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DRAFT MEMORANDUM 
 
DATE:  February 10, 2021 
TO:  Herring Committee 
FROM: Herring Plan Development Team (PDT) 
SUBJECT: Development of rebuilding plan for Atlantic Herring  
 
A sub-group of Herring PDT members was assigned to complete analysis supporting 
development of a rebuilding plan for Atlantic herring. This memo includes preliminary analyses 
of Committee tasking items from the December 11, 2020 Herring Committee meeting. These 
analyses were presented and discussed by the full PDT via webinar on January 20, 2021.  
The Herring Committee identified two specific tasking items for the PDT at this time. First, the 
Committee requested the PDT complete projections using:  

1) the ABC control rule approved in Amendment 8;  
2) Ttarget of 7 years (set F so that the probability of rebuilding is 50% in year 7);  
3) Ttarget of 10 years (set F so that the probability of rebuilding is 50% in year 10); and 
4) the ABC control rule approved in Amendment 8 but allow rebuilding to take 10 years 
recognizing that assumptions of recruitment in the initial projections may not be realistic. 

The Committee further discussed that a projection for Tmin or setting F=0 will also be 
completed since determining that value is a requirement of a rebuilding plan based on the 
National Standard 1 guidelines.   
The second tasking item was related to concerns that the projections of spawning stock biomass 
may be overly optimistic in the near-term because they assume recruitment each year was about 
average, which seems unlikely given recruitment estimates in recent years (Figure 1). The 
Committee requested the PDT take this into account somehow and consider using below average 
recruitment as well as average recruitment when developing projections, and if time permits, 
explore empirical dynamic modeling (EDM). For this tasking item, the PDT reviewed Munch et 
al. 2018 and concluded that it would not be feasible or appropriate for the PDT to incorporate 
EDM in this rebuilding plan. The goal of EDM is to improve forecasting of future biomass by 
leveraging patterns in the data. In the case of herring, using EDM would try to improve the 
prediction of recruitment, possibly by incorporating additional variables such as temperature and 
water quality. EDM appears to be a promising method, but its application to fisheries is new and 
therefore requires additional time to conduct thorough analyses and review. 
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During discussions of this approach, it was noted that the Council recently got correspondence 
from NEFSC on December 14, 2020 about some collaborative work that will begin in 2021 
focused on various aspects of the herring assessment. It may be possible to forward some of 
these ideas to that group for additional review as part of the next management track assessment 
in 2022.  The PDT discussed that approach would provide more time, resources, and ability for 
review compared to trying to incorporate new approaches for estimating recruitment in this 
rebuilding plan.    
 
Figure 1. Atlantic herring annual recruit (000s) time series, 1965-2019. 

 

Source: NEFSC (2020a).           
Note: The horizontal line is the average recruitment estimated by the ASAP model over the time series, 
the annual recruitment values are estimated as deviations +/- from the underlying average.  
 
Instead of creating an empirical dynamic model at this time, the PDT developed additional 
projections assuming recruitment is “autocorrelated”.  When using autoregressive (AR; or 
autocorrelated) recruitment, annual recruitment values depend on recruitment from the previous 
year and some random noise.  The PDT prepared these additional projections to demonstrate the 
potential impacts of a slower return to near average recruitment levels. The degree of 
autocorrelation was estimated via linear regression between sequential recruitments, and the 
regression was found to be significant. The detailed methods and formulas used for these AR 
projections are included in Attachment 2.  
The short-term consequence is that the projected recruitments in the near term will be similar to 
the current state.  For example, recruitment is currently low and so the projected recruitments 
will remain relatively low until the random noise aspect of the process produces improved 
recruitment.  In the long-term, the AR process still reverts to a similar average level of 
recruitment as the "average recruitment" assumption, but it does so more slowly (Figure 2).   
The 5% and 95% confidence intervals for median recruitment estimated are presented in Table 1. 
Projection results for recruitment are reported as medians, not averages. Note the confidence 
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intervals around the median for the AR projections are wider than the average recruitment 
projections because the AR process allows for greater variability than average recruitment. The 
degree of correlation in the AR process and the amount of random noise were defined using the 
full time series of estimated herring recruitments. The PDT discussed that this approach is likely 
superior to defining an ad-hoc “below average” recruitment series, or truncated number of years 
to define recruitment (i.e. most recent 5 or 10 years).  With the exception of recruitment, all 
projections used the exact inputs and methods as in the assessment.  Assuming autocorrelation is 
one method to approximate continued lower recruitment as a short-term property of the stock, 
but the long-term properties of the stock are assumed to remain “average” in terms of 
recruitment. When the Atlantic herring management track is updated in 2022 it is feasible that 
the long-term properties of the stock (i.e. recruitment assumptions) could be re-evaluated, 
potentially adjusting biological reference points. But for this rebuilding plan the current 
reference points will be used, as updated in the 2020 management track assessment.  

 
Figure 2 - Median recruitment values for the "average" (in bold) versus autocorrelated (AR) recruitment (dashed line) used in 
projections (2020-2032). 

 
 

 

 

 

 

 

 

 

 

 

 

Table 1 – Confidence intervals for the “average” and “autoregressive” recruitment estimates. 

  "Average" Autoregressive 
  5% CI Median 95% CI 5% CI Median 95% CI 
2020 913,731 3,426,684 10,155,950 409,357 1,525,166 5,706,166 
2021 922,668 3,420,659 10,085,660 525,945 2,221,235 9,467,169 
2022 924,183 3,430,797 10,144,480 610,415 2,636,857 11,630,340 
2023 909,784 3,429,611 10,121,820 647,364 2,871,534 12,642,840 
2024 920,629 3,426,485 10,131,220 675,641 2,978,760 13,140,140 
2025 911,010 3,432,964 10,129,350 684,505 3,024,599 13,370,900 
2026 912,660 3,423,533 10,132,990 687,635 3,039,450 13,476,070 
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2027 919,130 3,420,290 10,136,130 691,318 3,066,175 13,480,390 
2028 915,434 3,432,648 10,134,300 691,176 3,082,158 13,615,480 
2029 914,410 3,432,566 10,126,580 696,582 3,074,937 13,566,900 
2030 917,414 3,432,263 10,115,880 699,493 3,059,563 13,632,900 
2031 909,597 3,425,736 10,131,430 694,163 3,069,602 13,498,890 
2032 928,317 3,432,679 10,131,170 688,754 3,070,659 13,567,230 

 

For the first task, the PDT developed the 4 projection scenarios requested. However, the fourth 
projection requested by the Committee (apply the ABC control rule but set Ttarget at ten years) 
would have the same results as option 1 (ABC CR), it would simply extend the target time 
herring would officially need to be rebuilt under this rebuilding plan (2032 compared to 2026). 
The fishing mortality targets used to determine ABCs would be the same under both scenarios. 
Therefore, the PDT instead used “option 4” to project the consequences of managing the fishery 
for Tmin, which is equivalent to setting F=0 until the population is rebuilt. While this option was 
not in the Committee motion and may not ultimately be an alternative in the rebuilding plan, the 
Council is required to determine and analyze what Tmin would be for Atlantic herring as part of 
this rebuilding plan.  
All four of these projections were first completed assuming “average recruitment”. Thus, annual 
recruitment values for individual iterations were drawn randomly from the full time series of 
estimated herring recruitments, which has the consequence of the projections approximating 
what would happen if recruitment each year was about average.  Each of the 4 scenarios were 
also analyzed using autocorrelated recruitment (AR), as described above.   
 

PDT Findings 

1. The four options presented in this memo are not rebuilding plan alternatives at this 
stage; they were developed based on specific Committee tasking. When alternatives are 
developed the PDT will prepare updated projections. 

2. The PDT included two sets of projections for each option in response to Committee 
tasking about exploring recruitment assumptions. One projection assumes recruitment 
will return to more average levels, and one uses autocorrelated (AR) recruitment. 
There is no concrete evidence that herring recruitment is autocorrelated, but the 
autoregression results were statistically significant and the PDT has more confidence 
in the AR projections given recent trends of below average recruitment. The PDT 
discussed using other approaches for alternative recruitment streams, i.e. using the last 
five or ten years of recruitment only, but believes the AR approach is less arbitrary and 
more justified in this case.  

3. The PDT recommends that the harvest control rule adopted under Amendment 8, 
Option 1 – ABC CR, should be the default position for this rebuilding plan. Based on 
the results of Option 1 and AR recruitment, fishing is constrained more in the short 
term (2021-2024), but ABC increases higher than other options in the mid-term (2025-
2027). This option is estimated to rebuild the resource in five years (assuming 
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“average” recruitment) to nine years (assuming AR recruitment), before Tmax of ten 
years for Atlantic herring.  

4. By design the Amendment 8 biomass-based control rule uses a relatively risk-averse 
fishing mortality rate when stock size is low, and increases fishing mortality up to 80% 
of Fmsy when biomass is relatively high (>50% SSBmsy proxy).  

5. Amendment 8 considered the tradeoffs of various control rules using a detailed 
Management Strategy Evaluation process. The control rule was ultimately selected to 
meet specified objectives; therefore, if the Committee decides to recommend using a 
different control rule for this rebuilding plan very, strong rationale should be provided. 

6. The PDT has less confidence in the long-term projections (2028+); therefore, more 
attention should be given to the short and mid-term results.    
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Preliminary Results 
Table 2 below summarizes several key results across all eight projections in the near term (2022) 
and mid-term (2026). The number of years it would take the stock to rebuild (50% probability of 
biomass reaching Bmsy) for each scenario is included at the bottom of the table. The more 
detailed projections for each option over the entire time series are included in Attachment 1.  
Results have also been summarized into figures comparing the average and autocorrelated 
recruitment (AR) projections for each option and metric (i.e. F, SSB/SSBmsy, ABC, etc). 
Summary bullets are included for each series of figures highlighting some of the results. 
 

Table 2 – Summary of projection results for 4 rebuilding options (using two different recruitment assumptions – “average” and 
“autocorrelated” 

# 1a 1b 2a 2b 3a 3b 4a 4b 
Projection ABC CR ABC CR Fconstant 

7yr 
Fconstant 
7yr 

Fconstant 
10yr 

Fconstant 
10yr 

Fzero Fzero 

Recruitment Avg AR Avg AR Avg AR Avg AR 
F 2022 0.09 0.09 0.48 0.36 0.50 0.44 0.00 0.00 
F 2026 0.43 0.43 0.48 0.36 0.50 0.44 0.00 0.00 
P(overfishing) 
2022 

0.00 0.00 0.41 0.22 0.44 0.36 0.00 0.00 

P(overfishing) 
2026 

0.32 0.37 0.39 0.30 0.42 0.38 0.00 0.00 

P(overfished) 
2022 

0.90 0.90 0.95 0.94 0.95 0.95 0.89 0.89 

P(overfished) 
2026 

0.02 0.24 0.05 0.25 0.05 0.30 0.00 0.07 

ABC 2022 8,765 8,239 21,023 16,120 21,518 17,787 4,778 4,778 

ABC 2026 80,234 62,261 79,449 50,182 81,309 56,584 4,778 4,778 

SSB/SSBmsy 
2022 

0.17 0.17 0.11 0.13 0.11 0.12 0.19 0.19 

SSB/SSBmsy 
2026 

1.10 0.64 0.93 0.76 0.91 0.70 1.30 1.15 

P(rebuild) 
2022 

0.03 0.02 0.01 0.01 0.01 0.01 0.03 0.03 

P(rebuild) 
2026 

0.52 0.34 0.42 0.34 0.39 0.30 0.92 0.59 

Year rebuilt 2026 2030 2028 2028 2031 2031 2025 2026 
# years 5 9 7 7 10 10 4 5 
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Figure 3 – Probability of overfished for 4 rebuilding options (ABC CR, Fconstant 7year, Fconstant 10year, and F=0) under 
different recruitment assumptions (AVG and AR). 

 

• All options have a high probability of remaining overfished for the first few years 
because current biomass is low. 

• P(overfished) estimates are higher under AR than average recruitment for all 4 options 
because biomass does not recover as quickly under AR; it takes 2-3 years longer for 
P(overfished) to decline to similar levels under AR compared to average recruitment. 

• The year that P(overfished) is estimated to fall below 50% is approximately one year 
earlier for Option 4 (F=0) and Option 1 (ABC CR) compared to Option 2 (Fconstant 
7year) and Option 3 (Fconstant 10year). 

• P(overfished) falls below 25% in 2024/2025 for Option 4 (F=0), 2024-2026 for Option 1 
(ABC CR), 2025-2026 for Option 2 (Fconstant 7year), and 2025-2027 for Option 3 
(Fconstant 10year).  
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Figure 4 – Projected ABCs for 4 rebuilding options (ABC CR, Fconstant 7year, Fconstant 10year, and F=0) under different 
recruitment assumptions (AVG and AR). 

 

• For Option 4 (F=0), projected ABC is set to 0 for the US mobile fleet for the entire time 
series.  

• Projected ABC is lower under Option 1 (ABC CR) than Option 2(Fconstant 7year) and 
Option 3 (Fconstant 10year) for the first few years, but then Option 1 (ABC CR) ABC is 
higher than Option 2 and 3, especially under the AR scenario (Table 3).   

• For the AR scenarios, the sum of ABCs over the entire time series is highest for Option 3 
(Fconstant 10year), followed by Option 1 (ABC CR), and then Option 2 (Fconstant 
7year).   

• The difference between AR and AVG is bigger for Option 2 (Fconstant 7year) because 
the F that achieves rebuild in year 7 is more extreme for this control rule 

• AVG and AR are similar for Option 1 (ABC CR) for the first few years because the F 
values are the same for the first few years, which isn’t true of the other options.   
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Table 3 – Projected annual ABCs by option for average and autocorrelated recruitment scenarios  

  1A 1B    2A 2B 3A 3B 4A 4B 

Year ABC CR 
(AVG) 

ABC CR 
(AR) 

Fconstant 
7yr (AVG) 

Fconstant 
7yr (AR) 

Fconstant 
10yr (AVG) 

Fconstant 
10yr (AR) 

F=0 
(AVG) 

F=0 
(AR) 

2021 9,483 9,467 21,552 17,877 22,192 20,433 4,778 4,778 
2022 8,765 8,239 21,023 16,120 21,518 17,787 4,778 4,778 
2023 11,015 8,933 34,824 20,581 35,829 22,941 4,778 4,778 
2024 55,628 22,308 51,956 28,955 53,462 32,632 4,778 4,778 
2025 70,736 51,562 67,629 39,449 69,448 44,584 4,778 4,778 
2026 80,234 62,261 79,449 50,182 81,309 56,584 4,778 4,778 
2027 87,141 71,108 87,821 60,409 89,573 67,596 4,778 4,778 
2028 90,271 77,948 92,204 68,588 93,795 76,068 4,778 4,778 
2029 91,409 82,599 94,052 74,420 95,539 81,900 4,778 4,778 
2030 91,930 85,687 94,910 78,470 96,326 85,640 4,778 4,778 
2031 92,084 87,708 95,194 80,999 96,605 87,997 4,778 4,778 
2032 92,296 88,865 95,448 82,524 96,869 89,326 4,778 4,778 

Grand 
Total 780,992 656,685 836,062 618,574 852,465 683,488 57,336 57,336 

Note: ABC does not equal 0 for Option 4 (F=0) because that projection includes an assumption of 
mortality from fixed gear (weir catch from US and Canada). Fishing mortality for the US mobile fleet is 
zero for these projections but includes an estimate of mortality from fixed gear of 4,778 mt, an average 
catch from the last ten years. 
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Figure 5 – Projections of fishing mortality for US mobile fleet for 4 rebuilding options (ABC CR, Fconstant 7year, Fconstant 
10year, and F=0) under different recruitment assumptions (AVG and AR). 

 
 

• Option 1 (ABC CR) is the only option that is biomass based, meaning F changes 
depending on the level of estimated biomass; when biomass is low, F is low, and when 
biomass is above 0.5 SSB/SSBmsy, then F increases to 80% of Fmsy. For herring, Fmsy 

proxy = 0.54. That is why this projection has low F at first, and then F increases as biomass 
increases until it levels off at 80% of Fmsy (0.43).  

• Option 2 (Fconstant 7year) and Option 3 (Fconstant 10 year) are constant F approaches, 
so the F that produces 50% probability of rebuild in either year 7 or 10 is identified and 
then applied for all the years in the time series. Generally, the more time you allow for 
rebuild the more similar the Fs will be because both AVG and AR will be closer to 
average levels. Option 2 (Fconstant 7years) requires a bigger difference in F values than 
Option 3 (Fconstant 10 years) because the resource is still relatively poor and hasn’t 
trended as far toward average levels.   
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Figure 6 – Projections of SSB for 4 rebuilding options (ABC CR, Fconstant 7year, Fconstant 10year, and F=0) under different 
recruitment assumptions (AVG and AR). SSBmsy proxy is the dashed horizontal line. 

 

 

 

• Projections of SSB are relatively similar for Options 1, 2, and 3, compared to Option 4 
(F=0) that has much higher biomass projections under no fishing. 

• Projected SSB is higher under Option 1 (ABC CR) than Option 2 (Fconstant 7 year) and, 
particularly in the earlier years in the time series (Table 4).   

• The sum of ABCs over the entire time series is highest for Option 1 (ABC CR) for both 
average and AR recruitment, except for Option 2 (Fconstant 7year) under AR, which is 
slightly higher than Option 1 (ABC CR) AR.     
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Figure 7 – Probability of overfishing for 4 rebuilding options (ABC CR, Fconstant 7year, Fconstant 10year, and F=0) under 
different recruitment assumptions (AVG and AR).

 

 

• For Option 4 (F=0), P(overfishing) is 0 for the entire time series since the US mobile 
fishery has no allocation under this option.  

• While biomass is low under the first few years across these projections, Option 1 (ABC 
CR) allows relatively low levels of fishing, so the probability of overfishing during those 
years is also very low. P(overfishing) is higher under the AR scenario because the same 
maximum F is allowed under the control rule, but biomass is lower than under the 
average recruitment scenario, so P(overfishing) is higher, about 40% under AR compared 
to 30% under average recruitment. 

• P(overfishing) is highest under Option 3 (Fconstant 10year) at about 40% under both AR 
and average recruitment, and between 20% and 40% for Option 2 (Fconstant 7year). 
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Figure 8 – Projected OFLs for 4 rebuilding options (ABC CR, Fconstant 7year, Fconstant 10year, and F=0) under different 
recruitment assumptions (AVG and AR). 

 

 

• In general, the projections of OFL are relatively similar across options compared to other 
metrics. Option 4 (F=0) has higher projections of OFL compared to the other three 
options that level off around 100,000 mt.  

• The projections of OFL using AR are lower than average recruitment projections of OFL 
except for later in the time series under Options 2 (Fconstant 7 year) and Option 3 
(Fconstant 10year), this happens because the rebuild F values for these two options are 
lower in the AR scenario, but Fmsy is the same. So at some point the lower Fs leave more 
fish in the water, which increases the OFL when Fmsy is applied.   
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Figure 9 – SSB/SSBmsy for 4 rebuilding options (ABC CR, Fconstant 7year, Fconstant 10year, and F=0) under different 
recruitment assumptions (AVG and AR). 

 

• A dashed horizontal line has been included to indicate where projected SSB = SSBmsy 
(1.0). This is projected to happen earlier under Option 4 (F=0), in 2024 under average 
recruitment and 2026 under AR. 

• All four options cross this line within ten years; Option 1 (ABC CR) under average 
recruitment is estimated to return to SSB several years earlier than the other options.  

• Under Option 2 (Fconstant 7 year), biomass increases higher than SSBmsy later in the 
time series (2029 and beyond) compared to Options 1 (ABC CR)  and Option 3 
(Fconstant 10year) because that option constrains fishing mortality more than Option 1 
(AC CR) when biomass is higher.   
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Figure 10 – Probability of rebuilt resource for 4 rebuilding options (ABC CR, Fconstant 7year, Fconstant 10year, and F=0) under 
different recruitment assumptions (AVG and AR). 

 

• Prebuild is a primary metric considered under rebuilding plans, in this case a horizontal 
dashed line has been added at 0.5, indicating a 50% probability the stock is rebuilt.  

• Prebuild is very low for all the options for the first few years since herring biomass is 
relatively low.  

• Option 4 (F=0) crosses this point earliest (in 2024 under average recruitment and 2026 
under AR), and not surprisingly with no fishing the probability the stock will remain 
above BMSY is very high later in the time series. 

• Option 1 (ABC CR) has a steeper increase in Prebuild compared to Options 2 (Fconstant 
7year) and Option 3 (Fconstant 10year) since fishing mortality is more constrained under 
the control rule while biomass is low, and that flattens out when biomass increases, and 
fishing mortality can increase up to 80% Fmsy. 
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Table 4 – Projected annual SSB by option for average and autocorrelated recruitment 

  1A 1B 2A 2B 3A 3B 4A 4B 

Year ABC CR 
(AVG) 

ABC CR 
(AR) 

Fconstant 
7yr (AVG) 

Fconstant 
7yr (AR) 

Fconstant 
10yr (AVG) 

Fconstant 
10yr (AR) 

F=0 
(AVG) 

F=0 
(AR) 

2020 56,375 56,376 56,375 56,376 56,375 56,376 56,375 56,376 

2021 48,840 48,717 39,315 42,048 38,831 40,013 52,608 52,461 

2022 45,916 45,287 30,774 34,185 30,116 31,369 51,742 50,954 

2023 130,282 78,898 98,565 60,329 97,217 56,072 140,242 87,108 

2024 205,217 131,703 169,003 106,432 166,250 99,190 252,230 152,189 

2025 250,185 173,119 220,450 156,983 216,114 145,642 352,735 229,403 

2026 274,154 207,397 250,146 204,852 244,527 189,034 432,901 308,879 

2027 284,632 233,549 264,591 242,555 258,144 222,030 493,561 381,453 

2028 289,704 251,379 271,592 268,679 264,442 243,799 541,236 444,512 

2029 291,866 262,990 274,691 286,226 267,022 257,877 575,250 496,376 

2030 293,066 270,159 276,400 297,044 268,613 266,172 599,721 539,170 

2031 293,108 275,497 276,742 304,817 269,041 271,919 616,308 571,000 

2032 293,800 278,536 277,422 308,746 269,719 275,256 628,317 595,353 

Grand 
Total 2,757,145 2,313,607 2,506,066 2,369,272 2,446,411 2,154,749 4,793,226 3,965,234 

 
 

 

 

  



17 
 

Table 5 summarizes the PDT recommendations for required terms of a rebuilding plan for 
Atlantic herring. Some are still under development. 

Table 5 – Draft definitions for an Atlantic herring rebuilding plan 

Term Draft Atlantic herring rebuilding plan definitions Notes/Questions 

MSY MSYproxy = 99,400 mt  

Bmsy SSBmsy proxy = 269,000 mt  

Fmsy Fmsy proxy = 0.54  

Overfished  In 2019, SSB estimated at 77,883 mt, < MSST; therefore, the 
stock is overfished. 

 

MSST 
 

½ SSBmsy proxy =134,500 mt  

Overfishing In 2019, F estimated at 0.25, > MFMT; therefore, overfishing is 
not occurring 

 

MFMT 
 

F=0.54  

Tmin The amount of time the stock or stock complex is expected to 
take to rebuild to its MSY biomass level in the absence of any 
fishing mortality. The term “expected” means to have at least a 
50% probability of attaining Bmsy.  
Using F=0 for all years, the projection when Prebuild is 50% is 
between 3-4 years assuming “average” recruitment and 5 
years assuming “autocorrelated” recruitment. 

PDT has developed Option 4 to 
evaluate Tmin.  

Tmax The maximum time for rebuilding a stock or stock complex to 
its Bmsy.  
For herring this is 10 years. 

  

Ttarget The target time for rebuilding shall be as short as possible, 
taking into account: the status and biology of any overfished 
stock, the needs of fishing communities, recommendations by 
international organizations in which the U.S. participated, and 
interactions of the stock within the marine ecosystem. The time 
period shall not exceed 10 years, except where biology of the 
stock, other environmental conditions, or management 
measures under an international agreement to which the U.S. 
participates, dictate otherwise. 
If Ttarget is set using the ABC control rule approved in 
Amendment 8 the time when the stock is expected to rebuild is 
5 years assuming “average” recruitment and 9 years assuming 
“autocorrelated” recruitment.  

The PDT has developed 
Options 1, 2, and 3 to respond 
to Committee tasking on this 
subject.These are NOT 
alternatives at this stage.   
Related to recruitment, the PDT 
does not think it is feasible to 
incorporate EDM in this 
rebuilding plan but developed 
autocorrelated recruitment (AR) 
projections to explore 
consequences of lower 
recruitment. 

G Generation time is the average length of time between when 
an individual is born and the birth of its offspring.  
Based on data in assessment, the age when 50% of herring 
are mature is 3-4 years. 

The PDT recommends 
calculating the age when 
herring successfully spawn 
based on equation from 
Restrepo et al, 1998. Six years 
- details on next page 

Frebuild 
 

Fishing mortality associated with achieving Ttarget. 
 

Filled in after preferred 
alternative for Ttarget selected. 
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Additional PDT analysis of Atlantic herring generation time 
 
Various definitions exist for determining generation time; for rebuilding time horizons NMFS 
guidance recommends defining generation time using an unfished state (Thompson et al, 1998). 
The default generation time included in NMFS guidance is based on Goodyear 1995 defined 
below.  In the Atlantic herring assessment, the proportion of mature fish is calculated using 
samples from quarter three of each year (July-September), just prior to spawning.  In recent 
years, age-2 are almost never mature, while age-3 fish are always >50% mature (NEFSC, 2018).   

The PDT discussed that while fish may be in spawning condition in year 3-4 they may not 
successfully spawn until later. Therefore, the PDT calculated generation time using the formula 
below, consistent with NMFS guidance.  

 

 

 

A reasonable approximation for generation time when M is between 0.1 and 2 is 1/M + Am50.  
Therefore, the PDT recommends that generation time for Atlantic herring is equivalent to six 
years, about two years longer than the age when 50% of fish are mature (3-4 years).  Natural 
mortality (M) for Atlantic herring is assumed to be 0.35, Am50 is 3 years based on the assessment, 
so GT = (1/(0.35)) + 3 = 5.85, or six years.  
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Attachment 1 
Projections for four rebuilding program options using two different recruitment assumptions 
 
Table 6 – Projections for Option 1 under average recruitment (Option 1A) 

 
 
Table 7 – Projections for Option 1 under autocorrelated recruitment (Option 1B) 
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Table 8 – Projections for Option 2 under average recruitment (Option 2A) 

 
 
Table 9 – Projections for Option 2 under autocorrelated recruitment (Option 2B) 
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Table 10 – Projections for Option 3 under average recruitment (Option 3A) 

 
 
Table 11 – Projections for Option 3 under autocorrelated recruitment (Option 3A) 

 
 
 
 
 
 



23 
 

Table 12 – Projections for Option 4 under average recruitment (Option 4A) 

 
 
Table 13 – Projections for Option 4 under autocorrelated recruitment (Option 4A) 
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Attachment 2 
Detailed methods of autoregressive recruitment 
 
The PDT developed a second set of projections assuming recruitment followed an autoregressive 
(AR; or autocorrelated) process. The Committee requested the PDT explore an EDM like 
approach, and this was deemed the best solution for the time and resources available. Using 
autocorrelated recruitment was done to maintain short-term low recruitment regardless of stock 
size. The AR projections do not only assume low recruitment when SSB is low, that would imply 
a stock recruit relationship. Instead, autocorrelation assumes annual recruitment values depend 
on recruitment from the previous year and some random noise.   

𝑅𝑅𝑡𝑡 = 𝑒𝑒𝜇𝜇log (𝑅𝑅�)+𝜖𝜖𝑡𝑡 ; 

𝜖𝜖𝑡𝑡 = 𝜌𝜌𝜖𝜖𝑡𝑡−1 + 𝜔𝜔𝑡𝑡;  

𝜔𝜔𝑡𝑡~𝑁𝑁(0,𝜎𝜎𝜔𝜔2); 

𝜎𝜎𝜔𝜔2 = (1 − 𝜌𝜌2)𝜎𝜎log (𝑅𝑅�)
2 ; 

where 𝑅𝑅𝑡𝑡 is recruitment in year t, 𝜇𝜇log (𝑅𝑅�) is the mean of the log-scale recruitments estimated by 
the stock assessment, the “hat” symbol denotes a recruitment estimated by the stock assessment 
(or value dependent on those estimates) and absence of a “hat” indicates a recruitment projected 
into the future, 𝜌𝜌 is the degree of autocorrelation between log-scale annual recruitment 
deviations (see below), and 𝜎𝜎log (𝑅𝑅�)

2  is the variance of the log-scale recruitments estimated by the 
stock assessment.  These parameters were defined using the full time series of estimated herring 
recruitments from the 2020 stock assessment, and: 

𝜖𝜖�̂�𝑡 = log�𝑅𝑅�𝑡𝑡� − 𝜇𝜇log (𝑅𝑅�); 

where 𝑅𝑅�𝑡𝑡 were the estimated recruitments from the stock assessment. The degree of 
autocorrelation, 𝜌𝜌, was estimated using linear regression, as: 

𝜖𝜖�̂�𝑡 = 𝜌𝜌𝜖𝜖�̂�𝑡−1. 

The intercept of this regression was assumed equal to zero, and the relationship was highly 
significant (p-value = 0.00067; Figure 1).  The estimated values for the parameters defining the 
AR process were: 

𝜇𝜇log(𝑅𝑅�) = 14.937 

𝜎𝜎log (𝑅𝑅�)
2 = 0.663 

𝜌𝜌 = 0.458 

and the initial deviation one year prior to the start of the projection period was 

𝜖𝜖�̂�𝑡=2019 = −1.528 = log�𝑅𝑅�𝑡𝑡=2019�. 
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The 𝜇𝜇log(𝑅𝑅�) parameter defines the scale of the AR recruitment process (e.g., this value would be 
smaller if this were a cod stock).  The 𝜎𝜎log (𝑅𝑅�)

2  and 𝜌𝜌 parameters interact to define how similar 
sequential recruitments will be.  For example, a high 𝜌𝜌 value (e.g., near 1.0) and low 𝜎𝜎log (𝑅𝑅�)

2  
would create sequential recruitments that are very similar with systematic trends among years.  
Conversely, a low 𝜌𝜌 value (e.g., near 0) and high 𝜎𝜎log (𝑅𝑅�)

2  would look more like random noise 
around an average level of recruitment because the random noise swamps the degree of 
correlation.  The herring parameters are moderate between these extremes (Figures 2-4). 

 

Figure 1.  Relationship between log-scale sequential recruitments (points) and the estimated 
regression line that determines the degree of autocorrelation (𝜌𝜌) in the AR relationship (line). 
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Figure 2. Ten example projected recruitment time series using the herring parameters: 𝜇𝜇log(𝑅𝑅�) =
14.937, 𝜎𝜎log (𝑅𝑅�)

2 = 0.663,𝜌𝜌 = 0.458, and 𝜖𝜖�̂�𝑡=2019 = −1.528. 

 

Figure 3.  Ten example projected recruitment time series using parameters to create relatively 
low correlation: 𝜇𝜇log(𝑅𝑅�) = 14.937, 𝜎𝜎log (𝑅𝑅�)

2 = 1.0,𝜌𝜌 = 0.1, and 𝜖𝜖�̂�𝑡=2019 = −1.528. 
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Figure 4.  Ten example projected recruitment time series using parameters to create relatively 
high correlation: 𝜇𝜇log(𝑅𝑅�) = 14.937, 𝜎𝜎log (𝑅𝑅�)

2 = 0.6, 𝜌𝜌 = 0.7, and 𝜖𝜖�̂�𝑡=2019 = −1.528. 
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