





toxic GM crop
S | BT
233;((:3&M immigration — |,L_ emigration
refuge
C
@ O
1 ©
S
@ h)s h
h=20



eggs hatch,

larvae feed
genotype-dependent
poisoning
cannibalism

v (in version of Sec. 4) v

overwintering of larvae

v y

emergence of adults

eggs laid
randomly

panmictic mating

immigration

0 Ck1

1<B




Ngrr; Nrs Nss

t t+ 1
t
New | B(2Nrr + Ngs)?
RR Jte1 4(Ngr + Ngs + Nss + i) ,
Noe B(1I (1 h)s(1 C))(2i + 2Nss + Nrs)(2Nrr + Ngs)
RSt 2(Nrr + Ngrs + Ngs + i) t
Neci B (1 S(l C)) (2| + 2Ngs + NR3)2
ssh 4(Nrr + Ngs + Ngs + i) ¢
i=20
Nrr + Nrs + Nss Q %
T Q t+ 1 t
Ti,y = B s C)@1 Q@+@ 2MQ)Tj Bf(Q)Tj,
: _ (1 s(I h@a C)1 Q)Q -
Ui T T @ oa oa+a g, KW
f(1)=1 T
B 0=1 (1 s C)B
Q=0
Q

shC [s;C] = [1;0] g



9(Q) > Q Q

_ st _C) .
00 = 1+ h =y

h>0s>0 C<1
h
Q=0
1 s(1 C)B

1 C©O)s
s)(1 C)

( Dec=o -1
( 1)c (1




N Ngs N
NRr NRs Nss e

B(2nrr + Nrs)?

NRR J1+1 4(Nrr + NRs + Nss + 1)
NRsi _ B@ @ hs@ C))(@2+ 2nss + nrs)(2Nrr + Nrs)
RS 2(Ngr *+ Nrs + Nss + 1) t
neci _ B (1 S(l C)) (2 + 2Ngg + nRS)Z
ssha = 4(nrr + NRrs + Nss + 1) t
i>0
i
Q
T
NR  Nrr + %nRs Ns nNsst+ %nRs
nr Ns
_—_— st hI Cs+1)
Nrjj,y = B 1 —— nRt,
. _ s C)(X h)ng+ng+ 1)
nNsjp,, = B 1 —— (ns + 1)t
frj, =

nRjt nSjt+1 = nSjtg

B(1 s(1 C)
1 B(1 s Q)

nr = 0; ns =

@ hBs@E M1 C) B 1)

R B 1(Bs(L h2l C) (B8 D1 2n)’

B(L h) (B 1h Bs(d h)?@1 C)

ns (BsL h21 C) (B D@ 2h)

B shC

B(1 s+ sC) B(1 s+sth+ (1 h)QC)):



B>1

B(1 s)

B(1

B(1

s(1 h))

nRjt+l

Nsjitq

s(1 h));

ng
ng+1

R = 0

Bngr

0:3



(@C=0 (b)C=0.3

3i - 3i1

A)/ 1
O T T T O T T
i i 3i

0 i N, 2 3 0 i N, 2

B=2s=1h= 3210
Ngr inr Ns ins

Ngr:
C s h
C
C>0 s<1 Ns
C
F (1 s@ hy.

s h)



Ns

15— . . 4
0) y;
L
total e
pop.
dens. 101 '//
et g
F=~polymorphic saddle
0.54
monomorphic (SS) equil.
00 0 01 C 02 03
1 i i :
(i)
10 Bl
larger
eigen-
values
0.54
%o 01 02 03
1! e C
(I | I) components of polymorphic saddl e
/
104
pop.
dens.
054
0.0




@ (b)
: 17

B=6 !
1/B- transcritical locus (Eq. 12) B=17/16 i
all-SS equilibrium inoeq.
unstable :
h
al-SS equilibrium
locally stable L
Ob c 1B 1
h s=
1 -8 (@ s)_ 1 - - — 5 (@ s _ 1
C>§ h—Bs —Bg cC=0 h=0 C—E’S =
B
B
g (s
h > Bf
cC=0
h < w C s 1 B>>1
1
C — h:
B
cC>cC
C<cC



1=(1+ an®)

a

n



i:O:z

s=1
10 | |
(i)
total °° |
pop.
dens.
0.6 |
0.4 |
0.2 |
o4 C 06 o i
(ii)
\\
larger A
eigen- \‘
values |
02 04 c 08 " )
s=1h=0



s = 0:99

0:4



10 . . . .
tota
. o8 L
population
density I
0.4 L
(a) h=0.018 (c) h=0.1
0.21 L
%o ) 06 08 10 06 08 10
20 . . . . 1 1
I
\ 3
larqer 15] v Ty Foo1sfy I 1sd
: g / \ ’—\‘ N PO
eigenvalues ’ AL 3 R
10 10 10
051 b o5 b 05
%% 02 04 C 06 08 0 "% 02 04 C 06 08 T °%o 02 04 C 06 08 10
10 . . 10 . 1 10 .
tOta| ] 0] o 0.8 r 0.84
population
density o L o6 L o6
0.44 0449 - 0.44 4/
(d) h=0.15 (€) h=0.25 ¢ (=05
o2d { b 02 L 02 o
% 06 08 7o °%o upofz 04 06 08 To %0 y 06 08 10
20 . f 25 . . . . . . . .
34
204 L
154 L
larger
eigenvalues R 51 [ 2
10
10 -
1
054 L
051 L
%o 02 04 C 06 08 0 %o 02 04 C 06 08 10 o 02 04 C 06 08 10
C
h
m = 0:0002

s=1B=6

i = 0:002



Ch

1=B 0:17



i / Fig. 7f |5
all-SS equilibrium unstable// i ';‘
Fig. 7e— '
17 ' — saddle-node locus -.2
B | ’ Fig. 7d—]
. Fig. 7c—- .1
RF=10%2 -
| Fig. 70| .05
R*=10"73 -.04
| -.03
R*:10—35
| Fig. 7a— "2
transcritical of Sec. 3.3 (Eq. 7)
I : I I 01
0.0 10.2 0.4 0.6 0.8 1.0
B C
C:h
s=1B=6i=:002
h=0 C 1=B C
C h
R
R =104

0:2



0.001
(a) 08— | - (b) (©
14— 01 ‘ ‘ ‘ ‘ 1
A 4 abl
|
Ngy i ‘,L;—/"_i nS::girg‘;enspeace Ns
4 4 F &>
% R oom T
0 — -
0 0.03 A
0o > i 0 0 1 20 ‘
Ng Ng N
s=1h=005B-=6 i = 0:002
C=0
C = 0:166766
C = 042
m = :0002

ngr




nr

R R C:h
R =10* m = :0002
h
R
R
1l
C =02 C 1l @ s "r i
C
R 103:5
R 102 C
C
h=10 4
m=:002 R =103
R C h R



10

02{ %

0.0 T
20

1.54
larger
elgen-

gen 10
values

0.51

0.0 T T T T
0.0 0.2 0.4 C 0.6 0.8 10

h=00001s=1B=6i= 0002

|~

m = 0:002



2b

Ngrr; NRrs

Nss

N[



Nrs + Nss

Er

Es

Err

Ers

Ess

a

=
0

N

C)

2b

1 1 1
= N + —wN =B N + =N
5 WNRR 2W RS RR 5 RS

1 1 ) 1
2b > (WNss + 1) + EWNRS =B (Nss+i)+ ENRS
bw i=l=w
_ Ngrr + $NRs _
R Ngr + Nrs + Ngg + i’
(Nss + i) + $Ngs
s = 1 gr= o
Nrr + Nrs + Nss + i
Ngr + $Ngs 2
ER R = -
Nrr + Nrs + Ngs + i
Nss+ i)+ IN Nrr + SN
En s+ Es g = 2B (Nss + i)+ 5Ngs RR * 5NRs .
Nrr + Nrs + Nsg + i
E _ (Nss + i) + 3Ngs 2
s s Nrr + Nrs + Ngs + i’
cC:1 ©
@ s 1 (1 h)s
t+1
Nrrjis1 = Err
Nrsji;1 = CErs+(1 C)1 (1 h)s)Ers
Nssjsq = CEss+ (1 C)A s)Ess
Nrr  Npr N
i
NrR  Ngrr + %nRs Ns nNss+ %nRs
Nr + Ns NRRr +
NRR 2ns  2nss NRs Nss



(1 B(1 s(I h@a c))?

RR = SB D@ C)(B 1+20 h) 2B h)+Bs@ h21 <)
2(1 sl b C)( B@ s@ ha C))
RS = S@ ©)(B 1+2@ h) 2B h+Bsd h3ZL Q)
(B 1)1 s Q)
Nss =

ST C)(B 1+2 h) 281 h)+Bs h2I <)’

S_h)L_ONs -

N (P t

s(1 C)(1 h)Ng+ Ns)

j = N
Nel = B 1 Ngr + Ns ° t
Tjt+1 = (NR + NS)jt+1
. Ngr

QJt+1 =

Ngr + Ns ;3

QT  Nr 1 QT Ns

NRR NRS NSS



e ERS)

Nss = C(1 e Fs)
Ngs = (C Ngg)(1 e Ers)=cCe Fs5(1
NRR = (C NSS NRS)(l e Err ) = Ce ESSe Ers (1 e ERR)

Err g (L S(L h)Ers (1

0 1

Ner = (1 C)1 e Ew)
Nres = (1 C) Ngr)1 e (1 s h))ERS):(l Cle Ex (1 e (L s h))ERS)
Nss = (1 C) Ngr Ngg)l e @ ®Fss)=(1 Ce
NRRjt+l = NRR + NRR
Nrsjie1 = Ngs * Ngs
Nssjisp = Nss+ Nsg
Ngrs Nss
L N
F
PrfF

1 L
= L_N% c EF!S(N;F);

e @ S)Ess)

NRrr



S(N;F)

Var[F]=LQ1

Var[f] 3, =

E

E[f]

nL —

-— 1 .
Fl=L LA E)N,

1 2
L@ =) L e =N
@ o™ Le na )
n
1
e =1 (1 E)Ln;
1Ln 12Ln 1 2|_n
— 1 — 1 )1 -—
I_) ( I_) ( I_)( I_)
m1 =1 e";
2 e 1 nl
n;L e2n E

n;L n L > 2500

M












