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SCALE Stock Assessment
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Equilibrium population numbers at length distributions
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Just SCALE 1t...

SCALE is a forward projecting age-based
model designed for data poor-ish situations.
The model does not rely on production ageing
but does utilize information on the overall
growth of the stock.

The same basic fish math i1s used within SCALE |
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So how is SCALE different from a typical forward
projecting age-based model?

ADMB (3 dimensional arrays)

Age (mean length at age)

—

Time (Years)

-
-
~1

A

length(cm)

/

1) Growth is modeled with static mean lengths at age with normal variation.
2) Selectivity is modeled on length (not age).
3) Designed to fit length information based on flat topped assumptions.
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Forward prOjeCting age—based | LITTLE BIT LITTLE MORE EVEN.MORE WHOLE LOT WORST |
model tuned to....
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Total catch (metric tons)

Catch length frequency

Larger fish in the survey at the point where growth slows and
there are many ages at a particular length (total in number and
the length frequency)

Young age mode (first mode in survey length frequency
through length slicing)
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Model Assumptions Graph: 2
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=

0 J i (age) -

 Fish grow in a single time step each year.

 Fish growth follows the input mean length at age with
Input normal variation.

 Fish length at age Is unaffected by the intensity of
fishing or selectivity at an earlier age.

 Flat top selectivity with catch (logistic @ length) and
surveys.
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Input Variables |

M

Mean lengths at age
(von Bertalanfty,
age-length key) |
Variation around the mean
ength at age

_ength-weight parameters
nitial guess for parameters
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Recruitment

 Recruitment in year 1 produces the nitial—
population and age 2 in year 2.

 Recruitment in year 1 can be thought of as the
average long term recruitment (population scalar).

 Recruitment in each year after year 1 is modeled
as variation from year one (Vrec).

e Penalty or Weight on variation in recruitment.
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Estimated Parameters

b[:ack fj.cea bﬁﬁ:’-
Centroprstis strata

 F used to estimate initial population (Fstart)
 F for each year

* Recruitment for each year

e Q for each index

o 2 parameters for each selectivity block
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The way Joe normal fish grows Population

Catch &
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PO p u latl on Selectivity cateh

Length
Frequency
The way Joe normal fish grows
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No + group in SCALE
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Age
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SCALE requires accurate
mean lengths at age estimates
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Length {cm)

Growth curve (von Bertalanffy)
Linf=91.13, K=0.16, to=10.43
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len 6
len n
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Initial Population, year 1
Equilibrium startup
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Catch year 1
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SCALE
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Option to model the population by Sex Growth and M by sex

recruitment age 2 age 3 age n recruitment age 2 age 3 age n recruitment age 2 age 3 age n
len 1 len 1 len 1
len 2 JFemales len 2 JFemales len 2 JFemales
len 3 {Initial Population, year 1 len 3 |Population year 2 len 3 |Population year n
len 4 len 4 len 4
len n len n len n

+ + +

recruitment age 2 age 3 age n recruitment age 2 age 3 age n recruitment age 2 age 3 age n
len 1 len 1 len 1
len 2 Jmales len 2 Imales len 2 [males
len 3 {Initial Population, year 1 len 3 |Population year 2 len 3 |Population year n
len 4 len 4 len 4
len n len n len n

Il Il Il

recruitment age 2 age 3 age n recruitment age 2 age 3 age n recruitment age 2 age 3 age n
len 1 len 1 len 1
len 2 len 2 len 2
len 3 {Initial Population, year 1 len 3 |Population year 2 len 3 |Population year n
len 4 len 4 len 4
len n len n len n
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Wolffish SCALE Example
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Wolffish growth from
Nelson & Ross 1992

Mean kength {cm)

Fig. 8. Observed mean and predicted lengths-at-age of
Anarhichas lupus from the Gulf of Maine-Georges
Bank region. The predicted curve was fitted
using a Gompertz function. The symbeol "1"
above or below a hollow dot represents the
sample size for that age. Standard errorbars are
shown.
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Data Poor Wolffish
What do we think we know?

Decline in the 40+ cm indices

Decline in catch since 1983

No evidence of size truncation in the catch length
distributions over time

Overall growth and longevity
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2001

2002

2003

2004

2005

opulation catch Age atch age
7000000 rop 700000 3.00E407 7.00E+05
600000 +
6000000 2.50E407 6.00E+05
5000000 500000 5.00E405
2.00E+407
4000000 400000 4.00E+05
1.50E+07
3000000 300000 3.00E+05
1.00E+07
2000000 200000 2.00E+05
1000000 100000 5.00E+06 1.00E+05
0 0 0.00E400
& 8 € 3 8 8 3 8 ¥ ¢ 8 8 @ 12 3 4 5 6 7 8 9 10 11 12 13 14 15 12 3 4 5 6 7 8 9 10 1 12
catch Age atch age
8000000 800000 4.00E+07 9.00E+05
7000000 700000 3506407 8.00E+05
6000000 600000 3.00E+07- 7.00E+05
6.00E+05
5000000 500000 2508407
5.00E+05
4000000 400000 2.00E407
4.00E+05
3000000 300000 1.50E+07-
3.00E+05
2000000 200000 1.00E+07. 2.00E+05
1000000 100000 5.00E+406 1.00E+05
0 0 0.00E+00 0.
& 8 e B 8 @ & % 8 ¥ ¢ 3 8 @8 12 3 4 5 6 7 8 9 10 11 12 13 14 15 12 3 4 5 6 7 8 9 10 1 12
opulation catch Age catch age
7000000 Bop 700000 3506407 1.00E+06
9.00E+05
6000000 600000 3.00E407
8.00E+05
5000000 500000 2508407 7008405
4000000 400000 2.00E+07 6.00E+05
5.00E+05
300000
3000000 LS0E+07 4.00E+05
2000000 200000 1.00E+07- 3.00E+05
2.00E+05
1000000 100000 5.00E+406
1.00E+05
0 0 0.00E+00 0.
& 8 ¥ ¢ 3 8 3 S & & 8 8 ¢ ¢ 8 8 8 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 12 3 4 5 6 7 8 9 10 1 12
opulation catch ge catch age
6000000 £op 500000 3.00E407 8.00E+05
450000 7.00E+05
5000000 400000 2506407
6.00E+05
350000
4000000 2.00E407
300000 5.00E+05
3000000 250000 1508407, 4.00E+05
200000 3.00E+05
2000000 150000 1.00E+07-
2.00E+05
100000
1000000 5.00E+06
50000 1.00E+05
0 0 0.00E+400 0.00E
4 8 & 3 € 3 8 3 & 8 8 ¢ ¢ 8 8 8 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1 2 3 4 5 6 7 8 9 10 1 12
opulation catch ge. tch-ags
6000000 pop 400000 3.00E+07 7.00E+05-
350000
5000000 2.50E+07 6.00E+05
300000
5.00E+05
4000000  00E+
250000 2.00E+07
4.00E+05
3000000 200000 1.50E+07
3.00E+05
150000
2000000 1.00E+07
100000 2.00E+05
1000000 50000 5008406 1.00E+05.
o o 0.00E+00- 0.
& 8 ¢ B 8 3 & 8 8 I € @7 8 B 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1 2 3 4 5 6 7 8 9 10 1 12
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Wolffish SCALE Conclusion
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Comparison of SCALE and ASAP with a data poor stock (golden tilefish)
assuming flat-topped selectivity

Assessment time series 1971-2013
Commercial age data 2007-2012
(3579 aged fish)

f@’”"‘
%'“ \; NOAAFISHERIES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 29

N

s 0



2
2
2
2
27
28
2
30
31
2
33
34
35
36
37
38
39
40
a1
2
3

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
9
97
98
99

101
102
103
104
105
106
107

3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 total

B r oo umwN N e e

AN waNO s sUN WG
IS}

o
@
]
w
8

N
N
o
b4
=

[SUITITS

IS}
o
=]
o
~
-
WNN oW N
3

-
PR wwsERNWO OGN NS
5

bl e w
[EINIPININ

-
WE RN R NANNSE SR B NN W R e
5

[SUrFIIIIN
WE NGNS O R e NN e

~
PR RrNNNRENORR IR NN NG U ® O

1 1 2

2 44 78 507 783 690 471 173 94 132 89 141 110 65 72 48 26 19 8 7 4 2 4 1 3 2 2 1 1 3579
I

; NOAA FISHERIES

120

100

80

60

Length

40

20

12

10

tion
e +]

6

Standard devi

10 15 20 25 30 35 40
Age
10 15 20 25 30 35 40
Age

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 30



®rococcoccocococococcoccoc000c0c00000000000000000000000000000000000a0 00

Garoocococcocococcocoocoocococococococo00o000000 000

B[E[2 /s

9
3
1
0
0
0
[}
0
0
[
[
[
[
[
[
[
0
[}
0
0
0
[
[
[
[
[
0
0
0
0
0
0
0
0
[
[
[
0
0
0
0
0
0

ccoccocococococococococccc00000000000000000000 0N

©000000000000000000000000000000000000000000000000000000kN-

ccoccocococcococoococococcccoc000000000000000000000000O0G000 0NN

2

© 0000000000000 0000000000000000000000000000000000000000000000rNsnBd

ccoccoccococcococoocoococococc000000000000000000000000000c000000 000N

0 0 0
[ 0 0

[ 0 0

0 0 0

[ 0 0

0 1 1
[} 1 2

1 3 4

1 5 8

3 10 14

6 19 27
13 2 a7
2 61 81
a1 103 134
84 170 214
147 271 330
246 a7 493
39 619 711
615 888 990

580: 1210 7
1301 871 537
903 606 363
603 407 237
388 264 149
240 166 o1
143 101
82 59 20
a5 33 17
2 18 9
12 10 5
6 5 2
3 2 1
1 1 o

[ 0 0 0 [ 0 0 0 0 0 0 [ 0 0 0 0
[ 0 0 0 [ 0 0 [ 0 0 0 [ 0 0 0 [

[ 0 0 0 [ 0 0 0 0 0 0 [ 0 0 0 0

0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

2 2 2 3 3 3 3 3 3 2 2 2 2 2 1 1

4 4 5 5 5 s 5 5 5 4 4 3 3 3 2 2

7 8 9 10 10 10 9 ) 8 El 7 6 5 5 4 4

13 15 16 17 17 17 16 15 14 13 12 10 9 8 7 6
23 2 29 30 20 29 21 2 23 21 19 17 15 13 11 10
a1 45 48 49 49 a7 a4 a1 37 34 30 2% 23 20 17 15
6 75 79 80 8 74 70 58 52 a6 40 35 31 2 23
112 121 125 124 120 114 105 9% 8 77 68 50 52 5 39 33
177 188 191 187 179 167 154 139 124 110 97 84 73 63 54 a1
211 281 281 272 257 238 217 195 173 153 134 116 100 86 74 63
399 407 400 382 357 328 296 264 2 204 178 154 133 114 97 83
568 568 550 519 479 435 300 345 303 264 229 198 170 145 124 105
781 768 732 681 621 559 496 436 381 330 285 245 209 179 152 129
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SCALE & ASAP

SCALE was designed for data poor stocks
which lack production age data.

ASAP is a fully developed forward
projecting age-structured model. ASAP
can be configured for use with data poor
stocks with the use of pooled age length-

keys.
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ASAP -
SCALE
Flat-topped
Comparison
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Relatively simple to use forward
projecting model

Does not rely on production ageing

Incorporates multiple surveys (size
and abundance trends), catch, catch
at length, and growth information
Into a single modeling framework
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May not be useful for stocks where the catch
IS mostly comprised of younger fast growing
Individuals

Dome shaped selectivity is not an option

MCMC uncertainty has not been fully
Integrated into AGEPRO projections

Time constraints for R&D improvements and
updates to the model
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Devote more time
for SCALE R&D to
produce greater
efficiency within

stock assessments
with fewer steps that
are subject to errors.
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