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Relationship between microtopography and spatial distribution patterns of
summer chafer Amphimallon solstitiale (L.) in Xinjiang grasslands

Chen Yijun' Teng Da' Fan Yi* Wulazaha Jiamaliding’ Tuolikenur Ayiduos' Yusun Muradil'
y
Deng Tao' Ren Jinlong” Zhao Li"
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Agricultural University, Urumqi 830052, Xinjiang Uygur Autonomous Region, China; 2. Locust and Rodent Control
Center of Ili Kazak Autonomous Prefecture, Yining 835000, Xinjiang Uygur Autonomous Region, China)

Abstract: To clarify the spatial distribution pattern of the significant pest summer chafer Amphimallon
solstitiale (L.) in different microtopographies of the Xinjiang grasslands, the checkerboard sampling
method was employed to sample different microtopographic regions of the Yili grasslands. The number
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of A. solstitiale larvae was recorded, and their spatial distribution patterns were analyzed by using nine
aggregation indices (the diffusion coefficient C, clumping index /, diffusivity index /;, negative binomi-
al distribution index K, Cassie index C,, mean crowding m*, patchiness index m*/m, L, index, and Z in-
dex) along with two regression models (the Iwao m*-m regression model and Taylor’s power law). The
cause of aggregation was analyzed using the aggregation mean A, and a sampling technique was estab-
lished based on Iwao’s theoretical sampling number model and Kuno sequential sampling model. The
results showed that the population density of A. solstitiale larvae diminished as the elevation increased
in the Yili grasslands. Nine aggregation indexes and Taylor’s power law suggested that 4. solstitiale lar-
vae followed an aggregated distribution pattern. Microtopography influenced the level of aggregation
represented by aggregation indices and Iwao m *-m regression model; for example, the degree of aggre-
gation for five aggregation indices (C, I, m*, L,, and Z) tended to decrease as the elevation increased. In
contrast, the four aggregation indices, K, C,, m*/m, and I;, showed that the degree of aggregation of the
larvae initially rose and then fell with rising elevation. Larvae in the plains and toe slopes showed a uni-
form distribution pattern according to the Iwao m *-m regression model. The aggregation mean / indicat-
ed that the aggregation behavior of A. solstitiale larvae in the four microtopographies was caused by ex-
ternal factors. Based on the number of 4. solstitiale larvae, Iwao’ s theoretical sampling number model
and Kuno’ s sequential sampling model were established to obtain the theoretical sampling number and
the critical cumulative number of larvae. When the permissible error D was 0.2 and the population den-
sity was 6 larvae/0.09 m’, the theoretical sampling number was 49 sample squares; when the permissi-
ble error D was 0.2 and 40 sample squares were investigated, the critical cumulative population was
33.22 larvae. The findings indicated that the spatial distribution type of 4. solstitiale larvae in Yili grass-
lands followed an aggregated distribution pattern. While microtopography influenced population densi-
ty, it did not alter the spatial distribution pattern.

Key words: Amphimallon solstitiale (L.); grassland; spatial distribution pattern; sampling technique; ag-

gregation distribution; terrain
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Fig. 2 Differences in nine aggregation indicators of Amphimallon solstitiale larvae in four types of microtopography in Yili grasslands
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Table 1 Iwao m*-m regression models for Amphimallon solstitiale larvae in four types of microtopography in Yili grasslands

[ENIZ b A i ] 5 HXRBR
Microtopography No. of plots Regression model Correlation coefficient R* ¢ P
“F-H1 Plain 8 m*=0.990m+4.196 0.886 4.196 0.990
Wi Toe slope 8 m*=1.219m+0.478 0.960 0.478 1.219
W Mid slope 8 m*=1.371m-0.846 0.966 -0.846 1.371
¢ T5 Upper slope 8 m*=0.903m+0.688 0.883 0.688 0.903
H 1K Whole 32 m*=1.330m+0.055 0.941 0.055 1.330

m*: SEXHETE s m: I . m*: Mean crowding; m: mean density of larvae.
2 FRIER 4 TR SR E 68 4 fa 4) FUAY Taylor =ik AR EY

Table 2 Taylor’ power laws model of Amphimallon solstitiale larvae in four types of microtopography in Yili grasslands

[peiNZ R R

[ AR

HXFAER

Microtopography No. of plots Regression model Correlation coefficient R® a b

F- 4t Plain 8 1gS*=1g5.163+0.9911gm 0.732 5.163 0.991
W Toe slope 8 lgS*=1g1.212+1.4611gm 0.842 1.212 1.461
I Mid slope 8 1gS*=1g0.931+1.513lgm 0.889 0.931 1.513
T Upper slope 8 1gS*=1g1.419+0.9041gm 0.899 1.419 0.904
FE K Whole 32 1gS*=1g1.195+1.492lgm 0.832 1.195 1.492

S?: JiZE; m: RIS E . S*: Variance; m: mean density of larvae.
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Fig. 3 Aggregation mean of Amphimallon solstitiale larvae in
four types of microtopographies in Yili grassland

[ Bl S 3 B bR R o N [A]71 3R 7R 48 Duncan
FROBT 52 M 22 1A K 56 22 57 1. 3 (P<0.05) . Data are mean+SE.
Different letters indicate significant difference by Duncan’ s

new multiple range test (P<0.05).

R3 DRJGESAYRERREROFE THRIR L

Table 3 Theoretical sampling sizes of Amphimallon solstitiale larvae at different population densities

FFIRE SR U /(3K /0.09 m®) Mean of density/(larvae/0.09 m®)
Permissible error 1 2 4 6 8 10 12 15 18 22
0.1 531.95 329.28 227.95 194.17 177.29 167.15 160.40 153.64 149.14 145.04
0.2 132.99 82.32 56.99 48.54 44.32 41.79 40.10 38.41 37.28 36.26
0.3 59.11 36.59 25.33 21.57 19.70 18.57 17.82 17.07 16.57 16.12
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R4 DRJGESAY R Kuno F R

Table 4 Kuno sequential sampling table of Amphimallon solstitiale larvae

VEESREIE S Il - 31 Ui Critical mass

Number of sample plots D=0.1 D=0.2 D=0.3
40 599.49 33.22 12.90

80 179.44 29.41 12.29

120 145.46 28.32 12.09
160 132.88 27.81 12.00
200 126.33 27.51 11.94
240 122.31 27.32 11.90
280 119.59 27.18 11.88
320 117.63 27.07 11.86
360 116.14 27.00 11.84

D: fiFiR2:. D: Permissible errror.
3 iTig

LR S fa 40 22 R A TR e Ll Hl
KA RNZS [B) 53 A 232 B 52 . AR5
4 B4 L 40 PR B e O A R 4 R b e rh i 43
AR 25 8] 43 A 28 L S O IE ) SC R kAT T
GIHT, RIS B Aty S SRR A T 2
e R A IR AR I L ZS R A 2R, AR
W I T R TR AR A Taylor TRk WAL By 45 5
RIS BEH G s R RE A, X NG R
Jir B % B 4 F0 407 1Y) A B — B0 (3 R RN 531355
2004) . E SRR A 0 &) H ) 23 ] 43 A BUAS A2 HoAth
G Wl o ] 5 4 0 & A AR A8 52, DR Sk LA B —
RSN CARBIGY ) A s i A= 70 v (8T RN
2817, 2004) ¥ 52 B I A 5 FoAE e v A Bg CARIE5)
FREF S Stipa grandis Smirn. A= 35 (X157 B RIS ,
2004 ) ¥4 5 IRAE A3 A o I5EHE A 2 ] oA R — g A R
ST A1, AR S G 10, (ThHE 755, 2009) KN 5 il
G F (B 55 3055, 199) RIS 45 f8, Adoretus sinicus
Burmeister ( /5 7 25, 2017) 5 24 T 4 4, Anomala
corpulenta Motschulsky (5 FLAEFIXI] 2 ,2010) A
125 4 1 Maladera sp.(XIHENE 55 ,2000) DL S s BE VT
JTUE 2, (R, 1994) 45 . Bl b, ot I A5
M L % 22 68 4 F ) L 1) 25 R 0 A Y . ARBIF 9 R R
Iwao m*-m [A] )15 ) 55 Taylor 7% WL R A U5 45
A2, i Iwao m*-m ARG 25 R o , 47

TV Ml A TO0 1Y) B S A ) U I 5 40T
Taylor 7 12 WU AS TR H0L 45 45 S ) 48 73 33X 2 Pl b I 119
i R NG AAE R b 5 AU A B
% J§ Agrotis segetum (Denis et Schiffermiiller) %fj Ht
()23 (8] o3 AT B 43 B b B, B Twao m *-m 0] A Y
PG 45 R W b 2 PR &) HUSE Y 50 4341 T Taylor
R AR L5 45 SR SR I L S SR AR A3 A (SR A A
RIETF,1987) o AFFEIL & I Iwao m*-m [A] 155 A1
S BIREAS T RE A, Q1 > P TR AR A 50 3N,
L S 4 ) P 25 () A B SR AR A3 A 5 i >
FEA T 8 /), Th A% B Al 4 fa 40y HL (1% 23 [R] 3 A1 7Y
RS or A, R BRI Twao m-m [B] A RY 4347 3
Ha %72 8] 53 A B R A S AR

T X Eh A8 S A 4 f 4y U e A 2 B
SO, i R PR AL R - b 3 R RN v - B O
R R T, XS A B R e g
AHARL, anv& 4 B B8 Dendrolimus superans (Butler)
TEYE TV 2 = 250 03 s T3 P RN R R A 5
2023) ,3X Al BESE HY T Eh R AL f S Ml R T
KA AU 3 SR G g f e 4 Fh
T IE B R AR SR /N T 2, R H R A2 A
PRI T, e 12338 o7 E RS . TR L
05 00l TR 2B R T 1 3R AR T IR IS A ke () LR A
2020) . AHFTEIN T S 8 4 fa 4y HU) SR AL vl g
FEEZ IS KRR R A1 K B
TA R 2 5 e A R A e B AR I R, Y
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M) < 6 B R P 2 B9 L B A IR AL AN 40 R AR A, a4
H Bl Ligyrus subtropicus (Blatchley) Fl B 4> o, HH
B Cyclocephala parailda Casey Mff i, 4L 7= B 1 Bifi
A B K Y IR T SEE n S 92D (Cherry et all.,
1990; Frew et al., 2016) ; & <5 8, R} AY B A8 [8 k G
B R 4 8, Cyclocephala immaculata (Olivier) BIAE +
HES K T BE A 284 (Potter, 1983) ;
I 22 i 4 f6, Holotrichia parallela Motschulsky %Jj H,
)15 2 I - 58 5 7K T e T 2 T v s BRI (Y I
H%,2017),

DAAE A Sl A 2 AR A 92 24 23 37 Twao BRIE A
O F Kuno Jy DR LAY (5 4555, 2017 5 5 4F
85,2023) o ARFHAEST T Iwao IR A KA Al
F1 Kuno J5 5L flAEBIAY , JF45 21 1 AH N 19 BRS HhAE
7% , AT ARYEAS[R) SRV F 1R 22 7K 8 HEEBURE S, P 1)
PN 8 3K/0.09 m® B FLHBIN , £ R PR ZE /N T
0.1 51T, £L0.09 m* il S iz /il 1774
FEJT  TERVFIR 22/ T 0.2 %44 T, 4 0.09 m” Hy il A5
FANTHEIR A /D 44 FE DT . FETAPER SR,
P& e X Eh S S 4 fa 40y HUR AR B IS TSR A
SV 3 T A v AT ORE R A TS B I T PR B
T, G SRAEA BR A 4514 AHEF- s HRURE BV AT B
KNGO ; 3o, A B 4t 2y ALY 2 8] 4340 )&
TR M, FTA AR P T4 Z FIR U
HEATHORE (XA, 2016) 5 [R]FA] R A 53 B A 2
WHIAE RN Kuno J7 BT IFE RAEA [F] A i/F iR 22K
T E URERL
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