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Abstract [Aim] To clarify the effects of agricultural landscape pattern on ladybeetle community in
wheat fields, so as to provide theoretical proofs for ecological regulation and management of insect pests.

[Methods ] Based on the remote sensing data, land cover classification and the survey data of ladybeetle
abundance in wheat fields in 22 counties and cities in Shandong, the planting region of wheat was taken
as a typical example, the landscape pattern metrics were calculated, and the effects of landscape pattern
of farmland, non-erop habitat and regional agricultural landscape on ladybeetle abundance were analyzed
using negative binomial generalized linear model. [Results] The ladybeetle abundance was positively

correlated with mean patch area ( AREA_MN) and area-weighted mean patch fractal dimension ( FRAC_
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AM) of grassland and patch richness density ( PRD) of regional landscape, and was negatively correlated

with area-weighted mean Euclidean nearest neighbor distance ( ENN _ AM)

of non-erop habitat.

Grassland, clustered non-erop habitats and diverse regional landscapes benefited ladybeetle abundance.

AREA_MN of grassland and ENN_AM of non-crop habitat could best predict ladybeetle occurrence.

[Conclusion] Grassland, spatial distribution of non-crop habitats and regional landscape diversity are

important landscape factors affecting the occurrence of ladybeetles in wheat fields.

Key words: Agricultural landscape; landscape pattern metrics; ladybeetle; population abundance;
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Table 1 Landscape pattern metrics at the class level ( A) and landscape level ( B)
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X 1 4 Table 1 continued
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Fig. 1

Density of ladybeetles in each sampling county in Shandong province

ZC: )| Zichuan; ZZ: ¥ Zaozhuang; LY: 3EPH Laiyang; WF: #idh Weifang; LQ: Ififi) Linqu; QZ: M Qingzhou; ZC: i3 Zhucheng; AQ:
I Anqiu; JN: 4% Jinxiang; JX: FE4F Jiaxiang; WD: SC% Wendeng; LX: BB Lingxian; LY: i & Linyi; LC: 3% Liaocheng; YG: FHAY
Yanggu; DA: Z5F Donge; GX: j&H: Guanxian; BZ: JE| Binzhou; HM: E [ Huimin; ZP: 4F5F Zouping; YC: %35 Yuncheng; DT: 72 Dingtao.
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Table 3 Correlation between the landscape patterns of croplands and counties and ladybeetle abundance

TG e 5 #EHL 50 Farmland landscape I7El Ht 55 WA Orchard landscape LA 5L County landscape
Landscape pattern metrics R P R P R P
PLAND -0.375 0.085 -0.238 0.456

AREA_MN -0.203 0.366 -0.056 0.862 -0.256 0.250
AREA_AM -0.044 0.847 -0.117 0.718 -0.049 0.827
LPI -0.291 0.189 -0.156 0.629 -0.293 0.185
PD 0.363 0.097 -0.091 0.779 0.437 0.042"
ED 0.420 0.050" -0.138 0.670 0.422 0.050"
FRAC_MN 0.061 0.787 -0.003 0.993 0.251 0.259
FRAC_AM 0.146 0.516 -0.149 0.644 0.107 0.634
PARA_MN -0.129 0.568 -0.261 0.413 0.260 0.242
PARA_AM 0.420 0.052 0.230 0.471 0.426 0.048"
CONTIG_MN 0.154 0.494 0.252 0.430 -0.260 0.243
CONTIG_AM -0.414 0.055 -0.228 0.475 -0.416 0.054
ENN_MN 0.353 0.107 0.028 0.931 -0.084 0.710
ENN_AM 0.259 0.245 0.007 0.983 -0.022 0.922
Al -0.418 0.053 -0.236 0.461 -0.422 0.051
PRD 0.472 0.026"
SHDI 0.446 0.037"

SRS JRIHE 4R #2 1. The landscape pattern metrics is the same as in Table 1. “P<0.05.
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YEYIHEBE R ENN_AM 5 25 A GO R (P <0.05) ,



474 B W %4k Acta Entomologica Sinica 61 &
x4 FEMERSVRESMAFMBHEAEIE
Table 4 Correlation between the landscape patterns of non-crop habitats and ladybeetle abundance
e . b F R KA SR (L5 =90
SO R 3t Forest landscape Grassland landscape Water landscape Non-crop habitat landscape
Landscape pattern metrics
R P R P R P R P
PLAND 0.188 0.403 0.373 0.116 0.218 0.329 0.378 0.083
AREA_MN 0.034 0.882 0.706 0.001 ™ 0.202 0.366 0.246 0.269
AREA_AM 0.026 0.910 0.441 0.059 0.251 0.261 0.216 0.334
LPI 0.064 0.778 0.598 0.007 ™ 0.241 0.280 0.247 0.267
PD 0.295 0.183 0.227 0.350 0.213 0.342 0.399 0. 066
ED 0.242 0.279 0.292 0.224 -0.030 0.89%4 0.387 0.075
FRAC_MN -0.200 0.373 0.069 0.778 -0.330 0.134 -0.217 0.331
FRAC_AM 0.145 0.520 0.568 0.011" -0.340 0.121 0.071 0.753
PARA_MN 0.194 0.388 0.132 0.589 -0.3%4 0.070 0.012 0.958
PARA_AM -0.122 0.589 -0.349 0.143 -0.117 0. 604 -0.292 0.187
CONTIG_MN -0.160 0.476 -0.108 0. 659 0.381 0.081 -0.014 0.951
CONTIG_AM 0.132 0.557 0.343 0. 150 0.120 0.596 0.301 0.173
ENN_MN -0.360 0.100 -0.237 0.360 0.259 0.244 -0.423 0.050"
ENN_AM -0.179 0.424 -0.233 0.368 -0.035 0.879 —-0.506 0.016"
Al 0.121 0.593 0.085 0.729 0.120 0.595 0.291 0.189
AR #5503 1. The landscape pattern metrics is the same as in Table 1. * P <0.05; * P <0.01.
R5 FHMBERESEEIEE
Table 5 Model selection statistics for ladybeetle abundance
FEAI Model R? adjR? df logLik AlC, AAIC W,
1.178 +0.0410X, ™ —0.0107X6* 0.52 0.54 4 -25.97 62.8 0.00 0.21
-19.95 +16.79X, ™ +156.7X/; 0.50 0.52 4 -26.30 63.5 0.66 0.15
3.248 +0.0602X, ™ -0.0187X, —0.0157X, ™ 0.57 0.59 5 -24.83 64.3 1.48 0.10
3.173 +0.0596X, ™ -0.0368 Xg —0.0156X, ™ 0.57 0.59 5 -24.85 64.3 1.51 0.10
-12.36 +O.0371X2* +10. 63X4* 0.48 0.49 4 -26.77 64.4 1.60 0.09
3.335 +0.0630X, ™ -0.0567X, -0.0137X, ™ 0.57 0.59 5 -24.96 64.5 1.73 0.09
2.663 +0.0580X, ™ -0.552 X, —0.0155X," 0.56 0.58 5 -25.03 64.7 1.87 0.08
—19.71 +17.4X, ™ 0.35 0.37 3 —-28.76 65.1 2.31 0.07
-0.2195 +0.052X, ™ 0.35 0.36 3 —-28.86 65.3 2.52 0.06
—1.918 +0.0464 X, +1.695X,, 0.45 0.46 4 -27.25 65.4 2.57 0.06

adjR?: K iF R* Adjusted R*; df: H i Degree of freedom; logLik: XJ%H% KSR E logdikelihood values; AAIC: fMEEIEY AIC, {H 55/ AIC,
{EAHUE AICc difference between each model and the highest ranked model; W.: Akaike ## Akaike weights. &t % H T AIC, {EAHXS /MY 10

AT, H

» I

T AL AR T AIC, (H /MR EEEEL. B 5FRR SO0 REAE 0. 05 /K- b ARG, WS F/R Sl L £ 75 0. 01 /KF B

B EAI. Only the top ten models with the lowest AICc values are included and those in bold type indicate the best overall model. Significance of

landscape variables: * P <0.05; ** P <0.01.
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PFe BIRRR R B R0 5 5 L g FRAC_AM. B35
(1) PRD 5t IEAHSCOC R (P <0.01) , Fo i BEER 1)
SR DR R () Z2 R A A T 22 RSO
HURPRERY K Az B LAY ED FIE BUEY PARA_AM,

ED, PD F1 SHDI £ #5455 50 s B e A0 A T 3%
AR .
R i >

A 5T ke B IX IR LAY BE B R R
( PRD) fEBR, BRIV 11 AR b B BEHR 2 R A
AR T 22 B A S A R 1 4 e Dong 2
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(2015) (AR5 A1 & IR WL 22 B 4 A 1) SO o A
kA o IX el FHSEULIY 2 AR AT B B e ik
WEWEEEL R, A A T IR ARG P 5E
P A ( AREA_MN) il i Bt B 1 ARG - 2 K0S, \f
AN [F) R b, Sz B R 1) T 4 4 , AREA _MIN B B /)N
AL o AR BE BB AL 23 52 me R R 48 SHAT
IFNEAEAT g, DT 52 W X 5O LA 30 ) Y g
(BRBAZS g, 2011; BX5AR4E, 2011) o MBLH
RA R TE R A] 1, B AREA_MN {0,
RT3 e i ) - 2 TR, AT M 1 A2 T R
PR A3 0o B b B AR A3 K 25 o B Y
R WA K B AR R 35 . AR AL
P49 L] i 408 AT I 2 ( ENN_AM) i ik BE B fr) 2R 4R
PRI, AR DA 34 B 2k o3 4 %50 ( FRAC_AM) $if i
BESLA 25 [A AR S 2 o DB i A i ) S A A
AR, AEVEYAE S5 ENN_AM E 800, BIEVEY AR
SEERESRAH RSB T, A ) T 22 T e B R R R
A IN e X AT RESE 1 T AEMEY A e BE B i) SR AR, Al
BT R] R B/, A T R F B A A AR B R
THEMME . R FRAC_AM {8, R 3 5
BRYIEARBRSE S, Ay A1) 3 A2 1 v e e e A Y
B X ATRER M TR BT IR A e, B
R 320 SRR B 3, el 5 A T R Al A= 355 1) ) 52 B¢
TR , R T B 7 22 5 R b B e 2 ) 1 4 7%
L.

N H R A o E S A R R, H AR
LUREER AN S E W N G W R Y S R I R E PN
FCEME, AT LU B0 ol R R VA . 7R
SRS, R AT Z MR A ST iz 5,
DA B Wy el G 2 JFE 97 T B 44 3 ( Schellhorn
et al., 2014) ,

T i A O R RN ORI 14 B R
(5, 2012) , A M9 R, B A At ) T
TEA BTN ARHB B SR A 55 1 7 B4 ( Wang
et al., 2011) , Zgsan] DU SR d e (R aF i S5 554 L) e
R~ 4025 2 25 B W I ( Hongk et al., 2007;
Villegas et al., 2013) . FEIAR/NEZWCE 5 B IEFE
PELENE HEH A R\ B R, T —FE R FoK
TP I ST RS 3 oK, 55 F ORI B A2
PEE RN G Ao el SR ) B R Y e, AR
SR8 AR R B, 2 b Y BB T AR B R AR
S RO R AR e A BB WL A o R IR
T AR 15 DR S AR 0 52 2% R 8, hg SR A e Y 2
FETEFNAE 2 FH B 2 [ 4 O MR 4 B it 1

SRR 37 i AUSE A, DT 384 im0 7 S ER R Y
ZAEAL A H SOWL AR S S B B2 AT 2 i )R i
502, DT AR T B R R B AT AT R
( Gardiner et al., 2009) . ARAVEY) A= 15 -2 R B0 1)
PR BT IR (B S R4, 2012) SR AE ZHE 00 T
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