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Abstract 

Parks are biodiversity hotspots in urban landscape, and has considered as “shelter” 

of creatures lived in urban. This research aims to understand the effect of the important 

factors on terrestrial breeding bird communities and its functional guilds in urban parks.

Bird community surveys of 100 parks larger than 1 ha in Taipei basin were conducted 

three times during March to July in 2013 using total counting. I used generalized linear 

models and Akaike’s Information Criterion to analyze the seven important factors: park 

area, the degree of isolation of habitat, the degree of isolation of river, vegetation index,

artifact coverage, canopy coverage and the presence of water bodies with the bird 

species richness, bird density, and bird diversity of terrestrial breeding birds and its 

feeding guilds and habitat guilds. 

 Park area were main factor affected the species richness and density, and larger 

parks tended to support more species but lower density. Presences of water bodies were 

found to enhance species richness and diversity, especially in omnivores and generalists 

guilds. In addition, degree of isolation of river showed negative relations with total 

species richness and had different responses within habitat guilds. Both artifact 

coverage and canopy coverage had negative effects on total bird richness. Degree of 

isolation of habitat and vegetation index did not have significant impacts on total 

species richness, density, and diversity, but only had positive effect on woodland bird 

richness and diversity. In conclusion, park area park size, presence of water bodies, 

and degree of isolation of river affected bird community structure, and different 

functional guilds had different response to seven important factors. 
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Fig. 1 Satellite image of Taipei Basin in 2013 which is captured by Google Earth Pro. 

Part circling by the red line is the Taipei metropolis. All city are surrounded by the 

mountain forest. 



Fig. 2 Location of the selected 100 urban parks in this study in Taipei Basin. Red area is 

the 100 sites in this study. Green area, mountain forest, refers to nature habitat. Blue 

area, Danshui river riparian zone, refers to river. Orange area is the surveyed area 

included the whole Taipei city and the 9 districts of Xinbei city. 



Fig. 3 Results of hierarchy clustering of original feeding guilds according to average 

linkage with height of 3 before comparing. 



Fig. 4 Results of hierarchy clustering of original habitat guilds according to average 

linkage with height of 3 before comparing. 



Fig. 5 Boxplot of water and other six variables including park area, distance to forest, distance to rive, NDVI, artifact cover, and canopy cover. 

Distance. to forest Distance. to riverPark area

Canopy coverArtifact coverNDVI



Table 1 Definition of the seven selected variables in this study.
Variables Definition

Area Total area of park
(A) (ha)

Distance to forest
Minimum distance from park boundary to border of 
100m contour line

(DF) (m)

Distance to river
Minimum distance from park boundary to border of 
main river

(DR) (m)

NDVI Average of the NDVI of the park
(N) (between -1 and 1)

Canopy cover Coverage of the canopy in the park
(C) (%)

Artifact cover Coverage of the impermeable layer in the park
(Af) (%)

Presence of water Presence of water
(W) (Presence:1 Absence:0)



Table 2 Original resource matrix of feeding guilds in use of hierarchy clustering. 

Species
Food type

Insect Fruit Seed Others
Urocissa caerulea 1 1
Pica pica 1 1
Dendrocitta formosae 1 1
Pomatorhinus ruficollis 1
Stachyris ruficeps 1
Zosterops japonicas 1 1
Passer montanus 1
Megalaima nuchalis 1
Hirundo rustica 1
Hirundo tahitica 1
Pycnonotus sinensis 1 1
Hypsipetes leucocephalus 1
Dicrurus macrocercus 1
Acridotheres cristatellus 1 1 1
Streptopelia orientails 1
Streptopelia chinensis 1
Streptopelia tranquebarica 1
Acridotheres tristis 1 1 1
Acridotheres javanicus 1 1 1
Gracupica nigricollis 1 1 1 1
Aplonis panayensis 1
Gorsachiusmelanolophus 1 1
Columba livia 1
Copsychus saularis 1 1 1



Table 3 Original resource matrix of habitat guilds in use of hierarchy clustering. 

Species
Habitat type

Tree Shrub Grass Water Ground Artifact Air
Gorsachiusmelanolophus 1 1 1
Columba livia 1 1 1
Streptopelia chinensis 1 1 1
Streptopelia orientails 1 1 1
Streptopelia tranquebarica 1 1 1
Megalaima nuchalis 1
Hirundo rustica 1 1
Hirundo tahitica 1 1
Dicrurus macrocercus 1 1
Dendrocitta formosae 1
Pica pica 1 1
Urocissa caerulea 1
Pomatorhinus ruficollis 1
Stachyris ruficeps 1
Hypsipetes leucocephalus 1
Pycnonotus sinensis 1 1
Acridotheres cristatellus 1 1 1
Acridotheres tristis 1 1 1
Aplonis panayensis 1 1
Gracupica nigricollis 1 1 1



Table 3 (Continued) 

Species
Habitat type

Tree Shrub Grass Water Ground Artifact Air
Acridotheres javanicus 1 1 1
Zosterops japonicas 1
Passer montanus 1 1 1 1
Copsychus saularis 1 1 1 1



Table 4 Original data of seven selected variables of the one hundred urban parks in this study.

Park ID
Area Distance to forest Distance to river

NDVI
Artifact cover Canopy cover Presence 

of water(ha) (m) (m) (%) (%)
8.08 4360.9 1112.2 -0.08 0.22 0.33 1
10.80 1026.2 1153.4 -0.16 0.36 0.29 1
2.81 2825.4 683.8 -0.1 0.39 0.46 0
1.12 2713.2 16 -0.06 0.23 0.41 0
1.06 3404.8 1152.6 -0.11 0.29 0.29 0
2.29 0 794.5 0.32 0.02 0.13 0
1.25 3537.5 1087.7 -0.21 0.47 0.70 0
25.56 1732.4 1440.8 0.06 0.15 0.27 1
14.60 0 1597.9 -0.14 0.21 0.13 1
1.20 1567.3 860.9 -0.16 0.52 0.28 0
2.01 3208.6 1523.6 -0.23 0.41 0.27 1
23.85 3129.3 1736.5 -0.11 0.46 0.19 1
1.47 0 1385.8 0.01 0.18 0.54 0
5.55 13.8 2075.2 0.11 0.19 0.65 0
3.14 0 1899.4 0.11 0.21 0.61 0
1.06 0 1301.8 0.15 0.02 0.51 1
1.02 290.3 1556.9 -0.06 0.31 0.58 0
3.47 356.4 469.9 0.2 0.07 0.62 1
1.31 122.4 724.7 0.02 0.19 0.61 1
1.50 170.8 201.6 -0.27 0.2 0.13 0



Table 4 (Continued).

Park ID
Area Distance to forest Distance to river

NDVI
Artifact cover Canopy cover Presence 

of water(ha) (m) (m) (%) (%)
4.07 0 308.9 0.12 0.1 0.63 1
10.50 0 1106.3 0.17 0.02 0.92 0
1.12 198.6 29.2 0.13 0.11 0.71 0
3.35 0 1850.4 0.02 0.09 0.47 1
2.67 1142.8 1206.2 -0.09 0 0.28 1
9.89 3814.6 803.7 -0.04 0.18 0.61 1
1.95 3122.3 669.6 -0.11 0.39 0.54 0
3.27 909 1674.7 -0.15 0.48 0.22 1
1.43 3191.3 1079.1 -0.05 0.25 0.44 0
1.52 2879 834.3 -0.04 0.4 0.49 0
4.53 447.4 1071.9 0.03 0.39 0.61 0
1.96 3389.1 121.5 -0.06 0.27 0.17 0
1.09 779.6 965 -0.08 0.27 0.62 0
1.34 511.7 492.9 0.02 0.28 0.44 0
1.31 296.2 53.5 -0.01 0.28 0.41 1
1.10 540.6 740.2 -0.08 0.3 0.31 0
7.38 184.3 1474.1 -0.22 0.14 0.69 0
1.99 494.7 75.2 0.12 0.23 0.20 0
1.60 324 1786.7 0.06 0.21 0.86 0
3.01 121.2 0 0.1 0.15 0.53 1



Table 4 (Continued).

Park ID
Area Distance to forest Distance to river

NDVI
Artifact cover Canopy cover Presence 

of water(ha) (m) (m) (%) (%)
1.43 343.6 249.5 -0.02 0.23 0.48 1
2.73 3846.2 1215.4 -0.18 0.42 0.29 0
1.42 698.2 260.6 0.03 0.17 0.61 1
1.06 385.4 645.3 -0.27 0.48 0.37 0
1.30 762.6 37.4 -0.11 0.33 0.40 0
2.38 246 1628.9 -0.06 0.31 0.65 0
1.46 163.8 956.9 -0.05 0.43 0.95 0
1.07 1688.9 983.1 -0.28 0.56 0.30 0
4.30 4224.6 1671.6 -0.01 0.17 0.20 0
1.92 3456.3 260 -0.06 0.26 0.52 0
1.12 1873.8 271.6 -0.32 0.23 0.50 1
10.51 230.9 48.8 0.17 0.09 0.81 0
26.08 3608 65.7 0.01 0.16 0.38 1
3.88 431.9 325.8 0.04 0.22 0.59 0
15.60 157.6 983.3 0.05 0.2 0.33 1
1.48 2624.8 1019.5 -0.2 0.45 0.62 0
7.20 287.6 936.1 0.16 0.05 0.36 0
1.05 4005.9 1017.5 -0.13 0.33 0.38 0
6.00 936.4 21.9 0.01 0.41 0.19 0
7.90 774.4 94.5 -0.16 0.34 0.08 1



Table 4 (Continued).

Park ID
Area Distance to forest Distance to river

NDVI
Artifact cover Canopy cover Presence 

of water(ha) (m) (m) (%) (%)
1.62 30.1 1590.1 0.11 0.15 0.68 1
1.37 4602.9 308.6 -0.34 0.32 0.41 0
1.21 1591.3 995.3 -0.19 0.59 0.58 0
3.11 3162.4 158.3 -0.11 0.3 0.18 0
1.10 669.6 924.9 0.04 0.21 0.76 0
4.12 2881.7 273.6 0.01 0.23 0.23 0
3.20 2403.5 221.3 -0.05 0.27 0.15 0
1.23 1535.5 44.2 -0.28 0.26 0.22 0
1.56 684.7 313.6 -0.13 0.34 0.30 0
1.34 250.3 500.3 -0.11 0.4 0.34 0
13.37 1170.2 1460 -0.11 0.48 0.18 1
1.95 3192.5 392 -0.09 0.38 0.67 0
1.13 1062.2 536.4 -0.1 0.41 0.46 1
3.90 163.7 2223.8 0.16 0.2 0.60 0
2.64 48 2324.9 -0.16 0.33 0.53 1
1.68 266 606.6 -0.14 0.38 0.20 0
1.58 101.2 1258.2 0.01 0.55 0.57 0
1.07 3598.8 12 -0.25 0.47 0.39 0
2.65 2307 1284.2 -0.19 0.26 0.33 0
1.37 2345.1 30.3 -0.12 0.32 0.20 0



Table 4 (Continued).

Park ID
Area Distance to forest Distance to river

NDVI
Artifact cover Canopy cover Presence 

of water(ha) (m) (m) (%) (%)
3.69 3400 311.8 -0.26 0.14 0.32 1
11.00 670.8 111.2 -0.09 0.58 0.11 0
15.90 818.7 157.9 -0.06 0.27 0.27 1
7.70 2151.2 1094.2 -0.21 0.39 0.11 1
8.96 0 2779.8 0.29 0.01 0.99 0
3.11 1398.3 293.3 -0.12 0.43 0.51 1
1.72 977.8 659.6 -0.05 0.4 0.70 0
1.72 618.1 12.1 0.03 0.17 0.49 0
7.05 0 1420.3 0.08 0.18 0.94 0
6.63 1765.3 991.8 -0.02 0.12 0.35 1
16.30 149.3 1222.9 -0.06 0.04 0.39 1
1.50 206.5 344.5 -0.06 0.16 0.43 0
1.18 4895.8 476.9 -0.33 0.82 0.77 0
1.07 0 112.6 0.1 0.13 0.77 0
1.34 427.7 1402.8 -0.2 0.74 0.53 0
1.46 70.2 1541.9 -0.05 0.21 0.62 1
8.77 181.7 1583.2 -0.02 0.51 0.32 0
3.57 4143.7 1003.1 -0.19 0.19 0.29 1
1.65 212.9 33 -0.05 0.12 0.26 1
1.62 254 343.1 0.05 0.19 0.78 0



Table 5 Bird species observed in hundred urban parks. Included specie occurrence park 
number and its total number.

Species
Category

Occurrence
Total number

Scientific name park number
Ardea alba W 1 2
Dicrurus macrocercus* B 51 153
Spilornis cheela B 6 8
Egretta garzetta W 17 144
Pomatorhinus ruficollis* B 8 22
Stachyris ruficeps* B 7 32
Cuculus saturatus saturates B 1 1
Megalaima nuchalis* B 61 319
Acridotheres cristatellus* B 9 29
Myiophoneus insularis B 4 5
Urocissa caerulea* B 11 46
Acridotheres javanicus* B 46 191
Amaurornis phoenicurus W 3 5
Turdus pallidus M 13 59
Pycnonotus sinensis* B 100 1903
Motacilla cinerea M 3 5
Bambusicola thoracicus B 2 2
Turdus chrysolaus M 3 9
Aplonis panayensis* B 7 434
Nycticorax nycticorax W 15 100
Accipiter virgatus B 1 1
Zoothera dauma M 1 1
Streptopelia orientails* B 44 105
Hirundo tahitica* B 94 186
Lanius cristatus M 12 15
Gallinula chloropus W 7 70
Streptopelia tranquebarica* B 13 55
Hypsipetes leucocephalus * B 88 837
Acridotheres tristis* B 57 309
Hirundo rustica* B 94 540
Streptopelia chinensis* B 89 466
Columba livia* B 55 1791
Passer montanus* B 87 2505
Pica pica* B 59 215



Table 5 (Continued).
Species

Category
Occurrence

Total number
Scientific name park number

Cettia diphone M 2 2
Turdus naumanni M 1 1
Phoenicurus auroreus M 3 3
Phylloscopus inornatus M 1 1
Bubulcus ibis W 10 35
Motacilla flava M 2 3
Oriolus chinensis B 4 13
Hypothymis azurea B 2 10
Gorsachiusmelanolophus* B 35 86
Gracupica nigricollis* B 19 55
Turdus merula M 1 1
Treron sieboldi B 1 1
Anas platyrhynchos I 1 2
Zosterops japonicas* B 99 2430
Alcedo atthis O 7 9
Ardea cinerea W 1 1
Accipiter trivirgatus B 4 4
Dendrocitta formosae* B 81 605
Alcippe brunnea B 1 1
Alcippe morrisonia B 2 16
Copsychus saularis* B 40 104

*24 species that take into analysis in this study. 
*Category: W-wading birds; I-introduced species; B-terrestrial breeding birds; 
M-migratory; O-others



Table 6 Bird communities composition of 100 urban parks. Included number of species, 
bird density, and diversity index. Average and Standard deviation is at the bottom of 
the table.

Park ID
Number of 

species
Bird density

(ind./ha)
Diversity index

14 12.46 2.16
15 9.90 1.96
10 9.60 1.82
11 25.95 1.99
8 14.15 1.76
12 16.02 2.17
5 13.07 1.06
16 2.99 2.22
16 5.48 2.30
14 15.28 2.46
8 9.97 1.74
18 14.66 1.88
12 15.87 2.15
9 3.55 1.85
7 2.76 1.76
13 24.26 2.27
11 22.63 2.16
12 10.19 2.00
11 17.61 2.15
9 12.67 1.97
15 10.41 2.33
8 3.27 1.70
10 23.79 1.59
10 8.95 1.86
14 20.36 1.54
15 11.49 2.13
10 30.53 1.76
11 8.77 2.23
12 18.85 2.06
11 10.29 1.98
14 8.83 2.12
11 10.36 2.12
13 27.50 1.77



Table 6 (Continued)

Park ID
Number of 

species
Bird density

(ind./ha)
Diversity index

13 29.17 2.26
11 27.58 1.80
13 50.43 1.26
9 2.62 1.86
11 60.30 0.57
11 14.79 1.70
15 10.07 2.29
13 14.66 2.11
10 8.42 1.76
14 14.10 2.38
8 15.11 1.85
12 20.04 1.98
10 20.19 1.83
13 18.90 1.96
8 14.68 1.70
14 11.94 2.11
9 15.62 2.04
11 36.41 1.83
15 6.37 2.06
16 5.59 2.17
10 10.15 1.92
15 3.23 2.16
9 31.03 1.36
15 6.11 2.28
11 17.51 2.06
16 8.17 2.41
17 6.16 2.00
8 10.69 1.68
9 16.06 1.79
11 37.60 1.76
10 9.65 1.84
9 18.18 1.59
11 15.13 1.61
13 14.38 2.07
6 12.76 1.47



Table 6 (Continued)

Park ID
Number of 

species
Bird density

(ind./ha)
Diversity index

7 9.45 1.58
14 12.49 1.79
13 20.94 2.21
11 17.47 2.09
9 12.40 1.94
12 5.38 2.11
10 9.22 1.77
10 20.83 1.70
8 5.92 1.82
7 7.16 1.73
8 14.82 1.84
11 12.17 1.92
13 10.03 2.06
14 6.70 2.12
18 7.67 2.30
12 4.89 2.06
9 3.83 2.05
14 15.44 2.24
9 16.23 1.92
15 20.98 2.45
10 7.24 1.78
16 13.53 2.04
12 3.64 1.94
16 21.31 2.47
6 35.65 0.67
8 6.23 1.90
11 26.85 2.12
12 22.82 2.15
12 6.61 1.95
11 10.46 2.11
14 23.22 2.10
10 13.15 1.91

11.5 14.9 1.93
2.8 9.8 0.32



Table 7 Classification of food guilds of 24 bird species analyzed in the 100 urban parks 
in this study. 

Species
Occurrence Total 

numberPark number
Insectivore ( I)

Dicrurus macrocercus 51 153
Hirundo rustica 94 540
Hirundo tahitica 87 186
Pomatorhinus ruficollis 8 22
Stachyris ruficeps 7 32
Zosterops japonicus 99 2430
Passer montanus 87 2505

Frugivore (F)
Aplonis panayensis 7 434
Hypsipetes leucocephalus 88 837
Megalaima nuchalis 61 319

Granivore (G)
Columba livia 55 1791
Streptopelia chinensis 89 466
Streptopelia orientails 44 105
Streptopelia tranquebarica 13 55

Omnivore (O)
Acridotheres cristatellus 9 29
Acridotheres javanicus 46 191
Acridotheres tristis 57 309
Copsychus saularis 40 104
Dendrocitta formosae 81 605
Gracupica nigricollis 19 55
Pica pica 59 215
Pycnonotus sinensis 100 1903
Urocissa caerulea 11 46

Others
Gorsachiusmelanolophus 35 86



Table 8 Classification of habitat guilds of 24 bird species analyzed in the 100 urban 

parks in this study. 

Species
Occurrence Total 

numberPark number
Generalist (Gn)

Acridotheres cristatellus 9 29
Acridotheres javanicus 46 191
Acridotheres tristis 57 309
Columba livia 55 1791
Copsychus saularis 40 104
Dicrurus macrocercus 51 153
Gorsachiusmelanolophus 35 86
Gracupica nigricollis 19 55
Passer montanus 87 2505
Pica pica 59 215
Streptopelia Chinensis 89 466
Streptopelia orientails 44 105
Streptopelia tranquebarica 13 55

Woodland Bird (tr)
Aplonis panayensis 7 434
Dendrocitta formosae 81 605
Hypsipetes leucocephalus 88 837
Megalaima nuchalis 61 319
Pycnonotus sinensis 100 1903
Urocissa caerulea 11 46
Zosterops japonicus 99 2430

Shrub Bird (S)
Pomatorhinus ruficollis 8 22
Stachyris ruficeps 7 32

Others

Hirundo rustica 94 540
Hirundo tahitica 87 186



Table 9 Spearman’s correlation matrix among variables included in analyses of the effects of park area, distance to forest, distance to river, 

NDVI, canopy cover, and artifact cover on breeding terrestrial bird communities in parks of Taipei Basin in 2013-2014  

Variables
Park area

(A)
Distance to forest 

(DF)
Distance to river

(DR)
NDVI

(N)
Canopy cover

(C)
Artifact cover

(Af)
Park area (A) 1.000
Distance to forest (DF) -0.071 1.000
Distance to river (DR) 0.223 -0.222 1.000
NDVI (N) 0.249 -0.452 0.036 1.000
Canopy cover (C) -0.133 -0.396 0.189 0.435 1.000
Artifact cover (Af) -0.256 0.416 0.004 -0.621 -0.365 1.000
Presence of water body is a categorized variable and is not included in correlation matrix 



Table 10 Descriptive statistics of seven variables of the 100 urban parks in this study. Included maximum, minimum, average, standard deviation, 

and the presence of water. 

Std. dev – standard deviation 

Variables
Area

(A) (ha)
Distance to forest

(DF) (m)
Distance to river 

(DR) (m)
Artifact cover

(Af) (%)
Canopy cover

(C) (%)
NDVI

(N) (-1~1)
Water
(W) 

Maximum 26.01 4895.8 2779.8 82 99 0.32 Presence 35
Minimum 1.01 0 0 0 0 -0.34 Absence 65
Average 4.35 1359.6 831.6 28.1 44.3 -0.05
Std. dev 5.22 1427.9 636.6 15.7 21.8 0.13



Table 11 Results of regression analysis of species richness (number of species) to area, presence of water, distance to forest, distance to river, 

artifact cover, canopy cover, and NDVI. 

Variables
Total

species

Food guilds Habitat guilds

Insectivores Frugivores Granivores Omnivores Generalists
Woodland 

birds
Shrub birds

Area (A) 0.01*** 0.00* - 0.01* 0.02** 0.00*** 0.01* -
Water (W) 1.60** - - - 3.43** 1.17** - -
Dist._F (DF) - - - - - - -0.03** -
Dist._R (DR) -0.15* - - - -0.08* -0.05*** 0.05* -
Artifact cover (Af) -3.81* - - - - - -1.93*** -
Canopy cover (C) -3.72** - - - -2.16** -3.55*** - -
NDVI (N) - - - - - - 1.82* -
R2 0.53 0.31 NA 0.18 0.41 0.47 0.58 NA
Values for the variables are estimated regression coefficient; levels of significance denote the effects of variables on number of species
*p<0.05 (significant) **p<0.01 (highly significant) ***p<0.001 (extremely significant)



Table 12 Model Selection for identifying factors that affected number of species of 

urban parks. Model with ΔAIC < 2 were selected as the best subset of models.

Model Model ID AIC ΔAIC Wi

Total species
TR~Af+C+N+DR+A+W TR1 432.45 0 0.38
TR~Af+C+DR+A+W TR2 434.04 1.59 0.17

Feeding guilds
Insectivore (I)
IR~DF+DR+A IR1 247.8 0 0.07

Omnivore (O)
OR~Af+C+DR+A+W OR1 329.47 0 0.21
OR~Af+C+N+DR+A+W OR2 330.24 0.78 0.14
OR~Af+C+A+W OR3 331.03 1.56 0.1

Habitat guilds
Generalists (Gn)
GnR~Af+C+DR+A+W GR1 403.33 0 0.26
GnR~C+N+DR+A+W GR2 404.07 0.74 0.18
GnR~C+DR+A+W GR3 404.11 0.79 0.18
GnR~Af+C+N+DR+A+W GR4 404.94 1.61 0.12

Woodland birds (tr)
trR~Af+DF+N+DR+A+W trR1 231.58 0 0.34
trR~Af+DF+N+DR+A trR2 233 1.42 0.17

TR – total richness IR – insectivore richness OR – omnivore richness GnR –
generalists richness trR – woodland bird richness (tree bird richness)



Table 13 Relative importance for identifying factors that affected number of species of urban parks. Values are from 0 to 1.

Variables
Total

species

Food guilds Habitat guilds

Insectivores Frugivores Granivores Omnivores Generalists
Woodland 

birds
Shrub birds

Area (A) 1 0.97 - 1 0.98 1 0.86 -
Water (W) 1 - - - 1 0.97 0.71 -
Dist._F (DF) - - - - - - 0.97 -
Dist._R (DR) 0.82 0.71 - - 0.75 1 0.92 -
Artifact cover (Af) 0.98 0.76 - - - - 1 -
Canopy cover (C) 1 - - 0.75 0.96 1 - -
NDVI (N) - - - - - - 0.9 -
Dist_F - Distance to forest Dist_R – Distance to river



Table 14 Results of regression analysis of bird density to area, presence of water, distance to forest, distance to river, artifact cover, canopy cover, 

and NDVI.

Variables
Total

species

Food guilds Habitat guilds

Insectivores Frugivores Granivores Omnivores Generalists
Woodland 

birds
Shrub birds

Area (A) -0.01*** -0.02*** -0.02*** - -0.02** -0.02** -0.01** -
Water (W) - - - - - - - -
Dist._F (DF) - - -0.02* - - - - -
Dist._R (DR) -0.04* -0.05. - - -0.05** -0.07* -0.03* -
Artifact cover (Af) - - - - - - - -
Canopy cover (C) - - 1.27** - - -1.09* 2.94** -
NDVI (N) - - - - - - - -
R2 0.33 0.22 0.46 0.12 0.39 0.38 0.37 NA
Values for the variables are estimated regression coefficient; levels of significance denote the effects of variables on number of species
*p<0.05 (significant) **p<0.01 (highly significant) ***p<0.001 (extremely significant)



Table 15 Model Selection for identifying factors that affected bird density of urban 

parks. Model with ΔAIC < 2 were selected as the best subset of models.

Model Model ID AIC ΔAIC Wi

Total species
TD~Af+DR+A TD1 167.37 0 0.14
TD~N+DR+A TD2 168.66 1.29 0.07
TD~DF+DR+A TD3 168.72 1.35 0.07
TD~DR+A TD4 168.95 1.58 0.06
TD~Af+DF+DR+A TD5 169.11 1.74 0.06
TD~Af+DR+A+W TD6 169.18 1.81 0.05
TD~Af+N+DR+A TD7 169.27 1.9 0.05

Feeding guilds
Insectivore (I)
ID~DR+A ID1 231.96 0 0.17
ID~DF+DR+A ID2 233.07 1.12 0.1
ID~C+DR+A ID3 233.94 1.98 0.06

Frugivore (F)
FD~C+DF+N+A+W FD1 187.43 0 0.15
FD~C+DF+A+W FD2 187.54 0.11 0.14
FD~C+DF+A FD3 188.39 0.96 0.09
FD~Af+C+DF+A+W FD4 188.4 0.97 0.09
FD~C+DF+N+A FD5 189.05 1.62 0.07
FD~Af+C+DF+A+W FD6 189.15 1.72 0.06
FD~C+DF+DR+A+W FD7 189.2 1.77 0.06

Omnivore (O)
OD~N+DR+A OD1 174.09 0 0.19
OD~DF+N+DR+A OD2 175.1 1 0.11
OD~Af+N+DR+A OD3 175.89 1.8 0.08

TR – total richness IR – insectivore richness FR – frugivore richness OR – omnivore 
richness GnR – generalists richness tR – tree bird richness



Table 15 (Continued) 
Model Model ID AIC ΔAIC Wi

Habitat guilds
Generalists (Gn)
GD~C+DF+N+DR+A GD1 274.55 0 0.14
GD~C+DF+DR+A GD2 275.25 0.7 0.1
GD~C+N+DR+A GD3 275.5 0.95 0.09
GD~Af+C+DF+DR+A GD4 276.04 1.5 0.07
GD~C+DF+N+DR+A+W GD5 276.34 1.8 0.06
GD~C+DF+N+DR+A+W GD6 276.38 1.84 0.06
GD~Af+C+N+DR+A GD7 276.47 1.92 0.05

Woodland birds (tr)
trRD~C+DR+A tD1 152.11 0 0.17
trRD~C+DF+DR+A tD2 153.04 0.93 0.1
trRD~C+DR+A+W tD3 153.33 1.22 0.09
trRD~Af+C+DR+A tD4 153.94 1.83 0.07

TR – total richness IR – insectivore richness FR – frugivore richness OR – omnivore 
richness GnR – generalists richness tR – tree bird richness



Table 16 Relative importance for identifying factors that affected bird density of urban parks. Values are from 0 to 1.

Variables
Total

species

Food guilds Habitat guilds

Insectivores Frugivores Granivores Omnivores Generalists
Woodland 

birds
Shrub birds

Area (A) 1 1 1 - 1 0.99 1 -
Water (W) 0.28 0.23 0.68 - 0.23 0.28 0.32 -
Dist._F (DF) 0.37 0.36 0.94 - 0.44 0.71 0.35 -
Dist._R (DR) 0.95 0.82 0.27 - 0.96 0.86 0.76 -
Artifact cover (Af) 0.5 0.23 0.33 - 0.32 0.38 0.3 -
Canopy cover (C) 0.25 0.26 1 - 0.25 0.9 0.98 -
NDVI (N) 0.33 0.23 0.47 - 0.78 0.64 0.24 -
Dist_F - Distance to forest Dist_R – Distance to river



Table 17 Results of regression analysis of bird diversity to area, presence of water, distance to forest, distance to river, artifact cover, canopy 
cover, and NDVI.

Variables
Total

species

Food guilds Habitat guilds

Insectivores Frugivores Granivores Omnivores Generalists
Woodland 

birds
Shrub birds

Area (A) - - - - - - - -
Water (W) 2.5* - - - 0.56* 2.03* 0.41* -
Dist._F (DF) - - - - - - -0.04*** -
Dist._R (DR) - - - - - -0.07* - -
Artifact cover (Af) -7.28* - - - - -1.56* -1.40** -
Canopy cover (C) - - - - -1.59** - - -
NDVI (N) - - - - - - 2.06** -
R2 0.25 0.19 NA NA 0.23 0.24 0.6 NA
Values for the variables are estimated regression coefficient; levels of significance denote the effects of variables on number of species 
*p<0.05 (significant) **p<0.01 (highly significant) ***p<0.001 (extremely significant)



Table 18 Model Selection for identifying factors that affected bird diversity of urban 

parks. Model with ΔAIC < 2 were selected as the best subset of models. 

Model ID AIC ΔAIC Wi

Total species
Tdi~Af+C+N+W Tdi1 577.1 0 0.13
Tdi~Af+C+W Tdi2 577.39 0.29 0.11
Tdi~Af+C+N+DR+W Tdi3 577.93 0.83 0.09
Tdi~Af+C+DR+W Tdi4 578.59 1.49 0.06

Feeding guilds
Insectivore (I)
Idi~DF+N+DR+A Idi1 107.49 0 0.06
Idi~N+DR+A Idi2 107.64 0.15 0.06
Idi~DF+DR+A Idi3 107.92 0.44 0.05
Idi~Af+DF+DR+A Idi4 108.97 1.48 0.03
Idi~N+DR+A+W Idi5 109.04 1.55 0.03
Idi~DF+N+DR+A+W Idi6 109.29 1.8 0.03

Omnivore (O)
Odi~Af+C+W Odi1 9.96 0 0.1
Odi~Af+C+DR+W Odi2 10.46 0.5 0.08
Odi~Af+C+N+DR+W Odi3 10.64 0.68 0.07
Odi~C+N+DR+W Odi4 11.02 1.06 0.06
Odi~Af+C+A+W Odi5 11.72 1.76 0.04
Odi~Af+C+N+A+W Odi6 11.8 1.84 0.04
Odi~C+N+W Odi7 11.85 1.89 0.04

Habitat guilds
Generalists (Gn)
Gndi~Af+C+DR+W Gndi1 271.85 0 0.18
Gndi~Af+DR+W Gndi2 272.44 0.6 0.13
Gndi~Af+C+N+DR+W Gndi3 273.31 1.46 0.09

Woodland birds (tr)
trRdi~Af+DF+N+DR+W trRdi1 -46.66 0 0.37
trRdi~Af+DF+N+DR+A+W trRdi2 -45.1 1.56 0.17

TR – total richness IR – insectivore richness FR – frugivore richness OR – omnivore 
richness GnR – generalists richness trR – Woodland bird richness (tree bird richness)



Table 19 Relative importance for identifying factors that affected bird diversity of urban parks. Values are from 0 to 1.

Variables
Total

species

Food guilds Habitat guilds

Insectivores Frugivores Granivores Omnivores Generalists
Woodland 

birds
Shrub birds

Area (A) 0.27 0.77 - - 0.27 0.27 0.35 -
Water (W) 0.97 0.34 - - 0.93 0.97 0.98 -
Dist._F (DF) 0.25 0.51 - - 0.3 0.24 1 -
Dist._R (DR) 0.44 0.63 - - 0.49 0.95 0.72 -
Artifact cover (Af) 0.96 0.4 - - 0.72 0.9 0.98 -
Canopy cover (C) 0.75 0.4 - - 0.97 0.57 0.23 -
NDVI (N) 0.51 0.73 - - 0.54 0.34 1 -
Dist_F - Distance to forest Dist_R – Distance to river


