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MEMORANDUM 
 

DATE: May 29, 2020 

TO: Thomas A. Nies, Executive Director 

FROM: Review Panel for Peer Review of Atlantic Cod Stock Structure  

SUBJECT: Response to Terms of Reference for peer review of the Atlantic Cod Stock    
Structure Working Group’s Report 

 

 

The Review Panel for the report of the Atlantic Cod Stock Structure Working Group (ACSSWG) 
met by webinar from May 18-20, 2020, to address the following Terms of Reference (TOR): 

1. Determine whether the report, An Interdisciplinary Review of Atlantic Cod (Gadus morhua) 
Stock Structure in the Western North Atlantic Ocean, met the following objectives/terms of 
reference for the Atlantic Cod Stock Structure Working Group (May 14, 2018). Note that 
these include only the first three of the six objectives/terms of reference set for the Working 
Group. 

1) Inventory and summarize all relevant peer-review information about stock structure of 
Atlantic cod in NAFO Divs. 5 and 6 and interactions with 4X. Evaluate the relative 
importance of the information with respect to developing a holistic understanding of 
Atlantic cod stock structure.  

2) Identify and evaluate any new or existing data or information about the stock structure of 
Atlantic cod in NAFO Divs. 5 and 6 and interactions with 4X, and subject to a peer-
review by the working group. Integrate any additional information into the inventory 
developed in terms of reference TOR 1.  

3) Using a holistic approach, synthesize all available information (TOR 1 and 2) and 
develop sets of possible biological stock structures and consider scientific support for 
each alternative. In developing alternative stock structures, consider the temporal 
stability of stock structure and how the available information can inform the knowledge 
of stock structure over time.  

2. Determine whether the information presented in the report adequately supports the report’s 
conclusions about Atlantic cod stock structure in the statistical areas considered. 

3. Identify any major information gaps in the existing research with respect to cod stock 
structure. Develop an initial list of research recommendations to address these gaps. 
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The Review Panel consisted of: 
 Dr. Jake Kritzer (Chair) 
 Dr. Yong Chen (SSC member) 
 Dr. Jeremy Collie (SSC member) 
 Dr. Richard Merrick (SSC member) 
 Dr. Isaac Wirgin 

 
The agenda for the Review Panel meeting is provided in Appendix I. A total of 65 people 
attended at least one day of the meeting, including Review Panel members, Working Group 
members, Council members, Council staff, and other stakeholders. These attendees are listed in 
Appendix II. Background materials for the meeting consisted of a draft of the ACSSWG report, a 
supplemental report on the ACSSWG’s research recommendations, and copies of the summary 
presentations provided by ACSSWG members. 
 
 
Review Panel Responses to TORs 
 
1. Determine whether the report, An Interdisciplinary Review of Atlantic Cod (Gadus morhua) 

Stock Structure in the Western North Atlantic Ocean, met the following objectives/terms of 
reference for the Atlantic Cod Stock Structure Working Group (May 14, 2018). Note that 
these include only the first three of the six objectives/terms of reference set for the Working 
Group. 

1) Inventory and summarize all relevant peer-review information about stock structure of 
Atlantic cod in NAFO Divs. 5 and 6 and interactions with 4X. Evaluate the relative 
importance of the information with respect to developing a holistic understanding of 
Atlantic cod stock structure. 

Response 

The Review Panel readily agreed that the first component of this TOR was clearly met by 
ACSSWG. The literature reviewed across the eight technical chapters in the ACSSWG report 
was comprehensive and included the vast majority of relevant peer-reviewed publications. The 
Review Panel did not identify essential literature that was omitted by ACSSWG, and agreed that 
any missing studies would be unlikely to change the conclusions reached. The Review Panel 
noted that ACSSWG facilitated both its own work and the work of the Review Panel by 
specifying its working definition of a biological ‘stock’, and also by specifying and justifying its 
decision to delineate stock boundaries at the scale of NAFO statistical areas. These clarifications 
helped to bound the problem and are consistent with the ACSSWG TORs. 

The Review Panel questioned whether the second component of this TOR was met, but 
concluded that it was after clarification of the guiding approach adopted by ACSSWG. Rather 
than define a priori prioritization of the various approaches considered or a weighting scheme 
for the synthesis of the findings of each, the ACSSWG agreed from the outset to give due 
consideration of all available information, evaluate the insights provided, and acknowledge any 
limitations (e.g., sampling biases or deficiencies, uncertainties, spatial/temporal stability and 
resolution, etc.). The Review Panel suggests that the Working Group report be edited to clearly 
convey this guiding approach.  

The synthesis of different types of information (genetics, tagging, etc.) was helped by the fact 
that the results largely corroborated one another or helped to fill gaps. This is not to say that 
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certain types of information did not have greater influence on the ACSSWG conclusions than 
others, with genetic markers being a particular important determinant of the final synthesis. 
Rather, such disparities were the result of the inherent qualities of the approach or available data, 
and not predetermined by ACSSWG. Moreover, notable uncertainties remain. Whether or not to 
define unique Eastern Gulf of Maine and the Southern New England stocks were key 
uncertainties (see responses to TOR2 and TOR3).    

  

2) Identify and evaluate any new or existing data or information about the stock structure of 
Atlantic cod in NAFO Divs. 5 and 6 and interactions with 4X, and subject to a peer-
review by the working group. Integrate any additional information into the inventory 
developed in terms of reference TOR 1.  

Response 

The Review Panel agreed that this TOR has been met by ACSSWG and noted that, unlike TOR1, 
this TOR did not call for exhaustive consideration of new and unpublished or unreviewed data. 
The Review Panel identified existing sources of samples or data that could be used to further 
resolve key uncertainties (see response to TOR3), but did not aim to develop a comprehensive 
list. ACSSWG noted that additional data sources beyond those described in each chapter were 
considered in many cases, but ultimately not utilized due to low sample sizes or other issues. The 
draft report does not fully convey those decisions, and the Review Panel recommends modest 
edits to the report to do so. 

The potential to consider additional data sources notwithstanding, the Review Panel agreed that 
the ACSSWG made noteworthy efforts to go beyond the peer-reviewed literature. These efforts 
included new analyses of trawl survey and tagging data, identification and consideration of 
studies of early life stages in Southern New England, and genetic analyses by Canada’s DFO that 
are in progress or in review. Ultimately, practical constraints meant limiting efforts to locate and 
analyze new data or studies to move this phase of the process to its completion, but the 
ACSSWG clearly made considerable efforts to examine the questions at hand from as many 
angles as possible.   

 

3) Using a holistic approach, synthesize all available information (TOR 1 and 2) and 
develop sets of possible biological stock structures and consider scientific support for 
each alternative. In developing alternative stock structures, consider the temporal 
stability of stock structure and how the available information can inform the knowledge 
of stock structure over time. 

Response 

The Review Panel agreed that the first component of this TOR was clearly met. The rationale for 
the final synthesis is developed well across the seven chapters focused on each of the major 
approaches considered, which effectively reference one another to show corroboration toward 
the final synthesis. The final synthesis chapter is clear and concise, and differentiates the merits 
of the consensus alternative from others considered. 

With respect to the second component of the TOR, the Review Panel notes that the ACSSWG 
considered several alternatives: status quo stock boundaries, the possibility of a unit stock in U.S. 
waters, and several variants of the new proposed stock definitions. However, the ACSSWG 
could have offered more insights into the temporal stability of the alternatives, both in the 
thematic chapters and the final synthesis. This is not to say that this issue is omitted entirely. The 
ACSSWG paid particular attention to the historical stability of stock structure in developing and 
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justifying their synthesis. The Review Panel recognized those efforts, but concluded that 
comparable consideration of future stability is also needed. For application of the ACSSWG’s 
work in the next phase of the process, looking forward at temporal stability is probably more 
important than retrospective evaluation. 

In this vein, the Review Panel suggests three key considerations for the evaluation of future 
temporal stability: 

First, multiple questions from Review Panel members throughout the meeting addressed the 
potential effects of past and future climate changes on the patterns observed and conclusions 
reached, yet this critical issue received surprisingly little attention in the report. The Review 
Panel feels that effects of climate change have especially strong implications for the conclusions 
of the ACSSWG, and suspects that climate concerns underlie the inclusion of temporal stability 
in the TOR given their prominence in contemporary fisheries science and policy debates. 

Second, the effects of fishing activity and management interventions on realized stock structure 
could be important, especially if ongoing efforts to recover abundance of cod are successful. It is 
possible that greater or lesser spatial structure across U.S. waters has been created relative to that 
which existed historically. Reduction in the number and size of spawning groups, truncation of 
the age and size structure, and selection for or against particular life history types can all change 
the realized connectivity through changes in demographic and behavioral factors.  

Third, prospects for the persistence of each stock are arguably distinct from questions about 
where the boundaries should be defined, but persistence has important practical considerations. 
Specifically, whether a given stock will persist or re-emerge could have significant implications 
for how it will be managed under the Magnuson-Stevens Act, and potentially other U.S. policies. 
The Review Panel recognizes that this issue was beyond the purview of ACSSWG’s work, and 
therefore is not expecting changes to the report in response. Rather, the Review Panel feels this 
issue will be especially important for the next phase of the process and is worthy of being 
highlighted.    

The Review Panel does not necessarily expect that the ACSSWG will address questions of future 
temporal stability by forecast modeling or other quantitative methods, but rather suggests 
additional qualitative discussion should be added to the text.  Existing and new content on this 
issue could be better conveyed in the report by adding dedicated sections within the chapters on 
each approach considered and especially in the synthesis chapter.  This discussion could draw 
upon relevant oceanographic and bio-physical studies as needed. 

  

2. Determine whether the information presented in the report adequately supports the report’s 
conclusions about Atlantic cod stock structure in the statistical areas considered. 

Response 

The Review Panel addressed this TOR through focused discussions and development of 
consensus points on each of the five new stock units proposed in the synthesis chapter of the 
ACSSWG report: 

Eastern Gulf of Maine 

The Review Panel concluded that decisions concerning the existence of a distinct Eastern Gulf of 
Maine stock in statistical areas 511 and 512 face the greatest uncertainties of all of the stock 
units proposed by ACSSWG. These uncertainties are rooted in the extensive depletion of cod 
across this region that has made collection of sufficient data for genetic and other analyses 
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difficult, coupled with the drastically reduced fishing effort for cod in recent years that has 
limited the availability of fishery-dependent data. Notably, the Eastern Gulf of Maine Sentinel 
Survey has made important progress in addressing these deficiencies (see response to TOR3).   

The important uncertainties notwithstanding, the Review Panel also agreed with the ACSSWG 
conclusion that the limited information available does suggest the potential existence of a distinct 
Eastern Gulf of Maine stock. Early tagging studies suggest that fish did not move extensively to 
or from this region when abundance was greater, and early life history information suggests that 
self-replenishment in the region is possible while supply of larvae from elsewhere is limited. 
Also, the very different trends in distribution and abundance observed through time between the 
Eastern Gulf of Maine and Western Gulf of Maine suggest distinct population dynamics. 

Genetic support for a distinct Eastern Gulf of Maine stock remains as the key uncertainty in 
identification of the stock. The ACSSWG presented the published genetic information from the 
region, but the samples were from non-spawning fish, unlike those from other regions 
considered. This means that the results are confounded and should not be used as the basis for 
conclusions in one direction or another. The ACSSWG reported that a DFO study currently in 
review that uses spawning stage fish from the Eastern Gulf of Maine supports the existence of a 
separate stock there, and the Review Panel recommends that the study be fully considered once 
published. New data from the Sentinel Survey and Maine DMR sea sampling could also 
potentially be considered at the same time.   

The Review Panel suggests that the limited evidence combined with the substantial depletion 
evident in the region could warrant delineation of an Eastern Gulf of Maine stock in the interim 
as a precautionary measure and as a way to focus the needed scientific inquiry. The Review 
Panel recognizes that offering this advice is arguably a policy argument more so than a scientific 
argument, although risk assessment is a scientific function. The Review Panel feels these 
considerations will be important in the next phase of the process. 

Western Gulf of Maine Spring Spawning  

The Review Panel agreed with the ACSSWG conclusion that a distinct spring spawning stock 
exists in statistical areas 513, 514, and 515 in the Western Gulf of Maine. Concurrence among 
behavioral observations, tagging studies, otolith structure, and especially strong genetic 
differentiation support the existence of this stock. 

Western Gulf of Maine and Cape Cod Winter Spawning  

The Review Panel agreed with the ACSSWG conclusion that a distinct winter spawning stock 
overlaps and mixes with the spring spawning stock in statistical areas 513, 514, and 515 in the 
Western Gulf of Maine, and extends southward around Cape Cod to Nantucket Shoals in 
statistical areas 521 and 526. 

In reaching this conclusion the Review Panel identified statistical areas 521 and 526 as areas 
facing important uncertainties. The ACSSWG reached a similar conclusion, and identified this 
area as a likely mixing area where fish from the Western Gulf of Maine winter spawning stock, 
Georges Bank stock, and Southern New England stock likely overlap. However, the ACSSWG 
concluded that this area has the strongest affinity with the Western Gulf of Maine winter 
spawning stock, and therefore should be separated from the Georges Bank stock area, of which it 
is currently a part. The Review Panel agrees, but notes that future assessment and management 
efforts focused on the Western Gulf of Maine winter spawning stock could affect the adjacent 
Georges Bank and Southern New England stocks as a result of this mixing.  
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The Review Panel also identified area 521 as a likely transit corridor for winter spawning fish 
moving north and south from the Western Gulf of Maine through the Great South Channel. 
Observations by fishermen of regular north-south movement in this area reported by the 
ACSSWG support this. This is not to say that spawning is restricted to waters of the Western 
Gulf of Maine, however, as fishermen observations also suggest that spawning takes place in 
area 526, or Nantucket Shoals. 

Georges Bank 

The Review Panel supports the ACSSWG proposal for a revised definition of a Georges Bank 
stock, noting that evidence for the existence of this stock and the proposed boundaries make this 
perhaps the strongest case made by the ACSSWG. Tagging studies and circulation patterns 
suggest that both adult and larval fish remain largely within the stock area, with strong genetic 
differentiation from adjacent areas resulting. Notably, these same data suggest very limited 
connectivity with Southern New England and Mid-Atlantic waters that are currently within the 
stock area, and should be separated. 

Southern New England 

The Review Panel supports the ACSSWG proposal to define a new Southern New England 
stock, despite key uncertainties remaining. The genetic basis for this stock is derived from a 
relatively small number of samples, and those only represent Cox Ledge. Also, early life history 
information suggests the possibility that this area is a downstream extension of the Western Gulf 
of Maine winter spawning stock. However, the available genetic information coupled with the 
potential for self-replenishment in the area and the presence of very early stage larvae that are 
unlikely spawned further away lead the Review Panel to support definition of a distinct stock. 
The Review Panel suggests that the synthesis map produced by the ACSSWG be revised to 
clarify that statistical areas 611, 612, and 613 are also included within this stock area, as 
specified in the ACSSWG report text. 

 

3. Identify any major information gaps in the existing research with respect to cod stock 
structure. Develop an initial list of research recommendations to address these gaps. 

The Review Panel considered the research recommendations developed by the ACSSWG, but 
does not offer comment on those as this was beyond the TOR. The following recommendations 
include several that are focused on areas of especially high uncertainty – the Eastern Gulf of 
Maine and Southern New England – and others that apply more generally across the range of 
Atlantic cod in U.S. waters: 

Eastern Gulf of Maine 

 Continue the Sentinel Survey and expand its coverage into the winter months to observe 
and sample any spawning that takes place then. 

 Analyze additional otolith and tissue samples from the Sentinel Survey for expanded 
analyses of natural markers (meristics, morphometrics) and genetic variation, particularly 
focused on spawning stage fish. 

 Analyze stomach-content data from the Sentinel Survey to determine whether ecosystem 
changes in progress due to management actions and other drivers (e.g., recovery of river 
herring) are having effects on the recovery of self-sustaining spawning populations of cod 
in the region. 
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 Use Maine DMR sea sampling data and other fishery-dependent data from the lobster 
fishery and other fisheries to supplement studies of life history, population dynamics, 
natural markers, and other approaches. 

 Expand FEK studies into the eastern Gulf of Maine to the lobster fleet, remaining 
groundfish fishermen, and others who interact with cod.  

Southern New England 

 Use larval samples that have been collected by URI for additional studies of early life 
history, genetic variation, and natural markers. 

 Use particle tracking studies being conducted by URI’s Graduate School of 
Oceanography for additional insights into self-replenishment and connectivity with 
adjacent stock areas. 

 Expand FEK studies into the region, with particular focus on private anglers, charter 
boats, and party boats given the importance of recreational fishing in the region. 

 Discuss with MRIP whether intercept surveys could be used to collect biological samples 
from the recreational fishery.  

U.S. Waters 

 Expand the temporal scope and resolution of genetic studies to discern the temporal 
stability of the patterns observed. 

 Conduct additional genetic studies on areas with high catches/abundance of non-
spawning adult cod to determine the degree of mixing from adjacent stock units at these 
locations. 

 Apply the Climate Vulnerability Assessment (CVA) methodology developed and 
published by NEFSC to the five cod stocks proposed by the ACSSWG. Cod is included 
among the species in the original CVA study, but a stock-specific analysis would be 
especially helpful in addressing questions related to future temporal stability.   

 Expand use of the various fishery-independent surveys conducted in nearshore waters by 
state agencies and other entities. The ACSSWG made use of some of these data, but the 
Review Panel feels there is potential to extract additional insights. The Review Panel 
notes that the abundance of cod sampled in these surveys varies considerably across U.S. 
waters, which means some will be useful for certain analyses but not others. Where cod 
abundance is lower, sampling can still be useful for genetic and morphometric analyses. 
Where cod abundance is higher, sampling can also be useful for analyses of adult life 
history and population dynamics. 
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Appendix I: Review Panel Meeting Agenda 
 
 

Monday, May 18, 2020 

9:00 Welcome and introductions – J. Kritzer 
9:10 Review Terms of Reference – C. Kellogg 
9:20 Overview and working group process – R. McBride 

10:00 Management Context – J. Cournane  
10:10    Public comment 
10:20    Review panel discussion 
10:30    Break 
10:50 Fishermen's Ecological Knowledge – G. DeCelles 
11:10    Public comment 
11:20    Review panel discussion 
11:50 Early life history – M. Dean 
12:10    Public comment 
12:20    Review panel discussion 
12:50 LUNCH 
2:10 Genetic markers – A. Kovach 
2:30    Public comment 
2:40    Review panel discussion 
3:10    Break 
3:30 Review panel end of day discussion 
3:30    Public comment 
3:50    Review panel discussion 
4:30 Adjourn 

 
Tuesday, May 19, 2020 

9:00 Introductions – J. Kritzer 
9:10 Follow-up day 1 – J. Kritzer 
9:20 Life History – R. McBride 
9:40    Public comment 
9:50    Review panel discussion 

10:20    Break 
10:40 Natural Markers – L. Kerr 
11:00    Public comment 
11:10    Review panel discussion 
11:40 Applied Marks/Tagging – S. Cadrin 
12:00    Public comment 
12:10    Review panel discussion 
12:40 LUNCH 
1:40 Research Priorities – R. McBride 
1:50 Synthesis – R. McBride 
2:20    Public comment 
2:40    Review panel discussion 
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3:10    Break 
3:30 Review panel end of day discussion 
3:30    Public comment 
3:50    Review panel discussion 
5:00 Adjourn 

 
Wednesday, May 20, 2020 

9:20 Introductions – J. Kritzer 
9:30 Follow-up from day 2 – J. Kritzer 
9:40    Public comment 

10:00 Review panel report writing, breaks as needed 
12:00 LUNCH 
2:00 Review panel report writing, breaks as needed 
3:00 Review panel wrap up – J. Kritzer 
3:15 Adjourn 
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Appendix II: Review Panel Meeting Participants 
 
        Attendance by Day 
Last Name First Name Affiliation (if provided) Review Membership 18-May 19-May 20-May 
Alden  Robin  

   
X X 

Ames Ted 
 

Working Group Member 
 

X X 
Augustine Pat 

  
X 

  

Balzano Vincent Council Member 
 

X 
  

Barbeaux Steve NOAA Fisheries/NMFS 
 

X X 
 

Cadrin Steve University of Massachusetts Dartmouth Working Group Member X X X 
Caless Dan NOAA Fisheries/NMFS 

 
X X 

 

Chen Ning University of Maine 
 

X 
  

Chen Yong Scientific and Statistical Committee Member Review Panel Member X X X 
Collie Jeremy Scientific and Statistical Committee Member Review Panel Member X X X 
Cournane Jamie Council Staff Working Group Member X X X 
Couture Jenny Council Staff 

 
X X 

 

DeCelles Greg Ørsted  Working Group Member X 
  

Dean Micah Massachusetts Division of Marine Fisheries Working Group Member X X X 
Duarte Debra NOAA Fisheries/NMFS 

 
X 

  

Errend Melissa Council Staff 
 

X X X 
Etrie Libby Council Member 

 
X 

  

Fletcher  James 
   

X 
 

Fenton Maria NOAA Fisheries/NMFS 
 

X X 
 

Frede Robin Council Staff 
 

X X X 
Frey Alison University of Massachusetts Dartmouth 

 
X X X 

Grant Mark NOAA Fisheries/NMFS 
 

X X 
 

Griffin Melanie Council Member 
 

X 
 

X 
Guenther Carla Maine Center for Coastal Fisheries 

  
X X 

Hare Jon NOAA Fisheries/NMFS 
  

X 
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        Attendance by Day 
Last Name First Name Affiliation (if provided) Review Membership 18-May 19-May 20-May 
Hogan Fiona Responsible Offshore Development Alliance 

 
X 

  

Kellogg Chris Council Staff 
 

X X X 
Kerr Lisa Gulf of Maine Research Institute Working Group Member X X 

 

Kovach Adrienne University of New Hampshire Working Group Member X X X 
Kritzer Jake Environmental Defense Fund Review Panel Chair X X X 
Langan Joe University of Rhode Island 

 
X X X 

Li Yanan University of Maine 
 

X 
  

Linner Robyn University of Maine 
 

X X 
 

Lorenc Allison Conservation Law Foundation 
 

X X X 
Maynard George Cape Cod Commercial Fishermen's Alliance 

 
X X 

 

McBride Richard NOAA Fisheries/NMFS Working Group Co-Chair X X X 
McGuire Christopher The Nature Conservancy 

 
X X 

 

McNamee Jason Scientific and Statistical Committee Chair 
 

X 
  

Merrick Richard Scientific and Statistical Committee Member Review Panel Member X X X 
Molton Kyle NOAA Fisheries/NMFS 

 
X X 

 

Nies Thomas Council Staff 
 

X X X 
Nitschke Paul NOAA Fisheries/NMFS 

 
X 

  

O'Keefe Cate Fishery Applications Consulting Team 
 

X 
 

X 
Perretti Charles NOAA Fisheries/NMFS 

 
X X 

 

Peters Rebecca Maine Department of Marine Resources 
 

X X 
 

Power Greg NOAA Fisheries/NMFS 
 

X X 
 

Plante Janice Council Staff 
 

X 
  

Puncher Gregory University of New Brunswick, Canada  Working Group Member X 
  

Quinn John Council Chair 
 

X 
  

Runnebaum Jocelyn The Nature Conservancy 
 

X X X 
Santos Nina University of Rhode Island 

  
X 

 

Shepard Patrick  Maine Center for Coastal Fisheries 
  

X X 
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        Attendance by Day 
Last Name First Name Affiliation (if provided) Review Membership 18-May 19-May 20-May 
Shepherd Gary NOAA Fisheries/NMFS 

 
X 

  

Smedbol Kent Department of Fisheries and Oceans, Canada Working Group Co-Chair 
 

X 
 

Smith Geoffrey The Nature Conservancy 
 

X X 
 

Stockwell Terry Council Member 
 

X X X 
Sullivan Liz NOAA Fisheries/NMFS 

 
X X 

 

Talmage Spencer NOAA Fisheries/NMFS 
 

X 
  

Terceiro Mark NOAA Fisheries/NMFS 
 

X 
  

Therkildsen Nina 
Overgaard 

Cornell University Working Group Member X X 
 

Wang Yanjun Department of Fisheries and Oceans, Canada Working Group Member X X 
 

Whitener Zachary Gulf of Maine Research Institute 
 

X X 
 

Wirgin Isaac NYU School of Medicine Review Panel Member X X X 
Xu Luoliang 

  
X 

  

Zemeckis Douglas Rutgers University Working Group Member X X 
 

 




