnam Province (Boryung, Taean), 9 islands in 

Incheon Province (Ganghwa, Ongjin), 6 islands in Jeon-

buk Province (Kunsan, Buan), and 2 islands in Pusan 

Province. Average distance to mainland was 11,263 m 

from the selected islands, ranging from a minimum of 

98 m in Hak-do, Hadong county, Gyeongnam Province 

to a maximum of  71,988 m in Top-seom, Shinan county, 

Jeonnam Province.

In the 100 selected islands, 60 islands are legally pro-

tected for the conservation of ecosystems and natu-

ral resources by the central government, including the 

Ministry of Environment. Average size of uninhabited 

islands, in this study, is higher in non-protected areas 

than protected areas. The mean island size value was 

212,482 m2 for the non-protected islands, but 122,828  m2 

for the protected areas. The area of island and coastline 

were highly positively correlated for both protected and 

non-protected areas. The results of Pearson’s correlation 

showed that the coefficient of island area and coastline 

was 0.842 (P = 0.000).

According to the correlation analysis between the 

distance to mainland and protected islands, protected 

islands were shown generally to be located far from the 

coastline, relative to the non-protected islands. The mean 

distance to the mainland is 12,174 m in the protected is-

lands, and 9,896 m for the non-protected islands. Species 

richness, as represented by the number of bird species re-

corded for each island, was found to be far higher among 

the protected islands than the non-protected islands. The 

average number of bird species was 6.18 for the protected 

islands and 5.70 for the non-protected islands, thus sug-

gesting that bird species are more abundant in protected 

islands, which tend to be located far from the mainland, 

with small-sized uninhabited islands.

Landscape pattern indices of uninhabited is-
lands and neighboring landscapes

Landscape composition – the proportion of total area 

occupied by each land cover type – of the sample islands 

and their landscapes differed slightly based on assess-

ments using the 100 randomly-selected islands and 5,000 

m buffered areas of each island. The average number of 

land cover type was 3.9 within the islands, and was in-

creased to 6.4 in the neighboring landscape. Woody and 

herbaceous covers were found to be distributed widely 

across the selected islands. Seventy seven islands had 

woody cover of an average size of 114,814 m2, followed 

by herbaceous cover of an average size of 33,156 m2 on 

69 islands. By way of contrast, cropland cover comprised 
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Table 1. Correlation between landscape pattern indices of the 5,000 m buffered area centered on selected islands both at the landscape and class levels 
against island characteristics (island area, distance to mainland) 

Landscape/Class levels Landscape indices Correlation coefficients against
 island area

Correlation coefficients against distance 
to mainland

Landscape metrics
on 5,000 m buffered
landscapes of each
island

MPS -0.001 0.289a

PD -0.176 -0.554a

IJI 0.005 -0.316a

MPI 0.071 0.248b

SDI -0.213b -0.586a

MSI -0.050 0.354a

ED -0.204b -0.541a

Class metrics on
urbanized area

% Cover -0.149 -0.258b

PD -0.177 -0.463a

MPS -0.177 0.050

ED -0.213b -0.408a

MNN -0.036 0.540a

Class metrics on
pasture/cropland

% Cover -0.227b -0.473a

PD -0.204 -0.469a

MPS -0.221b -0.430a

ED -0.296a -0.541a

MNN 0.303b 0.157

Class metrics on
woody cover

% Cover -0.144 -0.437a

PD -0.164 -0.446a

MPS 0.393a 0.306a

ED -0.197 -0.505a

MNN 0.094 0.109

Class metrics on
herbaceous cover

% Cover -0.160 -0.338a

PD -0.168 -0.455a

MPS 0.033 0.248a

ED -0.177 -0.381a

MNN 0.139 -0.076

Class metrics on
wetland

% Cover -0.051 -0.123

PD -0.039 -0.273b

MPS -0.046 0.253b

ED -0.084 -0.087

MNN -0.062 0.032

Class metrics on
open water

% Cover 0.419a 0.534a

PD -0.113 -0.399a

MPS 0.089 0.353a

ED -0.187 -0.300a

MNN -0.111 -0.401a

Different letters in the superscripts indicate statistically significant differences (alpha < 0.01, beta < 0.05) in landscape metrics along island area and dis-
tance to mainland.
MPS, mean patch size; PD, patch density; IJI, interspersion and juxtaposition index; MPI, mean proximity index; SDI, Shannon’s diversity index; MSI, mean 
shape index; ED, edge density; MNN, mean nearest neighbor . 
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a small proportion of the landscape and was sparsely 

distributed only over 21 of the selected islands. In the 

neighboring landscape, the proportion of open water is 

most abundant with a less dense arrangement of large, 

continuous patches. However, woody and herbaceous 

patches were found to be distributed sparsely across the 

landscape, in many small patches.

Landscape pattern indices were calculated for both 

landscape and class level, and the indices were corre-

lated significantly with the geographical contexts of the 

selected islands, including island size and distance to 

mainland (Table 1). All the indices were statistically sig-

nificant and closely correlated with the distance to main-

land, except for ED in the urbanized area, and the mean 

nearest neighbor distance in cropland, woody, herba-

ceous, and wetland classes. With regard to the size of is-

lands, however, only SDI and ED were statistically signifi-

cantly correlated at the landscape level. A few landscape 

variables of wetland, herbaceous, and woody classes are 

related significantly to the size of the islands. In the case 

of cropland class, percent cover, mean patch size, edge 

density, and mean nearest neighbor distance were cor-

related with island size.

Table 2 shows differences in the landscape pattern in-

dices at the landscape level between the protected and 

non-protected areas. Landscape pattern indices, includ-

ing patch density, mean shape index, and ED did not dif-

fer significantly between the protected and non-protect-

ed islands at the landscape level. However, the MPS in the 

non-protected areas was 439.8 m2, which is greater than 

the 196.1 m2 measured in the protected areas. The prox-

imity indices are higher in the protected areas, thereby 

indicating that more patches of same patch type are 

located in a neighborhood in which the corresponding 

patch type is distributed in larger, more contiguous, and/

or closer patches than other patches in protected areas.

Species richness related to landscape pattern 
indices

In deciding which geographical conditions and/or 

landscape characteristics more profoundly affect species 

richness on uninhabited islands, three types of regres-

sion analysis were conducted. First, stepwise regressions 

for geographical conditions against species richness 

were developed with island area and distance to main-

land. The results demonstrated that island area was cor-

related positively with bird species richness, but distance 

to mainland was not a statistically significant factor. Re-

gression results for bird species richness explained 12.5% 

of the total variance. The next step was to evaluate the 

effects of landscape characteristics on species richness. 

The regression analyses on landscape pattern metrics for 

species richness differed between landscape level and 

class level. As can be observed in Table 3, the regression 

models at the class level explained 31.8% of the total vari-

ance, but the landscape level model explained 6.8%.

For the landscape pattern metrics associated with spe-

cies richness, % cover, patch density, and ED at the crop-

land/pasture, woody area, herbaceous area, and water 

classes were applied to our regression analyses. Percent 

cover and PD of the cropland/pasture were statistically 

significant and correlated positively with species rich-

ness. The majority of landscape indices for woody, her-

baceous, and water classes were non-significant in re-

gard to bird species richness, with the exception of ED of 

woody and water classes.  Landscape pattern indices at 

the landscape level were not statistically significant in re-

gression analysis, but SDI was correlated positively with 

species richness.

Table 2.  Mean values of landscape pattern indices at the landscape level between protected islands and non-protected islands 

Landscape indices Protected islands Non-protected islands Sum total

Mean patch size 196.15 439.80 293.61

Patch density 11.77 12.73 12.16

Interspersion and juxtaposition index 68.74 68.58 68.67

Mean proximity index 1,272.93 467.24 950.66

Shannon’s diversity index 0.615 0.634 0.623

Mean shape index 1.30 1.27 1.29

Edge density 39.17 41.51 40.11

Landscape indices were estimated for identifying the effects of protected area.
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DISCUSSION

The results of this study demonstrated that geographi-

cal conditions and landscape structures of uninhabited 

islands can be quantified using a combination of land-

scape pattern indices and spatial analysis. Currently, 

many scientists and natural resource managers have 

become convinced that wildlife species are governed by 

spatial arrangements of habitat types (Lawler and Ed-

wards 2002, Hong et al. 2008). Island ecology has long 

been conducted for assessments of species richness 

associated with environmental gradients (Haila 2002, 

Whittaker and Fernández-Palacios 2007, Kang 2008). Tra-

ditionally, the island area and distance to mainland have 

been selected as the principal factors affecting species 

richness, but landscape ecologists continue to add the ef-

fects of landscape configuration on species richness (He-

aney 1984, Panitsa et al. 2006, Kim and Hong, 2009). This 

study demonstrated that landscape pattern indices at the 

class level more explained the variances in species rich-

ness than the geographical conditions and the landscape 

pattern indices at the landscape level (Table 3).

Although geographic factors were less profoundly cor-

related with species richness than landscape pattern in-

dices, in this study, island area and distance to mainland 

were still significant in terms of understanding bird spe-

cies richness (Chung and Hong 2006). Moreover, the com-

bined effect of landscape characteristics and geographi-

cal conditions was superior to the effects of landscape 

alone in explaining species richness (Panitsa et al. 2006). 

Island area is positively correlated with the bird species, 

and distance to mainland is negatively correlated, indi-

cating that large patches near the mainland might be a 

good place to observe more bird species. These observa-

tions support suggestions made by Dennis et al. (2000) 

on butterfly diversity. They suggested that more butter-

flies inhabited large islands near the shoreline, possibly 

caused by the fact that relict butterflies may have become 

extinct except on a few larger islands, and colonization 

from the mainland is easier near the coastline. 

It was clear, though not surprising, from the results of 

this study that the degree of landscape pattern indices 

was dependent on the distance from the island to the 

mainland. Specifically, all landscape indices were corre-

lated closely with the distance to the mainland. Whereas 

the landscape level indices allowed for the character-

ization of the spatial arrangements of land cover, class 

level indices provided more detailed information regard-

ing the relative contributions of individual patch types 

(O,Neill et al. 1988, Li and Wu 2004). Landscape composi-

tion and landscape configuration may have considerable 

effects on habitat quality and movement routes (Frank-

lin and Steadman 1991), and are therefore useful in the 

establishment of environmental management plans for 

bird species and to designate protected islands. In addi-

tion to differences in the abundance of bird species, the 

Table 3. Regression analysis on the effects of geographical conditions, landscape pattern indices at the landscape and class levels on bird species rich-
ness of the 5,000 m buffered area from the selected islands

Geographical conditions Landscape pattern indices 
(landscape level)

Landscape pattern indices
(class level)

Variables β P-value Variables β P-value Class Variables β P-value

Island area 0.12 0.016 MPS 0.08 0.812 Cropland % Cover 2.53 0.003

Distance to 
mainland

-0.18 0.063
PD 0.36 0.725 PD 0.91 0.007

IJI -0.11 0.763 ED 0.06 0.938

MPI 0.07 0.683 Woody % Cover 1.49 0.046

SDI 0.85 0.043 PD -0.32 0.445

MSI -0.04 0.764 ED -1.92 0.003

ED -1.04 0.347 Herbaceous % Cover 1.01 0.271

PD 0.23 0.698

ED -0.58 0.657

Water % Cover  2.07 0.199

PD -0.45 0.055

ED  0.19 0.006

Adjusted R2 0.125 Adjusted R2 0.068 Adjusted R2 0.318

MPS, mean patch size; PD, patch density; IJI, interspersion and juxtaposition index; ED, edge density; MPI, mean proximity index; SDI, Shannon’s diversity 
index; MSI, mean shape index.
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spatial arrangement of landscape patterns in geographi-

cal contexts has some direct implications for environ-

mental management, as reflected by the abundance and 

spatial pattern of the habitat type. The distribution of 

woody, herbaceous cover and the distance from islands 

to the nearest mainland may affect the habitat suitability 

of bird species, as well as the accessibility of desired food 

resources to wildlife species. Landscape patterns, specifi-

cally patch density, size, and spatial arrangements affect 

the movement and habitat quality of birds.

The coincidence of landscape patterns along geo-

graphical conditions such as distance to the mainland 

were confirmed via correlation analysis (Table 1). The 

distance to the mainland and landscape pattern indi-

ces were closely correlated. The number of landscape 

indices both at the landscape and class levels is largely 

influenced by geographical contexts, specifically the dis-

tance of islands from their mainlands. Distance tends to 

dominate island dimensions in accounting for the inci-

dence of species that could be analyzed. The distance 

of islands from the mainland largely account for differ-

ences in species numbers through differential migration 

capacity, and is directly relevant to species transfer in 

ecological time. Geographical elements alone influence 

the number of species via colonization potential and per-

sistence (MacArthur and Wilson 1967, Choi 2000, Chung 

and Hong 2002); as such, the elements of both landscape 

configuration and the habitat type of each island affect 

species richness.

It is crucial to understand how landscape structures 

affect foraging and hiding birds. Birds can move readily 

from place to place to locate new resources and suitable 

conditions, and are not restricted to one place (with the 

exception of nesting birds). Therefore, the landscape 

structures of different habitat types around islands are 

assumed to be important factors affecting bird species 

richness. The area of an island is positively correlated 

with its species richness, and the distance to the main-

land is statistically significant in terms of describing 

species richness. Although the area of island is related 

closely with the number of plant species (Heaney 1984, 

Choi 2004), distance to the mainland is a relatively poor 

predictor of the number of plant species. However, birds 

require a relatively large territory to live, and also require 

a greater variety of habitat types than do plants (Ding et 

al. 2006). The mainland, which is usually composed of 

different habitat types, is a major source of different bird 

species, and thus the number of birds will increase with 

decreasing distance to the mainland from an island.

The results of spatial analysis support observations 

of a broader area of islands to evaluate species richness, 

as compared to analyses of uninhabited islands alone. 

Many scientists have discussed the ecological impor-

tance of neighboring islands and inter-island configura-

tions in species diversity through observation (Dennis et 

al. 2000, Chung and Hong 2006). These landscape analy-

ses likely contributed to our understanding of ecological 

processes and species structures, due to the effects of 

neighboring patches and landscape connectivity, func-

tioning as wildlife movements through single islands to 

other nearby islands and the mainland (Kim and Hong 

2009). Spatial patterns of landscape patches have not 

yet been sufficiently widely considered in the island 

management literature, which has focused principally 

on the designation of protected islands (Seo 2004, Nam 

and Kang 2005). Differing spatial patterns and patch at-

tributes following the designation of protected islands 

may exert critical impacts on current ecological process-

es as well as future characteristics of island ecosystems, 

and consideration of spatial patterns should be a part 

of designating island management plans. Species rich-

ness, particularly the species richness of bird, has long 

been studied to determine the effects of human activi-

ties and resource management strategies for ecosystem 

integrity. Bird species generally require relatively large 

and diverse habitat types, and thus bird species are fre-

quently employed in evaluations of the habitat suitability 

of physical environmental and landscape characteristics 

(Kang 2008). In general, environmental factors that at-

tract bird species are facilitated by the provision of suf-

ficient food resources and tolerance conditions (Ding et 

al. 2006). Cropland/pasture is a great source of food dur-

ing the growing and wintering seasons, and thus many 

migratory birds use the islands near cropland/pasture 

and herbaceous areas. Cropland also helps to conserve 

cultural landscapes for attracting tourists (Hakim et al. 

2009). The regression results of significant correlation be-

tween cropland class landscape indices and bird species 

richness, as described in this paper, indicate that food 

resources near the islands are critical elements of bird 

species richness, thereby indicating that natural resource 

managers should maintain cropland/pasture and herba-

ceous covers for bird habitats.

The changes in landscape pattern indices related to ED 

revealed by landscape analysis on coastlines may have 

some important ecological implications for resource 

management (Buckley 1985, Kim and Hong 2009). For ex-

ample, the landscape indices of ED on water/woody ar-

eas are correlated significantly with species richness, and 

thus coastline lengths should be considered when estab-



113

   Species richness related to island landscape characteristics

http://jefb.org

lishing natural resource management strategies. How-

ever, ED at the landscape level and other classes (e.g., 

cropland, herbaceous area) were not significant in terms 

of species richness. The amount of coastline and woody 

boundary may be one of the principal components of 

natural resource management (Nam and Kang 2005), and 

the effect of ED appears more appropriate to estimations 

of the species richness of uninhabited islands.

In conclusion, the spatial arrangement of landscape 

patterns is the principal factor influencing the bird spe-

cies richness, in addition to island area and distance to 

the mainland (Whittaker and Fernández-Palacios 2007). 

This might be attributable to the spatial configuration 

of habitat patches in islands and surrounding land-

scapes, which provide appropriate habitat and migra-

tion routes. Therefore, the landscape patterns of islands 

should be considered when determining whether or not 

to designate islands as protected areas, such as when the 

landscape configurations of buffered areas are added to 

designated islands. Application of landscape ecologi-

cal analysis to the study of island ecology can help us to 

understand the relationship between landscape patterns 

and species abundance. In particular, combining spatial 

analysis on geographical contexts with landscape pattern 

indices can help us to quantitatively identify the environ-

mental gradients and complex spatial arrangements of 

habitat type, which can be subsequently associated with 

species richness. This study was only an initial step to-

ward understanding the structure and functions of the 

islands and surrounding landscapes in Korea. The exten-

sion of this study to understanding the mechanisms in-

volved in island landscape patterns will help explain vari-

ances in the ecological processes and spatial structures 

of wildlife species abundance.

ACKNOWLEDGMENTS

This study was financially and administratively sup-

ported, in part, by the Korea Environment Institute via a 

research fund (RE 2009-16) entitled “Planning and Man-

agement Strategies for the National Coastal Ecological 

Network in Korea II.”

LITERATURE CITED

Buckley RC. 1985.  Distinguishing the effects of area and 

habitat type on island plant species richness by separat-

ing floristic elements and substrate types and control-

ling for island isolation. J Biogeogr 12: 527-535.

Choi JH. 2004.  The study on the relationships between the 

distribution of plants and geographical conditions on 

uninhabited islands in the southwestern coast of Korea. 

MS Thesis. Mokpo National University, Muan, Korea.

Choi SW. 2000.  Study on the ecological influences on the 

butterfly fauna of islands in Korea: roles of island area, 

isolation, latitude and maximum elevation. Korean J En-

viron Biol 18: 237-246.

Chung CH, Lee HJ, Kim CB, Koh YK, Oh KH. 2008. Geological 

and geomorphological characteristics of uninhabited 

Docho islands southwestern coast of Korea. J Isl Cult 31: 

257-276.

Chung JM, Hong KN. 2002. Relationships between geo-

graphical conditions and distribution pattern of plant 

species on uninhabited islands in Korea. Korean J Ecol 

25: 341-348.

Chung JM, Hong KN. 2006. Island biogeographic study on 

distribution pattern of the naturalized plant species on 

the uninhabited islands in Korea. J Ecol Field Biol 29: 

489-494.

Dennis RLH, Shreeve TG, Olivier A, Coutsis JG. 2000. Con-

temporary geography dominates butterfly diversity gra-

dients within the Aegean archipelago (Lepidoptera: Pa-

pilionoidea, Hesperiuoidea). J Biogeogr 27: 1365-1383.

Ding TS, Yuan HW, Geng S, Koh CN, Lee PF. 2006. Macro-

scale bird species richness patterns of the East Asian 

mainland and islands: energy, area and isolation. J Bio-

geogr 33: 683-693.

Elkie PC, Rempel RS, Carr AP. 1999. Patch Analyst User’s 

Manual, TM-002.  Ontario Ministry of Natural Resourc-

es, Northwest Science & Technology, Thunder Bay, ON.  

Environmental Systems Research Institute. 1998. ArcView 

Spatial Analyst. Environmental Systems Research Insti-

tute Inc., Redlands, CA.

Forman RTT. 1995. Land mosaics: the ecology of landscape 

and regions. Cambridge University Press, New York, NY.

Franklin J, Steadman DW. 1991. The potential for conserva-

tion of Polynesian birds through habitat mapping and 

species translocation. Conserv Biol 5: 506-521.

Green SB, Salkind NJ, Akey TM. 1996. Using SPSS for win-

dows: analyzing and understanding data, 1st ed. Prentice 

Hall Press, Upper Saddle River, NJ.

Haila Y. 2002. A conceptual genealogy of fragmentation re-

search: from island biogeography to landscape ecology. 

Ecol Appl 12: 321-334.

Hakim L, Kim JE, Hong SK. 2009. Cultural landscape and 

ecotourism in Bali Island, Indonesia. J Ecol Field Biol 32: 

1-8.

Heaney LR. 1984. Mammalian species richness on islands on 



DOI: 10.5141/JEFB.2010.33.2.105 114

J. Ecol. Field Biol. 33(2): 105-114, 2010

the Sunda Shelf, Southest Asia. Oecologia 61: 11-17.

Hong SK, Nakagoshi N, Fu BJ, Morimoto Y. 2008. Landscape 

Ecological Applications in Man-Influenced Areas: Link-

ing Man and Nature Systems. Springer, Dordrecht.

Kang JM. 2008. Patterning distribution of bird communities 

inhabiting in Korean islands by using ecological infor-

mation techniques. MS Thesis. Kyung Hee University, 

Seoul, Korea

Kim JE, Hong SK. 2009. Landscape ecological analysis of 

coastal sand dune ecosystem in Korea. J. Korean Env Res 

Tech 12: 21-32.

Kohn DD, Walsh DM. 1994. Plant species richness: the effect 

of island size and habitat diversity. J Ecol 82: 367-377.

Lawler JJ, Edwards TC. 2002. Landscape patterns as habitat 

predictors: building and testing models for cavity-nest-

ing birds in the Uinta mountains of Utah, USA. Land-

scape Ecol 17: 233-245.

Li H, Reynolds JF. 1995. On definition and quantification of 

heterogeneity. Oikos 73: 280-284.

Li HB, Wu JG. 2004. Use and misuse of landscape indices. 

Landscape Ecol 19: 389-399.

MacArthur RH, Wilson EO. 1967. The Theory of Island Bioge-

ography. Princeton University Press, Princeton, NJ.

McGarigal K, Marks BJ. 1995. FRAGSTATS:  Spatial Pattern 

Analysis Program for Quantifying Landscape Structure. 

Gen Tech Rep PNW-GTR-351. US Department of Agri-

culture, Forest Service, Pacific Northwest Research Sta-

tion, Portland, OR.

Nam JH, Kang DS. 2005. Management policy directions for 

sustainable management of the uninhabited islands of 

Korea. J Kor Soc Mar Environ Eng 8: 227-235.

Oh HK, Beon MS. 2007. Distribution of vascular plants on 

the Mokdo, Gokdudo, Daehangdo and Bulgeundo des-

ert island, Dadohae. Korean J Plant Resour 20: 28-37.

O’Neill RV, Riitters KH, Wickham JD, Jones KB. 1999. Land-

scape pattern metrics and regional assessment. Ecosyst 

Health 5: 225-233.

O’Neill RV, Krummel JR, Garder RH, Sugihara G, Jackson B, 

DeAngelis DL, Milne BT, Turner MG, Zygmunt B, Chris-

tensen SW, Dale VH, Graham RL. 1988. Indices of land-

scape pattern. Landscape Ecol 1: 153-162.

Panitsa M, Tzanoudakis D, Triantis KA, Sfenthourakis S. 

2006. Patterns of species richness on very small islands: 

the plants of the Aegean archipelago. J Biogeogr 33: 

1223-1234.

Riitters KH, O’Neill RV, Wickham JD, Jones KB. 1996. A note 

on contagion indices for landscape analysis. Landscape 

Ecol 11: 197-202.

Seo JC. 2004. The management status and the problems of 

natural ecosystem of the uninhabited islands and the 

SPI (Specially Protected Islands). Daegu Catholic Univ 

Soc Sci Bull 3: 89-100.

Song KM, Hyun HJ, Kang CH, Kim MH. 2009. Flora and life-

form of the uninhabited islets, in Jeju-do. J Environ Sci 

18: 1309-1324.

Whittaker RJ, Fernández-Palacios JM. 2007. Island Biogeog-

raphy: Ecology, Evolution, and Conservation. Oxford 

University Press, New York, NY.


