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Introduction  
 

Incomplete or lack of age-specific catch and survey indices often limits the application of 
a full age-structured assessment (e.g. Virtual Population Analysis and many forward projecting 
age-structured models).  Stock assessments will often rely on the simpler size/age aggregated 
models (e.g. surplus production models) when age-specific information is lacking.  However the 
simpler size/age aggregated models may not utilize all of the available information for a stock 
assessment.  Knowledge of a species growth and lifespan, along with total catch data, size 
composition of the removals, recruitment indices and indices on numbers and size composition 
of the large fish in a survey can provide insights on population status using a simple model 
framework. 

The Statistical Catch At LEngth (SCALE) model, is a forward projecting age-structured 
model tuned with total catch (mt), catch at length or proportional catch at length, recruitment at a 
specified age (usually estimated from first length mode in the survey), survey indices of 
abundance of the larger/older fish (usually adult fish) and the survey length frequency 
distributions.  The SCALE model was developed in the AD model builder framework.  The 
model parameter estimates are fishing mortality and recruitment in each year, fishing mortality 
to produce the initial population (Fstart), logistic selectivity parameters for each year or blocks 
of years and Qs for each survey index. 

The SCALE model was developed as an age-structured model that does NOT rely on 
age-specific information on a yearly basis.  The model is designed to fit length information, 
abundance indices, and recruitment at age which can be estimated by using survey length slicing. 
 However the model does require an accurate representation of the average overall growth of the 
population which is input to the model as mean lengths at age.  Growth can be modeled as sex-
specific growth and natural mortality or growth and natural mortality can be model with the 
sexes combined.  The SCALE model will allow for missing data.  
 
Model Configuration 
 

The SCALE model assumes growth follows the mean input length at age with 
predetermined input error in length at age.  Therefore a growth model or estimates of the average 
mean lengths at age is essential for reliable results.  The model assumes static growth and 
therefore population mean length/weight at age are assumed constant over time.  A depiction of 
model assumed population growth at age using the input mean lengths at age and variation can 
be seen in table 1 and Figure 1). 

The SCALE model estimates logistic parameters for a flattop selectivity curve at length 
in each time block specified by the user for the calculation of population and catch age-length 
matrices or the user can input fixed logistic selectivity parameters.  Presently the SCALE model 
can not account for the dome shaped selectivity pattern.   

The SCALE model computes an initial age-length population matrix in year one of the 
model as follows.  First the estimated populations numbers at age starting with age-1 recruitment 
get normally distributed at one cm length intervals using the mean length at age with the 
assumed standard deviation.  Next the initial population numbers at age are calculated from the 
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previous age at length abundance using the survival equation.  An estimated fishing mortality 
(Fstart) is also used to produce the initial population.  This F can be thought of as the average 
fishing mortality that occurred before the first year in the model.  Now the process repeats itself 
with the total of the estimated abundance at age getting redistributed according to the mean 
length at age and standard deviation in the next age (age+1).    

This two step process is used to incorporate the effects of length specific selectivities and 
fishing mortality.  The initial population length and age distribution is constructed by assuming 
population equilibrium with an initial value of F, called Fstart.  Length specific mortality is 
estimated as a two step process in which the population is first decremented for the length 
specific effects of mortality as follows: 
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In the second step, the total population of survivors is then redistributed over the lengths 

at age a by assuming that the proportions of numbers at length at age a follow a normal 
distribution with a mean length derived from the input growth curve (mean lengths at age).  
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Mean lengths at age can be calculated from a von Bertalanffy model from a prior study as 
shown in the equation above or mean lengths at age can be calculated directly from an age-
length key.  Variation in length at age a = σs

2 can often be approximated empirically from the 
growth study used for the estimation of mean lengths at age.  If large differences in growth exist 
between the sexes then growth can be input as sex-specific growth with sex-specific natural 
mortality.  However catch and survey data are still fitted with sexes combined.    

This SCALE model formulation does not explicitly track the dynamics of length groups 
across age because the consequences of differential survival at length at age a do not alter the 
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mean length of fish at age a+1.   However, it does more realistically account for the variations in 
age-specific partial recruitment patterns by incorporating the expected distribution of lengths at 
age.  

In the next step the population numbers at age and length for years after the calculation of 
the initial population use the previous age and year for the estimate of abundance.  Here the 
calculations are done on a cohort basis.  Like in the previous initial population survival equation 
the partial recruitment is estimated on a length vector.  
 

( )MFPR
ylena

ylen

ylena
eNN +−

−−
−= 1

,, 1,,1
*

 
 
second stage 

∑
∞

=

=
L

len
alenylena ylena

NN
0

*
,,, ,,

π
 

 
Constant M is assumed along with an estimated length-weight relationship to convert 

estimated catch in numbers to catch in weight.  The standard Baranov=s catch equation is used to 
remove the catch from the population in estimating fishing mortality.   
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Catch is converted to yield by assuming a time invariant average weight at length.  
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The SCALE model results in the calculation of population and catch age-length matrices 
for the starting population and then for each year thereafter.  The model is programmed to 
estimate recruitment in year 1 and estimate variation in recruitment relative to recruitment in 
year 1 for each year thereafter.  Estimated recruitment in year one can be thought of as the 
estimated average long term recruitment in the population since it produces the initial 
population.  The residual sum of squares of the variation in recruitment ∑(Vrec)2 is than used as 
a component of the total objective function.  The weight on the recruitment variation component 
of the objective function (Vrec) can be used to penalize the model for estimating large changes 
in recruitment relative to estimated recruitment in year one. 
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The model requires an age-1 recruitment index for tuning or the user can assume 
relatively constant recruitment over time by using a high weight on Vrec.  Usually there is little 
overlap in ages at length for fish that are one and/or two years of age in a survey of abundance.  
The first mode in a survey can generally index age-1 recruitment using length slicing.  In 
addition numbers and the length frequency of the larger fish (adult fish) in a survey where 
overlap in ages at a particular length occurs can be used for tuning population abundance.  The 
model tunes to the catch and survey length frequency data using a multinomial distribution.  The 
user specifies the minimum size (cm) for the model to fit.  Different minimum sizes can be fit for 
the catch and survey data length frequencies.             

The number of parameters estimated is equal to the number of years in estimating F and 
recruitment plus one for the F to produce the initial population (Fstart), logistic selectivity 
parameters for each year or blocks of years, and for each survey Q.  The total likelihood function 
to be minimized is made up of likelihood components comprised of fits to the catch, catch length 
frequencies, the recruitment variation penalty, each recruitment index, each adult index, and 
adult survey length frequencies:  
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In equation Lcatch_lf calculations of the sum of length is made from the user input specified 
catch length to the maximum length for fitting the catch.  Input user specified fits are indicated 
with the prefix “in” in the equations.  LF indicates fits to length frequencies.  In equation Lrec the 
input specified recruitment age and in Ladult and Llf the input survey specified lengths up to the 
maximum length is used in the calculation.   
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Lambdas represent the weights to be set by the user for each likelihood component in the 

total objective function.  
 
 
 
Wolffish SCALE Model Configuration and results 
 

Mean lengths at age and variation in mean length at age were based on fish collected 
during the 1980s from Nelsen and Ross (1992).  A Gompertz relationship had the best fit using 
all ages.  We have re-estimated a von Bertalanffy relationship using data limited to fish older 
than 4 with L-infinity fixed at 110 cm (Figure 2).  The mean lengths from Nelsen and Ross’s 
Gompertz relationship for fish younger than age 5 were also used in the SCALE model.  The 
mean lengths from the younger fish does not have a large effect on the SCALE model results.  In 
the final growth model we fixed L-infinity (110) at a slightly higher value than what was 
estimated by the Gompertz (98.9) model because few larger and older fish exist in Nelsen and 
Ross’s study and the SCALE model had difficultly predicting larger fish that are in seen in the 
catch length frequency distributions.  A North Sea wolffish growth study estimated L-infinity at 
111 for males and 115 for females (Liao and Lucas, 2000).  Figure 3 shows the predicted catch 
length distribution under low Fs (F=0.001) assuming different L-infinities.  A standard deviation 
of 6 was used for fish older then age-7.  The assumed variation around the mean lengths at age 
can be seen in Table 1 and Figure 1.  Nelson and Ross’s oldest fish was 22 years.  The age 
matrix was dimensioned from ages 1 to 30 with an assumed natural mortality of 0.15.                   

Only one recruitment index exists in the SCALE model (Figure 4).  The spring NEFSC 
survey shows a distinct mode between 1 and 7 cm.  This index was tuned to age-1.  The 
recruitment index suffers from zero catches in many years and at times in blocks of several 
years.  A 40+ cm index was developed from the NEFSC spring, NEFSC fall and the MDMF 
spring survey (Figure 5).  All three surveys show declining trends in abundance with the indices 
also suffering from zero catches at the end of the time series.  The survey length frequency 
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distributions are limited due to the low numbers of wolffish caught in the surveys.  There is 
concern that biomass may have fallen below detection in the surveys.  Preliminary evidence 
suggests the Bigelow survey may also suffer from the same low catchablility issue.  Survey 
indices were scaled using the approximate area of survey coverage divided by the average 
coverage of a survey tow (Table 2).  The area swept estimates can provide some insight from 
estimated survey efficiencies using the estimated Qs in the SCALE model.   

Zero catches were set to missing in the SCALE model.  Setting zeros to the smallest 
value in the time series appears to have a large unsubstantiated influence on the model results.  
The age-1 recruitment series was given a relatively low weight (Table 3).  Setting the weight to 
high on the recruitment index will force SCALE to fit the recruitment index very closely but the 
model is less constrained in estimating recruitment for years where recruitment information is 
missing which can produce unrealistic results.  The age-1 index was used more as a guide with 
setting the penalty on recruitment variation.  The penalty on recruitment variation was set high 
enough to produce recruitment variation within the bounds of what was observed in the 
recruitment index.  The model has to estimate a declining trend in recruitment to fit the decline 
in the 40+ cm indices and the declining trend in the catch since 1983.  The recruitment index was 
used as guidance on whether recruitment failure has occurred for the wolffish stock.  Sensitivity 
of the model to the weighting on the recruitment index and the penalty on variation in 
recruitment can be seen in Figures 6 through 9.           

The catch length frequency distributions are an important component of the SCALE 
model.  Observer trawl kept length sampling and port samples where combined to characterize 
the catch size distributions.  Catch length frequency information exists from 1982 to 1985 and 
from 2001 to 2007.  A single selectivity block over the time series was used due to the lack of a 
distinct shift in the size distribution and due to the lack of size information in many years.  There 
is no indication of size truncation in the catch length frequency distributions over time.    

The lack of data prevents the SCALE model from estimating a reliable logistic selectivity 
curve.  The SCALE model estimates a very flat selectivity curve that produces a L-50 at very 
large sizes.  There is a tradeoff in the SCALE model between the estimated selectivity and 
fishing mortality rates.  Two different selectivity regimes were chosen to determine its influence 
of stock status determination (Figure 10).  Run one had a relativity flat selectivity curve which 
was allowed to hit the L-50 bound of 90 cm.  Run two was setup to hit the slope parameter 
bound of 0.15 which produces a steeper selectivity function with a lower L-50 estimate.  Results 
of the two selectivity runs are summarized in Figure 11-14 and Table 3.   

The SCALE model time series starts in 1968 with the beginning of the NEFSC spring 
index.  The SCALE model estimates virgin conditions at the beginning of the time series with a 
low Fstart estimate (0.001) in 1968 when the catch was low.  A strong retrospective pattern did 
not exist with the Slope = 0.15 run (Figure 15).  The sensitivity of the assumed L-infinity for 
growth on the model estimated Fs and recruitment can be seen in Figure 16.       

Non-parametric biological reference points (BRP) were developed for both the selectivity 
L-50 = 90 run (run 1) and the slope = 0.15 run (run 2) within the SCALE model using F40% as a 
Proxy from Fmsy (Table 4).  A range of knife edge maturities values were used in estimating the 
BRPs.  Maturity as 40+ cm fish was used to correspond to NEFSC survey maturity results, a 65+ 
cm and 75+ cm cutoffs were used as bounds taken from the Gunnarsson et al (2006) and 
Templeman (1986).  Templeman found maturation occurring at larger sizes in lower latitudes.  
However Gunnarsson et al (2006) found maturation occurring at larger sizes in the colder waters 
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on the eastern side of Iceland compared to the western side.  The working group suggests that 
F50% may be a better proxy of Fmsy for a species that is long lived, late maturing, and has low 
fecundity.  F50% BRPs were developed for the Slope = 0.15 run (Table 4 and Figure 17).  The 
F50% BRPs are based on run 3 incorporating some minor fixes to the catch and catch length 
frequency (1986) data which were found after the working group meeting (Figures 18-20 and 
Appendix 2).   All SCALE model results suggest the stock in 2007 is at a low biomass (26% to 
45% of Bmsy).  The overfishing status determination was more uncertain with F2007 to Fmsy 
ratios ranging from 56% to 158%.  
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Table 1.  Population depiction of distributions around the mean length at age for wolffish used in 
the SCALE model.  Top row shows the input standard deviation at age and the second row has 
the mean lengths at age.   
 

std 3 3 3.5 4 4.5 5 5.5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
len/age 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

122 1 1 1 1 1
121 1 1 1 2 2 2 2
120 1 1 2 2 3 3 4 4 4
119 1 1 2 4 5 6 7 8 8 8
118 1 2 3 5 7 9 11 13 14 14 15
117 1 2 4 7 10 14 18 20 23 24 25 24
116 1 2 4 8 13 20 26 31 35 38 39 39 39
115 1 4 9 16 25 35 44 52 57 60 61 60 58
114 1 3 8 17 30 45 60 73 82 88 90 90 87 82
113 2 6 17 33 54 76 97 113 123 128 128 125 118 110
112 1 4 14 32 59 90 122 148 165 175 177 172 164 152 140
111 2 9 27 58 100 144 184 213 229 235 230 219 204 186 168
110 1 5 19 50 100 160 217 263 291 301 297 283 263 239 215 190
109 2 11 37 89 163 242 310 355 375 374 357 330 299 266 234 204
108 4 22 68 149 251 347 418 454 458 439 405 364 321 280 242 208
107 1 9 42 119 237 365 471 533 549 529 488 435 380 327 279 236 200
106 3 20 78 197 354 504 604 643 628 579 512 442 375 314 262 218 182
105 6 39 137 307 503 657 734 734 680 598 509 424 350 286 233 191 156
104 1 13 74 226 454 674 811 843 792 696 585 479 386 309 246 197 158 127
103 3 28 132 354 634 855 947 916 809 674 541 426 332 258 200 157 123 98
102 6 54 222 523 838 1,026 1,046 941 782 617 474 358 270 204 154 118 91 71
101 1 14 101 354 732 1,048 1,165 1,092 915 714 535 392 285 208 152 113 84 64 49
100 2 29 177 533 969 1,240 1,251 1,079 842 618 439 307 215 151 107 78 57 42 32
99 4 57 294 761 1,213 1,388 1,271 1,009 732 505 340 228 153 104 72 51 36 26 20
98 9 106 462 1,028 1,437 1,469 1,222 892 603 391 250 159 103 68 45 31 22 16 11
97 1 20 188 687 1,312 1,611 1,471 1,111 746 469 286 173 106 66 42 27 18 12 9 6
96 1 41 315 965 1,585 1,707 1,394 955 590 345 198 114 66 40 24 15 10 7 5 3
95 4 81 499 1,284 1,811 1,712 1,249 777 442 241 130 71 39 23 13 8 5 3 2 2
94 9 149 749 1,615 1,958 1,624 1,059 598 313 159 80 41 22 12 7 4 3 2 1 1
93 19 259 1,063 1,921 2,002 1,457 849 435 209 99 47 23 12 6 3 2 1 1
92 1 40 426 1,427 2,163 1,936 1,237 644 300 133 58 26 12 6 3 2 1 1
91 2 78 664 1,812 2,303 1,771 993 462 195 80 33 14 6 3 1 1
90 4 147 979 2,177 2,319 1,533 754 314 120 45 17 7 3 1 1
89 10 259 1,365 2,474 2,210 1,255 542 201 70 24 9 3 1 1
88 23 434 1,801 2,660 1,992 972 368 122 39 12 4 1 1
87 47 687 2,247 2,704 1,698 712 237 70 20 6 2 1
86 1 93 1,028 2,652 2,601 1,370 494 144 38 10 3 1
85 3 174 1,455 2,961 2,367 1,045 324 83 20 5 1
84 6 307 1,950 3,128 2,037 754 201 45 10 2
83 14 512 2,470 3,125 1,659 515 118 23 4 1
82 31 809 2,961 2,953 1,278 333 65 11 2
81 64 1,209 3,358 2,640 931 203 34 5 1
80 1 125 1,709 3,602 2,233 642 117 17 2
79 2 231 2,285 3,654 1,787 418 64 8 1
78 4 402 2,890 3,508 1,352 258 33 4
77 9 664 3,459 3,185 968 151 16 1
76 21 1,035 3,915 2,735 655 83 8 1
75 45 1,528 4,192 2,222 420 43 3
74 92 2,132 4,246 1,708 254 21 1
73 175 2,816 4,069 1,242 146 10 1
72 318 3,517 3,688 854 79 4
71 1 545 4,155 3,162 556 41 2
70 2 884 4,644 2,565 342 20 1
69 4 1,357 4,910 1,968 199 9
68 11 1,970 4,911 1,428 110 4
67 27 2,705 4,647 981 57 2
66 63 3,514 4,159 637 28 1
65 134 4,318 3,521 391 13
64 268 5,019 2,820 227 6
63 502 5,518 2,136 125 2
62 880 5,740 1,531 65 1
61 1,445 5,647 1,038 32
60 1 2,220 5,256 666 15
59 3 3,193 4,628 404 7
58 10 4,298 3,854 232 3
57 28 5,415 3,037 126 1
56 71 6,386 2,263 65
55 165 7,049 1,595 31
54 354 7,284 1,064 14
53 701 7,045 671 6
52 1 1,281 6,377 401 3
51 5 2,162 5,404 226 1
50 17 3,369 4,286 121
49 50 4,844 3,182 61
48 134 6,431 2,211 29
47 328 7,880 1,438 13
46 725 8,914 876 6
45 1,453 9,308 499 2
44 2,638 8,973 266 1
43 1 4,341 7,984 133
42 4 6,470 6,558 62
41 16 8,736 4,973 27
40 55 10,688 3,481 11
39 169 11,845 2,249 4
38 460 11,893 1,342 2
37 1,106 10,818 739 1
36 2,345 8,915 375
35 4,391 6,656 176
34 1 7,254 4,502 76
33 4 10,575 2,759 31
32 21 13,606 1,531 11
31 89 15,448 770 4
30 310 15,479 351 1
29 923 13,688 145
28 2,333 10,681 54
27 5,010 7,356 18
26 9,135 4,470 6
25 3 14,150 2,398 2
24 20 18,616 1,135
23 106 20,801 474
22 457 19,743 175
21 1,584 15,915 57
20 1 4,395 10,897 16
19 5 9,765 6,337 4
18 35 17,376 3,130 1
17 178 24,756 1,313
16 730 28,243 468
15 2,399 25,801 142
14 6,311 18,873 36
13 13,295 11,055 8
12 22,428 5,185 1
11 30,295 1,947
10 32,767 586
9 28,379 141
8 19,681 27
7 10,929 4
6 4,860 1
5 1,730
4 493
3 113
2 21
1 3  
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Table 2.  Survey area coverage, estimated average survey tow coverage, total area divided by the 
survey footprint and the survey efficiency q estimates for run 1 and 2. 
 
Wolffish NEFSC MDMF

Spr Age 1 Spr 40+ Fall 40+ 40+
survey area (nm2) 25,911 25,911 25,911 1,833

Avg tow area swept 0.0112 0.0112 0.0112 0.003846

Tow duration 30 min 30 min 30 min 20 min

total area / tow area swept 2,313,482 2,313,482 2,313,482 476,573

Q L50 = 90 0.303 0.400 0.203 0.023

Q Slope = 0.15 0.305 0.387 0.196 0.022  
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Table 3   Wolffish working group SCALE runs.  Run 1 was allowed to hit the L-50 bound on 
selectivity and run 2 hit the selectivity slope bound of 0.15.  Run 3 fixed some minor catch and 
catch length frequency errors and was used to develop F50 BRPs.  
 
 

Run 1 2 3
L50 = 90 slope = 0.15 slope = 0.15 (Updated F50% run)

weight qs Residuals or weight qs Residuals or weight qs Residuals or
parameters parameters parameters

total objective function 250.06 253.55 252.57
total catch 10 0.22 10 0.22 10 0.20
catch len freq 1+ 500 11.26 500 10.99 500 10.29
Variation in recruit penalty (Vrec) 2 14.12 2 14.80 2 14.85
NEFSC Spr 1 Age-1 1968-2007 2 0.303 8.60 2 0.305 8.83 2 0.310 8.80
NEFSC Spr 40+ 1968-2007 12 0.400 5.78 12 0.387 5.93 12 0.391 5.93
MDMF Spr 40+ 1978-2007 3 0.023 9.70 3 0.022 9.61 3 0.022 9.64
NEFSC Fall 40+ 1968-2007 3 0.203 26.62 3 0.196 26.78 3 0.198 26.70
NEFSC Spr 40+ len freq 5 12.83 5 12.82 5 12.82

Fstart 0.004 0.001 0.001
recruitment year 1 (1968, 000s) 171 175 172

Selectivity Alpha (L50) 1982-1984 90.00 72.89 72.93
Selectivity Beta (slope) 1982-1984 0.09 0.15 0.15  
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Table 4.  Estimated biological reference points based on F40 and F50 for three wolffish SCALE 
runs.  A range of knife edge maturity cutoffs were used (40, 65, and 75 cm).  
 
SCALE run 1 2 3
Selectivity L50 = 90 slope = 0.15 slope = 0.15
Length of maturity 40 65 75 40 65 75 40 65 75

FMSY proxy F40% F40% F40% F40% F40% F40% F50% F50% F50%

FMSY 0.70 0.51 0.39 0.35 0.25 0.20 0.195 0.154 0.128
Fmax > 0.8 > 0.8 > 0.8 0.60 0.60 0.60 0.60 0.60 0.60
YPR 0.871 0.841 0.809 0.854 0.829 0.788 0.854 0.829 0.788
SSB per Recruit 5.987 5.247 4.686 5.792 5.166 4.548 5.792 5.166 4.548
Initial Recruits (000s) 171 171 171 175 175 175 172 172 172
MSY (mt) 149 144 138 149 145 138 135 125 117
SSBMSY (mt) 1,024 898 802 1,011 902 794 1,314 1,171 1,042

SSB07 (mt) 405 293 209 457 339 249 447 330 242
F07 0.516 0.516 0.516 0.195 0.195 0.195 0.202 0.202 0.202

SSB07/SSBMSY 40% 33% 26% 45% 38% 31% 34% 28% 23%
F07/FMSY 74% 101% 132% 56% 78% 98% 104% 131% 158%  
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Figure 1.  Mean lengths at age distributions assumed for wolffish growth.  The input standard 
deviation is given in the top row of numbers.  Ages greater than 7 had a standard deviation of 6. 
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Figure 2.   Wolffish estimated growth from Nelson and Ross (1992), von Bertalanffy model 
limited to 5+ fish, and von Bertalanffy model limited to 5+ fish with fixed L-infinity at 110 cm.  
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Figure 3.  Predicted catch length frequency distributions at low fishing mortality (F = 0.001) 
with different assumed L-infinity values for growth.  
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Figure 4.  NEFSC spring age-1 stratified mean numbers per tow index.  Lengths 1-7 cm was 
used as a proxy for age-1.   
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Figure 5.  NEFSC spring 40+ cm, MDMF spring 40+ cm, and NEFSC fall 40+ cm stratified 
numbers per tow survey indices for wolffish. 
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Figure 6.   SCALE model sensitivity of fitting the recruitment index and the estimated fishing 
mortality with different penalty weights on recruitment variation (0.01, 2, 10).  The weight on 
the age-1 recruitment index was fixed at 2.   
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Figure7.   SCALE model sensitivity of estimated recruitment and fishing mortality with different 
penalty weights on recruitment variation (0.01, 2, 10).  The weight on the age-1 recruitment 
index was fixed at 2.   
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Figure 8.   SCALE model sensitivity of fitting the recruitment index and the estimated fishing 
mortality with different weights on the recruitment index (0.01, 2, 10).  The weight on 
recruitment variation penalty was fixed at 2.   
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Figure 9.   SCALE model sensitivity of estimated recruitment and fishing mortality with 
different weights on the recruitment index (0.01, 2, 10).  The weight on recruitment variation 
penalty was fixed at 2.   
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Figure 10.  SCALE run 1 selectivity was allowed to hit the L-infinity bound of 90 cm which 
estimates a relatively flat selectivity curve.  SCALE run 2 hits the slope bound of 0.15 which 
estimated a lower L-infinity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11.  SCALE run 1 (L-infinity = 90 cm) fit to the NEFSC spring age-1 recruitment index. 
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Figure 12.  SCALE run 1 (L-infinity = 90 cm) fit to the NEFSC spring 40+ cm, MDMF 40+ cm, 
and NEFSC fall 40+ cm indices. 
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Figure 13.  Run 1 (L-infinity = 90 cm) F, fit to the catch, recruitment and total biomass.  Plus 1 
and minus 1 standard deviations are shown on F and recruitment. 
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Figure 14.  Run 2 (Slope = 0.15) F, fit to the catch, recruitment and total biomass.  Plus 1 and minus 1 standard 
deviations are shown on F and recruitment. 
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Figure 15.  Run 2 (slope = 0.15) retrospective on F, total biomass and age-1 recruitment. 
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Figure 16.  Run 1 (slope = 0.15) sensitivity of recruitment and fishing mortality using three 
different assumed L-infinity values (100, 110, 120) on growth.    
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Figure 17. Updated Run 3 SCALE model F50% yield per recruit and spawn stock biomass per 
recruit curves. 
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Figure 18. Updated Run 3 (slope = 0.15) SCALE model fit to the NEFSC spring age-1 
recruitment index. 
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Figure 19. Updated Run 3 (slope = 0.15) SCALE model fit to the NEFSC spring 40+ cm, 
MDMF 40+ cm, and NEFSC fall 40+ cm indices. 
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Figure 20.  Run 3 (Slope = 0.15) F, fit to the catch, recruitment and total biomass.  Plus 1 and 
minus 1 standard deviation are shown on F and recruitment. 
 


