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Comparisons of diversity of grasshopper community in fragmen-

tary forest of Nanniwan
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Abstract: Forest fragmentation is a key factor affecting the insect. The study had principally been carried
out in tropical area in China. The paper studies the grasshopper community structures of north china’s
Nanniwan fragmentary forest using principal component analysis (PCA) and stepwise regression analysis.
The results show that there are 12 species of grasshopper in both edge forest and inner forest of the
region, which belong to 5 families, 12 genuses. When forest vegetation structure doesn’t change
drastically, the species, diversity index , dominant index and evenness index of grasshoppers change
slightly in forest edge grasses, whereas the density, diversity index and evenness index of grasshoppers in
grasses of inner forest decrease with area of forest reducing. In severely damaged forest. in comparison
with slightly damaged forest, the vegetation undergoes obvious changes, the species, density, diversity
index and evenness index of grasshoppers in grasses of inner forest show signs of obvious increase, the
density, dominant index of grasshoppers in grasses of edge forests increase, the diversity index and
evenness index decrease. Using principal component analysis (PCA ), the grasshopper community
structures of fragmentary forest can be divided into two types: the slightly damaged forest and the severely
damaged forest. It shows., by stepwise regression analysis, that the area of fragmentary forest and the
structure of vegetation and food are important factors, which affect the structure and diversity of

grasshopper community.
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Table 1 The circumstance of fragmentary forest
Region Area(km?)  State of isolation Disturbance Main plants
( Populus  davidiana ) . (@
1k hopeiensis) (P. simonii) . (Quercus
m,
A 12 s liaotungensis) . (Robinia pseudoacacia) .
® @ (Platycladus orientalis) .3
’ 50%, 20% s 30%.,
)
1 km . N N N N o
B 8 ) 5 ' 3 0% 0%, 20%.
@ ©
0.5 km s N N N o .3
C 2 . . , , 90% . 30%., . ,
7 ® €
2 km, § : . N N
. . .3 40%, 30%
D >20 . % %
. . s w 30%. . . s

() @

(D 1 km in the south of Nanniwan Town. one side is the highway, others are the maize and sorghum farmlands ;@)
Although people and livestock enter, it is very small to be disturbed; @) Populus davidiana, P. hopeiensis, P. simonii
Quercus liaotungensis. Robinia pseudoacacia, Platycladus orientalis, ect.. Among them, poplar account for 50%,
Quercus liaotungensis trees account for 20% , The others account for 30%. The light is relatively weak in the forest.
Temperature of land surface is relatively low, It is relatively dry;@ 1 km in the southeast of Nanniwan Town. one side
is the rice farmland, others are the maize and sorghum farmlands ;@) Although people and livestock enter, it’s disturbed
little; ©) Populus davidiana, P. hopeiensis, P. simonii, Quercus liaotungensis, Robinia pseudoacacia, Platycladus
orientalis,ect. . Among them, poplar account for 70% . Quercus liaotungensis trees account for 10% ., the others account
for 20%. The light is relatively weak in the forest. Temperature of land surface is relatively high. It is relatively dry; @)
0.5 km in the east of Nanniwan Town. Two sides are the highway, other sides are the maize and sorghum farmlands ;(®)
Near to the village. people and livestock enter more, it’s disturbed and destroyed seriously; @ Populus davidiana, P.
hopeiensis, P. simonii, Robinia pseudoacaciaect.. Among them, poplar account for 90% , the others account for 30%.
The light is relatively strong in the forest. Temperature of land surface is high. It is dry;@0 2 km in the southwest of
Nanniwan Town. one side is the highway, one side is Yunyan Rive, other sides are the maize and sorghum farmlands ; (D
Belonging to the forest farm of Nanniwan township. People and livestock enter little, it’s disturbed little; (2 Populus
davidiana ,P. hopeiensis, P. simonii, Quercus liaotungensis, Robinia pseudoacacia, Platycladus orientalis,ect.. Among
them, poplar account for 40% , Quercus liaotungensis trees account for 30% . The others account for 30%. The light is
relatively weak in the forest. Temperature of land surface is relatively low, It is relatively dry
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Table 2 The vegetation variable of fragmentary forests
Code Vegetation variable A B C D
A 1 Area(km?) 12 8 2 20
THD 2 Tree height diversity 2 3 4 2
HHD 3 Grasses height diversity 2 3 4 1
TD 4 Tree density (%) 66.2 64.6 30.4 69.7
HD 5 Grasses density (%) 23 25 53 20
HSN 6 Grasses species number(  /m) 12 14 18 10
HAH 7 Grasses average height (cm) 18 21 32 18
CoDD 8 Compositae dominance degree( %) 35.8 38.8 41.0 34.8
LDD 9 Leguminosae dominance degree( %) 17.1 17.8 16.5 19.8
GDD 10 Gramineae dominance degree( %) 32.6 22.6 37.7 25.0
CyDD 11 Cyperaceae dominance degree (%) 1.2 1.8 1.7 10.8
OHDD 12 Other grasses dominance degree (%) 13.3 19.1 6.1  9.¢
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infernalis Saussure) , (Calliptamus abbreviatus Tkonn) | (Chorthippus dubius(Zub.)),
29.6%~30.1%.28.4%~29.8% 7.0%~8.3%. .
N (Epacromius coerulipes(Ivan. )) . 32.6%~35.9%.
26.7%~28.9% 10.7%~11.8% .4 , C
AB D ., AB D . .C 3.
3 NN

Table 3 Comparison of the grasshoppers’ families, genuses and species

A(12km?) B(8km?) C(2km?) D(>20km?)
Layer of
Items . . . .
grass Low Middle Top Low Middle Top Low Middle Top Low Middle Top
Family 4 4 2 3 3 3 4 3 3 3 2 3
Grasses Genus 5 5 4 5 4 5 6 6 4 5 4 5
of interior Species 6 6 5 6 5 5 11 10 8 6 6 5
forest Number 203 184 155 194 167 143 254 243 202 211 190 174
( /m?)Density 1. 204 1.101 1. 550 1.278
Family 4 4 3 4 3 3 4 3 3 4 3 3
Grasses Genus 7 7 6 7 6 5 7 7 4 7 7 6
of edge Species 12 11 9 12 10 7 11 10 8 12 12 10
forest Number 389 342 316 398 352 329 396 371 364 443 369 314
( /m?)Density 2.327 2.397 2.513 2.502
2.3
9 ’
s o s 450
b 4 o
4
Table 4 The exciting degree of grasshoppers in different fragmentary forests
Grasses of inner forest Grasses of edge forest
Code Grasshopper species A B (¢ D A B C D
ASB (Atractomorpha sinenses Bol. ) 0 0 7 0 12 10 13 11
CAI (Calliptamus abbreviatus Tkonn) 151 146 187 160 297 315 331 336
(61074 (Chorthippus dubius(Zub. )) 37 31 41 41 84 87 83 88
CAC (Ch. albonemus Cheng et Tu) 0 0 8 0 42 44 18 42
CBH (Ch. brunneus huabeiensis Xia et Jin) 0 0 9 0 21 25 29 21
ECI (Epacromius coerulipes(lvan. )) 61 54 80 68 39 36 47 44
ETC (E. Tergestinus(Charp)) 0 0 0 0 10 11 0 14
OIS (Oedaleus infernalis Saussure) 189 181 228 197 319 322 336 339
ODB (O. decorus asiaticus B. -Bienko) 58 41 63 64 70 74 79 72
LMM (Locusta migratoria manilensis(Mey. ) 0 0 24 0 42 44 47 47
TAT (Trilophidia annulata (Thunb. )) 0 0 6 0 34 35 39 34
ACT (Acrida cinerea Thunberg) 46 51 46 45 77 76 79 78
[18~23]
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Table 5 The indices of grasshopper communities in fragmentary forests

S (H) (E) (D)
Layer of Grasses Region Grasshopper species Diversity Evenness Dominant
A 12 1. 9610 0.7892 0.1959
Grasses of B 12 1. 9691 0.7924 0.1937
edge forest C 11 1. 9458 0.8115 0.1954
D 12 1. 9643 0. 7905 0.1987
A 6 1. 6010 0. 8935 0.2352
Grasses of B 6 1. 5589 0. 8699 0. 2506
inner forest C 11 1. 8419 0.7681 0.2076
D 6 1. 6091 0. 8981 0.2318
2.5
(PCA),
P PCA 1.2
87.88%  90.31/%, , .
6

Table 6 The eigenvalue and information content of communities

Fragmentary forests Grasshopper communities
. %) %)
Principal components . L . .
Eigenvalues Information content Eigenvalues Information content
1 22.79 63. 31 20.23 56. 21
2 8. 86 24.57 12. 28 34.10
3 4. 36 12.12 3-49 9. 69
4 0. 00 0. 00 0. 00 0. 00
PCA 7o s PCA s 1
N N N N N s 1
b 2 A N N .
o ’ 1 A} ’
s . . . s 1 o
2 Y N N ’ 2
o PCA 1, » X 1 Y 2 o
A.B.D s C
. . C A.B.D s

2.6
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Table 7

8,

2

The loadings of major factors on the first two principal components

Fragmentary forests

Grasshopper communities

1 2 1 2
1st principal 2nd principal 1st principal 2nd principal
Factors Factors
component component component component
A 0. 8037 1. 4101 ASB 1.7132 —0.1859
THD 0.9926 1. 3582 CAI 1. 7131 —0.1859
HHD 1. 6320 0. 5464 CDZ 1.7034 —0.2771
TD —0. 8846 1.2944 CAC 1.7131 —0. 1859
HD 1. 5808 —0.0965 CBH 0.2937 1. 7068
HS 1. 5951 0. 0670 ECI 0. 9090 1.7292
HH 1. 5811 —0. 0659 CTC 0.1235 0.3753
CoD 1.1944 —0.5478 OLS —0.0789 1.7230
LD 1.534 —0.5978 ODB —0.1862 1.7217
GD 1. 6430 —0.4651 LMM —1.6753 —0.3415
CyG 1. 0759 1. 3344 TAT —1.7298 —0.0210
OHD 1.6211 —0.6093 ACT —1. 6057 0. 0439
, n= o 4
c ' «C §
450, k=11, df=n—k—1=450— % 2 ab oc
k-3 sA 2
11—1=438, Fisso.o0=0.180, ¥ © oD 0
438,0.01 9 o
w4 L . ) . . |
-4 -2 0 2 -2 0 2 4
’ 3 188 Axisl
1. Fragmentary forests
’ ’ 2. Grasshopper communities
b b 1
’ ’ Fig. 1 The PCA ordination of {ragmentary forests (1)
[18~23]
° ’ and grasshopper communities (2)
b
b b b
b 9 o
8

Table 8 The stepwise regression analysis between the environmental factors and grasshopper community characters

Regression equation Multiple correlation coefficient — Partial correlation coefficient

Y, =43.755—3.041X3—0. 005X, 0.998 —0.959 —0.990
Y,=7.097—0.034X,+268. 74X 3 0. 969 —0.732 0.999
Y3=1.68840.152X34+0.001X,0—0. 031X > 0.999 0. 904 0.619 —0.621
Y,=16.706—1.235X5+0.484X,,+0. 489X, 0. 996 —0. 984 0. 668 0.792
Y5=2.498+1.420X3+0. 055X10—0. 220X, 0.991 0. 842 0. 624 —0.542
Y ~Y; N N \PCA 1 2 X ~X 2 Y i~
Y5 :species ,number ,diversity index, 1st and 2nd principal component; X;~ X,:the factors in table 2
3
3.1 , “ " , 7,
N N ( N ) ( . )y
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