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Co-occurrence of plant species among communities with changes in
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Abstract: The Co-occurrence of species among communities at different altitudes may reflect the
relationships among communities, coexistence and the replacement of species along the altitude gradient at
some extent. Continuous or disjunctive distribution of different species along altitude gradient not only re-
flected the environment variation at altitude gradient, but also the biological and ecological spatiality as
well as the adaptability of species.

The northern slope of Changbai Mountain where there is not only a high diversity in vegetation types
and species, but also high variation of diversity pattern along the altitude gradient. It is a perfect transect
for the research of biodiversity and gradient patterns. From 700 m to 2600m on the northern slope of
Changbai Mountain, twenty plots were investigated with an interval of 100m in altitude. By using Jaccard
index, co-occurrence of plant species among communities at different altitudes was analyzed. For species of
different life-forms or all the species as a whole, co-occurrence of plant species between neighboring com-
munities was the highest except for that between different vegetation types. The peak values and valley
values of co-occurrence of plant species among communities along altitude gradient were matched with veg-
etation gradient patterns. co-occurrence of plant species at different layers or all the plant species among

communities with the same altitude difference were nearly the same, and decreased as the increase of alti-
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tude difference.

communities were highly related. It is suggested that these well-developed and also well-protected commu-
nities have consistent relationship between canopy species and understory species. It was impossible to

have communities with high co-occurrence of plant species as canopy species at the same time low co-occur-

rence of plant species as understories.

These results showed that plant species compositions at different layers of the
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Table 1 Co-occurrence of canopy tree species among communities at different altitudes
o 1 2 3 4 5 6 7 8 9 10 11 12
Communities
2 26.1
3 23.5 36.8
4 52.9 40.9 27.8
5 10. 5 23.8 28.6 27.8
6 4.8 35 26.7 20 58.3
7 10 22.7 18.8 20 58.3 66.7
8 5.6 20 23.1 23.5 45.5 54.5 54.5
9 0 15.8 27.3 11.8 40 36. 4 36. 4 50
10 0 5.8 27.3 11.8 40 36. 4 36. 4 50 100
11 0 22.2 16.7 11. 8 27.3 36.4 36.4 50 66.7 66.7
12 0 11.1 20 6.3 20 18. 2 18.2 25 60 60 60
13 0 5.6 10 0 10 9.1 93l 12.5 40 40 40 66. 7
* 1.2.3.++.20, 700m,800m, 900m, +++,2600m. . Community number 1, 2, 3,+,

20 corresponded the communities at altitudes of 700m. 800m, 900m. *=-,2600m respectively. Same for following tables

1~5 s . s
( ) . o
s 1 2. 4 5. 13 14 s
C D,

1500 1600m 100% , 3 1200
~1300m,1600~1700m 1800~1900m , 66. 7%, 700~
800m,1000~1100m,1400~1500m,1700~1800m s 2 s

s 1600~1700m
1500~1600m 0
N 2200m,
o ,1100~1700m .

66% 69%, 1100m 30%  40%.
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Table 2 Co-occurrence of tree species among communities at different altitudes

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Communities
2 30
3 32 61.9
4 44 54.2 40.9
5 6.7 37.5 28.6 30.4
6 13.8 54.5 47.4 40.9 58.8
7 14.8 39.1 36.8 38.1 56.3 73.3
8 11.5 42.9 33.3 42.1 53.3 60 69. 2
9 7.7 31.8 35.3 30 57.1 53.3 61.5 58.3
10 0 23.8 25 15 35.7 33.3 38.5 45.5 66.7
11 0 28.6 23.5 14.3 42.9 40 35.7 41.7 60 85.7
12 4.3 19 26.7 10 28.6 26.7 30.8 36.4 55.6 57.1 50
13 0 8.7 11.8 0 12.5 18.8 21.4 15.4 27.3 37.5 33.3 42.9
14 0 4.5 6.3 0 14.3 6.3 7.1 83 20 28.6 25 33.3 33.3
15 0 0 0 0 7.1 0 0 0 10 14.3 12.5 16.7 16.7 66.7
16 0 0 0 0 0 0 0 0 11.1 16.7 14.3 20 20 33.3 50
3 (S7D]

Table 3 Co-occurrence of shrub species among communities at different altitudes

1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19
Communities
2 20.7
3 40 42.9
4 41.7 38.1 70.6
5 16  33.3 33.3 35.3
6 12 35.3 35.3 37.5 88.9
7 8 29.4 29.4 31.3 60  66.7
8 7.7 21.1 27.8 22.2 54.5 60  66.7
9 7.7 21.1 27.8 22.2 41.7 45.5 50  77.8
10 0 11.8 18.8 12.5 30  33.3 37.5 50 50
11 0 9.5 15 10 30.8 33.3 36.4 45.5 33.3 50
12 3.8 15.8 22.2 16.7 33.3 36.4 40 50 36.4 37.536.4
13 0 9.5 9.5 10 21.4 23.1 25 23.1 14.3 20 23.1 50
14 0 0 0 0 7.1 7.7 83 7.7 0 0 7.7 18.227.3
15 0 0 0 0 6.3 6.7 7.1 6.7 0 0 6.7 15.423.1 75
16 0 0 0 0 0 0 0 0 0 0 0 7.715.4 44.466.7
17 0 0 0 0 0 0 0 0 0 0 0 9.118.2 57.162.5 71.4
18 0 0 0 0 0 0 0 0 0 0 0 6.713.3 50 54.5 60  55.6
19 0 0 0 0 0 0 0 0 0 0 0 8.316.7 71.475 62.5 83.3 66.7
20 0 0 0 0 0 0 0 0 0 0 0 0 0 14.311.1 12.5 16.7 22.2 14.3
2400m 2500~2600m ,
b b
9 o
s ,  1300~1400m ., 1200~1300m,1500~1600m
2200~2300m , 62%~63% o 2000m
s 55% . .
C 2,

s ’ s ’

s 100m 50% 1200m 0,
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Table 4 Co-occurrence of herb species among communities at different altitudes
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Communities

2 19.8

3 16.2 42.3

4 26.2 35.9 42.6

5 16.2 42.3 45.5 40

6 7.8 39.1 38.5 26.445.9

7 11.7 34 39 32.150 62.1

8 16.3 37.3 36.5 40 51.1 41.9 42.2

9 23.7 38.4 35.8 44.440 30.6 35.5 58.1

10 14.9 30.6 22.4 27.331.5 29.8 28 56 63.3

11 14.8 30.2 24.1 28.833.3 21.6 20.4 43.6 47.8 49.1

12 11.3 23.6 23.4 26 29.5 27.8 28.6 38.7 45.2 45.8 38.1

13 5.1 18.5 20 13.622.7 29.4 23.7 24.5 17.4 17.3 21.6 38

14 1.1 2.9 5.1 1.4 1.6 2 1.9 4.5 4.7 4.5 4.5 8.5 13

15 0 1.6 0 1.5 0 0 0 1.6 1.2 1.6 1.6 2.9 4.743.2

16 0 1.7 0 1.6 0 0 0 0 0 0 0 1.5 7.940 55.6

17 0 0 0 0 0 0 0 0 1.3 0 0 1.5 5 35.1 59.3 62.5

18 0 0 0 0 0 0 0 0 0 0 0 1.7 2.930.3 38.5 45.5 50

19 0 0 0 0 0 0 0 0 1.3 0 0 1.6 2.633.3 46.4 42.3 52 55
20 0 0 0 0 0 0 0 0 1.4 0 0 1.6 2.821.6 31 25.9 34.6 33.3 65

5 D)
Table 5 Co-occurrence of all the plant species among communities at different altitudes
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Communities

2 22.1

3 23.8 46.8

4 32.3 40.4 47.3

5 14.1 39.4 38.6 36.8

6 9.9 42.4 40 31.9 55.6

7 11.6 34.4 36.4 33.3 53.1 66

8 13.8 35.4 34.1 37.1 52.1 48.550.7

9 18.1 34.2 34.3 38.2 42.9 36.441.2 60.2

10 9.6 26 22.2 22.5 32.1 31 31 53.6 62.3

11 9.2 25.7 22.1 22.4 34.6 26.925.3 43.6 47.2 52.9

12 8.9 21.4 23.7 21.6 29.9 28.730.4 39.8 45.2 45.9 39

13 3.1 14.3 15.7 9.9 20.3 25.423.4 22.7 18.1 20 23.340.3

14 0.7 2.7 4.2 0.9 4.5 3.8 3.8 5.5 5.5 6 6.811.4 17.5

15 0 0.9 0 0.9 2.4 1.3 1.3 2.3 1.9 2.5 3.5 5.7 9.7 50

16 0 1 0 1 0 0 0 0 1 1.3 1.2 3.6 10.7 40.457.9

17 0 0 0 0 0 0 0 0 1 0 0 2.4 7.1 36.256.8 62.5

18 0 0 0 0 0 0 0 0 0 0 0 2.5 5.6 32.641 48.5 51.6

19 0 0 0 0 0 0 0 0 1 0 0 2.5 5.4 37 50 45.7 58.1 58.6
20 0 0 0 0 0 0 0 0 1.1 0 0 1.3 2 19.125 22.2 31.3 30 51.9

( 700~2600m) ,
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