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FOREWORD 

The purpose of this report is to publish a computer algorithm 

which simulates the theoretical suppression of the tobacco budworm by 

genetic sterilization. This report is intended for researchers in-

terested in the details of such a model. 

V 
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A COMPU'I'ER PROGRAM FOR SIMULATING THE THEORETICAL SUPPRESSION 

OF THE TOBACCO BUDWORM BY GENETIC STERILIZATION 

D. W. Parvin, Jr., Marion L. Laster and Dial F. Martin* 

INTRODUCTION 

Cotton insect control is in a period of transition from almost 

total reliance on chemical pesticides to a program of integrated pest 

management. There are several causes for this transition; pesticide 

residues and subsequent regulations, development of insecticide resis-

tance in target and some previously non-target pests, and the high cost 

of insecticides. 

The key pest of cotton in Mississippi is the boll weevil (13]. 

This insect is a perennially occurring pest that dominates control prac-

tices (13]. This point is argued by some farmers and entomologists in 

the Delta Area of Mississippi where boll weevils survive in relatively 

low numbers. From the "current situation only" point of view the to-

bacco budworm, Heliothis virescens (F.), situation is a major problem. 

A historical point of view and understanding of the ecological upsets 

caused by pesticides, however, leaves one to realize that the boll weevil 

was the pest that started the "pesticide syndrome" in cotton [9]. Thus 

the boll weevil is greatly responsible for release of secondary pests 

*Associate economist, Mississippi Agriculture and Forestry Experi-
ment Station, Mississippi State, Mississippi; Entomologist, Mississippi 
Agricultural and Forestry Experiment Station, Stoneville, Mississippi; 
Entomologist, Bioenvironmental Insect Control Laboratory, Agricultural 
Research Service, USDA, Stoneville, Mississippi. 
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and other pesticide related problems (13]. The bollworm, Heliothis zea 

(Boddie) and the tobacco budworm are the most important secondary pests 

of cotton in Mississippi. Larvae of these insects are difficult to con-

trol, especially in the Mid and Late instars, even when the populations 

are susceptible to the insecticides being used. In the face of in-

creasing resistance in these Heliothis species, especially the tobacco 

budworm (13], economic control has frequently been difficult and in a 

few cases in Mississippi control has not been achieved with high rates 

of both organochlorine and organophosphate insecticides. This situation 

dictates the need for alternate methods that will control the tobacco 

budworm in the face of increasing insecticide resistance. 
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LITERATURE REVIEW 

For numerous reasons (economic, ecological, political, and de-

velopment of resistance to insecticides) there is general interest in 

controlling Heliothis spp. by use of integrated control methods (biologi-

cal and cultural) [1, 18, 19], Simulation or modeling [7, 8, 10, 17] 

has been shown to be an effective tool for studying insect population 

dynamics and pest management as an integrated system [3, 4, 5, 6, 7, 11, 

16, 20, 21]. Berryman and Plenaar [3] have discussed simulation as a 

method for investigating the dynamics and management of insect popula-

tions. Berryman [2] presented a model which describes the effect of a 

sterile male release on a wild population. Knipling [4] discussed re-

leasing partially sterile males. Pimentel and Shoemaker [19] developed 

a model designed to estimate the impact on crop prices and land use of 

producing cotton and corn with and without insecticides. 

A basic problem associated with using modeling as a research tool 

is that researchers often attempt to model or simulate systems that are 

too large or complex. A system is too large to model (from scratch) 

whenever basic technical information concerning the system is such that 

the system can not be modeled and verified in a reasonable time frame. 

Additionally, a system is too large to model whenever the researcher can 

not reasonably predict the time period required to model and verify the 

system. Naturally as the information base associated with a system be-

comes more complete, systems that were once too large to model then 

become suitable areas for modeling. 
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A THEORETICAL MODEL 

Classical integrated pest management concepts require that the 

boll weevil be controlled before the bollworm can be controlled. How-

ever, genetic sterilization does not require that infestations of boll 

weevils be suppressed before the bollworm can be controlled. The pur-

pose of this paper is to present a computer algorithm which simulates 

the theoretical suppression of the tobacco budworm by genetic sterili-

zation. 

When H. subflexa females are mated with H. virenscens males, 

fertile eggs are produced. Male progeny resulting from these matings 

are sterile and the female progeny are fertile. When these females are 

backcrossed to H. virescens males, sterile male and fertile female 

progeny are produced [15]. The algorithm presented in this paper allows 

the modeling of the release of these backcrosses (BC) progeny into the 

wild population and provides the user with mappings of population 

characteristics. 

The assumptions underlying the model are: 1) The natural popula-

tion exists with an equal sex ratio; 2) BC and normal females are 

equally competitive for mating with normal males; 3) BC males and fe-

males are released in equal numbers but there is no direct influence of 

BC males on the natural population; 4) Normal males mate only with fe-

males that have not had a normal mating; 5) Females mate only one time 

with normal males; 6) BC moths are released with an equal sex ratio. 

The assumptions concerning mateing were made to add conservatism to the 

model and are not intended to infer a normal situation. 
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The computer algorithm allows user control of five parameters. 

The total natural population may be varied, The number of hybrids re-

leased may be varied. The increase per generation is under user con-

trol. The number of generations to be examined may be either ten or 

twenty. The number of matings per normal male may vary from one to five. 
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THE COMPUTER MODEL 

Table 1 lists the computer program and Table 2 lists the first 37 data 

cards which may be considered as part of the program since they are used to 

label the output. These 37 cards are required. The information presented in 

Table 2 must reside in the first 48 card columns. One additional data card is 

required for each model to be examined. This card has the format as presented 

in Table 3. 

Additional models can be examined by stacking general data cards (see 

format described in Table 3). The first 37 data cards should not be repeated 

if models are to be stacked. Table 4 lists example output for a 9:1 release. 

Table 5 lists example output for a 19:1 release. Table 6 reports example out-

put for a 29:1 release. The information at the top of the table describes the 

general data card which was used as input. The comment which says "DIVISOR= 

0, GENERATION= 7" (Table 6) indicates that the computer program attempted to 

calculate a probability in the 7th generation for which the divisor would have 

been zero. This indicates that the population would have gone to near zero 

(less than one insect) in the 7th generation. Generation to generation in-

crease in the normal population is reported in the next to the last line of 

Tables 4, 5 and 6. 
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TABLE 1. SOURCE l JSTIING OF' GtNrTtc· STEIRll. llAITDO,. PROGRAM 

C liJST£ R RELEASE MOOEL 
C ·WRIT1TEN BY O.W. 1PARY.IN J~. 
C OEPT.J OF' AG. -ECON. 
C ,nss.· STATE UNIV. 

IOIMENSI0N A "S•8> ,Xf70,,!iltlf20,,sl ,1oc2m· 
00 70 I = 1, 20 

70 IDf U : I 
1 DO 4! I =i t, 3 7 
2 ·SH' A O CS , ! llO 1) C Al C I , J) • J -= 1 , 8 t 

G:4 If 2 '0 0 l I ::i 1 • . 2o 
'O O 3 J .::: 1, ,s 

,J>· c. r 
3 l :! C 

R,£AO t5,1 102> lTNP,THR,XIPG,NG,NM 
WRITE Hi. ·,cu: TtNP 
V~ITE f 6 • ·902): 114 R 
VRITt C6, '9Cl3l' l&JPG 
WRITE f 6 • '9 o•ut NG 
VRITE f 6, ·9CS)I NM 

7 

901 'f'0RMAT UHt.T2,'ITOTAL NA'TURAL POPULATIION: •.r10.o> 
902 FORMAT tlH ,T2,'ITOTAL H'f!BRIOS RELE'A~[O: ·•.r10.o, 
903 :roR NAT U t-! • r2. '11 .. CRE ASE Pt R GENE RA TI ON = • ,r 10. 0) 
90- :roRMAT flH .r2.-..o OF' GE•NER•Tro~s = --.·110> 
90S 1F'ORNAT ttt, ,T2,-.,0 OF MAITINGS PER !NORMAL MALE: ••IlO) 

C 1TNP : iTOTAL NA'TURAL 'POPut•TION. fMAltS FEMALES) 
C ;flfR:; :roTAl H'flSRIOS RELE'ASED" OIIAltS + f'E•~•lES) 
C fXIPG = I,NOREASE ,PER GENERIITION 
C !NS :I NO .1 Of' GE NOR ATnONS 
C NM :I NO, or MMTIN GS PER M Al E 

101 :FORMAT f.8A6 > 
1 0 2 :r 9R MA T f 2 f' 1 C • 0 • F S • O • 12 IS ) 
103 f!"ORMAT r,1..0, l2,•0ESCAIF!TYON••TJ8 ,•GEN£RATION=••T50, 11017) 
10, 1F"ORMAT t,t~ • T2, 8A6t 10I7J 

I : O 
'O O ,, J = 1 • NG 
I : I + 1 
X Cl i 31 : ITNP 
x-n,,i :: fiHR 
IF . CJ-ti 53, s,~ ~3 

54 Xfl,1 J : >OC l• :O I '2 .o 
X fl , 2 1· )(If l • 3 I / ,-•· 0 
Xf1t••I = >Ofle5J / ·2.0 
Xc-I,St:: XJ(h&) / 2.0 
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T a bl e 1. C O N TI N U E D 

1G O T O 5 6 

5 3 X ft • l J : XI f I • 3 ) 
x + 1. 2, = Xl <I•J > 
Xtl •' > : XI( f. G) 
X U • 5 J : X!( 1 • 6) 

5 6 ' <C O N 1 1 1 N U( 

X 1-l , 7 J = > Cl t l • 1 J + , c C-1 , • t 
X ti , 8 J ::: XI( I • ?) + )( 1-l, S) 

t F' ( X ( J • 8 t · E Q ~- - fl O -) ' G O T O - • • 
xtt,,, =( »(t. ~, / 1t 1, e 1f ~ • <t,t, 
M:: x n.,t: + . s 
Xfl, 9 J = "' 
x.t.l(i J = X Ct, 1) ·- ~ n.,, 
Xtlt 1 1 U : x n, ·2, .: > UI, , ,, 

• 1 2) : X ( I, S) 
x n.- 1 3, = >ff ?, 1 1 1 • , u 1, ·1 2, · 

I F f > Ull, 1 3 > .r e. ··o. o ) ·G O T O - --
If (l N M. E-l e 1) x; c T O 6 6 

x n • •- t = x u • , 1 u , x n • 1 3 1 • , o 1 • 1 1 
M : X U ti 1, t + . 5 
Xfl t 1 1, ,. = " 
X f- 1-.i 1 5 ,- = > H tr, U ' - l Cl • t, J 
x fl t 1 1 6 t : ~ft • 1 1 H - r ft, 1, J 
X I ti 1 7 l :: X rI • S I 
X fl ti 1 8 J = X tr, ;t ,,- + X fl, 1 7) 

I F I , .. J, 1 8) . E a ~ ··o. o ) I G O T O ,., 
I F Cl N M.- E- 0 • 2 a · g O T O --6 6 

Xfltl 1 9t: X U, ;1 1,- I )( 1, 1 8t -' >lft, ·1 1 
M : X U • 1 9) + . S 

X f- 1 .i l 9 t -- ,. 
X I-t , 2 0 I" ::: X f I , 1 J .. 1 lf f I • -1 'J ~ 
X fl • 2 1) :: l e t I , ; 1 ·1) - ft • 1 9 , · 

X fl • 2 2 t : X fl, S-t 

x n. 2 3 • = ,,, 1. 1 2 u • x n, 2 2, 
I F f ,.flt 2 3) . £ G, - f). O t ! G O T O,,, 
I F CJ N M • E- 0 • 3 t 1 6 0 T O -6 6 

X f-I • 2 • l ; X fl • f 2 U I _ X ft • 2 3 t • > 0 I, ti 
M :: X CI, 2, t + . S 

X fl e 2, J - - " 
x n. 2 s 1 = x n, tr -- > etI..- :2 0 -

X-f't, 2 6 1: JtfI, 1 2 1) · - ' X U, 2\) 
X ft t 2 7) : X ft • S J 

x n, 2 s, · - = > Ht, . 2 6 > + x n, 2 1, 
y,- · , ,., 1. 2 a• .r ~. -:-n. o , 1G o T o :,,, 
I F Cl N M • E- Q • , ) 1 G C T O , 6 6 
x• ~ • 2 9 , = i u • ; 1 u , r n • 2 e, • , n Y • u 

8 



= 
-

-

= 
-

= 

-

= 

= 

Ta bl e 1. C O N TI N U E D 

M X I I, 2 9) + . 5 
X f I , 2 9 J: " 
Xtfli 3 0 9 :: x n. 1 ·, ;; J ) 1 1:flt ;l g) · 
, cf-.lt'. 3 1,: X(lt ,2,, - ~ ltl, 2 9t 
X f-I ,'. 3 2 t · :: X f I , . I 
X f-l . _ 3 3 t ::: Jf U, •J J t ) r + ' _ ! ct ,. 3 2 t 

6 6 1C O N 1'I N U E 

x n i 3,, = .,,r. 9,. .. - x 1-,. 1,, •l n. 1,, • 1 n, 2,,; •' X n, 29, 
t '. J S . r : X'ftt• 1 0 f •lff I, 1 5 )'+ J U t, 2 0f' + Jf I, 2 ~ ) ' + ) Cf I, 3 0) 

X ,- J • 3 G. ) ::: Jf ( t . • ; 1 't • . I X I P G 
X fl, 3 1 t · : . ,r n • ·, 3 S) • !) <I P G 

I F· f >lft. -3 6·,. - G T;i 1- 2 s o o b. o ) ltfl, ~· · = 1 2 5 0 0 0. 0 

I F f >f Ct, 3 7). ' G T; l 2 S O O O. O) •ft, 3 7):: 1 2 s o o o. ~ 
! T N P : X ti. " 3 6 1 
; T II R X f I ., 3 1) 

9 2 7 F " O R M A T ttt m .. I S) 

, • ·'C otf 1' 1 N U E 
:G O T O :,, e 

---- ·c ot n' 1 N U E 
·V R J T E f 6, ,, 9) J 

·, 1t g 1F " 9 R M A T f.lt- 1 , T 2,'l: > 1 Vt! S 0 R : o , G E N E •R • TI O N = 'l,t-3) 

•• & ;c Off 1' 1 N U E 

'.O o· S S I = - 1 , 2 0 
,o o · ss J = 1-. , s 

5 S t-ft, Jt = Xfl, J) ' 

If Al T E f 5, ·t e 3) tI O f Jll • J :: t , l O t 
'D O 7 7 I = .t 3 7 -

7 7 W RI- T E C 6 • 1 c a., Cl tt, JI t' J:l; el ·, ft ti(.: l'f';' t < = t.· 1 0 ) 
1, I N G• G T • 1 0 ) ''6 0 T O 'f U! 
:c; o T O :g ~ 

8 8 ·V RI T E f 6, ·t oll ~ tI D C Jt, J: ·tt, 2 0) 

'D O 7 9 J : 1 •· 3 7 

7 9 W RI T E ( 6, · u ~-,- n ·r·r. J) .; J:t, 8'), fl 0(,t,·,, c: flt 2 0) 

9 9 I C O H TII N U E 
'G O T O ;6,, 2 

I E N O 

9 



11115 LE ·2 ~- 80 X '8 0 LI9T ING or if I~ ST 31 OA TA C lR OS 

NORMAL fltAL£ S 
NORM Al F.t MA l'E S 
fOTAL 'NORMAL 
HYBRID MAl.'ES 
HYBRID FE MA LES 
TOTA( HYJB RID 
TOTAL 1M .. ES 
TOTAL Jf'eMM.ES 
NOfHIAt Fl RS T MA 111 HGS 
HYB RIO f",J AST MA llI NG S 
NORMAL F.£ MA L'E 9E ARCIH IN@ 
HYBRID ,.r MA l'E gr A ROH ING 
TOT Al . F.[ MA l£ S£ ARCl4 ING 
NORMAL SCCl>NO ,MMTJNGS 
HYBRID S£00N0 ,M#TINGS 
~ORMAL F.EMAL'E! 9EAROHIN6 
HYBRID rr MA l'ES APOHING 
TOT AL ,.r MAL£~ SE AROH ING 
NORfllll 11HtRD MA11INGS 
HYBRID llfIRD MAltINGS 
NORMAL F.EMAL't~ 9£:AROHING 
J4YBRIO ,.£MAL£S !£AROHIN6 
TOT Al '-EMAL£ S gt ARCl41W 8 
NORMAL FOURTH 1H#TINGS 
HYBRID ·FOURTH tMMTINGS 
NORMAL FEMAL£~ SEARQffNg 
HYBRID F.EMAL£~ S£ARCl4I'NG 
TOTAL F.EMAL£S SEAROHING 
NORMAL FI~T~ MA11NGS 
HYBRID FI~TH MAlJHGS 
NORMAL f'..£MAL£S S£ARClfIN@ 
HYBRID FEMAL£S 9EAR<J,fIMG 
TOTAl . FEMAL'ES SEAPOHING 
TOTAL 'NORMAL KA llINGS 
TOTAL H'8 RID MA 111 NGS 
NOR MAU JHM fA SE 
HYBRID tNORfA SE 

A.Tl'ER 
Ul\ER 
A1' T£ R 

1.F'f\ER 
Q"l\[R 
ATT£R 

Ul\ER 
ATlER 
ATTCR 

ATTl[R 
AT 1lE R 
AT'f\ER 

ATT£R 
ATT£R 
AT llER 

fit RS T KA It tilG 
F•I RST KA 'flt NG 
F•I RS T KA 111 NG 

SE00N0 ,M#TlNG 
sr co NO ·JOIT ING 
SE CO ND M MT IN 6 

1'HtR0 KA 1'I NG 
lfURO MA 1ft NG 
lHIRD MA 111 f'.°G 

F"O UR TH " MT tN G 
F"O UR TH ,. ff IN 6 
FOURTH M MTtNG 

FIFTH MA lit NG 
FI f:TH MA lit NG 
FIF:TH MA lit NG 

10 
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TABLE 3, FORMAT FOR GENERAL DATA CARD(S). 

Card Program 
Column Variable Description Mnemonic 

l - 10 Total Natural Population TNP 

11 - 20 Total Hybrid Population THP 

21 - 25 Increase Per Generation XIPG 

26 - 30 Number of Generations NG 

31 - 35 Number of Matings Per Normal Male NM 



= 
= 

-

Table 4. Example Output, 9:1 Release 

TOT Al NATURAL POPll. ATlION : 1000. 
TOTAL HYBRIDS RELEASED: 9000 • 
I NC REASE PER GENE RA TIION : s. 
NO OF' GENERATIONS -:: 20 
NO Of' MATINGS PER NORMAL HALE -:: 3 

DES CR IPTI ON GENERATION-:: 1 2 3 4 '5 6 1 8 9 10 
NOR MAL HALES 500 680 850 980 1050 1050 985 875 735 585 
NOR MAL FEMALES 500 680 850 980 l'tlSO 1050 985 875 735 585 
TOT Al NORMAL 1000 68 !l 850 980 lOSO 1050 985 875 735 585 
HYBRID MALES 4500 6820 9350 11170 13650 14700 1,11os 13900 12390 104 .. 0 
HYBRID FEMALES 4500 6820 9350 11170 13650 14700 14765 J 3900 12390 1041f0 
TOTAL HYBRID 9000 6820 9350 11170 1365(1 14700 1lf765 13900 12390 10440 
TOTAL HALES 5000 7500 10200 12750 1 lf700 15750 15750 14175 13125 11025 
TOTAL FEMALES 5000 7500 10200 12750 l 4'700 15750 157 50 14 77S l 3'125 11025 
N OR"'AL FIRST MA·TINGS 50 62 71 7S 7c; 70 62 52 41 31 
HYBRID FIRST HA.TINGS 450 618 779 905 975 980 923 823 694 554 
N OR,,.AL FEMALES SEARCHING AFTER FIR'iT HATING 450 618 779 90S 975 980 923 823 694 554 
H YB RIO FEMALES SEARCHING AFTER FIRST HATING 4500 6820 93S0 11770 13650 14700 14765 13900 12390 10440 
TOTAL FEMALES SEARCHING AFTER FIRST HHING 4950 7438 10129 12675 14625 15680 15688 14723 13084 10991t 
NOR HAL SECONO MATINGS lt5 56 65 10 71) 66 58 .. 9 39 29 
HYBRID SEC ONO HA TTNGS 455 624 785 910 98 0 984 927 826 696 556 
NOR MAL FEMALES SEARCHING AFTER SECOND MA TING .. OS 562 714 835 905 914 865 7H 655 525 
H YB RIO FEMALES SEARCHING AFTER Sl::COND MA TING 4500 6820 9350 11770 1365'1 lHOO 1 fJ 7 65 13'300 12390 lOHO 
TOTAL FEMALES SEARCHING AFTER SECOND MA TING 4905 7382 10064 12605 14555 15614 15630 146n 13045 10965 
N OR"'AL THIRD HA TINGS 41 52 60 65 65 61 55 46 37 28 
HYBRID THIRD MA TINGS 459 628 790 915 985 989 ''330 829 698 557 
NOR HAL FEMALES SEARCHING AF'TER THIRD MATING 364 510 654 TIO 840 853 810 728 618 497 
H YB RIO FEMALES SEARCHING AFTER THIRD HA TING 4500 6820 9350 11770 13650 14700 147 65 13900 12390 10440 
TOTAL FEMALES SEARCHING AFTER THIRD HATING 4864 7330 1000'+ 12540 U4'30 15553 15575 14628 13008 10937 
NOR MAL FOURTH MATINGS 0 o 0 0 a 0 0 0 0 0 
HYBRID FOURTH MATINGS a 0 a 0 0 D 0 a 0 0 
NOR HAL FE,,.ALES SEARCHING AFTER FOURTH MA TING 0 0 a 0 0 0 0 0 0 0 
HYBRID FEMALES SEARCHING AFTER FOURTH HA TING 0 0 0 0 0 0 0 0 0 0 
TOTAL FEMALES SEARCHING AFTER FOURTH HA TING 0 0 0 0 a 0 a 0 0 0 
NOR MAL FIFTH MA' TING S o 0 0 0 0 0 0 o 0 0 
HYBRID FIFTH MA!TINGS 0 0 a a n 0 0 0 a a 
NOR MAL FEMALES SEARCHING AFTER F'IFTH MA TING 0 0 a 0 n o 0 0 0 0 
HYBRID FEMALES SEARCHING AFTER FIFTH HHING o 0 a a n a 0 a o 0 
TOT AL FEMALES SEARCHING AFTER FIFTH HA TING o o 0 0 0 0 o 0 0 0 
TOTAL NORMAL H~TINGS 1 36 170 196 210 210 197 l 75 147 117 88 
TOTAL HYBRID MATINGS 1364 1870 2354 2730 2940 2953 2780 2478 2088 1667 
NORMAL INCREASE 680 850 980 1050 1050 985 875 735 585 440 
H YB RIO I NC RE A SE 6820 9350 11770 13650 14700 14765 13900 12390 10440 8335 

I--' 
I\) 



= 

Table 4. CONTINUED 

DESCRIP.TION GENERATION= 11 12 13 1'l 1c; 16 17 18 19 20 
NOR MAL MALES 4110 315 21s 140 90 60 40 30 15 0 
NOR MAL FEMALES 440 315 215 llJO 90 60 40 30 15 o 
TOT AL NORMAL 440 315 21s 140 90 60 40 30 15 0 
HYBRID MALES 8335 6285 4510 3085 2010 1290 860 570 435 225 
HYBRID FEMALES 8335 628S 4510 3085 2010 1290 860 570 435 225 
TOTAL HYBRID . 8335 6285 4510 3085 2010 1290 860 570 435 225 
TOTAL HALES 8775 6600 4725 3225 2100 1350 900 600 450 225 
TOTAL f"EHALES 8775 6600 '725 3225 2100 1350 900 600 450 225 
NOR MAL FIRST MA'TINGS 22 15 10 6 4 3 2 1 0 o 
HYBRID ~IRST MATINGS 418 300 205 !34 86 S7 38 29 15 o 
NORMAL .FEMALES SEARCHING AFTER rtRST MATING 418 300 20S 134 ar; 57 38 29 15 0 
HYBRID FEMALES SEARCHING AFTER FIRST MATING 8335 628S 11510 3085 2010 1290 860 570 435 225 
TOTAL FEMALES SEARCHING AFTER FIRST HATING 8753 6585 -715 3219 2096 13,n 898 599 450 225 
NOR MAL ·SECOND MA TINGS 21 14 9 6 4 3 2 l a o 
HYBRID SECOND MA TINGS 419 301 206 13ft 86 51 38 29 15 0 
N ORl1(AL FEMALES SEARCHING AFTER SECOND MA TING 397 286 196 128 82 54 36 28 15 0 
H YBRIO FEMALES SEARCHING AFTER SECOND MA TING 8335 6285 4510 3085 2010 1290 860 570 435 225 
TOTAL FEMALES SEARCHING AFTER SECOND MA TING 8732 6571 4706 f213 2092 1344 896 598 450 225 
NOR HAL THIRD MATINGS 20 111 9 6 4 2 2 1 a 0 
H YB RIO THI RO MA'TI NG S 420 301 206 134 86 58 38 29 15 0 
NOR HAL FEMALES SEARCHING AFTER THIRD MA TING 377 272 187 112 78 52 3- 27 15 0 
HYBRID FEMALES SEARCHING AFTER THIRD J"IATING 8335 628S 4510 3085 2010 1290 860 570 435 225 
TOTAL FEMALES SEARCHING AFTER THIRD MATING 8712 6557 4697 3207 2088 1342 894 597 450 225 
NOR MAL FOUR.TH MA TINGS a 0 0 0 a 0 a a o 0 
H YB RIO FOURTH MA TINGS o 0 0 0 0 o a 0 0 0 
NOR MAL FEMALES SEARCHING AFTER FOURTH MATING 0 0 0 0 0 0 a 0 0 0 
H YB RIO FEMALES SEARCHING AFTER FOURTH MA TING 0 0 0 a !J 0 0 a 0 o 
TOTAL FEMALES SEARCHING AFTER FOURTH HA TING 0 0 0 a 0 o 0 0 o 0 
NOR MAL F'If"TH HUINGS 0 0 0 0 0 0 o 0 0 0 
H YB RIO FIFTH MAITINGS 0 0 a 0 0 0 a 0 0 0 
NOR HAL FEMALES SEARCHING AFTER FIFTH MATING 0 0 0 0 n o 0 0 0 0 
HYBRID FEMALES SEARCHING AFTER F'IFTH MATING 0 0 0 o r'J 0 a 0 0 0 
TOTAL FEMALES SEARCHING AFTER FIFTH HATING 0 0 0 0 ,, 0 a 0 a 0 
TOTAL NORMAL MATINGS 63 43 28 18 I?. 8 6 3 0 0 
TOTAL HYBRID M•TINGS 1257 902 617 402 258 172 114 87 45 0 
NORMAL INCREASE 315 215 uo 90 60 40 30 IS 0 0 
HYBRID INCREASE 6285 4 S10 3085 2010 1290 860 570 435 225 0 
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Table 5. Example Output, 19:l Release 

TOTAL NATURAL POPULATION: 1000. 
TOTAL HYBRIDS RELEASED: 19000. 
I NC REASE PER GENERATDON = 5. 
NO OF GENERATIONS = 10 
NO OF MATINGS PER NORMAL MALE = 3 

0 ES CR IPTION GENERATION: 1 2 J 4 5 6 7 e 9 10 
NOR MAL MALES 500 360 250 170 110 70 45 30 ls 0 
NORMAL F"EHALES 500 360 250 170 ttn 70 •s 30 15 0 
TOTAL' NORMAL 1000 360 250 170 110 70 45 30 15 0 
HYBRID HALES 9500 71'0 5150 3580 2440 1580 1005 645 435 225 
HYBRID FEMALES 9500 7140 5150 35qo 2440 1580 1005 645 435 225 
TOTAL HY8R ID 19000 7140 5150 3580 2440 1580 1005 645 435 225 
TOTAL HALES 10000 7500 5400 3750 2550 1650 10 50 675 450 225 
TOTAL FEMALES 10000 7500 5400 3750 2550 1650 1050 675 450 225 
NORMAL 'FIRST MATINGS 25 17 12 8 c; 3 2 1 0 0 
HYBRID FIRST MATINGS 475 343 238 162 105 67 43 29 15 0 
NORMAL FEMALES SEARCHING AFTER F"IRST MA'TTNG 4 75 343 238 162 105 67 43 29 15 0 
HYBRID FEMALE S SEARCHING AFTER FIRST MHING 9500 1no 5150 3580 2•40 1580 1005 645 435 225 
TOTAL FEMALES SEARCHING AFTER FIRST MATING 9975 748 3 5388 3742 2545 1647 1048 674 450 225 
NOR MAL SECOND MA TINGS 24 17 11 7 i; 3 2 1 0 0 
HYBRID SECOND MATINGS 4 76 343 239 163 105 67 43 29 15 0 
NORMAL FEMALES SEARCHING AFTER SECOND MA TING 4 51 32S 227 155 100 64 1ft 28 15 0 
HYBRID FEMALES SEARCHING AFTER SHOND MA TING 9500 714(] 5150 35~0 2440 1580 1005 645 435 225 
TOT Al FEMALES SEARCHING AFTER SECOND MA TING 99 51 7466 5377 3735 2540 1644 1046 673 450 225 
NORMAL THIRD MATINGS 23 16 11 7 4 3 2 1 0 0 
HYBRID THIRD MATINGS 477 3'4 239 16 3 106 67 43 29 15 0 
NORMAL FEMALES SEARCHING AFTER THIRD MATING 428 310 216 1,8 % 61 39 27 15 0 
H YB RIO FEMALl: S SEA RC HI NG AFTER THIRD MATING 9500 7140 5150 3580 2'440 1580 1005 645 43 5 225 
TOTAL FEMALES SEARCHING AFTER THIRD MA'TING 9928 7450 5366 3728 253!; 1641 1044 672 450 225 
NORMAL FOURTH MATINGS 0 0 a 0 n 0 0 0 0 0 
HYBRID FOURTH MATINGS 0 0 0 0 0 0 0 0 0 0 
NORMAL FEMALES SEARCHING AFTER !'"OURTH MA TING 0 0 0 0 0 0 0 0 0 0 
HYBRID FEMALES SEARCHING AFTER FOURTH MA TING 0 0 0 0 0 0 0 0 0 0 
TOTAL FEMALES SEARCHING AFTER FOURTH fl'ATING 0 0 0 0 0 0 0 0 0 0 
NORMAL FIFTH M~TINGS 0 0 0 0 0 0 0 0 0 0 
HYBRID FIFTH M~TINGS 0 0 0 0 n 0 0 0 0 0 
NORMAL FEMALES sEAq,cHING AFTER FIFTH MA'TING 0 0 0 0 ,, 0 0 0 0 0 
HYBRID FEMALE5 SEARCHING AFTER FIFTH MATING 0 0 0 0 0 0 0 0 0 0 
TOTAL FEMALES SEARCHING AFTER fIFTH MATING 0 0 0 0 rJ 0 0 0 0 0 
TOTAL NORMAL MATINGS 72 so 34 22 14 9 6 3 0 0 
TOTAL HYBRID MA TINGS 14 28 1030 716 48 8 31~ 201 129 87 45 o' 
NORMAL INCREASE 3Hl 250 170 110 70 45 30 15 0 0 
HYBRID ' INCREASE 7140 5150 3580 2440 1580 1005 645 435 2:?5 0 

t-' 
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Table 6. Example Output, 29:1 Release 

TOTAL NATURAL POPlLAllION = 1ti oo • 
TOTAL HYBRIDS RELEASED = 29000 • 
INCREASE PER GENERATI10N = 5 • 
NO OF' GENERATIONS = 10 
NO OF' MAlINGS PER NORMAL MALE = 3 
0 IV !SOR ::: 0 • GENERAT'ION = 7 

DESCRIPTION GENER AT I ON= l 2 3 4 s 6 7 8 9 10 
NOR MAL MALES 500 245 115 50 1<i 0 0 0 0 0 
NOR MAL F'EMALE S 500 2,. 5 115 so 15 0 0 0 0 0 
TOTAL NORMAL 1000 2,.5 115 so p ; 0 0 0 0 0 
HYBRID MALES 14500 7255 ~560 1675 7 3'3 225 0 0 0 0 
HYBRID FEMALES l 1+500 72S5 3560 1675 7 T.S 225 0 0 0 0 
TOT AL HYBRID 29000 725S 3560 1675 7-i;5 225 0 0 D 0 
TOT Al MALES 15000 7500 3675 1 725 750 225 0 0 0 0 
TOT Al FEMALES 1 SOOD 7500 ~675 1 725 75 0 225 0 0 0 0 
NORMAL 'FIRST M~TJNGS 17 8 4 1 0 0 0 0 0 0 
HYBRID FIRST HA'TINGS 483 237 111 1$9 15 0 0 0 a 0 
NORMAL FEMALES SEARCHING AFTER 'FIRST MA TING ,. 83 237 111 49 15 0 0 0 0 0 
HYBRID FEMALES SEA~CHI~G AFTER Fl'RST MA'TING 14500 7255 3560 1675 7 3 5 225 0 0 0 [) 
TOTAL FEMALES SEARCHING AFTER :FIRST M.Ul'NG 14983 7492 3671 1724 750 225 0 0 0 0 
NORMAL SECOND MATINGS -16 8 3 1 0 0 0 0 0 0 
H YB RID SEC ONO MATINGS 484 237 112 49 15 0 0 0 0 0 
NORMAL FEMALES SEARCHING AFTER SECOND MA TING 467 229 108 ,a lS 0 0 0 0 0 
HYBRID FEMALE S SEARCHING AF' TE R StCOND MATING 14500 7255 3560 167S 735 225 0 0 0 0 
TOTAL FEMAL E S SEARCHING AFTER SECOND MA TING 14967 7484 3668 1723 750 225 a 0 0 0 
NOR MAL ·THIRD MA'TINGS 16 7 3 1 n 0 0 0 0 0 
HYBRID ,THIRD MNTINGS 484 238 112 "9 15 0 0 0 0 0 
NORMAL ~EMALES SEARCHING AFITR THIRD MA'TING 4 51 222 lOS 47 lS 0 0 0 0 0 
HYBRID FEMALE S SEARCHI~G AFTER THIRD MUING 14500 7255 3560 1675 7 3 c; 22 5 0 0 0 0 
TOTAL FEMALES SEARCHING AFTER THIRD MA TING 14951 7477 3665 1722 7 5 0 225 0 0 0 0 
NORMAL FOURTH MATINGS 0 0 0 0 f1 0 0 0 0 a 
HVBRIO FOURTH MATINGS 0 0 0 0 !') 0 0 0 0 0 
NORMAL FEMALES SEARCHING AFTER FOURTH MA TING 0 0 0 0 ('I 0 0 0 0 0 
HYBRID FEMALE S SEARCHING .AFTER FOURTH MA TING 0 0 0 0 r, 0 0 0 0 0 
TOTAL FEMALES SEARCHING AF'TER FOURTH MA TING 0 0 0 0 n 0 0 0 0 0 
NORMAL F'JFTH MATINGS 0 0 0 0 '! 0 0 0 0 0 
HYBRID 'FIFTH MNTINGS 0 0 0 0 ,, 0 0 0 0 0 
NORMAL FEMALE S SEARCHING AF' TE R F'I F'TH MATING 0 0 0 0 !'I 0 0 0 0 0 
HYBRID FEMALl:: S SEARCHING Af TER FIFTH MA TING 0 0 0 0 n 0 0 0 0 0 
TOTAL FEMALES SEARCHING AFTER ·FIFTH MA'TING 0 0 0 0 n 0 0 0 0 0 
TOTAL NORMAL MA'T!NGS 49 23 10 3 n 0 0 0 0 0 
TOTAL HYSRID M~TINGS 14 51 712 3 35 14 7 4r: 0 0 0 0 0 
NOR MAL !NC REA SE 245 llS 50 15 n 0 0 0 0 0 
HYBRID INCREASE 7255 )560 1675 735 22'5 0 0 0 0 0 I-' 

Vl 
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SUMMARY 

There are generally four or more generations of tobacco budworms each 

season. The information prescribed in Table 6 indicates that there is a 

theoretical probability that a hybrid release of a 29:1 ratio might suppress 

the tobacco budworm population. 
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