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1.0 APPENDIX I 
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.  

 

 



3 
 

References: 

Goodyear, C.P. 1995. Red snapper in U.S. waters of the Gulf of Mexico. NMFS/SEFSC 
Contribution MIA-95/96-05. 

Northeast Fisheries Science Center (NEFSC). 2018. 65th Northeast Regional Stock Assessment 
Workshop (65th SAW) Assessment Report. US Dept Commer, Northeast Fish Sci Cent Ref Doc. 18-11; 
659 p. Available from: http://www.nefsc.noaa.gov/publications/  

Thomspon et al. 1998. Technical Guidance On the Use of Precautionary Approaches to 
Implementing National Standard 1 of the Magnuson-Stevens Fishery Conservation and 
Management Act. NOAA Technical Memorandum NMFS–F/SPO–31.  

 

  

http://www.nefsc.noaa.gov/publications/


4 
 

DETAILED METHODS OF AUTOREGRESIVE 
RECRUITMENT ANALYSES 

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. 

2.0 APPENDIX II – SSC REPORT, MARCH 2021 
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New England Fishery Management Council 
50 WATER STREET  |  NEWBURYPORT, MASSACHUSETTS 01950  |  PHONE 978 465 0492  |  FAX 978 465 3116 
John Quinn, J.D., Ph.D., Chairman  |  Thomas A. Nies, Executive Director 

To: Tom Nies, Executive Director  

From: Scientific and Statistical Committee  

Date: May 18, 2021 

Subject: Terms of Reference – (1) Technical basis of draft rebuilding plan options for Atlantic herring; 
(2) Review of NEFSC 2021 State of the Ecosystem Report

The Scientific and Statistical Committee (SSC) met on March 26, 2021 via webinar to address the 
following terms of reference (TOR):  

Review preliminary work by the Herring Plan Development Team (PDT) and comment on the initial 
projections developed by the PDT to evaluate the rebuilding plan alternatives.  Specifically, the PDT 
has developed projections using two different assumptions about recruitment, “average” and 
“autocorrelated” recruitment. The SSC should answer the questions: Are these projections technically 
sound and appropriate ways to evaluate the potential impacts of the rebuilding plan? Does the suite of 
the projections capture the potential states of nature appropriately?  

Second, the PDT has prepared an additional set of projections to help evaluate the longer-term impacts 
of the rebuilding plan. These projections either maintain the same control rule for the entire time series 
or apply a default control rule, in this case the control rule approved in Amendment 8, after the stock is 
estimated to be rebuilt. The SSC should answer the questions: Are the projections technically sound 
based on the scenarios used? 

Finally, the SSC will receive a presentation on the Northeast Fisheries Science Center’s Ecosystems 
Status Report and provide the Council any recommendations about possible revisions to the report for 
the next year. 

To address these TORs, the SSC considered the following information: 
1.1 Presentation: Herring Plan Development Team Report on Initial Development of Rebuilding 
Strategies for Atlantic Herring (NEFMC and NEFSC staff). 
1.2 Memo from Herring PDT to SSC re Initial Development of Rebuilding Strategies for Atlantic 
Herring (March 16, 2021) 
1.3 Letter GARFO to Council re Atlantic herring stock status (October 13, 2020) 
1.4 2020 Operational assessment for Atlantic herring (June 2020).   Available at: 
https://www.nefmc.org/library/final-report-key-documents-herring-management-track-assessment-
peer-review-meeting-june-22-25-2020 
1.5 National Standard 1 Guidelines – Optimum Yield (Section 600.310 (j) Council actions to 
address overfishing and rebuilding for stocks and stock complexes).  
2.1 2021 State of the Ecosystem and Current Conditions (Draft) 
2.2 State of the Ecosystem 2020: New England. NOAA/NEFSC. Available 
at:https://repository.library.noaa.gov/view/noaa/23890 
2.3 SSC Report to NEFMC re Ecosystems Report – April 2020 



SSC Attendance 
Dr. Birkenbach, Dr. Chen, Dr. Collie, Dr. Jordaan, Dr. Friedland, Dr. Kerr, Dr, McManus, Mr. Maguire, 
Dr. McNamee, Dr. Merrick, Dr. O'Keefe, Dr. Serchuk, Dr. St. Martin, Mr. Stockwell, Dr. Uchida, Dr. 
Wiedenmann, Dr. Williams 

SSC Response 
Atlantic herring rebuilding strategies  
The SSC received a memo and a thorough overview of the rebuilding strategies for Atlantic herring. 
The SSC was asked to address specific questions from the Herring PDT about some preliminary 
approaches for rebuilding herring; therefore, the report is structured around those questions. The first 
question asked if the projections were a technically sound and appropriate way to evaluate the potential 
impacts of the rebuilding plan. The SSC felt that all the techniques being used in the rebuilding analyses 
were both technically sound and appropriate, though some were more realistic than others, and some 
had more or less risk associated with them as described below. The SSC went on to critique how some 
of the assumptions were likely to reflect possible states of nature, which were in response to the second 
question posed in the TORs.  

The second question asked if the suite of projections capture the potential states of nature appropriately. 
The SSC had commented in the past that the standard approach for using average recruitment from the 
entire time series could be a risky assumption that could lead to optimistic rebuilding of the population 
if average recruitment were not achieved during the rebuilding period. The SSC felt that the 
autocorrelated recruitment method developed by the PDT was a good technique to better capture the 
short-term properties of recruitment, and therefore felt that this was a good addition to the recruitment 
assumptions for the projections. While this method was a better method for capturing short-term 
recruitment trends, the SSC felt the longer-term recruitment trends were still uncertain. There are 
dynamics occurring that are not yet captured by the quantitative process that should continue to be 
explored as ways to define additional states of nature. There have been changes to copepod assemblages 
in the GOM, there is an interaction with the haddock population and herring recruitment, and other 
environmental covariates may also influence the herring population through recruitment. These all 
impact the possible states of nature and could be investigated further in the future, though the SSC 
recognizes these investigations are likely not viable for development in the current rebuilding plan. The 
SSC appreciated the PDT exploration of other modeling techniques such as empirical dynamic 
modeling as alternatives to the autocorrelation approach, and the SSC supports the continuation of these 
explorations into the next assessment process. 

Public comment made during the meeting touched on consideration of the impact of the rebuilding 
strategies on fishing communities. The SSC agreed that this was an important consideration. They went 
on to state that the point of the control rule developed under Amendment 8 of the Atlantic Herring 
Fishery Management Plan should have accounted for some of these types of impacts though recognized 
the desire to explore other potential options in this rebuilding plan to make sure these types of impacts 
are covered by the strategies explored.   

State of the Ecosystem Report 
The SSC was provided a thorough review of the State of the Ecosystem Report (SOE). The new 
structure of the report was appreciated by the SSC as was the report in general. The SSC felt that the 
information contained in the report was valuable for consideration in the management process, and the 
positive evolution of the report since its inception was appreciated by the group. The SSC made several 
editorial comments, which were subsequently provided to the NEFSC directly after the meeting and will 



not be captured in this report. Beyond the editorial comments the SSC offered the following suggestions 
for consideration as modifications to the report: 

• Ocean acidification is a factor contained in the MAFMC report and could be considered as an
addition to the New England version of the report as well.

• There was discussion on the trends presented in the report, with a note that long term trends
would be more valuable if shorter term trends were also presented for context.

• There was general appreciation for the socio-economic information contained in the report,
though the SSC felt there was more scope to broaden this information even further.

o One of the areas that can be expanded in this subset of the information is with regard to
the spatial nature of the socio-cultural information.

o It was noted that the social-cultural data in the State of the Ecosystem report lacks
historical depth while the economic data, which does have historical depth, lacks spatial
resolution (i.e. community level metrics).

o One of the pieces of economic information that the SSC felt would improve the report
would be to focus more on commercial revenues than commercial profits.

• Finally, the SSC wondered if management objectives could be stated up front in the report as a
way to provide context for the overall report.

There was a bit of discussion on how the information could be incorporated into stock assessments. As 
mentioned previously, a more directed subject specific series of reports is being developed for this 
purpose, so the NEFSC also recognizes the need to provide the information in a way that can be 
integrated into the quantitative processes for fish stocks. They are working towards this product in 
parallel with the SOE. 

Conflict of Interest Modifications 
Executive Director Nies described some modifications to the conflict of interest polices for the NEFMC 
and its SSC. He highlighted two particular areas of change that may be meaningful to the SSC. The SSC 
considered these modifications but did not have any major concerns with the proposed changes. 
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Appendix III 

Preliminary Analysis of New Rebuilding Plan Alternative 3A 
Lower Constant Fishing Mortality Rate During Rebuilding (F=0.358, or 66% of Fmsy) 

The Herring Committee met on September 15, 2021, via webinar. Based on a motion from the Advisors, the Committee 
passed a motion to consider a new alternative that would use a constant fishing mortality rate over the length of the 
rebuilding plan, but at a lower rate than Alternative 3. Alternative 3A would set F at 0.358, compared to 0.48 under 
Alternative 3. The lower rate of 0.358 was identified as the rate projected to rebuild the resource in 7 years if 
recruitment is autocorrelated (AR). When fishery projections are completed with F=0.358 assuming “average” 
recruitment the resource is estimated to rebuild faster, in five years (FY2026). The projection results are presented in 
Table 1 and Table 2. Table 3 summarizes the results for Alternative 3A to Alternatives 2 and 3 side by side, and Table 4 
does the same for FY2023 only, the year that drives most of these results when Frates vary most between the 
alternatives. 

Figure 1 through Figure 6 compare projections under average recruitment (AVG) and projections that maintain the ABCs 
projected under average recruitment, but then assume herring recruitment is autocorrelated (lower herring biomass 
scenario) (AVG in AR). Alternative 2 is in gray, Alternative 3 is in Black, and Alternative 3A is in Blue. 

For the most part, the results for Alternative 3A fall between Alternative 2 and 3, especially in the next few years until 
herring is projected to rebuild. 

Preliminary economic and social impacts of Alternative 3A have been included in this document as well. Figure 7 and 
Table 5 summarize projected revenues. 

The potential impacts on non-target species, protected resources and EFH are expected to be similar to Alternatives 2 
and 3 described in more detail in the Draft Framework 9 EA.  
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Preliminary Projection Results 

Table 1 – Projection results for Alternative 3A (constant F at lower F), assuming average recruitment.        
Note: the year with shading indicates the year the stock is projected to rebuild. 

Mobile 
Fleet F SSB P 

(Ofishing) 
P 
(Ofished) OFL ABC SSB/ 

SSBmsy 
P 
(rebuild) 

P 
(closure) 

2020 0.243 56375 0.002 0.999 – – 0.21 0 0 
2021 0.119 48760 0 0.918 23424 9483 0.181 0.017 0.014 
2022 0.088 45802 0 0.888 26283 8722 0.17 0.031 0.053 
2023 0.358 117830 0.204 0.6 44736 32179 0.438 0.072 0.001 
2024 0.358 195250 0.213 0.213 64415 45591 0.726 0.241 0 
2025 0.358 252133 0.206 0.062 83094 58503 0.937 0.434 0 
2026 0.358 287464 0.2 0.019 97925 68863 1.069 0.577 0 
2027 0.434 300115 0.328 0.054 110825 91885 1.116 0.601 0 
2028 0.434 299838 0.331 0.024 113306 93980 1.115 0.619 0 
2029 0.434 297206 0.331 0.013 113066 93841 1.105 0.62 0 
2030 0.434 295604 0.33 0.009 112468 93341 1.099 0.615 0 
2031 0.434 294349 0.327 0.008 111758 92756 1.094 0.615 0 
2032 0.434 294383 0.328 0.007 111536 92572 1.094 0.612 0 

Table 2 – Sensitivity run for Alternative 3A (constant F at lower F) assuming ABC from average recruitment, but AR recruitment 
realized.      Note: the stock is not projected to rebuild by 2032 under the assumed conditions. 

Mobile 
Fleet F SSB 

P 
(Ofishing) 

P 
Ofished) OFL ABC 

SSB/ 
SSBmsy 

P 
(rebuild) 

P 
(closure) 

2020 0.243 56376 0.002 0.999 – – 0.210 0.000 0.000 
2021 0.119 48571 0.000 0.918 23350 9483 0.181 0.017 0.015 
2022 0.101 44781 0.000 0.890 23376 8722 0.166 0.031 0.059 
2023 0.547 64125 0.505 0.815 31931 32179 0.238 0.042 0.030 
2024 0.605 99608 0.553 0.628 41516 45591 0.370 0.123 0.012 
2025 0.598 136585 0.543 0.494 53425 58503 0.508 0.237 0.005 
2026 0.571 171531 0.521 0.419 65127 68863 0.638 0.331 0.002 
2027 0.668 189424 0.580 0.399 75938 91885 0.704 0.379 0.001 
2028 0.632 202415 0.555 0.389 81353 93980 0.752 0.406 0.001 
2029 0.589 215272 0.527 0.376 86080 93841 0.800 0.430 0.000 
2030 0.549 230062 0.503 0.364 90728 93341 0.855 0.450 0.000 
2031 0.514 242346 0.482 0.351 95194 92756 0.901 0.467 0.000 
2032 0.491 253133 0.468 0.340 98810 92572 0.941 0.481 0.000 
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Table 3 summarizes the projection results for the original two rebuilding plan alternatives (Alternative 2 – ABC CR and Alternative 3 – 7yr constant) assuming 
“average” recruitment. A third column has been added to the right with summary results for Alternative 3A – Constant F Lower F.  

The first few years maintain the specifications already in place and assume the full ABC is harvested each year (rows above the solid line). The main difference 
between these alternatives is the different fishing mortality allowed under these plans in FY2023, row below the solid line in bold, and summarized again in 
Table 4.  

 

Table 3 – Summary of projection results for several metrics comparing Rebuilding Plan Alternatives 2, 3, and 3A through 2028. 

 

 

Table 4 – Summary of projection results for several metrics comparing Rebuilding Plan Alternatives 2, 3, and 3A for FY2023 only. 
2023 ALT. 2 

CR_AVG 
Alt. 2 
CR_AVG_IN_AR 

Alt. 3 
F7_AVG 

ALT. 3 
F7_AVG_IN_AR 

Alt. 3A 
AVG 

ALT. 3A 
AVG_IN_AR 

F 0.077 0.112 0.483 0.749 0.358 0.547 
P Overfishing 0 0.002 0.408 0.681 0.204 0.505 
P Overfished 0.521 0.778 0.634 0.829 0.6 0.815 
ABC 11,036 11,036 40,766 40,766 32,179 32,179 
P Rebuild 0.097 0.048 0.059 0.039 0.072 0.042 

Year
Rebuild 

Year F
P 

(Ofishing)
P 

(Ofished) ABC
P 

(Rebuild) F
P 

(Ofishing)
P 

(Ofished) ABC
P 

(Rebuild) F
P 

(Ofishing)
P 

(Ofished) ABC
P 

(Rebuild)
2020 Bridge 0.24 0.002 0.999 0 0 0.24 0.002 0.999 0 0 0.24 0.002 0.999 0 0
2021 Bridge 0.12 0 0.918 9,483 0.017 0.12 0 0.918 9,483 0.017 0.12 0 0.918 9,483 0.017
2022 1 (Bridge) 0.09 0 0.893 8,722 0.031 0.09 0 0.888 8,722 0.031 0.09 0 0.888 8,722 0.031
2023 2 0.08 0 0.521 11,036 0.097 0.48 0.408 0.634 40,766 0.059 0.358 0.204 0.6 32,179 0.072
2024 3 0.42 0.29 0.174 56,070 0.274 0.48 0.411 0.264 56,521 0.188 0.358 0.213 0.213 45,591 0.241
2025 4 0.43 0.323 0.06 70,950 0.428 0.48 0.406 0.099 71,015 0.328 0.358 0.206 0.062 58,503 0.434
2026 5 0.43 0.321 0.024 80,407 0.525 0.48 0.401 0.043 81,753 0.427 0.358 0.2 0.019 68,863 0.577
2027 6 0.43 0.321 0.014 87,217 0.569 0.48 0.397 0.025 89,318 0.481 0.434 0.328 0.054 91,885 0.601
2028 7 0.43 0.322 0.01 90,302 0.594 0.48 0.397 0.019 93,093 0.508 0.434 0.331 0.024 93,980 0.619

Alt. 2 (A8 ABC CR) Alt. 3 (7yr constant) Alt. 3A (Constant F - Lower F)
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Figure 1 – Projections of Prebuild for Alternative 2 (ABC CR) assuming average recruitment (gray solid line) and also assuming 
the ABCs from average recruitment are harvested but recruitment is autocorrelated (AVG in AR) (gray dotted line) 
compared to Alternative 3 (F7 or 7yr constant) in black; and Alternative 3A (constant F lower F) in blue assuming the same 
conditions (AVG and AVG in AR).  

Note: Alt 2 and Alt 3A reach Prebuild of 0.5 in year 5 (2026) and Alt 3 reaches Prebuild of 0.5 in year 7 (2028).  

 
 
Figure 2 – Projections of Fishing Mortality (F) for Alternative 2 (ABC CR) assuming average recruitment (gray solid line) and 

also assuming the ABCs from average recruitment are harvested but recruitment is autocorrelated (AVG in AR) (gray 
dotted line) compared to Alternative 3 (F7 or 7yr constant) in black; and Alternative 3A (constant F lower F) in blue 
assuming the same conditions (AVG and AVG in AR). Note: After the stock is projected to rebuild, F is set to Fmsy proxy 
(F=0.43) for both alternatives. 
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Figure 3 – Projections of Poverfished for Alternative 2 (ABC CR) assuming average recruitment (gray solid line) and also 
assuming the ABCs from average recruitment are harvested but recruitment is autocorrelated (AVG in AR) (gray dotted 
line) compared to Alternative 3 (F7 or 7yr constant) in black; and Alternative 3A (constant F lower F) in blue assuming the 
same conditions (AVG and AVG in AR).  

 
 

Figure 4 – Projections of Poverfishing for Alternative 2 (ABC CR) assuming average recruitment (gray solid line) and also 
assuming the ABCs from average recruitment are harvested but recruitment is autocorrelated (AVG in AR) (gray dotted 
line) compared to Alternative 3 (F7 or 7yr constant) in black; and Alternative 3A (constant F lower F) in blue assuming the 
same conditions (AVG and AVG in AR). 
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Figure 5 – Projections of SSB for Alternative 2 (ABC CR) assuming average recruitment (gray solid line) and also assuming the 
ABCs from average recruitment are harvested but recruitment is autocorrelated (AVG in AR) (gray dotted line) compared 
to Alternative 3 (F7 or 7yr constant) in black; and Alternative 3A (constant F lower F) in blue assuming the same 
conditions (AVG and AVG in AR).  

 
 

Figure 6 – Projections of ABC for Alternative 2 (ABC CR) assuming average recruitment (gray solid line) and also assuming the 
ABCs from average recruitment are harvested but recruitment is autocorrelated (AVG in AR) (gray dotted line) compared 
to Alternative 3 (F7 or 7yr constant) in black; and Alternative 3A (constant F lower F) in blue assuming the same 
conditions (AVG and AVG in AR).  
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Preliminary Biological impacts of Alternative 3A 
Alternative 3A is expected to have slight positive to slight negative impacts on the resource compared to Alternative 
1 (No Action). There may be slight positive impacts because it would establish an official rebuilding plan compared to 
not have a rebuilding plan under Alternative 1. However, in the absence of a rebuilding plan, the Council may 
continue to recommend fishing mortality targets consistent with the ABC CR in place, which are lower than the Frebuild 
under this alternative. Therefore, if that is the case there may be neutral to slight negative impacts on the resource if 
it takes longer to rebuild under this alternative compared to applying the ABC control rule in place. On its own, the 
alternative is expected to have slight positive impacts on the resource because it is expected to help rebuild the 
resource in a relatively timely way. It could rebuild in a similar time period to the ABC CR is recruitment is average, an 
potentially longer if recruitment is lower.  
 
This alternative is expected to have slightly negative impacts on the resource compared to Alternative 2 (ABC CR). In 
general, if recruitment returns to average levels, these alternatives are not very different. This alternative allows 
higher fishing mortality in the short term, but as biomass increases the fishing mortality allowed under both 
strategies is relatively similar (0.43 under Alternative 2 and 0.358 under Alternative 3A). This alternative is expected 
to have slight positive impacts on the resource compared to Alternative 3.   

Because this rebuilding plan alternative uses a constant fishing mortality rate strategy that is still relatively high, 66% 
of Fmsy, there is potentially more risk if herring biomass does not rebuild as fast as projected. A constant F strategy 
that does not adjust up or down with projected biomass is not as robust to lower resource conditions.   

 
Preliminary Economic Impacts of Alternative 3A 
Under this alternative, a rebuilding plan would be established. The fishing mortality target of the rebuilding plan 
would be constant, Frebuild would be set at F=0.358 while the fishery rebuilds, about 66% of FMSY.  

Figure 7 shows the time series trajectory of (non-discounted) revenues corresponding to the 7-year lower F 
rebuilding plan. This provides some insight into the yearly projected fishing revenues. The first year the rebuilding F is 
used (2023)  is marked with a vertical dashed line.  Because annual ABCs are the same for both projections, the 
projected revenues are identical. Alternative 3A is expected to result in discounted gross revenues of approximately 
$220M over the 2021-2032 time period.  

The impacts of Alternative 3A on human communities would likely be indirect and slight negative but slight positive 
relative to Alternatives 1 and 2 and slight negative compared to Alternative 3. Having a formal rebuilding plan in 
place is required by MSA when a stock is declared overfished. Alternative 3A may result in more trust in the 
management process relative to No Action if stakeholders feel that managers are meeting rebuilding requirements. 
Having a rebuilding plan may better ensure that fishery specifications support rebuilding; there could be more 
positive impacts on the herring resource, and the industry could benefit from a rebuilt stock. As the Frebuild under 
Alternative 3A is higher than under the ABC CR in place (under Alternatives 1 and 2), there may be more positive 
impacts to the herring fishery as catch limits would be set higher, at least in the near term. A constant fishing 
mortality strategy can pose higher risks if recruitment does not improve, potentially extending the rebuilding period.  
Thus, long-term gains to the fishery of this approach may be tempered if rebuilding is hindered. 

Alternative 3A is likely to result in discounted gross revenues that are slightly lower than Alternative 3, about $220M 
compared to about $228M over 2020-2032; this is $6M higher than under Alternatives 1 and 2. The timing of 
revenues under Alternative 3A and Alternative 3 is different than Alternatives 1 and 2; ABC, and therefore revenues, 
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are higher earlier in the rebuilding plan. In particular, gross revenues in 2023 are projected to be $20M, which is $3M 
lower than Alternative 3 and about $12M higher than gross revenues under Alternatives 1 and 2 in the same year. 

As with Alternative 2 and 3, Alternative 3A would continue the period of substantially reduced catch limits 
implemented in 2019 (though slightly higher than under Alternative 2 and slightly lower than Alternative 3). The 
social and economic impacts on herring fishery-related businesses and communities would likely continue to be 
negative, as the period of reduced revenue would continue.  

 

Figure 7 – Projected revenue at mean ABCs for Alternative 3A: constant F lower F option 

 

 

Table 7 summarizes average revenue, by year, for Alternative 3A along with the sensitivity analysis.   In the 
two plots, revenue decreases towards the end of the rebuilding period. This occurs because the ABCs are 
above the 69,000mt critical point described in Section 6.5.1.1. Note the projected revenues are identical 
for both projections because the projected ABCs are fixed. The AVG in AR projection assumes the same 
ABC is harvested, but under lower herring biomass/recruitment conditions. Therefore, the projected 
revenues and potential economic/social impacts are the same, but the associated fishing mortality and 
herring biomass values differ. It may take vessels longer (increased costs) to harvest the same ABC when 
herring biomass is lower (Alt. 3A). 

 

Table 5 – Projected annual revenue ($M USD) revenue for Alternative 3A – constant F lower F under different assumptions 

  Al 
2021 

t 3A lower F AVG  
7.20 

Alt 3A lower F AVG in AR   
7.20 

2022 6.66 6.66 

2023 20.12 20.12 

2024 24.91 24.91 

2025 27.51 27.51 

2026 28.18 28.18 

2027 25.13 25.13 
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2028 24.54 24.54 

2029 24.58 24.58 

2030 24.73 24.73 

2031 24.89 24.89 

2032 24.94 24.94 
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