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Analysis on spatial distribution and dynamics of Helicoverpa armigera ( Hiibner )
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Abstract: In this study: Geographic Information System (GIS) technology and geostatistics (GS) methods were used to
analyze the spatial structure and simulate the spatial distribution with the historical data of the 2nd generation eggs densi-
ties of Helicoverpa armigera (Hiibner)> which were collected from 36 monitoring points in Hebei Province during 1980 to
1997. The study areas lie in central and southem part of Hebei Province, and amounted to 93 539 kmi’» about 51.5% of
the whole provincial area. Results showed that the eggs were correlated spatially in the study areas, but degrees of corre-
lation were all lower and different from year to year and area to area. Proportion of spatial variation changed from 3.54%
to 61.67 % the distance range of spatial dependence varied from 115.92 to 487.08 km. The time series analysis showed
that the quantity of H. armigera was always in fluctuation during 1980 to 1997. During the period of 1980 to 1991, the
quantity was low with average density of 330 eggs per a hundred plants, and its range was 122 — 706 eggs per a hundred
plants. However, the egg quantity became high remarkably during 1992 to 1997 with average density of 1 877 eggs per a
hundred plants> and its range was 264 — 4 (23 eggs per a hundred plants. Based on the outbreak map of the 2nd genera-
tion of H. armigera- it was found that the spatial distribution patterns were aggregated in all years. but the collective de-
gree was changed with time and the proportion of the spatial correlation component. The density grades of egg distribution

were high in the southwest, but low in the northeast in the study areas. From the northeast to the southwest, the densities
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of eggs increased gradually. The highest grades of density were found in the areas of Fuping> (QQuyang. Xingtang. Ling-

shou, Pingshan, Handan, Cixian. Linzhang and Weixian, and the lowest in Zunhua. Yutian, Fengrun, Tangshan and

Fengnan. The density of eggs was not only related to location. but also to time. On the whole. outbreak was the heaviest
in 1992 and heavier in 1993 and 1995 while moderate in the 1981 and 1990 and the lightest in 1987. The outbreak

number in the 1980s was significant lower than that in the 1990s. The results were consistent with that of the time series

analysis. Based on the pertinent reports and our study» it was suggested that the higher air temperature, especially warm-

er winter was the main factor which triggered outhreak of the H. armigera in the 1990s. Tt was also suggested that in

west and southwest outhreak areas» numerous mountains. abundant vegetation» higher wheat cultivation proportion, and

lesser rainfall in June, should be important factors leading to the outhreak of H. armigera .
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Fig.1 The locations of the study areas and sampling points

R & e Bl 6 K/ ) o v 25 () 5 4 4 B 40 #h 25 (]
HISE T P A 0, Bl AL R S R IE TREDLIE IR =
7 (B 45 ¥4 43 B L A B O 25 B0 O 2 R BOHEAT L X T
SRS IG5 M AR fE I 2B A o 2 EW
P TR SRR EER =, G IE kA
B FE BB R A R A, LR e A AR R
iR B/ IR .

75 (8] 400 Bir i 4 fAL Jy i 60 4% 3% 3 52 52 4 3% (Or-
dinary kriging) , ¥% i P} [F] 52 37 #% 3 ( Ordinary Cokrig-
ing ) Fil 8] B2 52 37 #& ¥ (Simple kriging) =FF. Z 5 Hh
HFEANMBEE IEEANEEA: SHH6 A
FAMEFHSRR GFERE:S Hfe AMHA ¥R
BARHLAE BRAR BERB EMEELUR
MERE SFEDEARENPHEOPRLEAE. =
() B 6L 25 R 4% F T3 [a) ik (L, =5 [m) £k B & A 48 55
Rk,

F 0840 A6 B B B i AR B B R LA R T
WE: B %M Oddinary knging, I RERZE R
/NN E T %, % A 8 Al Ordinary Cokriging 4 1 ;
MBERZEH K, M5 Ordinary Cokriging J7 & # 11 H
BEABRERNDEEIEREMIEBE I E. WA
Ordinary Cokriging Jy #58f, LA AWM HEHE N £
#® HEHFEIDERFTHEE AL & MHET
BT, R EEERERNDHBAHEF
1 A o2 i Ak A I 22 1 B8 43 A T -

HTEBAMBHERE BEFNBERSH
SAER, B L L (<50 B/EBK) . T WE (51~
150 BL/E BK) P B &4 (151 ~ 500 BL/EBK) PR E
(501 ~ 1 500 RL/F k) F K &4 (> 1 500 Ki/A ) -
W& FRE A, Gt & 4 F R B
Ll

I EH SRR EMEG R REK

4 ArcGIS 8.1(ESRI Inc. 2001) 1 ArcView GIS 3.2
(ESRI Inc. 1999) M L F #1718
1.2.2 ZXRiE: MBXXRIEREBE T8
38 A, P O SR A T S AR R (S B
. T BAFROBR N R DREYE
IR 2 RZAER T 0:2) B iR 2 R Al 0/
3) £ 47 o 25 R % B T 054) S 2 72 57 4 bR ofk 2
1oL R AT RE /1N 55 ) 1 7 AR o 35 % B F 1:6) 8
5 HRR 2 5 1 53 M AR 2 2 ] 2% 0 46 3o th 2
RATRER /N . BERLZE 5 4048 LA b bR ofE K g A
b £
HEREEROEE Y. DEERERZTY
BiR L RATEMIERETF 0:2) B VLR
AT RERTIEE T 0;3) b £ B 1 ARl £ 8
HEF LOBEENPRERH FRBLES Y&
SEKG BT 2 2 A 2 0 48 R (B /N 9 O e Bk R
177 3% .

2 GRESW

2.1 BMZFEEHSH

FEMEMEFERHENAER SR mE 1 AT
T B E] s ST R Bk IR AT LR R
FENZRIZHSH . A0FEMSHKEth T kih
TERAGHESE O, 25 B 7 AR5 H Bl YL B
(U5 X B A 51 5 .

BEEIAUEL: D) RS LWESESR
FrE—ENTRMEXE, sRIHEEES(HXB) N
115.92 ~ 487.08 km;2) BB 9 % BEfY 75 0] 25 55 A 70 7
FFEMEBAR, EEE R 3.54% ~61.67% .

2.2 EEPNZTESHENER

L P 3t 45 5 i 4 (B 7 i B R, 7F 45 )M %
AR E, b RO EEHT T
{6 A B 2 45 2 18] o3 A R A 2,

2.3 TXWIE

AT EH T X R, SR E 2
Fim- MIBZERALUEFEL: SENFEHHMREZEN
bR EERR /D BIE T 0 MR E iR
T 1B R R 25 FIE 84 5 S0 A o 25 2 R B
A& FREN D M EREALD T HE/DRIRE,
BE TR BRULR .

2.4 EMEEF TS

R T XBEFEX 1980 ~ 1997 4E 18 LI R 5B

A 1TEETHR GESSERMAMESNEEHE



36 BA¥IR Aca Entomologica Sirica

47 %

®1 SFEMHEETTEENAIER S
Table 1 Interpolation methods and parameters of the models each year

MER o peon pozy SEESRH WIRE

ﬁﬁﬁ& i kil WA Distance of . L Fir oy Eb 81 Random
Interpolation ) . Sill Partial sill  Nugget .
hods Year Model Covariable the spatial Co (C-Cy) (0 Proportion of degree
e dependence (km) spatial variation%e %
6 A L AIEHE
Ordinary Cokriging 1980 R Spherical Gross rainfall in the 115.95 30 984 16 030 23 904 40.22 59.78
first ten days of the June
bk it
Ordinary Cokriging 1981 R Spherical Proportion of the 28352 12408.3  439.20 11 969 3.54 96.46
cotton planting
Ordinary Cokriging 1982 =157 Gaussian 2 Flevation 293 .66 448 800 153400 295400 34.18 65.82
5 ARRMEE
Ordinary Cokriging 1983 57 Gaussian Rainfall intensity 180.13 149623 60070 88 653 40.75 59.25
in May
Simple kriging 1084  FREL Exponential 363.66 63234 10433 52801 16.50 #3.50
Ordinary kriging 1985  F6# Exponential 473.67  32205.6 4552.6 27 743 14.10 £5.90
c AEMEE
Ordinary Cokriging 1986 =157 Gaussian Gross rainfall 480.53 197457 15557 181 900 7.88 92.12
in June
Ordinary kiging 1987  ERE Spherical 317.50  11227.4 2546.8 R 680.6 22.68 77.32
Ordinary kriging 1988 BREY Spherical 379.3 115706 49140 66 566 42.47 57.53
Ordinary Cokriging 1980 50 Gaussian E172 Elevation 185.12 146 852.4 7092.4 139760 4.83 95.17
Ordinary krigin, 1000  FEHL Exponential . 343,74 32728.1 47821 27 M6 14.61 85.30
e ® s AR RS
Ordinary Cokriging 1991 TR Spherical Proportion f the 237.16 435550 263590 166 960 61.67 38.33
gross rainfall to average
. temperature in May
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Simple kriging 1996  EREY Spherical 40.065 95T 960 416000 535 870 4371 56.29
s AT EfEmE
Ordinary Cokriging 1997 ERE! Spherical  Gross rainfall in the last 15401 411 154.3  74.348 411 080 0.02 99.98

ten days of May

RO {E. BB R 5 o dTin B 3. g5 RFE 18 4
&L, RN R AR E R AR T RS, A
1980 ~ 1991 F 4 R AR ACE B0 shik &, KR A S
SRR Ry 330 R B BR. TE EY 122 ~ 706 K/
BHR: 1 1992 ~ 1997 F R EABEEFE M ES H
SEREERE R 1 877 KSR, AL E A 264 ~ 4 023
Fr/ER. HP 192 FRAENERS, ZFETHE
Ha023 kyatk, mEE T AEESR, LKA 1993
L, RAETE N 2 820 K/ E bR, MWEREI RSN
.19 FRAERE, L IRH 1993 FH 1995 F
(2 178 KL/ ET#R), 1981 4 (145 i/ E B0 1990 4F
Q44 BB RERER, 1987 FRARE (122 Ky
B, 1980 LAV R AR E B EK T 1900 £,
2.5 FESWETT

TRAE = A2 4 47 80 45 R (& 4 BF 78 =2 [ B 77
TEF A, F EA —E A XFEO LA S SR
WS R B S AL TT LA E R K A

T8 E 7R 8] R AL 4 (R R, T & S 00 (1 2R
SRR AR TR H AR A AR S A A BT 7 LI AN TR R
ANl 40 1991 47 (9 =8 18] 28 5 %43 BT o BL 9 78 &
FEhEE(61.67%), AR ER FEINR5E, 7
PR E.

M AR AU kD B AT LA i LA R F R R
B AR, RAFEEEWAE, AP
A RFRE AR ATER RER CEL RS
KRR R REE A S R R,
MRS EHE  FEEE ELm. EEAESE
M.

S EA R A TR R T ) T AR B ) AT SRt
(F 0, ALUES, & EESH AU FFTE
=5, m AR EAT: DERESHNRE
7E 1980 1 1987 4, {H BT S E AR, 43 A & 294
RAERMEAM 0.0%F 1.77%: 2> T WE T FT &
FRAE R A EL AR, B 1981 (54.65% )+



114 EIEEF: BT CS A GSMRERBEESMSshESH 37

';a ..; 'J '@

S

1993

;-

A2 witE Mg RmsasmikaE
Fig.2 Spatial distribution and dynamics of the 2nd generation eggs of the Helicoverpa armigera( Hiibner) in Hebei Province
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Fig.3 Average quantity dynamics of the 2nd generation eggs of the Helicoverpa armigera( Hiibner) in Hebei Province (1980 — 1997)

1987 4F (86.08% ) 1 1990 4F (76.53% ) —4F B & |
Bl kK, @it 50%;:3) P S A EFHAAm
BEHITE 50% LA EREREA 6 4,514 1980 4
(78.8% ) 1985 4 (89.24% ) .1986 4F (63.7% ) . 1988
F (64.41%). 1989 4 (75.98%) # 1994 4
(99.61% ) ;4) 1 m E F 9% K4 B 7€ 50% LA L4
B 4,2 %R 1982 4 (72.09%) . 1984 4

(1009% ) . 1996 4£(96.06% ) 1 1997 4 (97.92% ) ;5)
KEEFRNEA 6 FH7E., Kb kA m Bl
50% LA E RIS A 3 4L a3 A 1992 4 (95.85% ) .
1993 4 (94.47% ) F1 1995 4F (80.41% ) ;6) 1983 4 Al
191 FENTFREEBBHFIEERED 50% ,HiX
PR A SPGB B R K.



38

B R Adcta Entomologica Sinica

47 %

F2 BFEHEEMEMNEZIEELR

Table 2 The results of cross validation for interpolation maps each year

FHE TV Interpolation metheds  SFA7 Year Mean RMS Avg. Std Mean S5td  RMS Sud RMS — Avg. Sud
Ordinary Cokriging 1980 -0.030 188.7 194.2 - 0.006 0.997 -5.5
Ondinary Cokriging 1981 0.007 105.5 114.2 0.0003 0.925 -9.2
Ondinary Cokriging 1982 0.059 563.9 588.5 —-0.0034 0.968 -24.6
Ordinary Cokriging 1983 0.060 285.3 339.8 - 0.0048 0.846 -54.5

Simple kriging 1984 0.059 254.1 245.2 - 0.0005 1.037 8.9
Ordinary kriging 1985 0.011 161.7 177.9 —-0.0014 0.914 -16.2
Ondinary Cokriging 1986 0.003 415.1 443.6 —0.0003 0.935 -28.5
Ordinary kriging 1987 —-0.051 105 101.5 - 0.0006 1.032 3.5
Ordinary kriging 1988 0.487 271.8 202.8 0.0008 0.939 -21
Ordinary Cokriging 1989 —-0.030 362.2 203.4 —-0.0023 0.926 -31.2
Ordinary kriging 1990 0.091 191.1 180.3 - 0.0009 1.057 10.8
Ordinary Cokriging 1901 - 0.064 4723 54.1  -0.0010  0.922
Ordinary kriging 1992 0.078 2192 2163 - 0.0024 1.023 29
Ordinary kriging 1993 -0.043 19835 2107 - 0.0003 0.944 - 122
Ordinary kriging 1004 - 0.056 289.7 2.5  -0.0035  1.097 27.2
Ondinary Cokriging 1995 0.048 1300 1269 —-0.0010 1.032 31
Simple kriging 1996 0.042 968.5 969.1 0.0009 0.998 -0.6
Ordinary Cokriging 1997 0.605 657.9 672.8 0.00003 0.978 -14.9

Mean: “PHTMIIRZE Mean prediction errors RMS: 75 R1R 2 Root-mean-square predicition errors Avg. Sud: FHFALBEARHEZE Average kiging
standard emror; Mean Std: “FIAFFAEZE Mean standardized prediction emror: RMS Std: B3 RIF#EE Root-mean-square standardized prediction errori RMS —
Avg. Sud: W RIRELS PSR E Y @072 Difference between Root-mean-square prediction error and Average kriging standard error.

®3 SREFROEHRF L1980 ~ 19970
Table 3 Areas and proportions of the outbreak grades (1980 - 1997

<SOUERAE Lowest)

Ehi

51 ~ 1500 A% Lower)

151 ~ 5000 P B Moderate) 501 ~ 1 5000 P {RE Higher)

>1 5000

5 Highest)

Year EAR Area L] Proportion AR Avea  ELR Proportion TH AR Avea EEf) Proportion AR Area  EL{F| Proportion HIAR Avea B Proportion

(1 % 16 km™ > (%2 (15 10 km®) (o) (15 10 km®) (o) (1 % 16 km™ > (%2 (15 10 ke (%2
1980 0.0017 0.02 1.982 21.19 7.3714 78.80
1981 5.1125 54.65 4.2426 45.35
1982 0.5985 6.40 2.0129 21.52 6.7437 72.00
1983 1.593 17.03 4.5367 4849 3.2254 34.48
1984 9.3551 10000
1985 1.0069 16.76 8.3482 89.24
1986 3.3059 36.30 5.9592 6370
1987 0.1659 1.77 8.0533 86.08 1.1359 12.14
1988 0.906 9.68 6.026 6441 2.4231 25.90
1989 0.9713 10.38 7.108 75.98 1.2758 13.64
1990 7.1591 76.53 2.196 23.47
1991 0.6144 6.57 4.2202 45.21 3.6691 39.22 0.8424 9.00
1992 0.388% 4.15 8.9671 9585
1993 6.5176 5.53 8.8375 94.47
1994 0.0866 0.39 9.3185 9961
1995 0.5174 5.53 1.3148 14.05 7.5220 80.41
1996 8.9865 96.06 0.3686 3.94
1997 0.1623 1.73 9. 1606 97.92 H.0822 0.34
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