
Appendix D Projection matrix

See figure on next page.

1



n 1 n 2 n 3 n 4 n 5 n 6 n 7 n 8

⎛ ⎝⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜

⎞ ⎠⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ t=

0
0

s 3
,t

(
)f
n
1−

φ (
t)

(
)

0
0

s 6
,t

(
)f
c
1−

v
(

)1
−
φ (

t)
(

)
s 7

,t
(

)f
p
1−

ψ
(

)1
−
φ (

t)
(

)+
(

ψ
1−

v
(

)1
−
φ (

t)
(

) )
0

s 1
,t (
)
1−

m
(

)1
−
φ (

t)
(

)
0

0
0

0
0

0
0

0
s 2

,t
(

)
1−

φ (
t)

(
)

s 3
,t

(
)
1−

φ (
t)

(
)

0
0

0
0

0

0
0

s 3
,t

(
)f
nφ
(t
)

0
0

s 6
,t

(
)f
c
v+

φ (
t)
−
vφ

(t
)

(
)

s 7
,t

(
)ψ
f p
v+

φ (
t)
−
vφ

(t
)

(
)+

1−
ψ

(
)φ (

t)

0

s 1
,t (
)φ (

t)
1−

m
(

)
0

0
s 4

,t
(

)
1−

m
(

)
0

0
0

0

0
s 2

,t
(

)φ (
t)

s 3
,t

(
)φ (

t)
0

s 5
,t

(
)

0
0

0

0
0

0
0

0
s 6

,t
(

)
s 7

,t
(

)
0

s 1
,t (
)m

0
0

s 4
,t

(
)m

0
0

0
s 8

,t
(

)

⎛ ⎝⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜

⎞ ⎠⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟

n 1 n 2 n 3 n 4 n 5 n 6 n 7 n 8

⎛ ⎝⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜

⎞ ⎠⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ t−
1

F
ig

u
re

D
.1

:
M

o
d

el
of

b
ru

ce
ll
os

is
tr

an
sm

is
si

on
in

th
e

Y
el

lo
w

st
o
n

e
b

is
o
n

p
o
p
u
la

ti
o
n
.

E
le

m
en

ts
o
f

th
e

st
a
te

ve
ct

o
r
n
t

a
re

d
efi

n
ed

in
T

a
b
le

2
.

D
efi

n
it

io
n

s
of

p
ar

am
et

er
s

ar
e
f n

:
n
u
m

b
er

of
ju

ve
n
il
es

re
cr

u
it

ed
p

er
se

ro
n
eg

a
ti

ve
a
d

u
lt

fe
m

a
le

,
f p

:
n
u
m

b
er

o
f

ju
ve

n
il
es

re
cr

u
it

ed
p

er
se

ro
p

o
si

ti
ve

a
d

u
lt

fe
m

a
le

,
f c

:
n
u

m
b

er
of

ju
ve

n
il
es

re
cr

u
it

ed
p

er
se

ro
co

n
ve

rt
in

g
(i

n
fe

ct
io

u
s)

a
d

u
lt

fe
m

a
le

,
ψ

:
p
ro

p
o
rt

io
n

o
f

re
co

ve
re

d
p

o
p
u

la
ti

o
n

th
a
t

is
in

fe
ct

io
u
s,
v
:

p
ro

b
a
b
il
it

y
of

ve
rt

ic
al

tr
an

sm
is

si
on

,
φ
(t
)
:

p
ro

b
ab

il
it

y
th

at
a

su
sc

ep
ti

b
le

fe
m

a
le

b
ec

o
m

es
ex

p
o
se

d
d
u

ri
n
g
t
−

1
→

t,
a
n
d
m

:
p
ro

p
o
rt

io
n

o
f

ju
ve

n
il
es

su
rv

iv
in

g
to

b
ec

om
es

y
ea

rl
in

g
m

al
es

.
T

h
e

su
rv

iv
al

p
ro

b
ab

il
it

y
s (
i,
t)

re
fl
ec

ts
n
a
tu

ra
l

m
o
rt

a
li
ty

a
n
d

m
a
n

a
g
em

en
t

re
m

ov
a
ls

eq
u

a
ti

o
n

3
.

S
u

rv
iv

a
l

in
th

e
a
b

se
n
ce

o
f

re
m

ov
al

s
is
p
1

fo
r

ju
ve

n
il
es

,
p
2

fo
r

ye
ar

li
n
g

an
d

a
d

u
lt

fe
m

a
le

s,
a
n
d
p
3

a
n
d

fo
r

ye
a
rl

in
g

a
n

d
a
d
u
lt

m
a
le

s.
W

e
es

ti
m

a
te
φ
(t
)

a
t

ea
ch

ti
m

e
st

ep
u

si
n
g

eq
u
at

io
n

3
an

d
s (
i,
t)

u
si

n
g

eq
u

at
io

n
4

as
d
es

cr
ib

ed
in

th
e

te
x
t.

T
h
e

d
ep

en
d
en

ce
o
f
φ
(t
)

o
n
n

(t
)

m
ea

n
s

th
a
t

th
e

m
o
d
el

is
n
o
n
-l

in
ea

r.

2


