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Abstract: Changes in farmland landscape patterns can significantly affect the occurrence of and damage caused by pests.
Different landscape patterns have different effects on pest populations and thus elucidating the ecological effects of farmland
landscape patterns on pests is an important factor in pest control. In this study we chose the cotton planting district of
Shandong Province in North China as our research area. We selected 14 sample counties or districts which were as close to

different land coverage types as possible. We determined population size during the primary period of cotton aphid damage.
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Aphids were on cotton seedlings in mid—to late May whereas summer aphids peaked at approximately June 25. Landscape
indices for each county or district were calculated from the distribution of land coverage types which were obtained by
comprehensively analyzing data from remote satellite sensing. Populations of cotton aphids were also surveyed in the
corresponding counties or districts. We analyzed the correlation of multifactors including landscape composition landscape
quantity and landscape configuration with cotton seedling aphids and summer aphids at the provincial level. The results
showed that landscape patterns had a close association with both types of cotton aphids which had significantly different
population sizes in the same counties whereas there were different response characteristics for cotton seedling aphids and
summer aphids. Cotton seedling aphid populations has a significant positive association with total area the fractal dimension
index of farmland contiguity index of the county and the county’s radius of rotation and were negatively correlated with
Simpson’s diversity index. Summer aphid populations had a positive relationship with patch richness density and the
contiguity index of residential industrial traffic. In general responses of cotton seedling aphids and summer aphids to the
contiguity index were similar and there were more cotton seedling aphids and summer aphids in landscapes with less
fragmentation. The responses of cotton seedling aphids to landscape diversity were different than those of summer aphids

and the diversity of the landscape benefited the summer aphid population whereas it had a non-Significant relationship with
seedling aphids. Patch richness density could significantly affect cotton seedling aphid populations but not summer aphids.
These results indicated the complexity of the responses of insect pests at different stages to landscape patterns. Therefore in
regions with a higher quantity of cotton aphids we can control the population quantity of cotton aphids by reducing wintering
sites  decreasing the contiguity index of residential industrial traffic and increasing Simpson’s diversity index according to
the occurrence of cotton seedling aphids and summer aphids. Furthermore we could form a regional comprehensive strategy
for the control of cotton aphids by combining other biological and chemical control methods. As such this is the first report

to our knowledge that demonstrated that the same species occurring at different stages could have different responses to
landscape patterns  which may be caused by different quality and quantity of food resources different temperature and
humidity or other environmental conditions. We have provided theoretical and practical foundations to support the regional

control of cotton aphids.
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Fig.1 The characteristic of populations of cotton seedling aphids and summer aphids in Shandong Province
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Fig.2 Population density of cotton seedling aphids and summer aphids in 14 counties of Shandong Province
1
Table 1 The correlation analysis between landscape composition and cotton aphids
Cotton seedling aphids Summer aphids
Landscape composition Landscape range P r P
PT Patch type
TA Total area <0.001 -0.2645 0.3607
PR Patch richness 0.3434 -0.1596 0.5858
>
Patch richness (Li?ity 0.5966 0.6911 0.0062
2
Table 2 The correlation analysis between landscape quantity and cotton aphids
: Cotton seedling aphids Summer aphids
Landscape quantity P . P
( CA) Total class area
Forest -0.2838 0.3255 -0.0342 0.9077
Water -0.2653 0.3593 -0.0832 0.7772
Farmland 0.1851 0.5263 0.1100 0.7081
Residential industrial traffic -0.1645 0.5742 0.0235 0.9365
County
( PD) Patch density
Forest 0.0426 0.8851 -0.2237 0.4419
Water -0.1437 0.6239 -0.1268 0.6658
Farmland -0.2191 0.4518 -0.3664 0.1976
Residential industrial traffic 0.1012 0.7307 -0.0280 0.9244
County -0.2738 0.3435 0.0621 0.8329
( PLAND) Percentage of landscape
Forest -0.1792 0.5398 -0.0827 0.7786
Water -0.2517 0.3852 -0.0961 0.7439
Farmland 0.2701 0.3504 0.1536 0.6002
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: Cotton seedling aphids Summer aphids
Landscape quantity r P r P
Residential industrial traffic 0.1366 0.6413 -0.1122 0.7026
County
(LPI) Largest patch index
Forest -0.3009 0.2957 -0.0631 0.8304
Water -0.2150 0.4604 -0.0898 0.7601
Farmland 0.3085 0.2832 0.0142 0.9615
Residential industrial traffic -0.0502 0.8646 -0.1438 0.6238
County -0.2503 0.3880 -0.0547 0.8528
Shannon ( SHDI)
Shannon’s diversity index -0.0208 0.9437 0.0779 0.7913
County
Simpson ( SIDI)
Simpson’s diversity index -0.6094 0.0461 0.2133 0.4641
County
223
. (r=0.6103 P=
0.0323) . (r=0.5435 P=0.0446) (r=0.6327 P=0.0152)
: (r=0.5677 P=0.0317) . (0 3)
3
Table 3 The correlation analysis between landscape configuration and cotton aphids
: Cotton seedling aphids Summer aphids
Landscape configuration r P r P
(ED) Edge density
Forest -0.0320 0.9135 -0.1717 0.5572
Water -0.2237 0.4419 -0.1344 0.6469
Farmland -0.1964 0.5009 -0.0720 0.8069
Residential industrial traffic 0.0716 0.8079 -0.1404 0.6320
County -0.2764 0.3388 0.0213 0.9423
(TE) Total edge
Forest -0.2203 0.4880 -0.1137 0.6987
Water -0.3692 0.1939 -0.0363 0.9020
Farmland -0.2896 0.3153 -0.0014 0.9961
Residential industrial traffic -0.2320 0.4247 0.0104 0.9720
County 0.3171 0.2693 -0.2100 0.4711
( LSI) Landscape shape index
Forest -0.0634 0.8294 -0.1609 0.5827
Water -0.0297 0.9197 -0.0537 0.8554
Farmland -0.3410 0.2328 -0.0982 0.7384
Residential industrial traffic -0.2400 0.4090 0.0116 0.9686
County -0.3019 0.2941 -0.2251 0.4391
( FRACT) Fractal dimension index
Forest -0.2618 0.3659 -0.2407 0.4072
Water 0.4238 0.1310 0.1459 0.6187
Farmland 0.6103 0.0323 -0.3259 0.2555
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: Cotton seedling aphids Summer aphids
Landscape configuration r P r P
Residential industrial traffic -0.4525 0.1042 -0.1554 0.5959
County -0.0766 0.7946 0.0854 0.7717
( PARA) Perimeter area ratio
Forest 0.0005 0.9986 0.2144 0.4616
Water 0.5129 0.0607 -0.0876 0.7658
Farmland 0.4622 0.0961 0.2799 0.3324
Residential industrial traffic -0.3908 0.1670 -0.4546 0.1024
County -0.5968 0.0242 -0.1206 0.6813
( CONTIG) Contiguity index
Forest -0.0885 0.7636 0.2030 0.4864
Water 0.5435 0.0446 0.0717 0.8074
Farmland -0.4176 0.1374 -0.2356 0.4175
Residential industrial traffic 0.3958 0.1612 0.5677 0.0317
County 0.5927 0.0255 0.1113 0.7049
( GYRATE) Radius of rotation
Forest -0.3647 0.1997 —-0.0085 0.9769
Water 0.3495 0.2206 0.0099 0.9733
Farmland 0.1667 0.5689 0.3095 0.2816
Residential industrial traffic 0.1290 0.6603 0.3435 0.2292
County 0.6327 0.0152 -0.2529 0.3829
3
13415
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