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INTRODUCTION

Bird habitat diversity and forest vegetation structure 
affect bird species diversity in forests (Lack, 1976; Cho, 
1995; MacArthur and MacArthur, 1961).  As a result of 
urbanization, resources are overused, vegetation struc-
tures are simplified, and the large trees are dwindling in 
the forests.  In addition, the pollutant levels have soared.  
These factors obstruct the stable inhabitation of the for-
est birds (Kwak, 2011).  In the past couple of decades, 
there is a decrease in plant species diversity and no 
increase in the tree DBH in the forests of Seoul City 
(Kwak, 2011).  Therefore, the environment for bird habi-
tat in Seoul area is gradually deteriorating. 

The study of bird habitat in the forest can be divided 
into three categories: (1) genetics and morphological 
characteristics of birds, (2) diversity of bird species, and 
(3) factors affecting the characteristics and diversity of 
bird appearance (species and individual number).  The 
last category focuses on the effects of vegetation struc-
ture (MacArthur and MacArthur, 1961; Austin, 1970; 
Moss, 1978) and tree diversity (Robinson and Holmes, 
1982; Holmes and Schultz, 1986).  Unlike the habitat of 
birds in natural forests, their habitat in urban forests is 
influenced by many factors including those man–made.  
Various studies have been conducted to investigate the 
relationship between the size of green spaces and the 
bird’s appearance (Tilghman, 1987; Linehan et al., 1995; 

Gavareski, 1976; Galli et al., 1976).  Wild birds present a 
unique appearance in urban forests, different from those 
in natural forests.  However, only a few studies have been 
conducted to the best of our knowledge on the relation-
ship between the ecological conditions of the urban for-
est and inhabitation of birds.

Since insects are the main source of food for wood-
peckers, insect habitat and vegetation type, which influ-
ences the habitat of insects, could affect the appearance 
of woodpeckers.  Water supports life at all biological 
stages (Goodwin et al., 2001).  In urban forest, reduced 
solar radiation and moisture, coupled with a change of air 
temperature, affect not only the vegetation type but also 
the distribution of insects (Landsberg, 1981).  Therefore, 
this study investigates the appearance of woodpecker 
species observed in urban forests in Seoul, Korea to 
determine its relationship with vegetation types.  Our 
target species were the three dominant woodpecker spe-
cies in Korea, that is, Japanese pygmy woodpecker 
(Dendrocopos kizuki; DK), great spotted woodpecker 
(Dendrocopos major; DM), and grey–faced green wood-
pecker (Picus canus; PC).

Woodpeckers are regarded as predators in the urban 
forest.  Thus, this study could contribute toward protec-
tion of not only woodpeckers but also resources and envi-
ronment of urban forests.

MATERIALS AND METHODS

Study site
Most of the forests in the Korean peninsula were 

destroyed during the Korean War (1950–1953).  A large–
scale afforestation project was undertaken in the 1960s 
and 1970s by populating the bare mountains with trees 
from other countries.  As a result of this afforestation 
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drive, urban forests were divided into small pieces of 
either afforested or naturally regenerated areas by sec-
ondary succession.  The topography of Korea is so diverse 
that some tree species do not grow in certain areas.  Thus, 
the afforested areas resemble a mosaic of forests with 
different tree species.

A detailed actual vegetation map (on a scale of 
1/1,000) was created for the first time for Seoul City.  The 
map is most accurate actual vegetation map of Korea.  
Therefore, Seoul City is considered as the most appro-
priate area to study the relationships between the appear-
ance of birds and vegetation type in a given area.  The 
study site was identified to be the forests in and around 
the outskirts of Seoul City, including Namsan Urban 
Natural Park (center of Seoul) and Samleung and Dogok 
neighborhood parks (south area of Seoul), which repre-
sent the remaining forests in the area.  The Cheonggyesan 
Urban Natural Park and Daemosan Urban Natural Park 
in the outskirts of Seoul City, and Godeok neighborhood 
park, Myeongil neighborhood park, and Iljasan neighbor-
hood park (east area of Seoul) were also targeted.  
Developed areas (such as roads, housing, and sports facil-
ities) within these sites were excluded from the study.  
The study sites are located at latitude 37°28′13″N to 
37°33′59″N and longitude 126°58′35″E to 127°10′13″E.  
The total area of the study site is 14.0 km2 (Figure 1).

Survey method
The study area was surveyed by using the zig–zag 

method (Bibby et al., 2000) to determine the points to 
observe the appearance of woodpeckers.  The points, 
where individual woodpeckers were found, were marked 
on the topographical map of Seoul (with a scale of 
1/1,000) to record the exact locations.  These location 
points were then digitized into spatial data using AutoCad 
software (Version 2012).  A bird survey was conducted 
in 2001 and 2006 in the target area.  Namsan Park was 
surveyed in winter (January) and in summer (August) of 
2001.  The forests in Gangdong–gu were surveyed in win-
ter (January) and spring (April) of 2006, while the for-
ests in Gangnam–gu were surveyed in winter (January) 
and in summer (August) of 2001.

Actual vegetation
To ascertain the actual vegetation of the forests, we 

used an actual vegetation map of Seoul on a scale of 
1/1,000 published in 2000 and its updated version in 2004 
and 2005 to enhance the reliability.  For drawing the first 
actual vegetation map in 2000, a field survey was con-
ducted by using a topographical map on a scale of 
1/1,000.  Therefore, we used the same scale topographi-
cal map for surveying birds as well.  Vegetation types of 
the forest and also the mean diameter of canopy trees at 
breast height (DBH) and vegetation coverage (%) in each 
patch of vegetation type were parts of our survey.  The 
geographical accuracy of this actual vegetation map was 
about 80% (Cho et al., 2010).  The ArcView 3.3 software 
was used for all geographical analysis for the spatial data.

Data analysis
To analyze the relationship between bird appear-

ance, vegetation type, and tree DBH at each point of bird 
detection, we geographically overlaid the actual vegeta-
tion map with the bird detection points.  Tree DBH was 
measured at 5 cm intervals.  Land with a few trees, land 
in current use, and brushlands were not targeted.  To con-
firm whether the appearance of woodpecker depends on 
tree sizes of each vegetation type, tree DBH for each 
actual vegetation type was analyzed. 

As the frequency of woodpecker appearance at each 
actual vegetation type may be affected by the total area 
of each vegetation type, the bird appearance percentage 
for unit area was shown on a map.  We used SPSS 
Software Ver. 17.0 for the statistical analysis. 

RESULTS AND DISCUSSION

Characteristics of vegetation distribution
The study site is located adjacent to Seoul City.  

Following the damage of the land by the war, land used 
for purposes other than forests were scattered inside and 
outside the site.  The afforested vegetation grown after 
the destruction caused by the war is distributed through-
out the site.  A total of 1,920 forest patches were targeted 
(Table 1).  The average area of a patch was around 
7,300 m2.  There was a wide variety of 31 vegetation types 
in the study area, of which, 26 were dominated by woody 
plants including shrubs.  Black locust (Robinia pseu-
doacacia) forest land, introduced from North America, 
occupied the largest area (approximately 14 km2, 17.0% 
of total area).  Farmland occupied the second largest por-
tion (16.2%) of our study area.  Of the forest land, the 
indigenous Mongolian oak (Quercus mongolica) forest 
occupied 13.2% of the study area, followed by oriental 
chestnut oak (Q. acutissima) forest occupying 10.9% of 
the area.  The exotic pich pine (Pinus rigida) forest 
covered 9.8% of the study area.  Among the 31 vegeta-
tion types, 7 types had a small area, that is, less than 1 ha.  
The DBH of the forest trees dominated by woody plants 
excluding bushes was relatively small (a mean of 18.8 
cm), mainly because most of the forests were destroyed 
by the war and trees were harvested for fuel after the 
war until 1970s.

Fig. 1.  Map of the surveyed area.
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Woodpecker appearance by vegetation type
The total number of individual woodpeckers appear-

ing in the study site was 371, with DM being the largest 
(154 individuals), followed by DK (153 individuals) 
(Table 2).  According to Won (1981), the dominant wood-
pecker species in the Korean forests is DM.  In this study, 
however, DM and DK were almost the same in the number 
with each other, which might be due to that the target 
forest was an urban forest.  Further survey is necessary 
on how the occupancies of DM and DK in urban forests 
are different from those in natural forests.  We observed 
64 individual birds of the PC, which had the largest bio-
mass among the three species.  We overlapped the actual 
vegetation type map with the appearance points, and 
counted the number of individuals appearing at each 
vegetation type.  The result showed that the number of 

individuals appeared had a certain relationship with the 
vegetation type.  All the three species of woodpeckers 
observed are solitary animals (Won, 1981); therefore, we 
were able to observe each woodpecker’s secure territory.  
Woodpeckers were observed in 20 vegetation types, and 
not observed in the remaining 11.

Since the woodpeckers move around freely, the gen-
eral pattern of appearance by vegetation type in a small 
patch is difficult to determine.  In this study, vegetation 
types, where no woodpeckers appeared, were in a small 
area.  Therefore, we excluded the vegetation types in an 
area less than 1 ha and attempted to determine the wood-
pecker appearance characteristics for each species.  
There were seven vegetation types having an area with 
less than 1 ha, and no woodpeckers appeared in these 
areas. 

Table 1.  �Area and occupying ratio of each vegetation type

Vegetation type
No. of 

patches
Area (m2) Ratio (%)

Average area of 
patch (m2)

Average diameter at 
breast height (cm)

Ornamental planted area 176 965,202 6.9 5,484 –

Grassland 164 587,091 4.2 3,580 –

Bare ground 49 88,591 0.6 1,808 –

Cultivated area 185 2,270,278 16.2 12,272 –

Woodcutting area 5 6,118 0.0 1,224 –

Robinia pseudoacacia 343 2,465,655 17.6 7,188 20.1

Alnus sibirica 51 168,172 1.2 3,297 19.3

Populus tomentiglandulosa 81 389,224 2.8 4,805 21.4

Larix kaempferi 19 104,613 0.7 5,506 19.9

Castanea crenata 79 450,376 3.2 5,701 19.9

Pinus rigida 194 1,373,005 9.8 7,077 17.2

P. koraiensis 65 235,762 1.7 3,627 9.5

P. densiflora 95 512,891 3.7 5,399 14.9

Quercus mongolica 133 1,843,964 13.2 13,864 16.8

Q. aliena 44 163,877 1.2 3,724 19.1

Q. serrata 4 26,515 0.2 6,629 15.5

Q. variabilis 1 8,815 0.1 8,815 18.0

Q. acutissima 134 1,519,152 10.9 11,337 18.2

Quercus spp. mixed 17 205,302 1.5 12,077 16.6

Alnus japonica 11 25,923 0.2 2,357 20.4

Betula davurica 13 48,510 0.3 3,732 17.3

Prunus spp. 15 188,386 1.3 12,559 23.2

Deciduous broad–leaved mixed 11 66,036 0.5 6,003 17.4

Young Quercus spp. 1 2,634 0.0 2,634 18.0

Ailanthus altissima 1 362 0.0 362 12.0

Zelkova serrata 2 6,340 0.0 3,170 47.5

Fraxinus rhynchophylla 1 979 0.0 979 15.0

Sorbus alnifolia 8 166,218 1.2 20,777 17.8

Shrubs 16 71,646 0.5 4,478 –

Salix koreensis 1 1,142 0.0 1,142 16.0

Rocky terrain 1 19,873 0.1 19,873 –

Total 1,920 13,982,652 100.0 7,283 Mean 　 18.8
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According to the analysis on the appearance percent-
age of each woodpecker for each vegetation type of unit 
area (Table 3), where all three species appeared, black 
birch (Betula davurica) forest had the highest appear-
ance ratio (20.6%), followed by Japanese alder (Alnus 
japonica), Japanese chestnut (Castanea crenata var. 
dulcis), and Korean mountain ash (Sorbus alnifolia) 
(Table 3).  With respect to each species, DK had the high-
est appearance ratio in Japanese alder forest (23.2%), 
followed by black birch, Korean mountain ash, and then 
Japanese chestnut forests.  DM had the highest appear-
ance ratio in black birch forest, followed by Japanese 
chestnut, Oriental white oak (Quercus aliena), and then 
black locust forests (Table 3).  These two woodpecker 
species were distributed across several vegetation types 

at locations where they appeared most frequently.  PC 
had the highest appearance ratio in bushes, followed by 
Suwon poplar (Populus tomentiglandulosa) and Korean 
mountain ash forests, which was different from our 
observations on the other two species (Table 3).  This 
could be because of the difference in their main food.  DK 
and DM usually eat insect larvae living inside tree trunks, 
and PC primarily eats ants (Won, 1981).  However, the 
three targeted woodpecker species shared a common 
vegetation type (softwood deciduous forest), which 
grows in humid and low–lying valleys.  Black birch and 
Japanese alder belong to the Betulaceae family and are 
representative of species grown in valleys in Korea.

Table 2.  �Appearance of respective woodpeckers at each vegetation type

Vegetation type
No. of individuals

Dendrocopos kizuki Dendrocopos major Picus canus Sum

Ornamental planted area 2 11 5 18

Grassland 1 3 1 5

Bare ground 2 0 0 2

Cultivated area 4 6 1 11

Woodcutting area 0 0 0 0

Robinia pseudoacacia 45 49 21 115

Alnus sibirica  0 2 0 2

Populus tomentiglandulosa 7 6 5 18

Larix kaempferi 0 0 1 1

Castanea crenata 12 16 4 32

Pinus rigida 13 7 5 25

P. koraiensis 1 1 0 2

P. densiflora 2 2 0 4

Quercus mongolica 19 14 6 39

Q. aliena 1 5 1 7

Q. serrata 0 0 0 0

Q. variabilis 0 0 0 0

Q. acutissima 31 24 11 66

Q. spp. Mixed 0 0 0 0

Alnus japonica 2 0 0 2

Betula davurica 3 4 0 7

Prunus spp. 0 3 0 3

Deciduous broad–leaved mixed 0 0 0 0

Young Quercus spp. 0 0 0 0

Ailanthus altissima 0 0 0 0

Zelkova serrata 0 0 0 0

Fraxinus rhynchophylla 0 0 0 0

Sorbus alnifolia 8 1 2 11

Shrubs 0 0 1 1

Salix koreensis 0 0 0 0

Rocky terrain 0 0 0 0

Total 153 154 64 371
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Relationship between average tree DBH and vege-
tation type

The average tree DBH in the study area was rela-
tively small (approximately 20 cm).  We categorized the 
DBH of the dominant trees by 5 cm intervals, excluding 
areas that had few trees.  The study area was categorized 
into six divisions from less than 10 cm to greater than 
25 cm in tree DBH, in order to assess the distribution 
according to unit area.  The analysis revealed that the 
larger the tree DBH, the higher the number of individual 
woodpeckers around it.  This trend was obvious for PC, 
which had the largest biomass among the species.  DM 
and DK tended to have more individuals with the increase 
in DBH of the forest trees; however, their appearances 
decreased where the DBH was greater than 25 cm (Figure 
2).  Woodpeckers are the representative species to exca-
vate holes in tree trunks for nesting; therefore, larger 
biomass species requires larger trees (Gunn and Hagan, 
2000).  The results of this study are similar to those of 
previous studies mentioned above. 

This study focuses not on the features of nesting 
trees but on the location in the forest where the wood-
peckers appear.  We confirmed that the locations of 

appearance of woodpeckers were influenced by the sur-
rounding vegetation.  Considering that the woodpeckers 
generally have their own territory and are solitary ani-
mals, they show a clear preference for the selection of 
nesting trees, as seen in our study.  On the basis of the 
previous research on the choice of nesting trees by 

Table 3.  �Woodpecker’s appearance ratio at each vegetation type (supposing each type is distributed over the same area)

Vegetation type
Appearance ratio (%)

Dendrocopos kizuki Dendrocopos major Picus canus Sum

Ornamental planted area 0.6 4.2 5.5 2.7

Grassland 0.5 1.9 1.8 1.2

Bare ground 6.8 – – 3.2

Cultivated area 0.5 1.0 0.5 0.7

Robinia pseudoacacia 5.5 7.3 9.1 6.7

Alnus sibirica – 4.3 – 1.7

Populus tomentiglandulosa 5.4 5.6 13.8 6.6

Larix kaempferi – – 10.2 1.4

Castanea crenata var. dulcis 8.0 13.0 9.5 10.2

Pinus rigida 2.8 1.9 3.9 2.6

P. koraiensis 1.3 1.6 – 1.2

P. densiflora 1.2 1.4 – 1.1

Quercus mongolica 3.1 2.8 3.5 3.0

Q. aliena 1.8 11.2 6.5 6.1

Q. serrata – – – –

Q. acutissima 6.1 5.7 7.8 6.2

Q. spp. mixed – – – –

Alnus japonica 23.3 – – 11.0

Betula davurica 18.6 30.2 – 20.6

Prunus spp. – 5.7 – 2.3

Deciduous broad–leaved mixed – – – –

Sorbus alnifolia 14.5 2.2 12.9 9.5

Shrubs – – 15.0 2.0

Rocky terrain – – – –

Total 100 100 100 100

Fig. 2.	 Relationship between average diameter at breast height 
(DBH) and the number of woodpeckers appeared.  DK: 
Dendrocopos kizuki, DM: Dendrocopos major, PC: 
Picus canus.
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woodpeckers, two conflicting theories emerged.  The first 
theory suggests that the choice of nesting tree is affected 
by surrounding vegetation (Swallow et al., 1986; Raphael 
and White, 1984; Conner et al., 1975), and the second 
one suggests that the nesting tree choice does not have 
any relation with the surrounding vegetation (Giese and 
Cuthbert, 2003).  The results of this study concur with 
the first theory since woodpeckers, which had their own 
territories, had a clear preference of vegetation types.

CONCLUSIONS

This study determined that the Korean woodpeckers 
living in an urban forest had a specific preference for 
vegetation types when foraging for food.  The appear-
ance of woodpeckers was a little different with each 
woodpecker species.  The vegetation types in black birch 
and Japanese alder forests were the most frequented by 
the woodpeckers.  These vegetation types are the repre-
sentative and dominant ones in Korean forest valleys 
and are formed on a humid ground.  Regarding the rela-
tionships between the frequency of woodpecker appear-
ance and tree size, the PC species appeared most fre-
quently in trees with a large tree DBH.  However, both 
the DM and DK species showed identical tendencies, 
and the number of individuals decreased where large 
trees were present.  This behavior is probably related to 
the difference in biomass (relatively large and small bio-
masses) of woodpeckers.  A large biomass woodpecker 
such as PC prefers large trees for roosting, foraging, or 
nesting compared to the other woodpeckers that have 
small biomasses.  Urban forests are different from natu-
ral forests in terms of the environment, because urban 
forests are intensively used and managed.  An additional 
research is needed to clarify the relationship between 
woodpecker appearance and insect habitats in urban for-
ests. 
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