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The spatial distribution pattern of Rhynchophorus ferrugineus larvae
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Abstract ; [ Background ] Rhynchophorus ferrugineus ( Olivier) is an alien and dangerous insect pest, which had been attacking vari-
ous palmaceous plants and had led to a vast loss in southern China in the past ten years. [ Method ] This paper deals with the spatial
pattern and relevant parameters in the larval population of R. ferrugineus by means of field investigations, aggregation index and re-
gression analysis methods. [ Result]In the Iwao’s model, the parameters o =0.4208 >0 ,and 8=1.5133 > 1, indicated that R. fer-
rugineus larvae showed an aggregated distribution pattern in the field. Taylor power law analysis indicated that the larvae spatial pat-
tern was aggregated, due to mutual attraction among individuals. [ Conclusion and significance ) R. ferrugineus larvae are highly ag-
greagated in the field in China, which requires an optimal sampling and sequential sampling model for field investigations.
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1.1 #HigESEERZE

111 EE AR PR ST i JE
TSR TR, 6 T AR 4 118°36'5.2", 46 £25°404.8",
b A AR T TR o e A U T R XU, R
A, G, B AR IR AR, O B RR
20.2 C 4ERE/K A 1300 mm, TCFEH 359 d, H4E£L
AR A5 8 DU R v BE K Al 32, B oK
1Rk — R A X Y e T 2D e B X

1.1.2 E&J%  T2009 44 H Ff) ~5 Ay
TELTARG W &) e 3 B0, 36 BCHE H R NS L AT
B3 A DR AR 0 I S R T A 4 10 B, 4
BeRE LRI FL 2 0.2 hm? #RF7H 2.5 ~3.0 m, 7E 43R
FEHBAMIL 50 £k 5 ~ 6 - A fin & R, Sk ] B 450
ek A iR R i 4 R R (BET
SWFEAE AR T A, AR R AL R A ) .
1.2 WEFHE

1.2.1 Fokada BEETORS BRI,
MR $% Poisson 43 4fi , Neyman 43 4y (R H A B4,
n=0) FA I (K [ E) #hie A0t
BEL R S AR S O SRR T R O R, A
MRIEMBER KT 5% (P <0.05) , A BEE A AT
G HRAN I

1.2.2 REFmNE P HEE C,David-Moore

INVESER T, 5 353 4 #5475 K, Cassie-Kuno $8475 C,,
Lloyd ~F430 5 BE bR M, REMSRIRCT =M™ /M,
Morisita ¥ # % 4§ %0 I, =n Y x,(x, - 1) /N(N -1)
( EXME4E,2002) o

1.2.3 EHESHE Iwao (1972) “M* —M” f5
RUM™ = a + M IR HE (1984 ) “M ™ —M” F A (1Y
MR M = + BM + yM* ; Taylor (1978) (1) FE ik
WER V= aM" a] 546 logV = loga + blogM ; T % 111
(1989) i) M™—M FEiL AR M™ = aM’; % B
(1996a) (1) La—M FE# (% La =M - M/V + 1, %7
La =6 +nM B ;22 B (1995) 1y L —V K5I (%
L'=V+ VM, @85 L =a+ by BRI, 2% g
(1996b) ) €' —M i (¥ C =M + M/V, g7
C=a+bM FERL)
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B4R ERRAD . TR 10 HubEdb b 4 HOP- 35
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H5.90 k- Mk, FEML S AR, (A 3.68 Sk pk
(R 1) o 3 Ud B AR 8 FH T O0 0 T RS T 2 )

2.1

®1 AHFEKRYANEERLEAE

Table 1  The hazard investigation of the larvae of R. ferrugineus

e OB CR) ROEE [ ROHCK)  ROEE | o BOK(GK)  ROEE
7 Population (kb Y 7 Population (k-#E D 7 Population (k)
Plot no. . . Plot no. . . Plot no. . .
number Population density number Population density number Population density

1 207 4.14 5 184 3.68 9 295 5.90

2 186 3.72 6 230 4.60 10 323 6.46

3 242 4.84 7 201 4.02 AT Total 2282

4 219 4.38 8 195 3.90 P Average 4.56

22 ABRKBEYHYHRTEIES

2.2.1  WEFOREAE R A ORI S K
4345 Poisson 434 | 1 I3 At \Neyman A B J3
A RS AR o3 AT ROT R B (R 2) o MR 2
ALHL, TR 9 10 Bee b 2745 4 B 4l L) 55 [
W IR BIFF G 0 I3 A

222 REE#HGMELER ARERP LR
SRR EEFRARIE G R ILE 30 AR 3 AT, &5 AE
iy M EIRT M, C.CT L BIRT1L,LLCHRT0,
K32/ T 85 MR 45 T0UR B2 48 b J 5 s o, 4 U7
A FEHB AR S AR SR P S SR AR AR A
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Table 2 The spatial distribution pattern of the R. ferrugineus larvae by the frequency Chi-square test
2_(r _ 12
PRSI R i il AL
. Pracical Pracical th— T/ 4 — 154
: 5 = —N N = 10
Population: " oton observation WM B IO gy gag BT
number . Negative . Negative
times frequency Poisson Neyman binomial Poisson Neyman binomial
() o ) distribution distribution distribution distribution distribution distribution
. str] E
0 63 0.126 5.2101 115.3450 63.8191 640.9929 23.7548 0.0105
1 70 0.140 23.7791 27.5890 69.9991 89.8423 65.1958 0.0000
2 69 0.138 54.2639 43.9755 64.9772 4.0018 14.2403 0.2491
3 57 0.114 82.5535 49.9728 56.6642 7.9098 0.9882 0.0020
4 51 0.102 94.1936 47.3870 47.8227 19.8069 0.2755 0.2111
5 38 0.076 85.9799 41.4825 39.5546 26.7745 0.2924 0.0611
6 28 0.056 65.4020 35.3823 32.2714 21.3894 1.5403 0.5654
7 22 0.044 42.6421 29.8074 26.0702 9.9924 2.0450 0.6355
8 19 0.038 24.3273 24.6850 20.9036 1.1666 1.3093 0.1734
9 9 0.018 12.3367 20.0087 16.6631 0.9025 6.0569 3.5241
10 15 0.030 15.8840 13.2204 0.0492 0.2396
11 14 0.028 9.3117 12.3870 10.4484 67.8984 0.2100 1.2072
12 9 0.018 9.5145 8.2310 0.0278 0.0718
13 9 0.018 7.2093 6.4664 0.4448 0.9927
14 8 0.016 5.3932 5.0681 1.2600 1.6962
15 5 0.010 6.8988 2.4381
16 6 0.012 5.5074 5.4779
17 5 0.010 7.0779 7.3018 2.1734 0.9971
18 1 0.002 5.0114 3.2109
19 1 0.002 k=1669.6725 k=122.3238 £ =19.1353
20 1 0.002 p =0.0001 p =0.0001 p=0.2617
> 500 1 500 499.99 500 1669.672 122.324 19.136
l’rjk%zf;litv 0.0001 0.0001 0.2617
X2 o 23.209 30.578 32
EHE ARG ANidE & EE
Fit level Unfit Unfit Fit
®3 AdRKBAYHRNRBEERER
Table 3  The aggregation indices of the R. ferrugineus larvae
==
Iffl{&n(: ¢ I K s M cr Cy 25 [ 4% J&) Spatial distribution pattern
1 4.14 2.20 1.20 3.45 16.39 5.34 1.29 0.29 AE/M A Aggregation distribution
2 3.72 2.14 1.14 3.26 11.88 4.86 1.31 0.31 BAE/ M Aggregation distribution
3 4.84 3.95 2.95 1.64  32.82  7.79 1.61 0.61 WA/ Aggregation distribution
4 4.38 3.46 2.46 1.78 24.51 6.84 1.56 0.56 AE/M i Aggregation distribution
5 3.68 4.42 3.42 1.08 19.88 7.10 1.93 0.93 RAESr A Aggregation distribution
6 4.6 3.14 2.14 2.15 25.84 6.74 1.47 0.47 RAES3 A Aggregation distribution
7 4.02 4.08 3.08 1.31 22.67 7.10 1.77 0.77 BEAE /1A Aggregation distribution
8 3.9 4.74 3.74 1.04 23.82 7.64 1.96 0.96 AE/M A Aggregation distribution
9 5.9 4.53 3.53 1.67 52.02 9.43 1.60 0.60 BAE/3 AT Aggregation distribution
10 6.46 4.99 3.99 1.62  64.59 10.45 1.62 0.62 BAE M Aggregation distribution

223 EHERNE AL R 4 dgs R R E e
VAR UL e 4, AFR 4 A] A1, 7E Twao BRI M ™ =

a+BMH,a=0.4208 >0,8=1.5133 > 1

, X 1 Bl 21

e 5 T 4l SRR R 23 [ A o 0 3 7 T 5 6 4 7
M —M R B AL M° = o + B+ yM®
a0 =9.0801 >0 PAIA] A EL WL 5|, 434 i) 3 A B 43

HAERE; B= -2.0713 <1, RUILLEEZ W 4 R 7E
I v A T AR R R A 73 Al 5y =0.3562—0
FWLLAR G W LA J 73 0 A1 ) AR SR A B it b
B TE AR RN 2, BN 2 R 3G KB
N, BEITHZ G R AT LA AR Twao #8570, 7E Tay-
lor ZE 00 V =aM’ v, a =1.2605 >1,b=1.7033 >1,
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R SR A0 i W P fE % B M T IS K e 22 AP
(1995 .1996a,1996b ) #& H (#) 3 PELAI T La = 0 +
M FEHI(9=0.505 >0, =1.0452>1) L' =a + bv
Bl (a=1.7148 >1,b=1.1165>1) .C =a +bMAL
H(a=0.495 <1,b=0.9548 < 1) & WLLT kg 1 12

ARSI VIRES , R OC R B R—1 R W] 25 BEAY 1) 75
ZIAFERC A M. R 4 BT LA, L
BT AR AR SE R R R P R T AR
SRR, 3 AN [5] 1 BE B £ 87 4 W &y il B2 3R
Eor i

x4 ARKRYHAMBEEERDEER

Table 4 The aggregation index regression model of the R. ferrugineus larvae

F5 78 44 Bk Model name #5575 Model R 23 [A)#% J5) Spatial distribution pattern
Iwao M* = 1.5133M +0.4208 0.8477 A/ Aggregation distribution
7% ( Ru-mei XU) M* = 0.3562M* =2.0713M + 9.0801 0.8607 R4 Aggregation distribution
Taylor V = 1.2605M"7033 0.7652 WAL AT Aggregation distribution
5111 ( Zhan-shan MA) M* = 1.738M%%8 0.7854 WAL /MR Aggregation distribution
2% B ( Xing-ping LAN) La = 1.0452M +0.505 0.9960 RE/r 4 Aggregation distribution
2% B - ( Xing-ping LAN) L'= 1.1165V +1.7148 0.9978 R4 Aggregation distribution
2% 5 (Xing-ping LAN) C' = 0.9548M +0.495 0.9952 AL Aggregation distribution

23 ZFEIE/EXERHINA
2.3.1 mAEMAAEBKNH T Y Ivao A, HEL

I T M" =a +BM ZPERIARBRIM S8 o 5
B, SR AT AR IR 0 -3 B % B MR R F iR 2E D
Kt 2 A B B R B xS U
N=t[(a+1)/M+B-11/D*, v, N Jyfxid
FEEG e MEAETREE B HL 1D N iR 2 M
AR E; o HSH. WIS H o B E
(K 4), ARAFLARG P 4y U & PP 5 B2 T B AR ]
BASTAERL (R 5) o IR S AT FE[F]— iR 22
SRUETR ARSI - 4 H 11 5 B R G KN a2 s ZEAH

(] e T RE T, AR e /R 22 R3S Kb
2.3.2 FEIEE ARG Iwao ik, 26 5E Ik A0
IBTERR mo $% 7 ST AL 2 U 54 (] 8 2k i
AR Rt B B R (3R 6) . AFH T(n)
=nmy £t[n(a+1)my+(B-1)mi 1", T(n) KA
(] 8 A R A5t SR AR B T BR e SR A kR, B
t=1, NF6 WTLIFEH, Y m, =3 k-kk i, 45
PRI S AR A Y R ARG RECE B i 20 Sk, W5 20t
1B R s A A EN 10 SKNIRF BTG . 2 R ARG BT
B BRZ AL, W gk S T O, BB R ARG BEOR
T EREVNT TR A IR,

RS ARKPLHKEEENREMEL ()
Table 5 The optimal sampling number of the R. ferrugineus larvae in field survey ( plant)
HO WO O
(k™ D=0.1 D=0.2 (k#H D =0.1 D=0.2 (Sktk—h) D=0.1 D=0.2
Population density Population density Population density
1 183 48 15 61 15 30 56 14
5 80 20 20 58 15 35 55 14
10 66 16 25 57 14 40 55 14
R6 ABEKPYHHFRMESITE
Table 6 The analysis table of the sequential sampling regime for R. ferrugineus larvae under field conditions
i R my =3 (% #) 2 R mo =3 (% #) i R my =3 (% #)
Investigation FRR () TR (%) Investigation FRR () TR () Investigation FRR () TR (%)
number ( plant) Upper limit Lower limit |pumber ( plant) Upper limit Lower limit |pumber ( plant) Upper limit Lower limit
5 20 10 40 133 107 75 243 207
10 37 23 45 149 121 80 259 221
15 53 37 50 165 135 85 274 235
20 69 51 55 181 150 90 290 250
25 86 64 60 196 164 95 305 265
30 102 78 65 212 178 100 321 279
35 117 93 70 227 193
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PR AR AR 2 FH AR TR A A bR, it
e 37 8 T E AN AEL IR, i BN R AR 1 25 A
PRLIRRG P I 2S &) HOF- 25 %% B e s 2 AE b 10,
KF] 6.46 Bk ML 9 IRZ L 5.90 ke dk T I
A EREHL S A 3.68 Sk bk T XA LT AR S
FETE VBN T TS H RO

IO DIRG9 2R B, A AR ML 20 4 4y iy
2 R B4 G 0 0050 A o R B S A I 4
R, LUAR G W o) ol A 3 A1 5 Z2 Fh [l 5 53
BEAY A4 Rtk — 20 0 B 20 AR 52 W &) A B =3
B A% Jmy i o3 A R KO SRAE AL, Br AR 7 A [l A5 7Y
MIAEOC R B R >0.76 , 485 8, U HUE 22 PR I
3 AR HAHSEREC R >0.99, 3] B A BB A0
Kok (22 B ,1995 1996a ,1996b)

AT L0 AR G Y &)y bR ) 8 A il
HURESR, mT LA $ v bR ) H A% 8 A ARG B, SR iz Y
) P R A A P AR, H A E A N
1A 5 32 H 09 7 DT 23 Ay 6 001 U 255 45l L 2L
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