
maturity final.devs

0.000

0.001

0.002

0.003

0.004

0.005

0.006
no

nd
ec

re
as

in
g[

01
]

no
nd

ec
re

as
in

g[
02

]

pD
ev

sL
nC

[0
1]

pD
ev

sL
nC

[0
2]

pD
ev

sL
nC

[0
3]

pD
ev

sL
nC

[0
4]

pD
ev

sL
nC

[0
5]

pD
ev

sL
nC

[0
6]

pD
ev

sL
nC

[0
7]

pD
ev

sL
nC

[0
8]

pD
ev

sL
nC

[0
9]

pD
ev

sL
nC

[1
0]

pD
ev

sL
nC

[1
1]

pD
ev

sL
nR

[0
1]

sm
oo

th
ne

ss
[0

1]

sm
oo

th
ne

ss
[0

2]

no
nd

ec
re

as
in

g[
01

]

no
nd

ec
re

as
in

g[
02

]

pD
ev

sL
nC

[0
1]

pD
ev

sL
nC

[0
2]

pD
ev

sL
nC

[0
3]

pD
ev

sL
nC

[0
4]

pD
ev

sL
nC

[0
5]

pD
ev

sL
nC

[0
6]

pD
ev

sL
nC

[0
7]

pD
ev

sL
nC

[0
8]

pD
ev

sL
nC

[0
9]

pD
ev

sL
nC

[1
0]

pD
ev

sL
nC

[1
1]

pD
ev

sL
nR

[0
1]

sm
oo

th
ne

ss
[0

1]

sm
oo

th
ne

ss
[0

2]

Penalty

ob
je

ct
iv

e 
fu

nc
tio

n 
va

lu
e

rsimTest

Penalties



0

10

20

30

40

pD
ev

sL
nR

[0
1]

pL
gt

R
X

[0
1]

pL
nR

[0
1]

pL
nR

a[
01

]

pL
nR

b[
01

]

pL
nR

C
V

[0
1]

Parameter

ob
je

ct
iv

e 
fu

nc
tio

n 
va

lu
e

rsimTest

priors: recruitment



0

10

20

30

40
pL

nD
M

M
[0

1]

pL
nD

M
M

[0
2]

pL
nD

M
T

[0
1]

pL
nD

M
X

[0
1]

pL
nD

M
X

[0
2]

pL
nD

M
X

M
[0

1]

pL
nD

M
X

M
[0

2]

pL
nM

[0
1]

Parameter

ob
je

ct
iv

e 
fu

nc
tio

n 
va

lu
e

rsimTest

priors: natural mortality



0

10

20

30

40

pL
nG

rA
[0

1]

pL
nG

rA
[0

2]

pL
nG

rB
[0

1]

pL
nG

rB
[0

2]

pL
nG

rB
et

a[
01

]

Parameter

ob
je

ct
iv

e 
fu

nc
tio

n 
va

lu
e

rsimTest

priors: growth



0

10

20

30

40

pv
Lg

tP
rM

at
[0

1]

pv
Lg

tP
rM

at
[0

2]

Parameter

ob
je

ct
iv

e 
fu

nc
tio

n 
va

lu
e

rsimTest

priors: maturity



0

10

20

30

40

pS
1[

01
]

pS
1[

02
]

pS
1[

03
]

pS
1[

04
]

pS
1[

05
]

pS
1[

06
]

pS
1[

07
]

pS
1[

08
]

pS
1[

09
]

pS
1[

10
]

pS
1[

11
]

pS
1[

12
]

pS
1[

13
]

pS
1[

14
]

pS
1[

15
]

pS
1[

16
]

pS
1[

17
]

pS
1[

18
]

pS
1[

19
]

pS
1[

20
]

pS
1[

21
]

pS
1[

22
]

pS
1[

23
]

pS
1[

24
]

pS
1[

25
]

pS
1[

26
]

pS
2[

01
]

pS
2[

02
]

pS
2[

03
]

pS
2[

04
]

pS
2[

05
]

pS
2[

06
]

pS
2[

07
]

pS
2[

08
]

pS
2[

09
]

pS
2[

10
]

pS
2[

11
]

pS
2[

12
]

pS
2[

13
]

pS
2[

14
]

pS
2[

15
]

pS
2[

16
]

pS
2[

17
]

pS
2[

18
]

pS
2[

19
]

pS
2[

20
]

pS
2[

21
]

pS
2[

22
]

pS
2[

23
]

pS
2[

24
]

pS
2[

25
]

pS
2[

26
]

pS
3[

01
]

pS
3[

02
]

pS
3[

03
]

pS
4[

01
]

pS
4[

02
]

pS
4[

03
]

Parameter

ob
je

ct
iv

e 
fu

nc
tio

n 
va

lu
e

rsimTest

priors: selectivity functions



0

10

20

30

40

pD
ev

sL
nC

[0
1]

pD
ev

sL
nC

[0
2]

pD
ev

sL
nC

[0
3]

pD
ev

sL
nC

[0
4]

pD
ev

sL
nC

[0
5]

pD
ev

sL
nC

[0
6]

pD
ev

sL
nC

[0
7]

pD
ev

sL
nC

[0
8]

pD
ev

sL
nC

[0
9]

pD
ev

sL
nC

[1
0]

pD
ev

sL
nC

[1
1]

pL
nC

[0
1]

pL
nC

[0
2]

pL
nC

[0
3]

pL
nC

[0
4]

pL
nC

[0
5]

pL
nC

[0
6]

pL
nC

[0
7]

pL
nC

[0
8]

pL
nC

[0
9]

pL
nC

[1
0]

pL
nC

[1
1]

Parameter

ob
je

ct
iv

e 
fu

nc
tio

n 
va

lu
e

rsimTest

priors: fisheries



0

10

20

30

40

pL
nD

Q
X

[0
1]

pL
nD

Q
X

[0
2]

pL
nQ

[0
1]

Parameter

ob
je

ct
iv

e 
fu

nc
tio

n 
va

lu
e

rsimTest

priors: surveys



abundance biomass n.at.z

0.0

0.3

0.6

0.9

0.0

0.3

0.6

0.9

fem
ale

m
ale

GTF

NMFS tra
wl survey

RKF
SCF TCF

GTF

NMFS tra
wl survey

RKF
SCF TCF

GTF

NMFS tra
wl survey

RKF
SCF TCF

Data Source

ob
je

ct
iv

e 
fu

nc
tio

n 
va

lu
e

Category

all mss, all scs

all mss, new shell

all mss, old shell

immature, new shell

immature, old shell

mature, new shell

mature, old shell

Model

rsimTest

Data Components: total catch



abundance biomass n.at.z

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

fem
ale

m
ale

TCF TCF TCF

Data Source

ob
je

ct
iv

e 
fu

nc
tio

n 
va

lu
e

Category

all mss, new shell

all mss, old shell

Model

rsimTest

Data Components: discard catch



abundance biomass n.at.z

0.00

0.03

0.06

0.09

0.00

0.03

0.06

0.09

fem
ale

m
ale

TCF TCF TCF

Data Source

ob
je

ct
iv

e 
fu

nc
tio

n 
va

lu
e

Category

all mss, new shell

all mss, old shell

Model

rsimTest

Data Components: retained catch



female male

0.0

0.1

0.2

0.3

0.4

0.0

0.1

0.2

0.3

0.4

1950−
1979;1985−

2013
1980−

1984

immature mature immature mature
maturity

na
tu

ra
l m

or
ta

lit
y

model

rsim

tcsam



female male

50

100

150

50

100

150

rsim
tcsam

1950−
2013

1950−
2013

50 100 150 50 100 150
pre−molt size (mm CW)

po
st

−
m

ol
t s

iz
e 

(m
m

 C
W

) ●

●

●
●

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00



female male

● ● ●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

● ● ● ● ● ● ● ● ●

0.00

0.25

0.50

0.75

1.00

1950−
2013

50 100 150 50 100 150
size (mm CW)

pr
(m

ol
t−

to
−

m
at

ur
ity

)

● rsim

tcsam



●

●

●

●

●

●

●

●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●0.0

0.1

0.2

0.3

1950−
2013

50 100 150
size (mm CW)

R
ec

ru
itm

en
t s

iz
e 

di
st

rib
ut

io
n 

(m
ill

io
ns

)

● rsim

tcsam



0.0

0.1

0.2

0.3

0.4

0.5

1950−2013
year block

se
x 

ra
tio model

rsim

tcsam



female male

●

●
●

●

●

●

●

●

●

●

●

●
●

●
●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ●
●

●
●

●
●

● ● ● ●
●

●
●

●
●

● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●

●

●

●

●

●

●

●

●
●

●
●

●
●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
●

● ● ● ● ● ● ● ● ● ● ● ●

●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

0

5

10

15

0

5

10

15

0

5

10

15

im
m

ature
m

ature
m

ature
new

 shell
new

 shell
old shell

50 100 150 50 100 150
size (mm CW)

In
iti

al
 s

iz
e 

di
st

rib
ut

io
n 

(m
ill

io
ns

)

Model
Case

●
●

rsim

tcsam



●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

50

100

150

1960 1980 2000
year

R
ec

ru
itm

en
t (

m
ill

io
ns

)

model

●

●

rsim

tcsam

● rsim

tcsam



●

●

●

●

●

●

●

●

●
●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

3.0

3.5

4.0

4.5

5.0

1960 1980 2000
year

R
ec

ru
itm

en
t (

m
ill

io
ns

, l
n−

sc
al

e)

model

●

●

rsim

tcsam

● rsim

tcsam



● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ●

● ● ● ● ● ● ●
●

●
●

●
● ● ● ●

●
● ● ● ●

●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ●

●

●

●
●

●
●

● ● ●

●

●

●

● ●
●

●
●

●

●
●

● ●

●
●

● ●

●
● ●

● ● ●
●

●
●

●
●

●

● ● ●

●

●

●

●

●

●
●

●

●

●

● ●

●

●

●
●

●

0

10

20

30

40

50

0

10

20

30

40

50

fem
ale

m
ale

1960 1980 2000
year

M
at

ur
e 

B
io

m
as

s 
(1

00
0'

s 
t)

model

●

●

rsim

tcsam

● rsim

tcsam



● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
●

●
●

● ●
●

●
●

●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●
●

●

● ● ● ●
●

●

●

●
●

●
●

● ● ● ● ●

●
●

● ●
●

● ● ●

● ● ●

● ●

●

●
●

●

●

● ●

●

●

●

● ● ●
●

●

●
●

● ●

●

●

●

●
● ●

● ●

●

●

●
●

●

●

●

●

●

0

20

40

60

0

20

40

60

fem
ale

m
ale

1960 1980 2000
year

P
op

ul
at

io
n 

B
io

m
as

s 
(1

00
0'

s 
t)

● rsim

tcsam



● ●

●
●

●

●

●

●

● ● ● ●

●

●
●

●

●

●
●

●
●

● ●

●

●
●

●

●

● ● ●

●

● ●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●
●

●

●

● ●

●
●

●

●

●

●

● ● ● ●

●

●
●

●

●

● ●

●

●

● ●

●

●

●

●

●

●

● ●

●

● ●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●
●

●

●

●
●

●

●

0

50

100

150

200

250

0

50

100

150

200

250

fem
ale

m
ale

1960 1980 2000
year

P
op

ul
at

io
n 

A
bu

nd
an

ce
 (

m
ill

io
ns

)

● rsim

tcsam



female male

50

100

150

50

100

150

rsim
tcsam

1960 1980 2000 1960 1980 2000
year

si
ze

 (
m

m
 C

W
)

millions

●

●

●

0

10

20

30

0

10

20

30



●
●

●
●

●
●

●
●

●
●

●
●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ●
●

●
●

●
●

●
●

●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●
●

●
●

●
●

●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
●

●

●

●

●

●
● ● ● ● ● ●

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

01
02

03
04

05

50 100 150
size (mm CW)

S
el

ec
tiv

ity

● rsim

tcsam



● ● ● ● ● ● ● ● ● ● ● ● ● ●
●

●

●

●

●

●
● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
●

●

●

●

●

●
● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
●

●

●

●

●

●
● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ●
●

●

●

●

●

●
● ● ●

●

●

●

●

●

●
● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ●
●

●

●

●

●

●
● ● ●

●

●

●

●

●

●
● ● ● ● ● ● ●

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

06
07

08
09

10

50 100 150
size (mm CW)

S
el

ec
tiv

ity

● rsim

tcsam



● ● ● ● ● ● ● ● ● ● ● ●
●

●

●

●

●

●
● ● ●

●

●

●

●

●

●
● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ●
●

●
●

●
●

●
●

●
●

●
●

●
● ● ● ● ● ● ● ● ●

● ● ● ● ● ●
●

●

●

●

●

●

●
●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ●
●

●

●

●

●

●

●
●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
●

●
●

●

●

●

●

●
●

●
● ●

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

11
12

13
14

15

50 100 150
size (mm CW)

S
el

ec
tiv

ity

● rsim

tcsam



● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
●

●
●

●

●

●

●

●
●

●
● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
●

●
●

●

●

●

●

●
●

●
● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
●

●

●

●

●

●
● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ●
●

●

●

●

●

●
● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
●

●

●

●

●

●
● ● ●

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

16
17

18
19

20

50 100 150
size (mm CW)

S
el

ec
tiv

ity

● rsim

tcsam



●
●

●
●

●

●

●

●

●
●

●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ●
●

●
●

●
●

●
●

●
●

●
●

●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ●
●

●
●

●

●

●

●

●
●

●
● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ●
●

●
●

●
●

●
●

●
●

●
●

●
● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
●

●
●

●
●

●
●

●
●

●
●

●
●

●

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

21
22

23
24

25

50 100 150
size (mm CW)

S
el

ec
tiv

ity

● rsim

tcsam



● ● ● ● ● ● ● ● ● ● ● ● ● ●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

0.00

0.25

0.50

0.75

1.00

26

50 100 150
size (mm CW)

S
el

ec
tiv

ity

● rsim

tcsam



● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

0.3

0.4

0.5

0.6

0.7

0.8

1960 1980 2000
year

ra
tio

 [d
is

ca
rd

 m
or

ta
lit

y 
(b

io
m

as
s)

 : 
di

sc
ar

d 
bi

om
as

s]

model

● rsim

tcsam

fishery

●

●

●

●

GTF

RKF

SCF

TCF

gmacs−style Handling Mortality Consistency Check



female male

●

●

●

●
●

●

●

●

●

●

●

●

●

●

● ● ●

●

●

●
●

●
●

●

●

●

●

●

●

●

●
● ●

●

●

●

●
●

●

● ●
●

●
●

●
●

●
●

●

●

● ● ●

●

●
● ●

● ●

●
● ●

● ●

●
●

● ● ●
●

●
●

●
●

●

● ●
●

●
●

●
●

●
●

●

●

● ● ●

●

●
● ●

● ●

●
● ●

● ●

●
●

● ● ●
●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

● ● ●

●

●

●
●

●
●

●

●

●

●

●

●

●

●
● ●

●

●

●

●
●

●
● ●

●

●
●

●
●

●
●

●

●

● ● ●

●

●
●

●
● ●

●
● ● ● ●

●
● ● ● ● ●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

● ● ●

●

●

●
●

●
●

●

●

●

●

●

●

●

●
● ●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

● ● ●

●

●

●
●

●
●

●

●

●

●

●

●

●

●
● ●

●

●

●

0.2

0.4

0.6

0.2

0.4

0.6

0.2

0.4

0.6

0.2

0.4

0.6

capture
discard m

ortality
retention m

ortality
total m

ortality

1960 1980 2000 1960 1980 2000
year

fu
lly

−
se

le
ct

ed
 fi

sh
in

g 
ra

te

model type

● rsim

tcsam

model

●
●

rsim

tcsam

TCF



female male

●

●

●

●
●

●

●

●

●

●

●

●

●

●

● ● ●

●

●

●
●

●
●

●

●
●

●
●

●

●

● ● ●

●

●

●

●
●

●
● ●

●

● ●

●
●

●
●

●

●

● ● ●

●

●
● ●

● ●

●
● ●

● ●
●

● ● ● ●
●

●
●

●
●

●
● ●

●

● ●

●
●

●
●

●

●

● ● ●

●

●
● ●

● ●

●
● ●

● ●
●

● ● ● ●
●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

● ● ●

●

●

●

●

●
●

●

●
●

●
●

●

●
● ● ●

●

●

●

● ● ● ● ● ●
● ●

● ● ● ● ●
●

● ● ●

●

● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●

●
●

●
●

●

●
●

●

●

●

●

●

●

● ● ●

●

●

●
●

●
●

●

●
●

●
●

●

●
● ● ●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

● ● ●

●

●

●

●

●
●

●

●
●

●
●

●

●
● ● ●

●

●

●

0.0

0.1

0.2

0.3

0.0

0.1

0.2

0.3

0.0

0.1

0.2

0.3

0.0

0.1

0.2

0.3

capture
discard m

ortality
retention m

ortality
total m

ortality

1960 1980 2000 1960 1980 2000
year

si
ze

−
av

er
ag

ed
 fi

sh
in

g 
ra

te

model type

● rsim

tcsam

model

●
●

rsim

tcsam

TCF



female male

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
● ●

●

● ●
●

●

●

●

●

●

●

●

●

●

●

●
● ● ●

●
●

●

●

●
●

● ●
● ●

●
●

●
●

● ● ● ● ●
● ● ●

●

●
● ●

●

●

●

●

●

●

●
● ● ●

●
●

●

●

●
●

● ●
● ●

●
●

●
●

● ● ● ● ●
● ● ●

●

●
● ●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
● ●

●

● ●
●

●

●

●

●

●

●

●

●

●

●

●
● ● ●

●
●

●

●

●
●

● ●
● ●

●
●

●
●

● ● ● ● ●
● ● ●

●

●
● ●

●

●

●

●

●

●

●
● ● ●

●
●

●

●

●
●

● ●
● ●

●
●

●
●

● ● ● ● ●
● ● ●

●

●
● ●

0.1

0.2

0.3

0.1

0.2

0.3

0.1

0.2

0.3

0.1

0.2

0.3

capture
discard m

ortality
retention m

ortality
total m

ortality

1960 1980 2000 1960 1980 2000
year

fu
lly

−
se

le
ct

ed
 fi

sh
in

g 
ra

te

model type

● rsim

tcsam

model

●
●

rsim

tcsam

SCF



female male

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
● ●

●

● ●
●

●

●

●

●

●

●

●

●

●

●

●
● ● ●

●
●

●

●

●
●

● ●
●

●

●

●
●

●
●

● ● ●
●

● ● ●

●

●

●
●

●

●

●

●

●

●

●
● ● ●

●
●

●

●

●
●

● ●
●

●

●

●
●

●
●

● ● ●
●

● ● ●

●

●

●
●

●

●

●

●

●

●

●

●
● ●

●
●

●

●

●

●

●
●

●
●

●

●

●
●

●
● ● ●

●
● ● ●

●

●

●
●

●
●

●

●
●

●

●
● ● ●

● ●

●

●
●

● ● ● ● ●
●

● ● ● ● ● ● ● ● ● ● ●
●

●
● ●

●
●

●

●
●

●

●
● ● ●

● ●

●

●
●

● ● ● ● ●
●

● ● ● ● ● ● ● ● ● ● ●
●

●
● ●

0.00

0.05

0.10

0.00

0.05

0.10

0.00

0.05

0.10

0.00

0.05

0.10

capture
discard m

ortality
retention m

ortality
total m

ortality

1960 1980 2000 1960 1980 2000
year

si
ze

−
av

er
ag

ed
 fi

sh
in

g 
ra

te

model type

● rsim

tcsam

model

●
●

rsim

tcsam

SCF



female male

●

●

●

● ●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

● ● ● ● ● ●
● ●

●

●
●

●
● ● ●

●

●

●

●
●

●

●

●

●

●
●

● ●
●

● ●
●

● ● ● ● ● ● ● ● ●

●
●

●
● ● ●

●

●

●

●
●

●

●

●

●

●
●

● ●
●

● ●
●

● ● ● ● ● ● ● ● ●

●

●

●

● ●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

● ● ● ● ● ●
● ●

●

●
●

●
● ● ●

●

●

●

●
●

●

●

●

●

●
●

● ●
●

● ●
●

● ● ● ● ● ● ● ● ●

●
●

●
● ● ●

●

●

●

●
●

●

●

●

●

●
●

● ●
●

● ●
●

● ● ● ● ● ● ● ● ●

0.00

0.05

0.10

0.15

0.00

0.05

0.10

0.15

0.00

0.05

0.10

0.15

0.00

0.05

0.10

0.15

capture
discard m

ortality
retention m

ortality
total m

ortality

1960 1980 2000 1960 1980 2000
year

fu
lly

−
se

le
ct

ed
 fi

sh
in

g 
ra

te

model type

● rsim

tcsam

model

●
●

rsim

tcsam

RKF



female male

●

●

●

● ●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ● ● ● ● ● ● ●
●

●
● ●

● ● ●
●

●

●

●
●

●

●

●

●

●

●

●
●

●

●
●

●

● ● ● ● ● ● ● ● ●

●
● ●

● ● ●
●

●

●

●
●

●

●

●

●

●

●

●
●

●

●
●

●

● ● ● ● ● ● ● ● ●

●

●

●

● ●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

● ● ● ● ● ●
● ●

●

●
●

●
● ● ●

●

●

●

●
●

●

●

●

●

●
●

● ●
●

●
●

●

● ● ● ● ● ● ● ● ●

●
●

●
● ● ●

●

●

●

●
●

●

●

●

●

●
●

● ●
●

●
●

●

● ● ● ● ● ● ● ● ●

0.00

0.01

0.02

0.03

0.04

0.00

0.01

0.02

0.03

0.04

0.00

0.01

0.02

0.03

0.04

0.00

0.01

0.02

0.03

0.04

capture
discard m

ortality
retention m

ortality
total m

ortality

1960 1980 2000 1960 1980 2000
year

si
ze

−
av

er
ag

ed
 fi

sh
in

g 
ra

te

model type

● rsim

tcsam

model

●
●

rsim

tcsam

RKF



female male

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

● ●

● ●
● ●

●

●
●

●

● ●

●

●
●

●
●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●
● ●

● ●
● ●

●

●
●

●
● ●

●

● ●

●
●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●
● ●

● ●
● ●

●

●
●

●
● ●

●

● ●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

● ●

● ●
● ●

●

●
●

●

● ●

●

●
●

●
●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●
● ●

● ●
● ●

●

●
●

●
● ●

●

● ●

●
●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●
● ●

● ●
● ●

●

●
●

●
● ●

●

● ●

●
●

●
●

0.1

0.2

0.3

0.1

0.2

0.3

0.1

0.2

0.3

0.1

0.2

0.3

capture
discard m

ortality
retention m

ortality
total m

ortality

1960 1980 2000 1960 1980 2000
year

fu
lly

−
se

le
ct

ed
 fi

sh
in

g 
ra

te

model type

● rsim

tcsam

model

●
●

rsim

tcsam

GTF



female male

●

●
●

●

●

●

●
●

●

●

●

●
●

●

●
● ●

●

●

●

●
● ● ●

● ● ● ● ●
● ●

● ● ● ●
● ● ● ● ● ●

●

● ●

●

●

●

●
●

●
●

●

●
●

●

● ● ●

●

●

●

●
● ● ●

● ● ● ● ●
● ●

● ● ● ●
● ● ● ● ● ●

●

● ●

●

●

●

●
●

●
●

●

●
●

●

● ● ●

●

●

●

●
● ● ●

● ● ● ● ●
● ●

● ● ● ●
● ● ● ● ● ●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●
● ●

● ● ● ●
●

●
●

●
● ●

●

● ●
●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●
● ●

●

●

●

●

●
● ●

● ● ● ●
●

●
●

●
● ●

●

● ●
● ● ● ●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●
● ●

●

●

●

●

●
● ●

● ● ● ●
●

●
●

●
● ●

●

● ●
● ● ● ●

0.00

0.05

0.10

0.15

0.20

0.25

0.00

0.05

0.10

0.15

0.20

0.25

0.00

0.05

0.10

0.15

0.20

0.25

0.00

0.05

0.10

0.15

0.20

0.25

capture
discard m

ortality
retention m

ortality
total m

ortality

1960 1980 2000 1960 1980 2000
year

si
ze

−
av

er
ag

ed
 fi

sh
in

g 
ra

te

model type

● rsim

tcsam

model

●
●

rsim

tcsam

GTF



●

●
●

●
●

●

●
●

● ●
●

●

●

●

●

●
●

● ●

●

●

●

●

●

●

●

●

●

●

●

● ●

●
●

●
● ●

●
●

●

● ●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
● ● ● ●

●
●

●

●
●

●

●

●

●

●
●

●

0.25

0.50

0.75

0.25

0.50

0.75

fem
ale

m
ale

1960 1980 2000
year

fu
lly

−
se

le
ct

ed
 to

ta
l f

is
hi

ng
 m

or
ta

lit
y 

ra
te

model type

● rsim

tcsam

model

●
●

rsim

tcsam

all fisheries



●

●
●

●
●

●

●
●

● ●
●

●

●

●

●

●
●

● ●

●

●

● ●

●
●

●

●

●

●

●

●
●

●

●
●

● ● ●
●

●

● ● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

● ●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
● ● ●

●

●
●

●

● ●

●

●

●

●

●
●

●

0.1

0.2

0.3

0.4

0.1

0.2

0.3

0.4

fem
ale

m
ale

1960 1980 2000
year

si
ze

−
av

er
ag

ed
 to

ta
l f

is
hi

ng
 m

or
ta

lit
y 

ra
te

model type

● rsim

tcsam

model

●
●

rsim

tcsam

all fisheries



female male

●
● ●

● ●
●

● ●
●

● ● ● ●

●

● ● ●
●

● ● ●
● ●

● ● ● ● ●
●

● ● ● ● ●
●

●

● ● ● ● ● ● ● ● ● ● ● ● ●
●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●
● ●

● ●
●

● ●
●

● ● ● ●

●

● ● ●
●

● ● ●
● ●

● ● ● ● ●
●

● ● ● ● ●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●
●

●

●
●

●

●

●

●
●

● ● ●

●

●

●

● ●

●

●

●

●
● ●

●
● ●

●
●

● ●
● ● ●

●

● ● ●
●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ●

●

●
●

●

●
●

●

●

●

●

●

●
●

●

● ● ●

●

● ●
●

● ●

● ● ● ● ●
●

●
● ● ●

●

●
●

●

●

●

●
●

●

●
●

●

●

●
●

●

●

● ● ●

●

● ● ●

●
●

●
●

● ● ●

●

●

●
● ●

●

●
●

0

5

10

0

5

10

0

5

10

0

5

10

captured
discard m

ortality
discarded

retained

1960 1980 2000 1960 1980 2000
year

fis
he

ry
 c

at
ch

 (
m

ill
io

ns
)

model type

● rsim

tcsam

model

●

●

rsim

tcsam

TCF



female male

●

●

●

●

●

●

●
●

●
●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●
●

●

●

●

●
●

●
● ● ● ● ● ●

●

●
●

●
● ●

●

●

●

●
●

●
●

● ●
●

●
● ● ●

●

●

● ●

●

●

●

●

●

●

●
●

●
●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

● ●

●

●

●

●

●
●

●
●

●
● ●

●

●
●

●

●

●

● ●

●

●

●

●
●

●

● ●
●

●
●

●

●

●

●

● ● ●
●

●
●

● ●
● ● ● ● ● ●

● ● ●

●

●

● ●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

● ●

●

●

●

●

●
●

●
●

●
● ●

●

●
●

●

●

●

● ●

0

2

4

6

0

2

4

6

0

2

4

6

0

2

4

6

captured
discard m

ortality
discarded

retained

1960 1980 2000 1960 1980 2000
year

fis
he

ry
 c

at
ch

 (
m

ill
io

ns
)

model type

● rsim

tcsam

model

●

●

rsim

tcsam

SCF



female male

● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●

●

●
●

●

●

●

●

● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●
●

● ●
●

● ●
●

● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●

●

●
●

●

●

●

●

● ● ● ● ● ● ● ● ●

●
●

●
●

● ●
●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

● ● ● ● ● ●
● ●

●

● ● ● ● ● ● ●
●

●

● ● ●

●

●

●

●

●
● ●

●

●
●

●

● ● ● ● ● ● ● ● ●

●
●

●
●

● ●
●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

● ● ● ● ● ●
● ●

●

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

captured
discard m

ortality
discarded

retained

1960 1980 2000 1960 1980 2000
year

fis
he

ry
 c

at
ch

 (
m

ill
io

ns
)

model type

● rsim

tcsam

model

●

●

rsim

tcsam

RKF



female male

●
● ●

●

●

●
● ● ● ● ●

● ●
● ● ● ●

●
●

●
●

● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ●
●

●

●
● ● ● ● ●

● ● ● ● ● ●
●

●
●

● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●
● ●

●

●

●
● ● ● ● ●

● ●
● ● ● ●

●
●

●
●

● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●

●

●

●

●

●

●

●

● ●

●

●
●

●

●

● ●

●

●

●

●

●
●

●

● ●
● ●

●

●
●

●
● ●

●

● ●
● ●

● ●

●

●

●

●

●

●

●

●

● ●

●

● ●

●

●
● ●

●

●

●

●

●
● ●

● ● ● ●
●

●
●

●
● ●

●

● ●
● ●

● ●

●

●

●

●

●

●

●

●

● ●

●

●
●

●

●

● ●

●

●

●

●

●
●

●

● ●
● ●

●

●
●

●
● ●

●

● ●
● ●

● ●

0

5

10

15

0

5

10

15

0

5

10

15

0

5

10

15

captured
discard m

ortality
discarded

retained

1960 1980 2000 1960 1980 2000
year

fis
he

ry
 c

at
ch

 (
m

ill
io

ns
)

model type

● rsim

tcsam

model

●

●

rsim

tcsam

GTF



female male

● ● ● ● ● ●
● ●

● ● ● ● ●
●

● ● ●
●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ●
● ●

● ● ● ● ●
●

● ● ●
●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ● ●

●

●
● ●

●

●

●
●

● ● ●

●

●

●

●
●

●

●

●

● ● ●
● ● ●

● ● ● ● ● ● ●
●

● ● ●
●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●

●
●

●
●

●

●
●

●
●

●
●

●

●

● ● ●

●

● ● ●
● ●

● ● ● ● ●
●

●
● ● ● ●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

● ● ●

●

● ● ●

●

●

●
●

● ●
●

●

●

●

● ●

●

●
●

0

5

10

0

5

10

0

5

10

0

5

10

captured
discard m

ortality
discarded

retained

1960 1980 2000 1960 1980 2000
year

fis
he

ry
 y

ie
ld

 (
10

00
's

 t) model type

● rsim

tcsam

model

●

●

rsim

tcsam

TCF



● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

0.3209995

0.3210000

0.3210005

0.3209995

0.3210000

0.3210005

fem
ale

m
ale

1960 1980 2000
year

di
sc

ar
d 

m
or

ta
lit

y/
to

ta
l d

is
ca

rd
s

model type

● rsim

tcsam

model

●

●

rsim

tcsam

TCF



female male

●

●

●

●

●

●

●
● ●

● ● ●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

● ●
●

●

●

●
●

●
●

●

●
●

●
● ● ● ● ● ●

●

●
● ●

● ● ●

●

●

●
●

●
●

● ● ●
●

● ● ●

●

●

● ●

●

●

●

●

●

●

●
● ●

● ● ●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

● ●
●

●

●

●
●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●
●

●

● ●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●
●

●

●

●

●
●

●

● ●
●

● ●
●

●

●

●
● ●

● ● ●

●
●

●
●

●
● ●

●
●

● ● ●

●

●

● ●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●
●

●

● ●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●
●

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

captured
discard m

ortality
discarded

retained

1960 1980 2000 1960 1980 2000
year

fis
he

ry
 y

ie
ld

 (
10

00
's

 t) model type

● rsim

tcsam

model

●

●

rsim

tcsam

SCF



● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

0.3209995

0.3210000

0.3210005

0.3210010

0.3209995

0.3210000

0.3210005

0.3210010

fem
ale

m
ale

1960 1980 2000
year

di
sc

ar
d 

m
or

ta
lit

y/
to

ta
l d

is
ca

rd
s

model type

● rsim

tcsam

model

●

●

rsim

tcsam

SCF



female male

● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●
●

● ●
●

● ●
●

● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●
●

● ●
●

● ●
●

● ● ● ● ● ● ● ● ●

●
●

●
●

● ●
●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

● ● ● ● ● ●
● ●

●

● ● ● ● ● ● ●
●

●

● ● ●

●

●

●

●

●
● ●

●

●
●

●

● ● ● ● ● ● ● ● ●

●
●

●
●

● ●
●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

● ● ● ● ● ●
● ●

●

0.0

0.5

1.0

1.5

2.0

2.5

0.0

0.5

1.0

1.5

2.0

2.5

0.0

0.5

1.0

1.5

2.0

2.5

0.0

0.5

1.0

1.5

2.0

2.5

captured
discard m

ortality
discarded

retained

1960 1980 2000 1960 1980 2000
year

fis
he

ry
 y

ie
ld

 (
10

00
's

 t) model type

● rsim

tcsam

model

●

●

rsim

tcsam

RKF



● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

0.3209990

0.3209995

0.3210000

0.3210005

0.3210010

0.3209990

0.3209995

0.3210000

0.3210005

0.3210010

fem
ale

m
ale

1960 1980 2000
year

di
sc

ar
d 

m
or

ta
lit

y/
to

ta
l d

is
ca

rd
s

model type

● rsim

tcsam

model

●

●

rsim

tcsam

RKF



female male

● ● ●
●

●

●
● ● ● ● ●

● ● ● ● ● ● ● ●
●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ●
●

●
●

● ● ● ● ●
● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ●
●

●

●
● ● ● ● ●

● ● ● ● ● ● ● ●
●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●

●

●

●

●

●

●

●

● ●

●

● ●

●

● ● ●

●

●

●

●

●

●
●

● ●

●
●

●

●

●

●

● ●

●

●
●

●
●

●
●

●

●

●

●

●

●

●

●

● ●

●

● ●

●

● ● ●

●

●

●

●

●
● ●

● ●
● ●

●

●

●

●

● ●
●

●
●

●
●

●
●

●

●

●

●

●

●

●

●

● ●

●

● ●

●

● ● ●

●

●

●

●

●

●
●

● ●

●
●

●

●

●

●

● ●

●

●
●

●
●

●
●

0

2

4

6

0

2

4

6

0

2

4

6

0

2

4

6

captured
discard m

ortality
discarded

retained

1960 1980 2000 1960 1980 2000
year

fis
he

ry
 y

ie
ld

 (
10

00
's

 t) model type

● rsim

tcsam

model

●

●

rsim

tcsam

GTF



● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

0.799998

0.799999

0.800000

0.800001

0.800002

0.799998

0.799999

0.800000

0.800001

0.800002

fem
ale

m
ale

1960 1980 2000
year

di
sc

ar
d 

m
or

ta
lit

y/
to

ta
l d

is
ca

rd
s

model type

● rsim

tcsam

model

●

●

rsim

tcsam

GTF



● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

0.7

0.8

0.9

1.0

0.7

0.8

0.9

1.0

fem
ale

m
ale

1960 1980 2000
year

fu
lly

−
se

le
ct

ed
 Q

model type

● rsim

tcsam

model

●

●

rsim

tcsam

NMFS trawl survey



● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

0.6

0.7

0.8

0.9

0.6

0.7

0.8

0.9

fem
ale

m
ale

1960 1980 2000
year

si
ze

−
av

er
ag

ed
 Q

model type

● rsim

tcsam

model

●

●

rsim

tcsam

NMFS trawl survey



female male

●
●

●
● ● ●

●

●
●

●

●

●
●

●

●

●

●

●

●

●
●

●

●
●

●
●

●

●
●

●

●

●

●
●

●

●

● ●

●

●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ●
●

●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ●

●
● ● ●

●
● ●

●

● ●
●

●

●

●

●
●

●

●
●

●

●
●

●
●

●

●
●

●

●
●

●
●

●

●

●

●

●

●

● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●

● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ●
● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ●

0

50

100

0

50

100

0

50

100

im
m

ature
m

ature
m

ature
new

 shell
new

 shell
old shell

1960 1980 2000 1960 1980 2000
year

su
rv

ey
 a

bu
nd

an
ce

 (
m

ill
io

ns
)

model type

● rsim

tcsam

model

●

●

rsim

tcsam

NMFS trawl survey



female male

● ● ● ● ● ● ●
● ● ● ●

● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●
●

● ●

● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●

● ● ● ● ● ●
● ●

●
● ● ● ● ●

●
● ● ● ●

●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ●

● ●
● ●

●
●

●
● ●

●

●
●

●
●

●

● ●

●
● ● ● ●

●
● ●

● ●
● ● ● ●

● ●
●

●

●

●

●

●
●

● ●

●

●
●

●
●

●
● ●

●

●

●
●

● ●

●

●
●

●
●

●
●

●

● ●

● ● ● ● ●
●

● ●

● ●

●

●

●

●
● ●

●
● ● ●

●
● ●

● ● ●
●

●
●

●
●

●

● ●
●

●

●

●

●

●

●
●

●

●

●

● ●

●

●

●
●

●

0

10

20

0

10

20

0

10

20

im
m

ature
m

ature
m

ature
new

 shell
new

 shell
old shell

1960 1980 2000 1960 1980 2000
year

su
rv

ey
 b

io
m

as
s 

(1
00

0'
s 

t)

model type

● rsim

tcsam

model

●

●

rsim

tcsam

NMFS trawl survey


