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Analysis of Bird Diversity According to Landscape Connectivity and
Structure of Urban Park*
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ABSTRACT

The function of urban parks as wildlife habitats is becoming increasingly important. The urban park
serves as a key area for preserving urban biodiversity. The purpose of this study is to estimate the
bird species diversity in 30 parks in Cheonan city and quantitatively analyze the influence of vegetation,
park structure and landscape connectivity index. As the results, a total of 27 birds species and 1,509
individuals were found at the sites and the largest number of birds were found in the Cheongsa park
with 17 species. The optimal regression model was selected as the explanatory variables for the logged
park area (LPA), the tree cover ratio (Co_T) and the patch betweenness centrality (PB). LPA and Co_T
mean the internal characteristics of the park, and PB was the external environmental variable meaning
landscape connectivity. LPA was the most important factor (73.3%) as bird habitat, and the PB could
be interpreted as a factor that should be considered as important (26.7%). It will be possible to consider

these environmental variables in the park and green area construction and management.
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Table 1. Summary of selected landscape connectivity metrics in the models

Factor Description Formula and abbreviation
. n a(P,Py= 1 if patches Pi and Pj are con-
dNL ’.I‘he number of its ad PD = Ea(P-, P)) nected in the threshold distance, O oth-
jacent edges h voJ .
i=1 erwise
The number of shortest iy~ the number of geodesic linking
PB  paths going through a  PB = Givj patches i and j that contain v
patch iv iz j=v Giv g~ the r.1umb.er of geodesic paths from
patches i to j
1= total number of patches
Itearal index. of con i n wea (1) aa;s~ the sizes of patches i and j
dic nect%vi 10— 1= f Y AL= the total landscape area
v A} nl= the number of links in the shortest
path between patches i and j
ahy Q- a.- p* i P%= the maximum product probability
dPC  Connectivity probability PC i=1j=1 ¢ of all possible paths between patches i
o AL2 and j

Saura and Pascual-Hortal, 2007; Song et al., 2013, modified
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Table 2. landscape structures and Connectivity of 30 urban parks

Canopy cover NoS

No Urban Parks T ST S T ST s ISR PA SI dNL PB dIIC dPC
1 Cheongsa 060 020 020 19 14 18 005 212 272 227 004 125 1.68
2 Dujeong5 020 005 0.10 8 6 3 070 072 517 202 003 040 0.60
3 Bukbujel 020 0.10 010 10 8 8 0.10 1.63 364 240 007 092 1.06
4 Dujeong7 050 0.10 0.20 6 5 1 050 029 804 240 002 0.16 026
5 Seongjeongl8 0.50 020 0.10 13 7 11 030 044 1,104 315 007 045 045
6 Baekseok4 030 0.10 o010 7 6 3 070 052 594 366 003 035 043
7  Seongjeongl2 050 0.10 0.10 5 6 7 050 019 1,134 378 004 0.13 051
8  Seongjeong3 020 0.05 0.05 4 3 6 060 0.17 1,102 328 002 011 0388
9  Seongjeongd 050 0.15 025 5 3 9 010 017 1,004 277 001 0.09 0.56
10  Seongjeong2 050 020 0.10 6 5 4 020 017 991 252 001 0.09 0.12
11 Seongjeongl3 050 005 0.05 10 6 6 030 025 803 353 002 0.17 0.19
12 Seongjeongl4 050 0.10 020 9 5 9 020 025 804 353 001 015 021
13 Seongjeongl5 040 005 0.10 11 7 9 050 025 803 340 002 0.16 0.19
14 Bongmyeong2 040 0.10 005 12 7 3 040 025 795 328 001 015 0.19
15 Seongjeong8  0.60 0.10 0.05 6 4 4 040 017 989 3.03 001 011 0.12
16  Seongjeong9  0.80 0.10 0.05 5 3 4 020 010 1,358 240 001 007 0.07
17 Seongjeong7 040 005 0.10 7 6 8 040 0.73 540 277 002 048 051
18 Dujeong 0.80 030 0.60 8§ 14 16 005 1.13 527 202 001 0.60 0.71
19 Budael 050 010 010 4 7 4 020 015 1,007 252 001 0.08 0.08

20 Dujeong1 020 030 010 5 5 5 060 016 1,016 1.89 005 0.11 0.11

21  Seongjeongl 050 0.10 010 10 6 5 030 022 1,015 214 002 0.12 0.17

22 Seongjeong6 030 0.10 020 7 4 5 030 023 823 227 001 013 0.18

23 Seongjeong5 060 0.10 010 7 1 4 005 017 %6 3.15 001 0.11 0.12

24 Budae2 050 0.10 o010 7 4 5 020 015 1,014 240 003 0.08 0.08

25 Dujeong8 0.70 020 020 6 16 17 005 0.79 444 240 007 053 047

26 Dujeong6 020 0.10 0.05 6 12 3 070 0.58 595 227 003 033 045

27  Baekseok9 0.10 0.05 0.05 2 6 3 070 0.31 821 277 002 017 020

28 Seongjeongl0 020 0.05 0.05 5 3 7 030 017 1,019 277 004 0.14 0.11

29 Seongjeongll  0.30 0.05 0.05 8 3 6 050 0.17 1,020 214 001 010 0.10

30 Bongmyeong5 030 0.10 0.10 11 7 8 050 025 792 265 001 015 0.20

Mean 043 012 012 763 630 670 035 043 83456 272 003 026 0.37
S.D. 0.18 0.07 0.11 336 351 419 022 047 25550 054 0.02 027 0.35

T : Tree, ST : Subtree, S : Shrub, NoS : Number of species, ISR : Impervious surface ratio, PA : Patch area(ha),

Shape index :

Perimeter/Area of park(m/ha), dNL : Number of links, PB : Patch betweenness centrality, dIIC :

Integral index of connectivity, dPC : Probability of connectivity

(Rhododendron schlippenbachii), | F=-(Buxus -
crophylla), ¥ %5 Ligustrum obtusifolium), =35
U-E-(Spiraea prunifolia)?} 71 o] L= A ch
(Song, 2015). EFF&2 it 0.35(s.d.=022)% %
o, FA53Y, FH63Y, HH}H457_. <], WX9F

9 5 QY ofglo|ghe BE4go] 0% $EO

2 ]9 =2 Ao RIE QI THTable 2).
WAL W 4,286.68(s.d.=4,661.15) m'o| ],
Age AR 7bke $339 T 29
g AR ofglo]FYo] 2}
o 21 Fejo] 449z
21 TH(Table 2).
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Table 3. Bird species diversity of 30 urban parks

2. TR M4 sig 9 SO M
PAA A E Z 27F 1,50970H]¢] 2F7}

DA Aol 17522 71 leg.g

F7F EAEAeH olojA T8l 1

AEZo| 13F oA = kst 2577} ,\1/\16}
% o= Z915g] D}(Tame 3), 9" 2=

AA G QA A2, TP 29, T332

1

e

u)‘ BN

[S)s 2
o] 7P B2 Ao ARG
o] ool Y2 HAl(Passer montanus),

7VR|(Pica pica), 2\ BF1-2](Hypsipetes amaurotis)

A

No Urban Parks No. of species  No. of individuals  Species diversity(H’) Rank
1 Cheongsa 17 127 1.74 2
2 Dujeong5 7 63 1.02 14
3 Bukbujel 15 95 1.48
4 Dujeong7 11 42 1.27 8
5 Seongjeong18 11 86 1.39
6 Baekseok4 8 45 1.15 9
7 Seongjeong12 3 16 0.90 18
8 Seongjeong3 4 26 0.75 23
9 Seongjeong4 4 63 0.47 29
10 Seongjeong?2 3 34 0.54 27
11 Seongjeong13 8 30 1.32 7
12 Seongjeong14 4 35 0.44 30
13 Seongjeong15 6 33 1.03 12
14 Bongmyeong2 6 25 1.07 10
15 Seongjeong8 4 53 0.52 28
16 Seongjeong9 4 27 0.76 22
17 Seongjeong7 10 63 1.35
18 Dujeong 13 104 1.67 3
19 Budael 4 28 1.07 10

20 Dujeongl 3 7 0.86 19

21 Seongjeong1 6 85 0.78 21

22 Seongjeong6 7 63 0.75 23

23 Seongjeong5 7 26 1.03 12

24 Budae2 4 30 0.75 23

25 Dujeong8 14 103 1.75 1

26 Dujeong6 8 55 0.92 16

27 Baekseok9 4 37 0.91 17

28 Seongjeong10 4 28 0.94 15

29 Seongjeong11 3 40 0.59 26

30 Bongmyeong5 5 40 0.79 20
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Table 4. Estimates of the best model parameters for species diversity of birds

Coefficients Estimate  Sdt. Error  t value p-value R® Ad]l:fted p-value
(Intercept) -1.786 0.443 -4.033 0.000***
LPA(Log patch area) 0.303 0.058 5.225 0.000*** 01l 067 0,001
. . <0.
Co_T(Cover of tree) 0.533 0.211 2.525 0.018*
PB(Patch betweenness) 5.121 2.428 2.109 0.045*

Signif. codes:

R REE Zﬂ,—g—é}.ﬂ e 27 AFE 24
ata ATk FHEE A, 74A], 2o
o]o] ‘1‘3137](Streptope]ia orientalis), &
(Carduelis sinica)7} 71 2ol &d3la 9o
), ol e}t A& (Phylloscopus corona-
tus), BT A (Ficedula zanthopygia), 2
G Tarsiger cyanurus) 2 277t TAEY
= AMAAR o] &sta e s FRsh
T B4 A3 FH8F ol 1758 71
}—E}Ob‘*o] 2 EAFHeR FRlFden
JEo] 1672 27 ot

o %QJ o BMEUT ol2fg A

Wé Ol )
220143 AYPH 272} Aopel FARE gk
S Ho|i UthSong, 2015).

27 THFEL p001 FFolA 39 HA o]
WSF2(r=0.78), dIIC7} E52(1=0.76), AEh7}
Al 7}7;}%#%@--0 66), PB7} -:%’-?%(r-
0.57), 5 T7F B255(1=0.57), dPC7}

=(r=0.56), p<0 05 FolA w57t ‘%"fr
E(r=042), 5 I EE] £E550=036) 3%
4ol JFL WA B oz BRI, Jue
o 5 o =
Ng B g 5 dxol 39 WAz Fu,
Residuals vs Fitted Normal Q-Q
g“ 1e § o = "_41;
o o8 . % = ol s
% g-‘f—;’\i-'—“—oa B oA ,”’fp
3 °o a0 ° 3 &
S g 7 o
< | ce1s 2 91{
B NN R
08 12 16 2 1 0 1 2

Fitted values Theoretical Quantiles

00,001, **7 001, ¥ 0.05, ¢ 0.1, F-statistic: 21.3 on 3 and 26 DF(degree of freedom)

Fohep

HA ALY A A3 duiiee 3
AHA(LPA), 2 IJE(Co_T), "7} F4143
(PB)°] AE = AtH(Table 4). BEe] AF=E
Hrhet 4 9l At Uz_}_ﬂzq By =i

7N

=)
WE

d 714, Cook’s distance 5= &<1&
o] HlolElE Alstie BE A3 SHA
Z FA7F gltkar e th(Teetor, 2012, Figure
2). VIF 3t 9A] 1.37(LPA), 1.01(Co_T), 1.38
(PBE thsa4A BAIE neld a7t §le
As ATt

3| ARYG AN A A Fhe] HA o] B
FE, 1 550 £24F, il S0 =
STE TATYY 27 TUREL o=
AOZ o SHA. 53] T9HH L FolFT
p<0.010A] froJ3t W2 gl on wi
HEE3 uj7] $44L p<0.05 FENAM F<
o AFE ERlH ATk FAHA I HH] o] F
gFdel vl ottt AL AEAA AH

Residuals vs Levera e
N e "-los

Scale-Location

15

110
§°15,
°

1.0

1
o

|Standardized residuals!
IS N
S
o
Standardized residuals
o

05
1
°

0.0

— T T T T T T T
08 12 16 00 01 02 03

Fitted values Leverage

Figure 2. Regression diagnostic plots (Residuals vs. fitted values, Q-Q plots, Scale Location plots, Cook’s distance plot)
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Figure 3. Relative importance of predictor variables
(see Table 4)

Aejgte] 9 o] &o] A WH(Turner, 1989), ©] <]
= & ATE Bl Y dEHe] F24E =
Al MR =AY 7]E e A Bkt
= AollA] Z83t <Jo7t glnk 53] w7l S443
< e A2 Aol vl Aive A9 2
o] & HA & AZAANAFTE 7S T8
B}l A== A(Saura and Pascual-Hortal,
2007), A EAGIA E88 5 e UedS
geler 4= 9lti(Song, et al., 2012).

TYo YA geuto g wAFY Fr}
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