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PROGRAM CLBTEST (INPUT, OUTPUT, TAPEs, TAPE10)

LI L K R I AN N N JRE R B B R N B BN T R R N BN R BN BN N N I N R IR IR K N B BN I 2R BE R N K N B R R I N I

THIS PROGRAM SIMULATES CLB LIFE CYCLE
USING THE MODELS DEVELOPED IN THE PAPER
NOTATION USED
YO =EMERGENCE SPRING ADULTS
YI,J) =DEN OF I AGE CLASS OF J STAGE
*» ¢+ s eee]J=1 REPRESENTS EGG STAGE
e+ oo eJ=2 TO 5 REPRESENTS LARVA STAGES
¢+ s e+ o]=¢ REPRESENTS PUPA STAGE
Y7=DEN OF SUMMER ADULTS
TOT(J) =TOTAL DEN OF STAGE ]
TMAX =DAILY MAXIMUM TEMPERATURE
N(T)= NEWLY EMERGENCE SPRING ADULTS AT TIME T

LA B B B N B BN SR 2 B N R Y IR I I I I Y Y I R R N BN 2R R R K IR T Y R B Y Y IR BN Y IR BN Y I BN BN I AN

DIMENSION Y(10, 6), AUX(10), TOT(15), TMAX(100), N(30), TOTEG(100)
REAL N
» INITIALIZATION
YO=0,
Y7=0,
DO15J=1,6
DO 15 1=1,10
15 Y(LI)=o,
DO 16 1=1,15
16 TOT(I)=0
GO TO 66
46 S3=1,85-0,46 « ALOG10(TOTEG( - 7))
IF(S3,GT.1.) S3=1
IF(S3,LT.0.) S3=0
66 IF(J-16) 35,35,36
35 Sg=1
GO TO 77
36 IF(TOTEGU ~16)) 55,55,56
55 S6=1
GO TO 77
56 S6=1,18-0,28 + ALOG1o(TOTEGU - 16))
IF(S6.GT.1,) S6 =1,

* & & © & ¢ & 2 et »
L T R P
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77

224

223

10

300

25
26

45

100
60
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IF(S6 ,LT,0,) S6=0
CALL MODEL1(Y(1,1),AUX, P2, TOTB, TOT(1))
CALL MODEL2(P2,P3,AUX, Y(1,2),52, TOT(7), TOT(2))
CALL MODEL2(Ps,P3,AUX, Y(1, 3),S3, TOT(8), TOT(3))
CALL MODEL2(P3,P3, AUX, Y(1,4),54, TOT(9), TOT(4))
CALL MODEL2(P3,Ps3, AUX, Y(1,5), 55, TOT(10), TOT(5))
CALL MODEL2(P3, P4, AUX,Y<(1,6),56, TOT(11), TOT(6))
CALL MODEL3(Y7,AUX,P4,0,,87)
IF{J,GT,30) GO TO 223
YO=YO<EXP(-0.12) + N(I)
Y1,1)=Y1,1) +(0,4xTMAX(J) - 18,)+ YO « 0,5
GO TO 225
YO =YO«EXP( -0,12)
Y(1,1)=Y(1,1) + (0, 4+«TMAX () - 18.)*Y0%0.5
TOT(1) =TOT(1) + €0, 4xTMAX(J) - 18.,)*Y0*0.5
TOTB =0, :
SURVIVAL RATES
S2 =0,9
S4=0,62
S5=0,6
S7 =0,7
DO 1 I=1,100
TOTEG() =0,
READ DAILY MAXIMUM TEMPERATURE DATA
READ(10,10)(TMAX(D),1=1,100)
FORMAT(30F2,0/30F2,0/30F2,0/10F2.0)
CALCULATE NEWLY EMERGENCE ADULTS
CALL EMERGE(N)
PRINT 300

FORMAT(4X, “EGG”,4X, “INSTAR 17,1X, “INSTAR 27,1X, “INSTAR 3*,

+ 1X,“INSTAR 47, 3X, “PUPA", 4X,“ADULT")

DO 60 1=1,100

DEVELOPMENT RATE CALCULATION
P2=0.25/(1. +EXP(7,5-0,105 « TMAS(I)))
P3=0,533/(1, +EXP(7,81-0.114) s TMAX(I))
Pg=0,102/¢1, +EXP(11,37- 0,164 « TMAX(I)))

IFAJ -7 25,25,26

S3=1,

GO TO s6

IF(TOTEG(J -7y 45,45,46
S3=1

TOTEGI) =TOT(1)

PRINT 100,¢TOT(D),1=1,6),Y7
FORMAT(7¢2X,F7,1))
CONTINUE

END

SUBROUTINE MODEL3(¢X8,AUX,RATE1,DEC,SURV)
DIMENSION AUX(16), XI8(10)

THIS SUBROUTINE ACCUMALATES THE TRANSFERS FROM THE
PREVIOUS STAGE, THIS IS USED TYPICALLY AS THE END

STAGE(ADULT) OF A POPULATION,
AUX =DENSITY OF THE PREV STAGE AT T-1
RATE1 =DEVELOPMENT RATE OF THE PREV STAGE

X8=DENSITY OF THE PRESENT STAGE UPDATED AS FOLLOWS,

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



134 B &5 % #

7%

X8(T) = EXP( - DEC)*X8(T -1) + ADIN(T - 1)
ADIN = NEW ADULTS(DEN OF PRESENT STAGE)ENTERING (T, T-1)
DEC=DEATH RATE PER UNIT INTERVAL

* X % %

ADIN =9,
DO 10 I=1,10

10 XIg(Iy =0,
DO 160 IM=1,10
IF(10-IM -10,RATE1)53,160,160

53 RVAL=RATE1- ,1x(10-IM)
IF(RVAL - .1) 54, 55a 55

54 XI8(IM) =RVAL#10xsAUX M)
GO TO 57

55 XIs(IM) = AUX(IM)

57 ADIN = ADIN + XIs(IM)xSURV

160 CONTINUE
; X8 =EXP(-DEC)xXs + ADIN

RETURN
END
SUBROUTINE MODELi1(X,AUX,RATE,AXTOT, TOT)
DIMENSION X(10), AUX(10)

THIS SUBROUTINE UPDATES THE INTRA -STAGE TRANSFERS,
RATE=DEV RATE OF THE STAGE UNDER CONSIDERATION

X = DENSITY OF THE STAGE AT T(AFTER UPDATE)

AUX =DENSITY OF THIS STAGE AT T -1 (RETURNED)
AUX=X(T-1)

AXTOT=TOTAL DEN OF THIS STAGE AT T-1

TOT =TOTAL DEN OF THIS STAGE AT T

* 0 @ . » . » *

-

AXTOT=p,
DO 10 I=1,10
AUX((D =X
AXTOT = AXTOT + AUX(D
X(h=o,
10 CONTINUE
DO 15 [=1,10
DO 9 J== 191
YMIN = 1x(1-1)
YMAX = ,1s]
IF(RATE - YMIN) g,9,12
12 IF(RATE - YMAX) 13,13,9
13 =1-T+1
Mi=0i~1
IFclit) 9,30,31
30 X =10,(YMAX - RATE»»AUX(ID
GO TO ¢
a1 X¢(I)=10.#((YMAX - RATE)*AUX(I) + (RATE - YMIM)»*AUX(II1))
9 CONTINUE
15 CONTINUE
TOT =0,
DO 40 1=1,10
40 TOT =TOT +XI)
RETURN
END
SUBROUTINE MODEL2(A, B, Cz,C3,SURV, TRTOT, TOT)

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.
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50
80
110

120

100
150
130

140
290

300

60

310

DIMENSION Cz(10), C3(10), TAUX(10), BU(10)

THIS SUBROUTINE UPDATES THE DEN OF THE PRESENT STAGE
FOR BOTH INTER AND INTRA STAGE MOVEMENTS, LET US CALL
THE PRESENT STAGE AS I AND THE PREV STAGE AS I-1,
A= DEV RATE OF THE STAGE I-1
B= DEV RATE OF THE STAGE I
C2= DEN OF STAGE I-1 AT T-1
Cs= DEN OF STAGE I AT T-1, AT THE END OF THE SUBROUTINE
THIS WILL BE CHANGED TO DEN OF STAGE I AT T,
SURV= SURV OF POP WHILE MOVING FROM STAGE I -1 TO STAGE I
TRTOT = THE TOTAL NUMBER TRANSFERRED FROM STAGE I-1 TO
STAGE I THROUGH THE ENTIRE SEASON,
TOT= TOTAL DEN OF STAGE I AT TIME T,

DO 70 I=1,10

BUM =0,

CALL MODEL1(Cs3, TAUX, B,DUMB,DUM)

DO 300 I=1,10

YMIN= (1, - (10, - (I-1))/(A%10))%10,%B
YMAX = (1. - (10, -1)/(A%10))%10,%B
IF(YMAX.,LE,0) GO TO 300

DO 290 K=1,10

IF(YMAX -K) 50,100,100

IF(YMAX - (K-1)) 290,290,80

IF(YMIN - (K -1)) 110,120,120

C3(K) = C3(K) + A/Bx(YMAX - (K -1))*C2(I)sSURV
BU(K) =BU(K) +A/Bx(YMAX - (K - 1))*C2(I)xSURV
GO TO 290

C3(K) =C3(K) + A/Bx(YMAX ~ YMIN)xC2(I)«SURV
BU(K) = BUK) +A/Bx(YMAX - YMIN)xC2(I)»SURV
GO TO 290

IF(YMIN - X) 150,290,290

IF(YMIN - (K -1)) 130,140,140

C3(K) = C3(K) + A/B«C2(I)sSURYV

BU(K) = BU(K) + A/B«C2(1)*SURYV

GO TO 230

C3¢K) = C3(K) + A/Bx(K - YMIN)«xC2(1)»SURV
BU(K) = BUK) + A/Bx(K - YMIN)»C2(I)xSURV
CONTINUE

CONTINUE

TOT=0o,

DO 60 I=1,10

C2¢Iy =TAUX(D

DO 310 I=1,10

TOT =TOT +Ca)

TRTOT = TRTOT + BUD)

RETURN

END

He RGBESFFEBFRATFEEY

Fig.2 Main program and subroutine of senmsitivity analyses

AR RO R BE S dr, BRI, —XRPRFREENRD, XX BE R
H, REABERERENEL, RAKRRRBEKENE FRRHRERELH R R
B S VN BAKRR EHBHEN, LRIERL L. ROTT LB DR B 2B H 298 R
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Table 1 Sensitivity analyses of cereal leaf beetle population system

WA R B | FEL00K 5K 0 F B 5 B N
L O wEREs | EEEY EEEHS | BEES
B A % 5 A ; |
BaRagEE TOT=s50 199.9 117.5 ‘( 100 | 100
TMAX(I) = i
B 1.2 « TMAX(I) 286.8 172.5 100 s " 100 its
I=1,30 1
TMAX(D) = i (
] 0.8 « TMAX(I) 113.0 92,7 100 -43,5 | 100  -21.1
i I1=1,30
TMAX(ID) =
) 3 H 1.2 « TMAX(D) 225.3 132.5 00 +12.5 100 128
1=31,60
TMAX() = | 9
By 0.8« TMAX(D) | 174.5 120,2 100  -22.7 100 +2.2
1=31,60 |
B TMAX(D) = | |
" 1.2« TMAXD) 200.1 118.0 100 !j 100
1=71,100 | |
TMAX(y =
L 0.8+ TMAX(D) | 198,90 113.5 100 -1 100 -3.4
I1=71,100 i ;
ﬁ | TOT=TOT»1.2=60 1 239.3 125.9 | 100 +20 100  +7
4 TOT=TOT.0.8=40 159.9 107,2 100 -20 100 -8.8
3 i }

EEN, RAARBLEREFFEENYBARNERE, REHT . HRIRTERBLR hE
M, XMEEERAR. EXLEBHNEMNESTSENTER LY, &Lk
R, EMEAR, MEAESEE, LU XERES, BT LUIESE BMBRL KX
BRW 6, HRERNERD., ERITFES2EEREN, ZHNRXFHRTIER
REEK, EELERANBRTIMERESRENERATIIE, ERSBET, A
FEWEBTLZREY, SEMGERGORE, HERSEHFIE. BEZKE R K& 1
X, RAKWHEEHMT 1065, EHTEFRASIENEHRANBEHBBED, XREH
SFHPIE (Pimentel, 1976) . Wik, FHsmMRR, RS, MRMBET H0RME,
RARGEE, THIRIRMRAERFEESREN LRI, FUREBFEHEBRNH
B—T. BMEANGTERIET. CEERRESRANSBZANBIRR, HILRSK
BR—AEE, KRBTRESRUERAEWHHTERENESR, UREISRERRS, FE
X RV BA B R AT FNRIE X T M —F IR &R,
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SENSITIVITY ANALYSIS OF CEREAL LEAF BEETLE
(OULEMA MELANOPUS) POPULATION SYSTEM

Li Dianmo
(Institute of Zoology, Academia Simica)

R,.L,Tummala
(D epartments of Entomology and Electrical Engineering and Systems
Science, Michigan State University, U,S,A.)

Sensitivity analysis has been applied to both of density dependant and density
independant population system,. Input disturbance has been done by increasing and
decreasing 20 psrcent of spring emerging adults in the computer program, Para-
meters disturbances by increasing and decreasing 20 percent of temperature in the
early days, in the middle days, or in the late days of a hundred simulation days,
The results are listed in Table 1, The results show that the system which only
has density dependant survival rates would be stabler than the system which only
has dansity independant survival rates, The further discussion is given in the

paper,
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