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Bird Resources and Avifauna of Zijin Mountain in Nanjing
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Abstract The survey of bird species in Zijin Mountain area of Nanjing were conducted from September 2005 to April 2007. A total of 164 spe-

cies belonging to 15 orders and 44 families were recorded, including 59 resident birds, 34 summer migrants, 41 winter migrants, 29 passing

birds, and one vagrant bird. There were 25 species listed as key protected wild animal species in China, and 56 species in key protected birds

in Jiangsu Province. The avifauna was composed of Palaearctic realm species (51.22% ), Oriental realm species (40.24% ) and cosmopolitan

species (8.54% ), showing the characteristics of north-south transition. In summary, there are abundant bird species in Zijin Mountain, but

with low population number and density.
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1 Introduction

Located in the eastern suburbs of Nanjing, Jiangsu Province,
Zijin Mountain is an important part of Zhongshan Mountain Scenic
Area and a rare " urban forest" in China. The region is in the
transition zone between northern subtropical zone and warm tem-
perate zone, with rich plant species and diverse habitats, provi-
ding a good habitat and foraging place for birds. As an important
component of wildlife, birds are at the top trophic level of the eco-
system and are the most sensitive to changes in the environment,
so birds can serve as a good indicator species of stress and change
in urban ecosystems. The bird resources in Zijin Mountain had
been briefly recorded in the early period, but there has been no
systematic investigation and detailed report so far. To clarify the
status and floristic characteristics of bird resources in Zijin Moun-
tain, and supplement the basic data of birds in this region, we in-
vestigated the bird species in Zijin Mountain area from September
2005 to April 2007, in order to provide a scientific basis for the
protection and management of bird species diversity and the pro-

tection and monitoring of urban ecology in Nanjing.

2 Natural overview

Zijin Mountain, also known as Zhongshan Mountain, is loca-
ted in Qixia District, Nanjing City, Jiangsu Province, covering an
area of about 3 008.8 ha. It is a sudden peak at the west end of
Ningzhen Mountain, 118°48'24" — 118°53'04" E, 32°01'57" -
32°16’15" N. The mountain is about 8 km long from east to west,
and about 3 km wide from north to south. The main peak is 448.9 m
above sea level, and the lowest elevation is 45 m. The region be-
longs to north subtropical monsoon climate, with an annual aver-
age temperature of 15.4 °C (the average temperature in January is
1.9 °C, and that in July is 28.2 °C), an annual average frost-free
period of 228 d, an annual sunshine of about 2 000 h, the annual
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accumulated temperature above 10 “C over 4 800 °C, and an an-
nual rainfall of 900 — 1 000 mm. The region is featured by warm
climate, abundant rainfall and distinct four seasons. The soil
mainly consists of yellow-brown soil and yellow-cinnamon soil.

In terms of flora, Zijin Mountain forest area belongs to the
transitional zone between warm temperate deciduous broad-leaved
forest and central subtropical evergreen broad-leaved forest, and
the vegetation composition has obvious transition. The zonal forest
vegetation is the north subtropical mixed deciduous and evergreen
broad-leaved forest with evergreen components, dominated by nat-
ural secondary deciduous broad-leaved forest. There are more than
600 species of plants in 113 families, including trees, shrubs,
vines and herbs. The common conifer species include Pinus mas-
soniana, Pinus thunbergii, Cedar deodara, Platycladus orientalis,
etc. ; the deciduous broad-leaved tree species include Quercus acu-
tissima , Quercus variabilis, Liquidamabar formosana, Platycaryast
robilacea, Celtis sinensis, Ulmus parvifolia, etc. ; the evergreen
species include Cyclobalanopsis glauca, Photinia serrulaia, Ilex
chinensts, etc. ; the shrubs mainly are Vitex negundo, Rosamulti-
flora varpraegeri, Rhamnus globosa, Flueggea suffruticosa, Lin-
dera glauca, Serissa serissoides, Carex lanceolata, etc.

According to the zoogeographical division of China, Zijin
Mountain belongs to the Central China eastern hilly plain subre-
gion of the Oriental realm, and is adjacent to the Huanghuai Plain
subregion of ancient north China, being the northern margin of the

Oriental realm.

3 Research methods
3.1 Habitat division According to landform, vegetation type
and human disturbance, the bird habitats in Zijin Mountain area
were divided into four types: forest area (including broad-leaved
forest and mixed broadleaf-conifer forest) , bamboo forest, wetland
waters and public green space.

(i) Forest area; Forest area is dominated by the vegetation of
broad-leaved forest, mainly tall trees, and the forest coverage rate

is high. It is covered by mixed broadleaf-conifer forest in some
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areas, but with low canopy and sparse underbrush.

(ii) Bamboo forest; Bamboo forest area is featured by single
vegetation, mostly pure Phyllostachys pubescens forest, and there
are a few trees and small shrubs in the forest.

(iii) Wetland waters: Wetland waters are mainly reservoirs,
lakes and mountain streams in Zijin Mountain and its surrounding
area.

(iv) Public green space: Public green space mainly refers to
Sun Yat-sen Mausoleum, Ming Tomb, Linggu Temple scenic area
and Zhongshan Botanical Garden and other tourist areas.

3.2 Survey methods
transect method and fixed-point count method. Different numbers

We conducted bird surveys using line

of line transects were set up in each habitat according to the differ-
ences in vegetation, terrain, land use and human disturbance in-
tensity of Zijin Mountain, and each line transect was 3 —5 km
long. Zhongshan Botanical Garden, as another main observation
point, was conducted twice a month, but during the migration sea-
son from March to May and October to December, it was surveyed
once a week. The surveys were carried out by two experienced ob-
servers on clear and calm days once a month, with binoculars
(35 x10) used to identify the species, and GPS was used to meas-
ure the length of line transects. Line transect surveys were marched
forward at a constant speed of approximately 1.0 —1.5 km/h, and
the survey width was 50 m. The point counting method recorded the
species observed and heard within a radius of 0.5 km.

3.3 Division of magnitude order of birds
dance was calculated by the proportion of the number of a species

The relative abun-

in the total number of birds. According to relative abundance, the
magnitude order of birds was divided as follows: = 10% , domi-
nant species; 1% —10% , common species; 0.1% —1.0% , un-
common species; <0.1% , occasional or rare species.

Table 1 Checklist of the birds in Zijin Mountain

4 Results and analysis

4.1 Species composition According to the classification sys-
tem of A Checklist on the Classification and Distribution of the
Birds of China, a total of 164 species were recorded in Zijin
Mountain field surveys (Table 1), belonging to 44 families and 15
orders. There were 99 species and 25 families of passerine birds,
accounting for 60. 37% of the species recorded. There were 59
species of resident birds (35.98% ), 34 species of summer mi-
grants (20.73% ), 41 species of winter migrants (25.00% ), 29
species of passing birds (17.68% ), and one species of vagrant
bird (0.61% ). Resident birds were dominated by passerine spe-
cies, while summer migrants and passing birds were mainly non-
passerine species, and winter migrants were composed of equal
number of passerine and non-passerine species.

4.2 Key protected species A total of 81 key protected species
were recorded in Zijin Mountain area. Among the species, one
was listed as key protected wild animal species in China ( Class
1), i.e. Ciconia boyciana, 24 species were listed as Class IT (one
in Anseriformes, 17 in Falconiformes, one in Cuculiformes, 4 in
Strigiformes, and one in Caprimulgiformes) , and 56 species were
listed as key protected birds in Jiangsu Province (one in Pelecani-
formes, 5 in Ciconiiformes, 3 in Anseriformes, 7 in Charadri-
iformes, 7 in Cuculiformes, one in Upupiformes, one in Pici-
formes, and 26 in Passeriformes) , accounting for 49.39% of the
total record. Three species were listed into The Red List of Endan-
gered Animals in China ( Cygnus columbianus, Pernis ptilorhyn-
chus and Centropus toulow). Almost all birds belonged to national
protected animals of important ecological, scientific and social val-
ue. There were two endemic species in China, including Garrulax
poecilorhynchus and Parus venustulus.

Habitat
No. Name of species Orde‘r of  Residence Fauna Protection Broad-leaved Mixed . Bamboo Wetland Public green
magnitude type level broadleaf-conifer space and
forest forest waters
forest open space
1 Tachybapus ruficollis + + R C A Vv
2 Ardeola bacchus + S (0] Ve vV
3 Bubulcus ibis + S 0 Ve vV
4 Butorides striatus + S (0] A Y
5 Egretta garzetta + S [0) A Vv
6 Nycticorax nycticorax + S [0) Ve vV
7 Ciconia boyciana * P P 1 vV
8  Cygnus columbianus * P P I Vv
9 Anas crecca + w P Yo vV
10 Anas platyrhynchos + W p Y vV
11 Tadorna ferruginea + W p Yo VvV
12 Pandion haliaetus * p p I Y
13 Accipiter gentilis + w P 11 \ %
14 Accipiter gularis + W P I 2 %
15 Accipiter nisus + w P I 2 %
16  Accipiter soloensis + S [0) I vV Vv
17 Accipiter trivirgatus + S [0) I vV vV
18 Accipiter virgatus + R p I vV Vv
19 Aegypius monachus * AY P I \ %
20  Aviceda leuphotes + S (0] I \ 2 2
21  Buteo buteo + W P I VvV 2
22 Buteo hemilasius + W P 11 VvV vV

(To be continued )
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Habitat
. Order of  Residence Protection Mixed Public green
No. Name of species . Fauna Broad-leaved . Bamboo Wetland
magnitude type level broadleaf-conifer space and
forest forest waters
forest open space
23 Butastur indicus + W P I VvV Vv
24 Buteo lagopus + P p I vV vV
25  Milvus lineatus + R C I Vv 2 Vv vV
26  Pernis ptilorhynchus + W P I Vv %
27  Falco peregrinus + R 0 I vV %
28  Falco tinnunculus + R C I 2 %
29  Phasianus colchicus + + R C Vv Vv VvV 2
30  Amaurornis akool + S [0) VvV
31 Amaurornis phoenicurus + S (0] Vv
32 Gallinula chloropus + R [0) vV
33 Charadrius dubius + W p Ve v
34 Gallinago gallinago + W p Ve %
35 Actitis hypoleucos + W P A Vv
36  Tringa erythropus + W p A Vv
37 Tringa glareola + W P A %
38 Tringa nebularia + W P ¥ vV
39  Tringa ochropus + W P A v
40  Streptopelia chinensts + + R (0] 2 2 % v
41  Streptopelia orientalis + + R [0) vV vV VvV Vv
42 Streptopelia tranquebarica + R (0] vV vV VvV vV
43 Centropus toulou + S (0] I vV 2 v
44 Clamator coromandus + S [0) Yo Vv Vv 2
45 Cuculus canorus + S C Ve v v
46 Cuculus micropterus + + S (0] A 2 %
47 Cuculus poliocephalus + S (0] pid 2 vV 2
48  Eudynamys scolopacea + + S [0) Ve Vv 2 v
49  Hierococcyx fugax + S (0] Yo 2 %
50  Hierococcyx sparverioides + + S [0) S vV vV \
51 Glaucidium brodiei + R 0 1l vV vV
52 Glaucidium cuculoides + R 0 I Vv vV
53 Otus sunia + + R C I Vv vV vV
54 Strix aluco + R p 11 Vv v
55 Caprimulgus indicus + S (0] I 2 %
56  Hirundapus caudacutus + P p Vv v
57 Alcedo atthis + + R C %
58  Eurystomus orientalis + S (0] Vv Vv vV
59 Upupa epops + + R C ¥ vV Vv 2 Vv
60 Jynx torquilla + w P Ve 2 %
61 Dendrocopos canicapillus + + R (0] pid v %
62 Dendrocopos hyperythrus + P (0] * Vv v
63 Dendrocopos major + + R p Ve vV Vv VvV
64 Picumnus innominatus + + R [0) S v Vv 2
65 Picus canus + + R [0) Ve Vv v
66 Alauda arvensis + W p Vv Y% vV
67 Alauda gulgula + R (0] 2 2 v
68  Hirundo daurica + + S (0] vV
69  Hirundo rustica + + S C vV
70  Motacilla alba + + R P Vv Vv vV v
71 Motacilla cinerea + P P Vv Vv 2 Vv
72 Motacilla flava + P p Vv Vv VvV Vv
73 Anthus hodgsoni + + W P v vV 2
74 Pericrocotus cantonensts + + S (0] vV vV
75 Pericrocotus divaricatus + P p vV v
76 Hypsipetes leucocephalus + + S (0] A 2 %
77 Pycnonotus sinensts ++ + R (0] Vv vV VvV vV
78  Pycnonotus xanthorrhous * R (0] Y% \ vV vV
79 Spizixos semitorques + + R (0] 2 v
80  Bombycilla garrulus + w P vV v
81  Bombycilla japonica + W P vV Vv

(To be continued)
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( Continued )

No.

Name of species

Order of
magnitude

Residence

type

Fauna

Protection

level

Habitat

Broad-leaved

forest

Mixed
broadleaf-conifer

forest

Bamboo

forest

Wetland

Public green

space and

waters

open space

82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140

Lanius bucephalus
Lanius cristatus

Lanius schach

Lanius sphenocercus
Lanius tigrinus

Oriolus chinensis
Dicrurus hottentottus
Dicrurus leucophaeus
Dicrurus macrocercus
Acridotheres cristatellus
Sturnus cineraceus
Sturnus sericeus
Cyanopica cyana
Dendrocitta formosae
Pica pica

Urocissa erythrorhyncha
Troglodytes troglodytes
Luscinia cyane
Phoenicurus auroreus
Rhyacornis fuliginosus
Tarsiger cyanurus
Enicurus leschenaulti
Saxicola torquata
Myophonus caeruleus
Turdus cardis

Turdus chrysolaus
Turdus hortulorum
Turdus merula

Turdus naumanni
Turdus obscurus
Turdus pallidus

Turdus ruficollis
Zoothera dauma
Cyanoptila cyanomelana
Ficedula mugimaki
Ficedula narcissina
Ficedula zanthopygia
Muscicapa dauurica
Muscicapa griseisticta
Muscicapa sibirica
Garrulax canorus
Garrulax monileger
Garrulax pectoralis
Garrulax perspicillatus
Garrulax poecilorhynchus
Leiothrix lutea
Pomatorhinus ruficollis
Paradoxornis webbianus
Cettia canturians
Cettia fortipes
Phylloscopus borealis
Phylloscopus coronatus
Phylloscopus fuscatus
Phylloscopus humei
Phylloscopus inornatus
Phylloscopus plumbeitarsus
Phylloscopus proregulus
Phylloscopus tenellipes
Regulus regulus
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Habitat
No. Name of species Ordffr of  Residence Fauna Protection Broad-leaved Mixed . Bamboo Wetland Public green
magnitude type level broadleaf-conifer space and
forest forest waters
forest open space
141 Zosterops erythropleurus * P P VvV vV
142 Zosterops japonicus + + S (0] vV Vv Vv
143 Aegithalos caudatus ++ 4+ R P A 2 2 v
144 Aegithalos concinnus ++ 4+ R (0] Yo Vv Vv vV
145 Parus major + + R P A vV % vV
146 Parus palustris + R P Ve 2 Vv vV
147 Parus venustulus + + R (0] ¥ v vV
148 Passer montanus ++ + R C VvV vV
149 Lonchura punctulata + R (0] Vv Vv
150 Lonchura striata + R [0) Vv vV
151 Fringilla montifringilla + + W p Ve Vv vV VvV
152 Carduelis sinica ++ R P e vV vV vV
153 Carduelis spinus + W P A 2 2 v
154 Carpodacus erythrinus W p A Vv vV
155 Coccothraustes coccothraustes + W P A 2 %
156 Eophona migratoria + + R (0] ¥ vV vV \
157 Emberiza chrysophrys + W P A vV vV 2
158 Emberiza cioides + + R P Ve Vv 2
159 Emberiza elegans + + W P Ve vV v 2
160 Emberiza pusilla + W p A vV v
161 Emberiza rustica + W p Ve Vv 2
162 Emberiza rutila + P p Yo Vv Vv
163 Emberiza spodocephala + + W p Ve vV vV VvV
164 Emberiza_tristrami + W P % vV vV vV

Note : Order of magnitude: + + +. Dominant species; + +. Common species; +. Uncommon species; * . Occasional or rare species. Residence type: R. Res-

ident bird; S. Summer migrant; W. Winter migrant; P. Passing bird; V. Vagrant bird. Fauna: P. Palearctic realm species; O. Oriental realm species;

C. Cosmopolitan species. Protection level; 1. national Class I protected animal species; II. National Class II protected animal species; vr. Key protected

animal species in Jiangsu Province.

4.3 Avifauna and distribution type There were 84 species
(51.22% ) of Palearctic realm birds, 66 species (40.24% ) of
Oriental realm birds, and 14 species (8.54% ) of cosmopolitan
birds. Generally, the avifauna in Zijin Mountain was dominated by
Palearctic realm birds, followed by Oriental realm birds, and cos-
mopolitan birds were the least. Such characteristics show obvious
species intersection and zone transition in distribution.

There were 93 species breeding in Zijin Mountain area, inclu-
ding 63 Oriental realm birds, 16 Palaearctic realm birds and 14
cosmopolitan birds, separately accounting for 67.74% , 17.21% and
15.05% of the total breeding birds in this area. Oriental realm
species accounted for the majority, while the proportion of Palearc-
tic realm species was equivalent to that of cosmopolitan species,
indicating that the composition of birds in this area has the charac-
teristics of both central Asian species in the Oriental realm and
North Chinese species in the Palearctic realm, and is partial to the
Oriental realm.

In terms of distribution type, there were 53 species of Orien-
tal realm birds, accounting for 32.32% of the total; 31 species of
northeast type, accounting for 18.90% ; 30 species of Palaearctic
realm type, accounting for 18.29% ; 18 species of cosmopolitan
birds that could not easily be classified, accounting for 10. 98% ;
13 species of holarctic type, accounting for 7.93% ; and 7 other
types, accounting for 12. 58% . The results suggest that Oriental
realm species, northeast species and Palaearctic realm species
constitute the main body of birds distributed in this region.

4.4 Distribution of birds in different habitats

4.4.1 Forest area. There were 138 species of birds distributed in
the forest area, accounting for 84. 15% of the total, including 55
species of resident birds (39.86% ), 25 species of summer mi-
grants (18.12% ), 31 species of winter migrants (22.46% ), 26
species of passing birds (18.84% ), and one species of vagrant
birds (0.72% ). Resident bird was the main type of forest birds.
Dominant species were Pica pica, Cyanopica cyana, Streptopelia
chinensis, Streptopelia orientalis, Parus major, etc. , and common
species included Dendrocitta formosae, Otus sunia, Dendrocopos
major, Spizixos semitorques, Parus venustulus, Carduelis sinica,
elc.

4.4.2 Bamboo forest area. There were 43 species of birds found
in the bamboo forest, accounting for 26.22% of the total, inclu-
ding 28 species of resident birds (65.12% ), 8 species of summer
migrants (18.60% ) and 7 species of winter migrants (16.28% ).
Resident bird was the main type of bamboo forest birds. Dominant
species were Parus major, Aegithalos concinnus, Aegithalos cauda-
tus, Paradoxornis webbianus, Phylloscopus proregulus, etc. , and
common species included Pycnonotus sinensis, Cettia fortipes, Gar-
rulax perspicillatus , etc.

4.4.3 Wetland. There were 39 species of birds distributed in
wetland, accounting for 23. 78% of the total, including 8 species
of resident birds (20.51% ), 10 species of summer migrants
(25.64% ), 12 species of winter migrants (30.77% ), and 9 spe-
cies of passing birds (23.08% ).

Winter and summer migrants
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were the main types in the area, and common birds included
Tachybapus ruficollis, and herons.

4.4.4 Public green space. There were 28 species of birds in
public green space, accounting for 17.07% of the total, including
18 species of resident birds (64.29% ), 5 species of summer mi-
grants (17.86% ), 3 species of winter migrants (10.71% ), and
2 species of passing birds (7.14% ). Resident birds accounted for
the majority of the birds in this area. Dominant species contained
Pycnonotus sinensis, Turdus merula, Pica pica, Cyanopica cyana,
Passer montanus , Sturnus sericeus, Sturnus cineraceus , etc. , while
common species were Phasianus colchicus, Motacilla alba, Urocis-
sa erythrorhyncha, etc.

5 Discussion

5.1 There are abundant species but low number and density
of birds
evidence for the importance of the Zijin Mountain. With high forest

Large numbers of birds were recorded, providing further

heterogeneity due to years of afforestation, Zijin Mountain provides
abundant vegetations and diverse habitats, which are related to the
structure and diversity of bird communities. In addition, the area
is located in the northern edge of the Oriental realm, close to the
boundary between the Palaearctic and Oriental realms, with obvi-
ous transition between the northern and southern zones, so there
are rich species of birds.

However, with the expansion of Nanjing city, Zijin Mountain

has gradually integrated into the urban area, and become the pre-
ferred place for citizens to climb mountains and exercise. At pres-
ent, there are more than 100 roads on the mountain. According to
the statistics by administrative departments, there are an average of
10 000 climbers a day from Monday to Friday, and up to 20 000 a
day on weekends. Such high levels of human interference are
bound to cause damage to the mountain and forest vegetation, sub-
sequently disturbing and threatening the habitat of birds. It was
found in the survey that the species and number of birds in other
areas of Zijin Mountain were low except for the large bird density
in the protected area of Zhongshan Botanical Garden.
5.2 Palearctic realm species is slightly dominant in avifauna
composition According to the zoogeographical division of China,
Zijin Mountain belongs to the eastern hilly plain subregion of Cen-
tral China in the Oriental realm. However, the avifauna of Zijin
Mountain is composed of Palaearctic realm species (51.22% ),
Oriental realm species (40.24% ), and cosmopolitan species
(8.54% ). On the whole, Palaearctic realm species are slightly
dominant, which seems to be inconsistent with the zoogeography of
China.

In terms of bird composition in Zijin Mountain, 29 species of
passing birds account for 17.68% , 26 of which are Palaearctic
realm species. Because the passing birds stay here for a short time
or basically do not stay, and the species and number of birds are
greatly affected by the environment and are unstable, they can be
excluded in statistics. As the passing birds are excluded, the pro-
portion of Oriental realm species is 48.89% , and that of Palaearc-
tic realm species is 42. 96% . It can be seen that the avifauna of
Zijin Mountain is characterized by both the Oriental and Palaearc-
tic realm species, but is partial to Oriental realm species. There-
fore, the characteristics of avifauna in Zijin Mountain are consist-

ent with the zoogeographical division of China, and they do not
conflict with each other.

5.3 The species and number of birds show a declining trend
The tourism industry in Zijin Mountain is well-developed, which
will certainly affect the habitat of migratory waterbirds due to high
levels of human interference. The main reasons for the decline in
species richness and bird numbers in Zijin Mountain are as fol-
lows: (i) Man-made landscape and unreasonable tourism develop-
ment have caused the destruction and reduction of bird habitat area;
(ii) The construction of roads and the creation of unreasonable hi-
king routes by citizens have led to the fragmentation of bird habi-
tats; (iii) Environmental problems ( pollution and noise) caused
by the expansion of urbanization and various tourist activities in
scenic areas interfere with bird predation and reproduction.

To better protect the bird species and diversity in Zijin Moun-
tain area, we provide suggestions as follows: (i) Raising public
awareness of environmental conservation and reducing the impact
of human interference on birds; (ii) Rationally planning the layout
of tourism areas by focusing on the protection of vegetation and
habitats, to minimize the conflict between development and conser-
vation, and avoid the fragmentation of bird habitats; (iii) Carry-
ing out afforestation and forest form restructuring by using ecologi-
cal restoration methods, and establishing various habitat types to
create a more suitable habitat for birds.
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