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Abstract: The patterns of biodiversity along altitudinal gradients are well-documented ecological phe-
nomena. Community composition and structure are important factors affecting diversity patterns in
plant com munities. Furthermore, species diversity along altitudinal gradient differs in different layers
at different scales. In this paper, we analyzed the composition and structure of communities on the
northern slope of Mt. Changbai based on TW INSPAN classification. The patterns of plant diversity
for tree, shrub and herb layers were described by indices of species richness, a diversity and B diversi-
ty. Four community groups characterized by different dominants in the tree layer were distinguished:
(1) mixed coniferous and broad-leaved forests (700 —1065 m a.s.l.) dominated by Pinus koraiensis,
Tilia amurensis, Fraxinus mandschurica, and Acer mono, including secondary birch forest (1150 m
a.s.1) dominated by Betula platyphylla, which developed from natural pine and deciduous forests due
to disturbance; (2) transitional forests of mixed coniferous and broad-leaved forest and sub-alpine
coniferous forests (1100— 1300 m a.s.l. ); (3) sub-alpine coniferous forests (1300— 1780 m a.s.l.)
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dominated by Picea jezoensis, Abies nephrolepi and Larix olgensis; and (4) alpine birch forests
(1800— 2000 m a.s.l. ) dominated by Betula ermanii. Distribution of im portance values of dominants
explicitly indicated a vertical pattern of these four forest types. Frequency distribution of DBH classes
suggested major forest types in Mt. Changbai were regenerating at a healthy pace. Species richness in
the tree and shrub layers declined with altitude, while herb layer species richness showed no significant
trend along the altitudinal gradient. With increasing altitude, « diversity, represented by the Shannon-
Wiener index, decreased for both tree and shrub layers, with no clear trend for herb layer. Pielou
evenness index in the three layers showed no noticeable change with increasing altitude. B diversity,
indicated by the Cody index, declined with increasing altitude for all three layers.
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Fig. 1 Climate diagrams of Mt. Changbai
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Table 1  Characteristics of the 32 plots

i N HEAL FAZ
qme R B | Wik Tree Layer Shruly Layer Herb Layer
Plot Comumunity Alide a1 wppg BAME BAEE WSKHE O UATE  TE R mR K
No. type (m) Area  No. of H,, DBH,, FAZFIBA N (stems/ Area No. of Area  No. of

(m?) species (8) (m) (cm) (m*/hm?) hm®) (m®) species (S) (m?) species (S)

1 [ | 744 600 9 26.8 76.4 37.9 533 100 12 1 14
2 [ ] 781 600 12 24.5 51.9 30.4 1100 100 11 1 12
3 [ ] 887 600 10 27 54.1 38.5 1067 100 13 1 11
4 | ] 987 600 9 28 70 45.9 1967 100 11 1 11
5 [ ] 1065 600 8 27 34.7 32.5 1267 100 14 1 11
6 * 1085 600 8 31 46.6 30.7 1367 100 11 1 15
7 [ ] 1150 600 7 27 34.4 35.4 2967 100 11 1 13
8 * 1202 600 9 31 58.9 42,8 1167 100 7 1 11
9 * 1272 600 11 27 43.6 42.5 1000 100 10 1 12
10 & 1378 600 7 29 54.1 4.1 950 100 5 1 16
11 o 1445 600 9 29 71.3 51.4 1400 100 11 1 14
12 <& 1545 600 5 28.9 56.1 69.3 1767 100 5 1 13
13 & 1619 600 5 31.5 79.6 48.2 1133 100 5 1 14
14 & 1734 600 5 25 65.3 67.2 1200 100 5 1 11
15 o 1771 600 4 21.5 58.8 41.5 1467 100 3 1 13
16 [ 1819 600 2 15.6 4.6 28.2 917 100 5 1 11
17 o 1825 600 3 19 43.6 28.2 1100 100 5 1 12
18 ® 1888 600 2 13.8 33.1 24.4 1350 100 3 1 9
19 ® 1920 600 1 15.8 57.4 49.3 1250 100 3 1 13
20 ® 1996 600 1 9.4 31 25.9 2233 100 3 1 9
21 A 2030 1 16
22 A 2087 1 15
23 A 2089 1 6
24 A 2147 1 10
25 A 2218 1 10
26 A 2280 1 14
27 A 2355 1 15
28 A 2412 1 11
29 A 2462 1 13
30 A 2586 1 13
31 A 2590 1 11
32 A 2618 1 10

I H 4 IIR 35 #k Mixed coniferous and broad-leaved forest community ( W) ; ZLVAEE R Fb 5 = B A2 4 B0 JERE 7% Mixed coniferous and broad-
leaved forest and sub-alpine coniferous forest community ( * ) ; Z¥ 2K $H 1 Sub-alpine coniferous forest community ( O ) ; FHHEM Alpine birch
forest community (@) ; FILEJF Alpine tundra forest ( A )



167

1.2.2
av)
Iv =
_ + +
v . = 3
a
B
Shannon-Wiener Pielou
a ; Cody B
, s
Shannon-Wiener . H = — _glP,-lnP,-

(Magurran, 1988)

Pielou . E=H'/InS (Pielou, 1977)
: S ’ Pi i
av.
Cody : BC:Q(H)+I(H): atb-2c
2 2
(Magurran, 1988)
a b , C
, [CH) H
1.2.3
, PC-
ORD4.0 (Two-way Indicator
Species Analysis, TWINSPAN) ;
2
2.1
2.1. 1
TWINSPAN 20
4 « 2.
700— 1065 m )
(Picea koraiensis) ( Fraxinus mand-
shurica ) (Phellodendronamurense ) «

m1,3,4

25

a7
—
%*6,8,9

©10,11,12
& 13,14, 15
@ 16,17,18, 19,20

2 20 TWINSPAN
Fig. 2 Community groups for 20 tree plots by TWINSPAN
classification
1 Community type symbols as in Table. 1.

(Juglans mandshurica) (Acer spp. )~

( Tilia spp- )+ (Populus spp- - (Ulmus
spp- )~ (Betula platyphylla ). 2
73 . « ” ( y
1980). 1150 m
. (Populus da-
vidiana ) , (Picea
spp- ) ,
( , 1999).
1085— 1272 m
(Picea jezoensis ) ( Abies

nephrolepis) (Larix olgensis)
1378 — 1771 m
1378—1545m  1619— 1771 m

(Betula costata )+

(B. ermanii) (Sorbus pohuashanen-
Sis);
1819—1996 m
1—4 .

2.1.2



168

Biodiversity Science

744— 1996 m

33
Vazquez & Givnish (1998)

) 12
Sis) (Alnus sibirica )
. . (T. mandshurica) -

(Quercus mongolica).

(Populus ussurien-

3A B
1.2 T A
1
0.8
g 0.6
= 04 [Y& o
=
L 0.2
=
g 0
(=]
&
= 06 [
s B
1BX
B 0.4 A
02t G
0
700 900
3 (A

#FHR Altitude (m)

19

57.4 cm
DBH 48 cm.
79.6 cm (Plot 13).
(Plot 7

76.4 cm (Plot 1),

Q 58t Betula ermanii

K EMNFL Larix olgensis

A [{¥E Betula platyphylla

X B4 K2 Abies nephrolepis

o H§ Az Picea jezoensis

o 8 Pinus koraiensis

+ /KBAHD Fraxinus mandshurica

=¥ 5 ¥k Quercus mongolica

A 128 Sorbus pohuashanensis
B K O%EM Larix olgensis
= B4 Populus ussuriensis

+ KEZLF¥ Alnus sibirica
X B3 K2 Abies nephrolepis

< M R AZ Picea jezoensis

A 4T ¥% Pinus koraiensis

O %4 Tilia mandshurica

1900 2100

Fig. 3 Tmportance values of dominant trees along an altitudinal gradient. (A) Distribution of primary dominants; (B) Distribution

of secondary dominants



169

¥ No. of stems

30

20

10

Plot10 Plot11 30 Plot 12
: N=57 : N=84 N=68
L mme _
40
Plot13 39 ¢ Plot 14 Plot 15
N=106 20 N=72 N=88
40
Plot 16 30 - Plot 17 M_ Plot 18
N=55 20 N=66 20 §§ N=81
6 14 22 30 38 46 H4 62 70
60
Plot19 0 Plot 20
40 _
N=75 0 N=134

6 14 22 30 38 46 H4 62 70 78 6

Zhsa SN

14 22 30 38 46 b4 62 70 78

2B {4 Median of DBH classes (cm)

LLFAEFFRVRAZHK Mixed coniferous and broad-leaved forest community

Mixed coniferous and broad-leaved forest and sub-alpine coniferous forest communitly

B
O RS Z R4 R L BER %
(2

=W 54K Sub-alpine coniferous forest community

MK Alpine Birch forest community

4

Fige4 . Erequency distribution of - DBH. classes for tree nlotsof Mt. Changhai.

78



170 Biodiversity Science 12
14 - 9 o ’
12 + o ° A 1150 m ’
10 - o}
o o} o} o} ’
8 ©
0 0 ~ )
6 -
00 O
4 r o)
0 s (2002)
2+ [o}e]
(o o]
0 L n N n N N o
o |J00 900 1100 1300 1500 1700 1900 2100 (Pausas &
a .
E 14 | o B Austin, 2001; Hamilton & Perrott, 1981; Whittak-
2 o]
E 12 |o er, 1956).
4 10 | o] 00 0O o [0} o
FIrY!
oy 6 o} . ’
= o o oo (2002)
m o4
¥ Q0 O
E 2 °
R o ) f s L . ) ; 2.2.2 «
§700 900 1100 1300 1500 1700 1900 2100 Shannon-Wiener
,  Pielou
16 | o] © C
(o] o
o o}
L o0
14 1o oo o o a ¢ 6)
o o] o] [e)
12 + o ° a
0%¢ © 4 o
10 ° % » Shannon-Wiener
(o]
g | © 1.77 0.23
6 L o . 0 ( ); 1150 m
700 900 1100 1300 1500 1700 1900 2100 2300 2500 2700 ; -
B/ Altitude _
5 (A) (B (© . a (Shannon-Wiener
Fig. 5 Patterns of species richness for (A) wee layer, (B) ) ’
shub layer and (C) herb layer along an altitudinal gradient . a
2.2 B a
2.2.1 ( s
32 , 3, 2004).
46 233 . Pielou
. 5 ,
, 1300 m R ( s
. TWINSPAN 2002). , 1065 m
s Pielou

1771 m .



171

2 1
O o [o)
o A 08 | o A
1 5 - O @] (@]
o o o Oo o, © o
o© O (o} (@]
0.6 (o) o
o} [e) ©
1 + fo) o
0.4 (o}
o fe) o
05 o 02 L
o
0 . . ®o 0 . o
3700 900 1100 1300 1500 1700 1900 2100 1700 900 1100 1300 1500 1700 1900 2100
(o]
o O
25 o B 08 Co © o %o B
ﬁ e} OO fo)
B I (o] = 0.6 |© (o] o
= Co S ©
L 15 o 5 (o) o o
S O o} Co 2
g o O o v 04
1] 1 - %0 o =
g o
& o5 | o 02 |
0 1 1 L n ) L 0 n 1 L 1 1 1
700 900 1100 1300 1500 1700 1900 2100 700 900 1100 1300 1500 1700 1900 2100
25 1
(o] [e) 0.0} (o) (o]
(o]
(o] oo o ©C o Oo o° o
2 %00 *° 8 5 o o 08 200000 o0 ogcoogoooocpcb
O
o %) o o) (o] O
1.5 r o C 06 C
(o]
1 r 04 |
05 02}
I ' — 0 L —
700900 1100 1300 1500 1700 1900 2100 2300 2500 2700 700 900 1100 1300 1500 1700 1900 2100 2300 2500 2700
#R Altitude (n) #EH Altitude (m)
6 (A). (B) (Oa

Fig. 6 Patterns of o diversity for (A) tree layer, (B) shrub layer, and (C) herb layer along an atitudinal gradient

2.2.3 B — 1619
B . , —1734 m
B B .
, 100 . .
m ° o
7 , . B B
(Cody ) . , 1085— 1202 m  1202—1272 m
. B .
, 887— 987 m , . 1619—1734m

V120271272 m 1.734-7.1800m



172

Biodiversity Science 12

10
o
A
8 L
6 |
(o]
o 0o o
4t o o
(o]
2 - (o} (e} (o]
o
0 L n " i L 1 L 1 L L |o
12
10 o B
8+ o
£
- 0 r
2 ° o
S Ll o o o
O O
2t o o
| o °
OAA " PR n 1 i ! L 1
o~ W s T o B o B - BV WY W - L Yo S o B Vo
$ 8888 3I I8 g
= o 37 T TTYTTITR o7
W 0 I~ W N N 0 OV N O T N O
"fREREE§iEids
2 5
o ) o C
18 + o o °
o
o O
Q
14 [o)
(o]
@)
10 ¢ o
%o
6 e}
" )
2 L
WRB Altitudinal band (m)
7 (A (B) (o)
Fig.7 Patterns of B diversity for (A) tree layer, (B) shrub

layer, and (C) herb layer along an altitudinal gradient

TWINSPAN ,
1600— 1800 m ,

) 1734—1825 m ,
( » 20025
Vazquez & Givnish, 1998),
B

TWINSPAN
4 .
. 4
(44 J77 y
a (Shannon-Wiener )
s a
. Pielou
B (Cody )

Bim A AL TARGGE A E R, [RE . A
2 & 4 s,

Austin, M. P. 1980. Searching for a model for use in vegeta-
Vegetatio, 42 : 11— 21.
Austin, M.P., Pausas J.G. and Nicholls, A. O. 1996. Pat-

tion analysis.

terns of tree species richness in relation to environment in
southeastern New South Wadles,
Journal of Ecology, 21 : 154164,

Australia. Australian



173

Austrheim G. 2002. Plant diversity patterns in seminatural
grasslands along an elevational gradient in southern Nor-
way. Plant Ecology, 161 : 193— 205.

Beds E.W. 1969. Vegetation changes along altitudinal gradi-
ents. Science, 165 :981— 985.

Begon, M., Harper, J. L. and Townsend C. R 1996. Ecol-
ogy : Individuals, Populations and Communities (2nd
edn. ). Blackwell Science, Oxford.

Brown J. H. 1988. Species Diversity. In: Myers A.A. and
Giller, P.S. (eds. ), Analytical Biogeography : An Inte-
grated Approach to the Study of Animal and Plant Dis-
tribution. Chapman & Hall, New York, 57—809.

Deng H. B., Hao, Z. Q. and Wang Q. L. 2001. The
changes of co-possession of plant species between commu-
nities with altitudes on northern slope of Changbai Moun-
tain. Journal of Forestry Research, 12 (2) : 89— 92.

Dolezal J. and Srutek, M. 2002. Altitudinal changes in com-
position and structure of mountain temperate vegetation : a
case study from the Western Carpathians. Plant Ecology,
158 : 201—221.

Hamilton, A. C. and Perrott R.A. 1981. A study of altitudi-
nal zonation in the montane forest belt of Mt. Elgon,
Kenya Uganda. Vegetatio, 45:107— 125.

Liu, Q. J. 1997. Structure and dynamics of the subalpine
coniferous forest on Changbai Mountain China. Plant E-
cology, 132 :97—105.

Magurran, A. E. 1988. Ecological Diversity and Its Measure-
ment. Princeton University Press Princeton.

McCoy, E. D. 1990. The distribution of insects along eleva-
tional gradients. Oikos, 58: 313— 322.

Odland A. and Birks, H.J.B. 1999. The altitudinal gradient
of vascular plant nchness in Aurland western Norway.
Ecography, 22 :548— 566.

Pausas J. and Austinn M. P. 2001. Patterns of plant species
richness in relation to different environments : an ap-
praisal. Journal of Vegetation Science, 12: 153— 166.

Pielow E. C. 1977.
York.

Rahbek, C.1997. The relationship among area, elevation and

Mathematical Ecology. Wiley, New

regional species nchness in neotropical birds. American
Naturalist, 149: 875— 902.
B, tek M. and Lep 2, J.

Larix olgensis stand along altitudinal gradient on Paektu

1994. Vanation in structure of

san, Changbai-Shan North Korea Arctic and Alpine

Research, 26: 166— 173.

Vaques G.J.A. and Givnish T.J. 1998. Altitudinal gradi-
ents in tropical forest composition, structure, and diversity
in the Sierra de Manantlan. Journal of Ecology, 86 : 999
— 1020.

Whittakes R H.
Mountains. Ecological Monographs, 26 : 1— 80.

Whittakes R.H. 1967. Gradient analysis of vegetation. Bio-
logical Reviews, 42: 207— 264.

1956. Vegetation of the Great Smoky

Whittakes R. H. 1975. Communities and Ecosystems.
Macmillan Publisher, New York.

Hao, Z. Q. ( ), Yu, D.Y.( ), Wu, G. (

), Deng H. B. ( ), Jiang P. ( ) and

Wang, Q. L. ( ). 2001. Analysis onf diversity of
plant communities on northern slope of Changbai Moun-
tain. Acta Ecologica Sinica ( ), 21 (12) : 2018
—2022. (in Chinese)

Hao, Z.Q. ( ) Yu, D. Y. ( ), Yang X. M .
( ) and Ding Z. H. ( ). 2002. « diversity

of communities and their variety along altitude gradient on

northern slope of Changbai Mountain. Chinese Journal of

Applied Ecology ( ), 13 (7) : 785— 789.
(in Chinese)
Tang, Z. Y. ( ) and Fang J. Y. ( ). 2004. A
review on the elevational patterns of plant species diversi-
ty. Biodiversity Science ( ), 12(1) : 20—28.
Wang, G.H. ( ). 2002. Species diversity of plant com-

munities along atitudinal gradient in the middle section of

Qilian Mountains, Zhangye, Gansu, China. Biodiversity

Science ( ), 10 (1) : 7— 14. (in Chinese)
Wang, Z. ( )y Xu, Z.B. ( ), Li, X. ( )s
Peng, D.S. ( ) and Tan, Z.X . ( ). 1980.

The main forest types and their features of community
structure in northern slope of Changbai Mountain. Re-
search of Forest Ecosystem ( ), 1:25
—42. (in Chinese

Zhang, F.S. ( ), Chi, Z.W. ( ) and Li, X.Y.
( ). 1980. Preliminary analysis on the climate of
the Changba mountain area. Research of Forest Ecosystem
( ), 1:193—214. (in Chinese)

Zhuw T.C. ( ). 1999. Alpine Plants on the Changbai
Massif of China ( ). Science Press,
Beijing, 37. (in Chinese)

(FTiEmit. HEE)



