
pDevsLnR[1][01] pDevsLnR[1][02] pDevsLnR[1][03]

pDevsLnR[1][04] pDevsLnR[1][05] pDevsLnR[1][06]

pDevsLnR[1][07] pDevsLnR[1][08] pDevsLnR[1][09]

pDevsLnR[1][10] pDevsLnR[1][11] pLnR[1]

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

−10 −5 0 5 10 −10 −5 0 5 10 −10 −5 0 5 10

−10 −5 0 5 10 −10 −5 0 5 10 −10 −5 0 5 10

−10 −5 0 5 10 −10 −5 0 5 10 −10 −5 0 5 10

−10 −5 0 5 10 −10 −5 0 5 10 0.0 2.5 5.0 7.5 10.0
parameter value

case

tcsam



pDevsLnR[1][12] pDevsLnR[1][13] pDevsLnR[1][14]

pDevsLnR[1][15] pDevsLnR[1][16] pDevsLnR[1][17]

pDevsLnR[1][18] pDevsLnR[1][19] pDevsLnR[1][20]

pDevsLnR[1][21] pDevsLnR[1][22] pDevsLnR[1][23]

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

−10 −5 0 5 10 −10 −5 0 5 10 −10 −5 0 5 10

−10 −5 0 5 10 −10 −5 0 5 10 −10 −5 0 5 10

−10 −5 0 5 10 −10 −5 0 5 10 −10 −5 0 5 10

−10 −5 0 5 10 −10 −5 0 5 10 −10 −5 0 5 10
parameter value

case

tcsam



pDevsLnR[1][24] pDevsLnR[1][25] pDevsLnR[1][26]

pDevsLnR[1][27] pDevsLnR[1][28] pDevsLnR[1][29]

pDevsLnR[1][30] pDevsLnR[1][31] pDevsLnR[1][32]

pDevsLnR[1][33] pDevsLnR[1][34] pDevsLnR[1][35]

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

−10 −5 0 5 10 −10 −5 0 5 10 −10 −5 0 5 10

−10 −5 0 5 10 −10 −5 0 5 10 −10 −5 0 5 10

−10 −5 0 5 10 −10 −5 0 5 10 −10 −5 0 5 10

−10 −5 0 5 10 −10 −5 0 5 10 −10 −5 0 5 10
parameter value

case

tcsam



pDevsLnR[1][36] pDevsLnR[1][37] pDevsLnR[1][38]

pDevsLnR[1][39] pDevsLnR[1][40] pDevsLnR[1][41]

pDevsLnR[1][42] pDevsLnR[1][43] pDevsLnR[1][44]

pDevsLnR[1][45] pDevsLnR[1][46] pDevsLnR[1][47]

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

−10 −5 0 5 10 −10 −5 0 5 10 −10 −5 0 5 10

−10 −5 0 5 10 −10 −5 0 5 10 −10 −5 0 5 10

−10 −5 0 5 10 −10 −5 0 5 10 −10 −5 0 5 10

−10 −5 0 5 10 −10 −5 0 5 10 −10 −5 0 5 10
parameter value

case

tcsam



pDevsLnR[1][48] pDevsLnR[1][49] pDevsLnR[1][50]

pDevsLnR[1][51] pDevsLnR[1][52] pDevsLnR[1][53]

pDevsLnR[1][54] pDevsLnR[1][55] pDevsLnR[1][56]

pDevsLnR[1][57] pDevsLnR[1][58] pDevsLnR[1][59]

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

−10 −5 0 5 10 −10 −5 0 5 10 −10 −5 0 5 10

−10 −5 0 5 10 −10 −5 0 5 10 −10 −5 0 5 10

−10 −5 0 5 10 −10 −5 0 5 10 −10 −5 0 5 10

−10 −5 0 5 10 −10 −5 0 5 10 −10 −5 0 5 10
parameter value

case

tcsam



pDevsLnC[1][01] pDevsLnR[1][60] pDevsLnR[1][61]

pDevsLnR[1][62] pDevsLnR[1][63] pLnC[1]

pS1[1] pS1[2] pS1[3]

pS2[1] pS2[2] pS2[3]

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

−10 0 10 −10 −5 0 5 10 −10 −5 0 5 10

−10 −5 0 5 10 −10 −5 0 5 10 −4 −2 0 2

0 50 100 150 50 75 100 125 150 0 50 100 150

2 3 4 5 6 2 3 4 5 6 2 3 4 5 6
parameter value

case

tcsam



pDevsLnC[1][02] pDevsLnC[1][03] pDevsLnC[1][04]

pDevsLnC[1][05] pDevsLnC[1][06] pDevsLnC[1][07]

pDevsLnC[1][08] pDevsLnC[1][09] pDevsLnC[1][10]

pDevsLnC[1][11] pDevsLnC[1][12] pDevsLnC[1][13]

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

−10 0 10 −10 0 10 −10 0 10

−10 0 10 −10 0 10 −10 0 10

−10 0 10 −10 0 10 −10 0 10

−10 0 10 −10 0 10 −10 0 10
parameter value

case

tcsam



pDevsLnC[1][14] pDevsLnC[1][15] pDevsLnC[1][16]

pDevsLnC[1][17] pDevsLnC[1][18] pDevsLnC[1][19]

pDevsLnC[1][20] pDevsLnC[1][21] pDevsLnC[1][22]

pDevsLnC[1][23] pDevsLnC[1][24] pDevsLnC[1][25]

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

−10 0 10 −10 0 10 −10 0 10

−10 0 10 −10 0 10 −10 0 10

−10 0 10 −10 0 10 −10 0 10

−10 0 10 −10 0 10 −10 0 10
parameter value

case

tcsam



pDevsLnC[1][26] pDevsLnC[1][27] pDevsLnC[1][28]

pDevsLnC[1][29] pDevsLnC[1][30] pDevsLnC[1][31]

pDevsLnC[1][32] pDevsLnC[1][33] pDevsLnC[1][34]

pDevsLnC[1][35] pDevsLnC[1][36] pDevsLnC[1][37]

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

−10 0 10 −10 0 10 −10 0 10

−10 0 10 −10 0 10 −10 0 10

−10 0 10 −10 0 10 −10 0 10

−10 0 10 −10 0 10 −10 0 10
parameter value

case

tcsam



pDevsLnC[1][38]

0.00

0.25

0.50

0.75

1.00

−10 0 10
parameter value

case

tcsam



0 2 4 6 8 10

pLnR[1]



1950 1960 1970 1980 1990 2000 2010

−
10

−
5

0
5

10

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

● ●
● ● ● ● ●

●
● ●

● ● ● ● ● ●
●

● ● ●
● ● ● ● ● ● ●

● ●
● ● ● ● ● ●

●
● ● ● ●

●
● ● ● ● ●

●

●

PC 1 init
PC 1 final

pDevsLnR



0 5 10 15 20 25 30

−
10

−
5

0
5

10

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●

●

PC 1 init
PC 1 final
PC 2 init
PC 2 final

pLgtPrMat



0 50 100 150

pS1[1]

60 80 100 120 140

pS1[2]

0 50 100 150

pS1[3]

2 3 4 5 6

pS2[1]

2 3 4 5 6

pS2[2]

2 3 4 5 6

pS2[3]



−5 −4 −3 −2 −1 0 1 2

pLnC[1]



1970 1980 1990 2000 2010

−
15

−
5

0
5

10

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

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

● ● ●
● ●

●
● ● ● ● ● ●

●

●

PC 1 init
PC 1 final

pDevsLnC



maturity final.devs

0.00

0.01

0.02

0.03

0.04

0.05

0.06

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
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
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

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

pL
nM

[0
1]

Parameter

ob
je

ct
iv

e 
fu

nc
tio

n 
va

lu
e

rsimTest

priors: natural mortality



0

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

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

pS
1[

01
]

pS
1[

02
]

pS
1[

03
]

pS
2[

01
]

pS
2[

02
]

pS
2[

03
]

Parameter

ob
je

ct
iv

e 
fu

nc
tio

n 
va

lu
e

rsimTest

priors: selectivity functions



0

pD
ev

sL
nC

[0
1]

pL
nC

[0
1]

pL
nD

C
M

[0
1]

pL
nD

C
T

[0
1]

pL
nD

C
X

[0
1]

pL
nD

C
X

M
[0

1]

Parameter

ob
je

ct
iv

e 
fu

nc
tio

n 
va

lu
e

rsimTest

priors: fisheries



0

pL
nD

Q
M

[0
1]

pL
nD

Q
T

[0
1]

pL
nD

Q
X

[0
1]

pL
nD

Q
X

M
[0

1]

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

0.1

0.2

0.3

0.0

0.1

0.2

0.3

fem
ale

m
ale

NMFS tra
wl survey

TCF

NMFS tra
wl survey

TCF

NMFS tra
wl survey

TCF

Data Source

ob
je

ct
iv

e 
fu

nc
tio

n 
va

lu
e Category

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

0.01

0.02

0.03

0.04

all sexes

TCF TCF TCF

Data Source

ob
je

ct
iv

e 
fu

nc
tio

n 
va

lu
e

Category

all mss, all scs

Model

rsimTest

Data Components: retained catch



●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

male

female
0

30

60

90

0

30

60

90

1980 1990 2000 2010
y

S
ur

ve
y 

C
at

ch
 (

m
ill

io
ns

)

s

● new shell

old shell

m

●

●

immature

mature

NMFS trawl survey



●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

male

female

2

3

4

2

3

4

1980 1990 2000 2010
y

S
ur

ve
y 

C
at

ch
 (

m
ill

io
ns

) 
 [l

n−
sc

al
e]

s

● new shell

old shell

m

●

●

immature

mature

NMFS trawl survey



●
●

●● ●● ●●
●
●

●
●

●● ●
●

●
●

●
●

●● ●● ●
●

●
●

●● ●● ●● ●
●

●
● ●●

●
●

●
●

●
●

●● ●

●

●

●

●● ●● ●
●

●
●

●● ●●
●
●

●● ●

●

●

●

●

●
●● ●

●

●
●

●● ●● ●● ●● ●● ●● ●● ●●
●
●

●
●

●● ●● ●● ●● ●● ●● ●● ●● ●● ●●
●
●

●
●

●
●

●● ●● ●● ●● ●● ●● ●● ●
●

●
●

●
●

●● ●● ●● ●● ●● ●● ●●

male

female

0

20

40

60

0

20

40

60

1980 1990 2000 2010
y

S
ur

ve
y 

C
at

ch
 (

th
ou

sa
nd

s 
m

t)

s

● new shell

old shell

m

●

●

immature

mature

NMFS trawl survey



●
●

●
●

●● ●
●

●

●

●

●

●
●

●

●

●

●

●
●

●● ●● ●
●

●

●

●
● ●● ●●

●
●

●
●

●●

●
●

●
●

●
●

●● ●

●

●

●

●
● ●● ●

●

●
●

●● ●●
●

●

●● ●

●

●

●

●

●

●
●

●
●

●

●

●
●

●
●

●
● ●

● ●●
●●

●

●

●

●

●

●

●

●

●

●

●

●
●
● ●

●
●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●
● ●● ●

●
●
●

●
● ●●

male

female

0

1

2

3

4

0

1

2

3

4

1980 1990 2000 2010
y

S
ur

ve
y 

C
at

ch
 (

th
ou

sa
nd

s 
m

t)
  [

ln
−

sc
al

e]

s

● new shell

old shell

m

●

●

immature

mature

NMFS trawl survey



1975 1976

1977 1978

1979 1980

1981 1982

1983 1984

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

50 100 150 50 100 150
Size (mm)

pr
op

or
tio

n 

immature, new shell

mature, new shell

mature, old shell

Survey Catch: NMFS trawl survey: female



1985 1986

1987 1988

1989 1990

1991 1992

1993 1994

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

50 100 150 50 100 150
Size (mm)

pr
op

or
tio

n 

immature, new shell

mature, new shell

mature, old shell

Survey Catch: NMFS trawl survey: female



1995 1996

1997 1998

1999 2000

2001 2002

2003 2004

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

50 100 150 50 100 150
Size (mm)

pr
op

or
tio

n 

immature, new shell

mature, new shell

mature, old shell

Survey Catch: NMFS trawl survey: female



2005 2006

2007 2008

2009 2010

2011 2012

2013 2014

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

50 100 150 50 100 150
Size (mm)

pr
op

or
tio

n 

immature, new shell

mature, new shell

mature, old shell

Survey Catch: NMFS trawl survey: female



1975 1976

1977 1978

1979 1980

1981 1982

1983 1984

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

50 100 150 50 100 150
Size (mm)

pr
op

or
tio

n 

immature, new shell

mature, new shell

mature, old shell

Survey Catch: NMFS trawl survey: male



1985 1986

1987 1988

1989 1990

1991 1992

1993 1994

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

50 100 150 50 100 150
Size (mm)

pr
op

or
tio

n 

immature, new shell

mature, new shell

mature, old shell

Survey Catch: NMFS trawl survey: male



1995 1996

1997 1998

1999 2000

2001 2002

2003 2004

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

50 100 150 50 100 150
Size (mm)

pr
op

or
tio

n 

immature, new shell

mature, new shell

mature, old shell

Survey Catch: NMFS trawl survey: male



2005 2006

2007 2008

2009 2010

2011 2012

2013 2014

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

50 100 150 50 100 150
Size (mm)

pr
op

or
tio

n 

immature, new shell

mature, new shell

mature, old shell

Survey Catch: NMFS trawl survey: male



male female

0.000

0.005

0.010

0.015

0.020

50 100 150 50 100 150
Size (mm)

pr
op

or
tio

n 

immature, new shell

mature, new shell

mature, old shell

Survey Catch: NMFS trawl survey



●

●

●
●

●
● ●

●
●

●
● ●

● ● ●
● ●

● ● ●
● ● ● ●

● ●
●

● ● ●
● ●

●

●
●

●
●

● ●

male

all sex

0

5

10

15

20

25

0

5

10

15

20

25

1970 1980 1990 2000 2010
y

R
et

ai
ne

d 
C

at
ch

 (
m

ill
io

ns
)

s

● new shell

old shell

all shell

m

● all maturity

TCF



●

●

●

●

●

●

●

●

●

●

●

●

● ● ●

●
●

●

●

●

● ●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

● ●

male

all sex

0

1

2

3

0

1

2

3

1970 1980 1990 2000 2010
y

R
et

ai
ne

d 
C

at
ch

 (
m

ill
io

ns
) 

 [l
n−

sc
al

e]

s

● new shell

old shell

all shell

m

● all maturity

TCF



●

●

●
● ●

● ●
●

●
●

● ●
● ● ●

● ●
● ● ●

● ● ● ●
● ●

●
● ● ●

● ●
●

●
●

●
●

● ●

male

all sex

0

10

20

30

0

10

20

30

1970 1980 1990 2000 2010
y

R
et

ai
ne

d 
C

at
ch

 (
th

ou
sa

nd
s 

m
t)

s

● new shell

old shell

all shell

m

● all maturity

TCF



●

●

●

●

●

●

●

●

●

●

●

●

● ● ●

●
●

●

●
●

● ●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

● ●

male

all sex

0

1

2

3

0

1

2

3

1970 1980 1990 2000 2010
y

R
et

ai
ne

d 
C

at
ch

 (
th

ou
sa

nd
s 

m
t)

  [
ln

−
sc

al
e]

s

● new shell

old shell

all shell

m

● all maturity

TCF



1965 1966

1967 1968

1969 1970

1971 1972

1973 1974

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

50 100 150 50 100 150
Size (mm)

pr
op

or
tio

n 

all maturity, new shell

all maturity, old shell

Retained Catch: TCF: male



1975 1976

1977 1978

1979 1980

1981 1982

1983 1984

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

50 100 150 50 100 150
Size (mm)

pr
op

or
tio

n 

all maturity, new shell

all maturity, old shell

Retained Catch: TCF: male



1985 1986

1987 1988

1989 1990

1991 1992

1993 1994

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

50 100 150 50 100 150
Size (mm)

pr
op

or
tio

n 

all maturity, new shell

all maturity, old shell

Retained Catch: TCF: male



1995 1996

2004 2005

2006 2007

2008 2009

2013

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

50 100 150
Size (mm)

pr
op

or
tio

n 

all maturity, new shell

all maturity, old shell

Retained Catch: TCF: male



male

0.000

0.025

0.050

0.075

0.100

0.125

50 100 150
Size (mm)

pr
op

or
tio

n 

all maturity, new shell

all maturity, old shell

Retained Catch: TCF



●

●

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

● ● ●
● ●

●
●

●
● ● ● ●

●

●

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

● ● ●
● ●

●
●

●
● ● ● ●

●

●

●

● ●
●

●
●

● ●
● ●

● ● ●
●

● ● ●
●

● ●
● ● ●

● ●

● ● ●

● ●

●

●

●

● ● ● ●

male

female

all sex

0

25

50

75

100

125

0

25

50

75

100

125

0

25

50

75

100

125

1970 1980 1990 2000 2010
y

D
is

ca
rd

 C
at

ch
 (

m
ill

io
ns

)

s

● new shell

old shell

all shell

m

● all maturity

TCF



●

●

●

● ●

●

●

●

● ●
● ●

● ●
●

●

●
●

●

●

● ●

● ●
●

●
●

●

●
●

● ●

●

●

●
● ● ● ●

●

●

●

● ●

●

●

●

●
●

● ●
● ● ●

●

●
●

●

●

● ●

●
●

●
●

●

●

● ●

● ●

●

●

●
● ● ● ●

●

●

●

● ●

●

●

●

● ●
● ●

● ●
●

●

●
●

●

●

● ●

● ●
●

●
●

●

●
●

● ●

●

●

●
● ● ● ●

male

female

all sex

0

1

2

3

4

5

0

1

2

3

4

5

0

1

2

3

4

5

1970 1980 1990 2000 2010
y

D
is

ca
rd

 C
at

ch
 (

m
ill

io
ns

) 
 [l

n−
sc

al
e]

s

● new shell

old shell

all shell

m

● all maturity

TCF



●

●

●
● ●

● ● ●
● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ●
● ● ●

● ●
●

●
● ● ● ● ●

●

●
●

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

●

●

●

● ●
● ●

●
● ●

● ●
● ● ●

● ● ● ● ●
● ●

● ● ● ● ●

● ● ●
● ●

●

●
●

● ● ● ●

male

female

all sex

0

10

20

30

0

10

20

30

0

10

20

30

1970 1980 1990 2000 2010
y

D
is

ca
rd

 C
at

ch
 (

th
ou

sa
nd

s 
m

t)

s

● new shell

old shell

all shell

m

● all maturity

TCF



●

●

●

● ●

●
●

●

● ●
● ●

● ●
●

●

●
●

●

●

● ●

● ●
●

●
●

●

●
●

●
●

●

●

●
● ● ● ●

●

●

●

●
●

●
●

●

●
●

● ●
● ● ●

●

●

●
●

●

● ●
●

●
●

●
●

●

● ●

●
●

●

●

●
● ● ● ●

●

●

●

● ●

●
●

●

●
●

● ●

● ●
●

●

●
●

●

●

● ●

● ●
●

●
●

●

● ●

●
●

●

●

●
● ● ● ●

male

female

all sex

−1

0

1

2

3

−1

0

1

2

3

−1

0

1

2

3

1970 1980 1990 2000 2010
y

D
is

ca
rd

 C
at

ch
 (

th
ou

sa
nd

s 
m

t)
  [

ln
−

sc
al

e]

s

● new shell

old shell

all shell

m

● all maturity

TCF



1965 1966

1967 1968

1969 1970

1971 1972

1973 1974

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

50 100 150 50 100 150
Size (mm)

pr
op

or
tio

n 

all maturity, new shell

all maturity, old shell

Discard Catch: TCF: female



1975 1976

1977 1978

1979 1980

1981 1982

1983 1984

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

50 100 150 50 100 150
Size (mm)

pr
op

or
tio

n 

all maturity, new shell

all maturity, old shell

Discard Catch: TCF: female



1985 1986

1987 1988

1989 1990

1991 1992

1993 1994

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

50 100 150 50 100 150
Size (mm)

pr
op

or
tio

n 

all maturity, new shell

all maturity, old shell

Discard Catch: TCF: female



1995 1996

2004 2005

2006 2007

2008 2009

2013

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

50 100 150
Size (mm)

pr
op

or
tio

n 

all maturity, new shell

all maturity, old shell

Discard Catch: TCF: female



1965 1966

1967 1968

1969 1970

1971 1972

1973 1974

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

50 100 150 50 100 150
Size (mm)

pr
op

or
tio

n 

all maturity, new shell

all maturity, old shell

Discard Catch: TCF: male



1975 1976

1977 1978

1979 1980

1981 1982

1983 1984

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

50 100 150 50 100 150
Size (mm)

pr
op

or
tio

n 

all maturity, new shell

all maturity, old shell

Discard Catch: TCF: male



1985 1986

1987 1988

1989 1990

1991 1992

1993 1994

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

50 100 150 50 100 150
Size (mm)

pr
op

or
tio

n 

all maturity, new shell

all maturity, old shell

Discard Catch: TCF: male



1995 1996

2004 2005

2006 2007

2008 2009

2013

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

0.00

0.01

0.02

0.03

50 100 150
Size (mm)

pr
op

or
tio

n 

all maturity, new shell

all maturity, old shell

Discard Catch: TCF: male



male female

0.00

0.01

0.02

0.03

50 100 150 50 100 150
Size (mm)

pr
op

or
tio

n 

all maturity, new shell

all maturity, old shell

Discard Catch: TCF



●

●

●
● ● ● ●

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

● ●

●
●

●
● ● ● ●

●

●

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

● ● ●
● ●

●
●

●
● ● ● ●

●

●

●

● ●
●

●
●

● ●
● ●

● ● ●
●

● ● ●
●

● ●
● ● ● ● ●

● ● ●

● ●

●

●

●
● ● ● ●

male

female

all sex

0

50

100

150

0

50

100

150

0

50

100

150

1970 1980 1990 2000 2010
y

To
ta

l C
at

ch
 (

m
ill

io
ns

) s

● new shell

old shell

all shell

m

● all maturity

TCF



●

●

●

● ●

●

●

●

●
●

● ●
● ●

●

●

●
●

●

●

● ●

●
●

●

●
●

●

●
●

●
●

●

●

●
● ● ● ●

●

●

●

● ●

●

●

●

●
●

● ●
● ● ●

●

●
●

●

●

● ●

●
●

●

●
●

●

●
●

● ●

●

●

●

● ● ● ●

●

●

●

● ●

●

●

●

●
●

● ●
● ●

●

●

●
●

●

●

● ●

●
●

●

●
●

●

●
●

● ●

●

●

●
● ● ● ●

male

female

all sex

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1970 1980 1990 2000 2010
y

To
ta

l C
at

ch
 (

m
ill

io
ns

) 
 [l

n−
sc

al
e]

s

● new shell

old shell

all shell

m

● all maturity

TCF



●

●

●
● ● ● ● ●

● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ●

● ● ●
● ●

●
●

●
● ● ● ●

●
●

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

●

●

●
● ●

● ●
●

● ● ● ● ● ● ●
● ● ● ● ●

● ● ● ● ● ● ●
● ● ●

● ●

●
●

●
● ● ● ●

male

female

all sex

0

20

40

60

0

20

40

60

0

20

40

60

1970 1980 1990 2000 2010
y

To
ta

l C
at

ch
 (

th
ou

sa
nd

s 
m

t)

s

● new shell

old shell

all shell

m

● all maturity

TCF



●

●

●

●
●

●
●

●

●
●

● ●
● ● ●

●
●

●
●

●

● ●
● ●

●
●

●

●

● ●

●
●

●

●
●

● ● ● ●

●

●

●

● ●

●
●

●

●
●

● ●
● ● ●

●
●

●
●

●

● ●
● ●

●
●

●

●

● ●

● ●

●

●

●
● ● ● ●

●

●

●

●
●

●
●

●

●
●

● ●
● ● ●

●
●

●
●

●

● ●
● ●

●
●

●

●

● ●

●
●

●

●
●

● ● ● ●

male

female

all sex

−1

0

1

2

3

4

−1

0

1

2

3

4

−1

0

1

2

3

4

1970 1980 1990 2000 2010
y

To
ta

l C
at

ch
 (

th
ou

sa
nd

s 
m

t)
  [

ln
−

sc
al

e]

s

● new shell

old shell

all shell

m

● all maturity

TCF



1965 1966

1967 1968

1969 1970

1971 1972

1973 1974

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

0.00

0.01

0.02

0.03

0.04

50 100 150 50 100 150
Size (mm)

pr
op

or
tio

n 

all maturity, new shell

all maturity, old shell

Total Catch: TCF: female



1975 1976

1977 1978

1979 1980

1981 1982

1983 1984

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

0.00

0.01

0.02

0.03

0.04

50 100 150 50 100 150
Size (mm)

pr
op

or
tio

n 

all maturity, new shell

all maturity, old shell

Total Catch: TCF: female



1985 1986

1987 1988

1989 1990

1991 1992

1993 1994

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

0.00

0.01

0.02

0.03

0.04

50 100 150 50 100 150
Size (mm)

pr
op

or
tio

n 

all maturity, new shell

all maturity, old shell

Total Catch: TCF: female



1995 1996

2004 2005

2006 2007

2008 2009

2013

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

0.00

0.01

0.02

0.03

0.04

50 100 150
Size (mm)

pr
op

or
tio

n 

all maturity, new shell

all maturity, old shell

Total Catch: TCF: female



1965 1966

1967 1968

1969 1970

1971 1972

1973 1974

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

0.00

0.01

0.02

0.03

0.04

50 100 150 50 100 150
Size (mm)

pr
op

or
tio

n 

all maturity, new shell

all maturity, old shell

Total Catch: TCF: male



1975 1976

1977 1978

1979 1980

1981 1982

1983 1984

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

0.00

0.01

0.02

0.03

0.04

50 100 150 50 100 150
Size (mm)

pr
op

or
tio

n 

all maturity, new shell

all maturity, old shell

Total Catch: TCF: male



1985 1986

1987 1988

1989 1990

1991 1992

1993 1994

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

0.00

0.01

0.02

0.03

0.04

50 100 150 50 100 150
Size (mm)

pr
op

or
tio

n 

all maturity, new shell

all maturity, old shell

Total Catch: TCF: male



1995 1996

2004 2005

2006 2007

2008 2009

2013

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

0.00

0.01

0.02

0.03

0.04

50 100 150
Size (mm)

pr
op

or
tio

n 

all maturity, new shell

all maturity, old shell

Total Catch: TCF: male



male female

0.000

0.005

0.010

0.015

0.020

0.025

50 100 150 50 100 150
Size (mm)

pr
op

or
tio

n 

all maturity, new shell

all maturity, old shell

Total Catch: TCF



● ● ●

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

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

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

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

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

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

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

50

100

150

1970 1980 1990 2000 2010
pearson's residuals

si
ze

 (
m

m
 C

W
)

residual

●

●
●
●

0.000

0.005

0.010

0.015

0.020

0.025

type

●
●

O < M

O > M

TCF: retained catch: 

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

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

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

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

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

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

50

100

150

1970 1980 1990 2000 2010
negative loglikeihoods

si
ze

 (
m

m
 C

W
)

residual

●

●
●

0.000

0.025

0.050

0.075

0.100

type

●
●

O < M

O > M



MALE FEMALE

●
●

●

●
● ●

●

●

●
●

● ●
● ●

● ●
● ●

●

●

● ●
●

● ● ● ●
●

●

●

●
● ●

●
●

●
●

●
●

●

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

●
●

●

● ● ●

●
●

●
●

● ●
● ●

● ●
●

●
●

●

● ●
●

● ● ● ●
●

●

●
● ●

●

● ●
●

●
●

●
●

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

0

30

60

90

0

30

60

90

N
E

W
_S

H
E

LL
O

LD
_S

H
E

LL

1980 1990 2000 2010 1980 1990 2000 2010
year

ab
un

da
nc

e

type

●

●

observed

estimated

maturity

● IMMATURE

MATURE

NMFS_trawl_survey



MALE FEMALE

●
●

●

●
● ●

●
●

● ●
● ●

● ●
● ●

● ●
●

●
● ●

● ● ● ● ● ● ●

●
● ● ●

●
●

● ●
●

●
●

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

●
●

●

● ● ●

●
●

● ●
● ● ● ●

● ● ● ●
●

●
● ●

● ● ● ● ● ● ●

● ● ● ●
● ●

●
●

●
● ●

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

2

3

4

2

3

4

N
E

W
_S

H
E

LL
O

LD
_S

H
E

LL

1980 1990 2000 2010 1980 1990 2000 2010
year

ab
un

da
nc

e 
[ln

−
sc

al
e] maturity

● IMMATURE

MATURE

type

●

●

observed

estimated

NMFS_trawl_survey



MALE FEMALE

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

● ● ●

●

●

●

● ●

●

●

●

●

●

●
●

●

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

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

● ●

●

●

●

●

●
●

●

●

●

●

●

● ●

●

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

−0.1

0.0

0.1

−0.1

0.0

0.1

N
E

W
_S

H
E

LL
O

LD
_S

H
E

LL

1980 1990 2000 2010 1980 1990 2000 2010
year

z−
sc

or
es maturity

● IMMATURE

MATURE

NMFS_trawl_survey



MALE FEMALE

● ● ● ●
●

● ● ●
● ● ● ● ●

● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ●

● ●
●

● ● ● ●
●

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

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

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

0

20

40

60

0

20

40

60

N
E

W
_S

H
E

LL
O

LD
_S

H
E

LL

1980 1990 2000 2010 1980 1990 2000 2010
year

bi
om

as
s

type

●

●

observed

estimated

maturity

● IMMATURE

MATURE

NMFS_trawl_survey



MALE FEMALE

● ● ●
●

●

● ●
●

●
● ● ● ●

● ● ● ●
● ●

●
●

● ●
● ●

● ●
● ● ● ● ●

● ●
●

● ● ● ●

●

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

● ● ●
●

●
● ●

●
●

● ● ● ● ● ● ● ● ● ●
●

●
● ● ● ● ● ● ● ● ● ●

● ● ●
●

● ● ● ●
●

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

0

1

2

3

4

0

1

2

3

4

N
E

W
_S

H
E

LL
O

LD
_S

H
E

LL

1980 1990 2000 2010 1980 1990 2000 2010
year

bi
om

as
s 

[ln
−

sc
al

e]

maturity

● IMMATURE

MATURE

type

●

●

observed

estimated

NMFS_trawl_survey



MALE FEMALE

●

●

● ●

●

●

● ●
● ● ●

●

●

●

●
●

●

●

● ● ● ●

●

●

●

●

●

●

●

●

● ●

●

● ●

●

●

●

●

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

● ● ● ●

●

●

●
●

●

●

●

● ●
●

●
●

●
●

●
●

●

●

●

●
●

●

●

●
● ● ●

●

●
●

● ● ●

●

●

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

−0.05

0.00

0.05

−0.05

0.00

0.05

N
E

W
_S

H
E

LL
O

LD
_S

H
E

LL

1980 1990 2000 2010 1980 1990 2000 2010
year

z−
sc

or
es maturity

● IMMATURE

MATURE

NMFS_trawl_survey



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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

50

100

150

1980 1990 2000 2010
pearson's residuals

si
ze

 (
m

m
 C

W
)

residual

●

●
●

0.04

0.08

0.12

0.16

type

●
●

O < M

O > M

NMFS_trawl_survey: male, immature, new shell
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