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2.0 Problem Statement, Objectives, and Management Background 

2.1 Amendment 8 to the Atlantic Herring FMP 
 
The purpose of Amendment 8 is to establish a control rule (CR) for specifying ABC for the Atlantic 
herring fishery, which explicitly accounts for uncertainty and the role of Atlantic herring in the 
ecosystem.   
 
The ABC CR is needed to provide guidance to the SSC regarding how to specify an annual ABC for 
Atlantic herring based on scientific uncertainty, stock status, and the Council’s risk tolerance.  Moreover, 
the ABC CR is needed to create a buffer between the overfishing limit (OFL) and ABC to account for 
scientific uncertainty such that there is a low risk in any given year that the OFL for Atlantic herring will 
be exceeded.  The purpose of this amendment is also to address the biological needs of the Atlantic 
herring resource as well as the ecological importance of Atlantic herring to the greater Atlantic region in a 
manner that is consistent with the requirements and intent of the MSA.  The importance of Atlantic 
herring as a forage species is underscored by the Council’s specified intent to consider a wide range of 
alternatives for the ABC CR in this amendment, including those that account for Atlantic herring’s role in 
the ecosystem. 
 
This action is being taken to address concerns raised by the Amendment 4 lawsuit (see discussion below) 
and the issues raised by the SSC (see discussion below) during the development of the 2013-2015 
Atlantic herring specifications, when the SSC was asked by the Council to examine some alternative 
control rule that recognize the special ecosystem status of herring as important forage. 

Amendment 8 was initiated by the Council in January 2015 and provides the opportunity to consider 
alternatives for a long-term ABC control rule for the Atlantic herring fishery.  At its November 2014 
meeting, the Council passed the following motion regarding the 2015 management priorities: 

That for herring priorities, the Council prioritize an amendment to consider control rules 
for the Atlantic herring fishery that account for herring’s role as forage in the ecosystem. 
The Council should also task the EBFM PDT* and Committee with developing ecological 
guidance for the Herring PDT on managing forage fish within an ecosystem context by 
the June 2015 NEFMC Council meeting, and participating in the development of an 
appropriate control rule and reference points within an EBFM context for the herring 
fishery during this amendment. 

2.2 Amendment 4 Lawsuit 
 
On August 2, 2012, the United States District Court for the District of Columbia issued a remedial order 
in the civil action Flaherty, et al. v. Blank, et al. (Amendment 4 lawsuit, 2011) to address deficiencies 
with respect to Amendment 4 to the Herring FMP.  A letter from NMFS was provided to the Council on 
August 31, 2012, describing the legal deficiencies identified by the Court: 

NMFS did not satisfy its obligation to independently determine whether the NEFMC’s designation of 
“stocks in the fishery” complied with the MSA; 
NMFS did not adequately consider whether Amendment 4 complied with National Standard 9’s 
requirement to minimize bycatch to the extent practicable; and 
NMFS failed to consider the environmental impacts of alternatives to the acceptable biological catch 
(ABC) control rule and accountability measures (AMs) in Amendment 4. 
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In its August 2012 letter to the Council, NMFS also recommended that the Council, as part of the 2013-
2015 Atlantic herring fishery specifications, consider a range of alternatives for the Atlantic herring ABC 
control rule and AMs and explain how the measures adopted in Amendment 5 to the Herring FMP 
minimize bycatch, to the extent practicable, in the Atlantic herring fishery. 

2.3 2013-2015 Atlantic Herring Fishery Specifications 
 
Amendment 4 allows the Council to specify and modify the ABC control rule based on guidance from the 
SSC during the Atlantic herring fishery specifications process.  Therefore, to address both the August 
2012 letter from NMFS and the need to reconsider the interim ABC CR established in Amendment 4, the 
Council considered a wider range of ABC CR alternatives in the 2013-2015 Atlantic herring fishery 
specifications package.  Following the benchmark stock assessment (SAW 54, July 2012), the SSC, with 
input from the Herring Plan Development Team (PDT) and guidance from the Council, initially 
considered three alternatives for establishing a herring ABC control rule and specifying ABC for the 
2013-2015 fishing years (September 2012 SSC Report).  One control rule applied 75% FMSY in all three 
projection years, while the other control rule applied a constant catch over the three projection years.  In 
this particular situation, these two approaches resulted in a total Atlantic herring catch over the three years 
which was approximately the same.  The SSC could not find any scientific reason to prefer one of these 
ABC specifications over the other and considered them to be comparable in terms of risk of overfishing, 
given the available information.  In turn, the SSC recommended that the Council consider either approach 
for specifying Atlantic herring ABC for 2013-2015. 
 
The SSC considered a number of characteristics of the fishery and stock assessment before arriving at this 
decision regarding the 2013-2015 ABC specification.  All considerations led the SSC to conclude that 
either approach could be applied for the next three years with low probability of overfishing or causing 
the Atlantic herring resource to become overfished.  While not an explicit term of reference, the SSC did 
discuss the role of Atlantic herring in the ecosystem and options for setting ecosystem-based ABCs, as 
requested by NMFS in the August 31, 2012 correspondence regarding the Amendment 4 lawsuit.  At that 
time, the SSC concluded that both approaches for setting ABC would result in fishing mortality rates over 
the next three years that are well below the natural mortality rate for Atlantic herring and would produce a 
stock size that is well above the standard biomass target, thereby likely meeting ecosystem-based biomass 
targets for a forage species by default if not by design (see September 2012 SSC Report). 
 
Based on analysis provided by the Herring PDT and these recommendations from the SSC, the Council 
selected the Preferred Alternative for the 2013-2015 ABC at its September 2012 meeting.  However, 
after further discussion and consideration of the Amendment 4 Court Order and August 2012 NMFS 
correspondence, the Council requested the SSC to consider two additional ABC CR alternatives 
specifically developed based on harvest control strategies for other forage fish.  These two alternatives 
were recommended for consideration by EarthJustice in its comments to the Council regarding the 2013-
2015 herring fishery specifications.  The “Lenfest” and “Pacific” control rules were consequently 
forwarded to the SSC as additional alternatives for consideration in November 2012. 
 
The SSC evaluated these two additional ABC control rule alternatives in November 2012 and considered 
two different aspects: 1) the short-term catch advice, i.e., the 2013-2015 herring fishery specifications, 
and 2) development of long-term control rules to address the issue of whether the increased natural 
mortality rate in the assessment fully captured all the ecosystem needs (including humans) related to 
forage species.  Regarding the short-term catch advice, the SSC stated that it was difficult to address the 
Pacific control rule because the specific values of the cutoff, buffer, and fraction have not been developed 
for Atlantic herring.  The SSC noted that the SSB expected in 2015 under either of the previously-
reviewed alternatives was well above the targeted 40% unfished amount suggested in the Pacific control 
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rule.  Similarly, the ABC alternatives already under consideration (75% FMSY and constant catch) were 
broadly consistent with the biomass aspect of the Lenfest control rule (maximum fishing mortality 
threshold of 50% Fmsy) at currently estimated stock sizes and associated reference points.  Thus, the SSC 
affirmed its original recommendations for specifying ABC for the 2013-2015 fishing years and concluded 
that the original alternatives considered by the Council were broadly consistent with the intent of the two 
new ABC CRs included for consideration. 
 
The SSC noted that more analysis is needed to implement long-term harvest strategies like those 
suggested by the Lenfest and Pacific control rules and suggested that control rules for forage species 
should be part of a broader national workshop that involves the community that advises the Council 
system (see November 2012 SSC Report).  Further discussion by the Council indicated that because of 
uncertainties associated with adopting either of these control rules in the 2013-2015 Atlantic herring 
specifications and the need for additional analysis, these alternatives should be considered but rejected in 
the specifications package.  However, the Council agreed that these alternatives may be revisited, as both 
the Herring PDT and the SSC expressed support for further consideration of a long-term control rule for 
Atlantic herring, perhaps forage-based, through a more comprehensive management action. 
 
Following the SSC evaluation, the Council considered all available information, and it affirmed the 2013-
2015 ABC specification for the Atlantic herring fishery based on a constant catch approach.  This 
specification updated the interim ABC CR established in Amendment 4, but the need for a long-term 
ABC CR in the Atlantic Herring FMP was not fully addressed.  The 2013-2015 herring fishery 
specifications package states that Atlantic herring ABC will be specified annually (for 2013-2015) as the 
catch that is projected to produce a probability of exceeding FMSY in 2015 that is less than or equal to 50% 
(114,000 mt).  OFL would be specified as 169,000 mt in 2013, 136,000 mt in 2014, and 114,000 mt in 
2015 and was calculated from a projection (based on SAW 54) that applies FMSY in each of the three years 
but assumes that catch during each year is 114,000 mt.  Further, the ABC Control Rule now specifies 
ABC for three years based on the annual catch that is projected to produce a probability of exceeding 
FMSY in the third year that is less than or equal to 50%.  The Council noted that it may modify this ABC 
control rule or implement a new ABC CR at any time through a future action. 
 
During the 2013-2015 Atlantic herring fishery specifications process, the SSC agreed with the Herring 
PDT and suggested that the Council consider how to manage the Atlantic herring resource over the long-
term, i.e., as a typical fishery with MSY-based reference points, or at a reduced fishing rate and higher 
stock size to account for its role in the ecosystem.  A control rule which could be set for more than three 
years would need to consider a wide range of possible stock conditions and have a known objective.  The 
Herring PDT noted that reference points and projections required under a new harvest control strategy 
should be developed through a scientific assessment and technically reviewed before adopted for the 
long-term management of the fishery.  The Council noted that it may revisit the alternatives 
considered/rejected in the specifications package in the future, in the context of the Council’s long-term 
objectives for the management of this resource and the herring fishery.  The Council noted that a change 
in management approach should include evaluation of a full range of alternatives (including reference 
points) to be adopted in a harvest control rule for the Atlantic herring fishery.  A more applicable solution 
for the long term will require additional analyses for the appropriate multiple reference points and should 
be evaluated in a full amendment to the Herring FMP. 
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2.4 Amendment 4 and 2010-2012 Atlantic Herring Fishery Specifications 
 
Following the re-authorization of the Magnuson-Stevens Act (MSA) in 2007, the Council developed 
Amendment 4 to the Atlantic Herring Fishery Management Plan (FMP) and implemented a process for 
establishing annual catch limits (ACLs) and accountability measures (AMs) in the Atlantic herring 
fishery, consistent with the new MSA requirements.  Several modifications to the Atlantic herring fishery 
specifications process were made in Amendment 4, most notably the introduction of new terminology for 
specifications, changes to the specification of acceptable biological catch (ABC), the establishment of an 
ABC control rule (ABC CR), the addition of the Council’s Scientific and Statistical Committee (SSC) to 
the process for setting ABC, separate consideration of scientific and management uncertainty during the 
process for specifying annual catch limits (ACLs), and establishment of accountability measures (AMs) in 
the herring fishery. 
 
Amendment 4 defined the Atlantic herring ABC control rule as: 

The specified approach to setting the ABC for a stock or stock complex as a function of 
scientific uncertainty in the estimate of OFL and any other scientific uncertainty.  The 
ABC control rule will consider uncertainty in factors such as stock assessment issues, 
retrospective patterns, predator-prey issues, and projection results. 

The ABC control rule will be specified and may be modified based on guidance from the 
SSC during the specifications process.  Modifications to the ABC control rule can be 
implemented through the specifications package or framework adjustments to the 
Herring FMP (in addition to future amendments), as appropriate. 

 
Amendment 4 described that the ABC CR will account for scientific uncertainty and will be contingent on 
the stock assessments providing adequate information.  During the 2010-2012 Atlantic herring fishery 
specifications process, developed concurrently during Amendment 4, the SSC pointed out two of sources 
of considerable scientific uncertainty with respect to Atlantic herring: 

The most recent stock assessment (Transboundary Resource Assessment Committee, 2009) had a strong 
retrospective pattern in which estimates of stock size are sequentially revised downward as new data are 
added to the assessment; and 
Maximum sustainable yield (MSY) reference points estimated from the biomass dynamics model are 
inconsistent with the age-based, stochastic projection; such that fishing at the current estimate of FMSY is 
expected to maintain equilibrium biomass that is less than the current estimate of BMSY. 
 
As a result, the 2010-2012 Atlantic herring ABC specification was adopted as a reasonable alternative to 
specifications in the Amendment 4 ABC control rule, which had been developed to serve as a placeholder 
until a benchmark stock assessment for Atlantic herring could be completed and a more appropriate long-
term ABC CR for Atlantic herring could be developed by the Council. 

2.5 Source/Reference Documents 
 
Amendment 4 to the Herring FMP April 2010  

o http://www.nefmc.org/library/amendment-4-2  
2010-2012 Atlantic Herring Fishery Specifications 

o In Amendment 4 (see above) 
Amendment 4 Court Order August 2012  

o http://earthjustice.org/sites/default/files/Amd4_Order_8-2-2012.pdf  
September 2012 SSC Report 

http://www.nefmc.org/library/amendment-4-2
http://earthjustice.org/sites/default/files/Amd4_Order_8-2-2012.pdf
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o http://s3.amazonaws.com/nefmc.org/SSC-Report_Herring_Sept2012.pdf   
November 2012 SSC Meeting Report 

o http://archive.nefmc.org/tech/Reports/Reports%20to%20Council%202012/SSC_Report_Herr
ing_Nov2012_final.pdf 

Lenfest Forage Fish Taskforce Report April 2012 
o http://www.oceanconservationscience.org/foragefish/files/Little%20Fish,%20Big%20Impact.

pdf 
Earth Justice correspondence January 2013 

o http://archive.nefmc.org/herring/council_mtg_docs/Jan%202013/doc%209%20EarthJustice%
20Correspondence.pdf 

2013-2015 Atlantic Herring Fishery Specifications/Framework 2 
o http://s3.amazonaws.com/nefmc.org/FW_2_and_2013_2015_Specs.Document.FINAL.JULY.

2.2013.SUBMISSION.pdf  
Amendment 8 Scoping Document 

o http://s3.amazonaws.com/nefmc.org/Amendment.8.Scoping.Document.Final.Draft.pdf  

3.0 Executive Summary  
 
The report was prepared to respond to the following NEFMC directive, approved at the December 2014 
meeting: 
 

That for herring priorities, the Council prioritize an amendment to consider control rules 
for the Atlantic herring fishery that account for herring’s role as forage in the ecosystem. 
The Council should also task the EBFM PDT and committee with developing ecological 
guidance for the herring PDT on managing forage fish within an ecosystem context by 
the June 2015 NEFMC Council meeting, and participating in the development of an 
appropriate control rule and reference points within an EBFM context for the herring 
fishery during this amendment.  
 

The PDT sought additional guidance at the January 2015 meeting because the ecological role of herring 
and many concerns raised by the public occur at smaller scales than that addressed by a stock-wide 
control rule.  The Council provided feedback that the advice should focus on a stock-wide biomass 
threshold or maximum fishing mortality that does not impair the productivity of herring predators.  The 
Council also discouraged consideration of spatial availability of herring by changing the structure of the 
control rule. 
 
More detailed background about why changes to the Atlantic herring catch control rule could be 
considered in Draft Amendment 8 is given in Sections 2.0, 4.0, and 5.0.  The EBFM PDT’s conclusions 
and recommendations based on existing information and available models is given in Sections 3.1 and 
3.2, followed by more detailed information supporting the PDT advice in Sections 6.0 to 10.0. 

3.1 Conclusions  
 
Various ABC control rules can influence future stock size and provide adequate forage for predators.  The 
control rules can be designed to produce average biomass levels that exceed Bmsy, reduce the intensity 
and/or duration of dips in population size caused by natural events, or take corrective action through 
temporary reductions in catch to promote quicker stock rebuilding and/or reduce risk of further declines 
in stock size.   
 

http://s3.amazonaws.com/nefmc.org/SSC-Report_Herring_Sept2012.pdf
http://archive.nefmc.org/tech/Reports/Reports%20to%20Council%202012/SSC_Report_Herring_Nov2012_final.pdf
http://archive.nefmc.org/tech/Reports/Reports%20to%20Council%202012/SSC_Report_Herring_Nov2012_final.pdf
http://www.oceanconservationscience.org/foragefish/files/Little%20Fish,%20Big%20Impact.pdf
http://www.oceanconservationscience.org/foragefish/files/Little%20Fish,%20Big%20Impact.pdf
http://archive.nefmc.org/herring/council_mtg_docs/Jan%202013/doc%209%20EarthJustice%20Correspondence.pdf
http://archive.nefmc.org/herring/council_mtg_docs/Jan%202013/doc%209%20EarthJustice%20Correspondence.pdf
http://s3.amazonaws.com/nefmc.org/FW_2_and_2013_2015_Specs.Document.FINAL.JULY.2.2013.SUBMISSION.pdf
http://s3.amazonaws.com/nefmc.org/FW_2_and_2013_2015_Specs.Document.FINAL.JULY.2.2013.SUBMISSION.pdf
http://s3.amazonaws.com/nefmc.org/Amendment.8.Scoping.Document.Final.Draft.pdf
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The performance of alternative control rules is analyzed and compared in the following sections as they 
pertain to and are consistent with estimated or assumed herring population parameters.  Advice is given 
with the context of other examples of forage species management in published literature and the 
perceived tradeoffs involved between direct catch by the fishery and indirect benefits that might accrue 
because of greater abundance and availability of herring as forage for fish, marine mammals, and 
seabirds. 
 
Indirect effects on productivity of other species and trophic interactions are difficult to quantify, 
especially when considering the various potential population levels of a single forage species, such as 
herring.  The qualitative effects are however easier to describe and evaluate.  Ultimately, decision-makers 
must weigh these tradeoffs and settle on an ABC control rule that meets multiple objectives, considering 
the scientific advice about the way we think things work.  Trophic effects caused by local availability of 
herring however might be more effectively managed by tools that go beyond simple catch controls 
associated with ABC control rules. 
 
The PDT cannot at this time provide quantitative advice on the ecological or economic implications of 
various ABC control rules for Atlantic herring, which account for the trophodymic relationships between 
herring as prey (and as predators on zooplankton) and various predators that depend on herring prey to 
various degrees. 
 
About a dozen candidate models exist that may be useful, some published and some under development, 
but all have some substantial shortcomings for this use (see Section 9.0).  Many models do not provide a 
prey feedback loop that is critical for evaluating how various levels of herring biomass affect predator 
productivity (changes in either predator growth rates, survival, or reproductive rates).  Some of the 
available models do not encompass all of the ecosystems that overlap with the Atlantic herring coast-wide 
stock.  Others treat forage species as a guild, making them potentially unsuitable for incorporation and 
evaluation of the performance of a control rule that influences catch and therefore mortality of only 
herring.  Some of the more promising models (e.g. Kraken, Atlantis, Dynamic Food Web, and 
Multispecies Statistical Catch at Age) would need significant modification and enhancement to 
incorporate and evaluate a stock-wide herring control rule.   
 
The PDT estimates that modification, development, and parameterization of any of these models would 
take one to two years of dedicated effort, followed by a period of testing and peer review.  During its 
recent review of the work the PDT has so far completed, the SSC indicated (and the PDT agrees?) that 
‘models of intermediate complexity’ should be the most fruitful avenue to pursue.  Models that focus on 
too few species, however, would miss important processes and could give mis-leading results with respect 
to the effect that herring abundance may or may not have on the productivity and resiliency of its 
predators. 
 
There are however some ecological effects that can be described, with their mechanism and apparent 
magnitude.  Direct economic costs, such as reduction in commercial revenue and potential increases in 
lobster bait prices, are easier to describe as has been done for other herring management actions.  There 
are both “winners” and “losers” to manage herring with a control rule that on average would maintain 
relatively high biomass and reduce risk of herring depletion due to fishing (and possibly due to ecosystem 
effects).   
 
“Winners” are species that have a stronger linkage and reliance on herring as prey.  It is also unclear how 
high herring biomass by itself will produce greater spatially and temporally availability for critical 
species.  It is however clear that control rules which lower the risk of depleting herring will reduce risk to 
related predator stocks, but the response of predator populations to differences in herring biomass are 
difficult to identify, particularly for the wide variety of predators (see Section 7.0) and the variable role of 
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herring as prey.  These predator and prey relationships are likely to be complex and non-linear. A general 
list by broad taxonomic group and description of effects is shown in the table below. 
 
Table 1. Species that stand to benefit from maintaining relatively high herring biomass. 

 
 
The “losers” are easier to identify and quantify, although the effects on these groups would be somewhat 
reduced by herring yield derived from high herring biomass.  Although the maximum fishing mortality 
threshold might be considerably lower (25-50%) than Fmsy, yield reductions would be much less because 
they would be derived from a higher herring stock biomass.  Herring prices could rise in response to 
lower landings, which would potentially increase costs in the lobster fishery.  However, the overall 
magnitude of any price effects depends on the elastiticy of herring price.  A general list of entities that 
would be negatively affected by alternative control rules for herring (compared to an MSY-based control 
rule) is shown in the table below.  At the same time, control rules that result in less risk of herring 
depletion could actually have positive economic effects for both the herring and lobster fisheries. 
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Table 2.  Fisheries and resources that have favorable effects from a MSY-target herring control rule. 

 
 
An important consideration, or caveat, for evaluating various stock-wide herring control rules is that they 
do not effectively address important ecosystem processes that occur on a spatial or temporal scale much 
smaller than that inherent in a stock-wide biomass-based control rule.  A biomass-based control rule will 
also not address issues that could arise through climate change, where herring and its predators could 
respond in different ways and at different rates to changing water temperature, salinity, thermocline 
formation, and currents.   
 
For some species, local availability at a critical time may be more trophically-important than total herring 
biomass.  Herring school density and school size is thought to play a key role in how much net energy 
that predators derive, because it has an effect on energy expended hunting prey.  Although such control 
rules have not been developed and monitoring would potentially be costly and difficult, control rules 
using an index of herring school size and density, or some type of spatial allocation of catch based on 
localized indicators and ecosystem characteristics, rather than stock-wide herring biomass, could be 
useful. 
 
Although an important ecosystem consideration, the spatial and temporal aspects of herring availability as 
prey is not addressed most effectively through a control rule.  The FMP already imposes certain 
management parameters in a spatially (and sometimes temporally) explicit way (see figure and table 
below).  While this may yield satisfactory performance in some ways, the spatial and temporal 
management provisions could be refined and modified by the Council to address local ecosystem issues 
better than the current regulations address them.  A more spatially explicit assessment model could also 
help in this regard.  Also, for some predators, the herring demographics are critically important, maybe 
more so than total herring biomass.  The FMP also has provisions (e.g. mesh size, time area closures) that 
influence size selectivity of commercial fishing which could make digestible small or nutritionally-rich 
large herring more available to the predators that rely on them. 
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Table 3.  Summary of 2014 Atlantic herring specifications. 
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Figure 1.  Allocation of 2014 herring ABC. 
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Map 1.  Herring catch management areas and fall distribution of herring biomass on NMFS survey tows, 
2005-2014. 

 
 
Assisted by a simulation model developed by Dr. Jon Deroba, the PDT has also evaluated the relative 
performance of alternative control rules that would maintain high biomass (averaging above Bmsy) and 
reduce the risk of herring depletion due to fishing (although depletion may occur anyway due to other 
causes).  These simulations were developed using stock parameters that are characteristic of a higher 
natural mortality and consumption phase that has been identified in the assessment.  Changes in 
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consumption and stock productivity of herring could change the perception of how these alternative 
control rules perform relative to one another. 
 
The six control rule scenarios that were examined range from the least conservative (status quo based on a 
target biomass = Bmsy and a maximum fishing mortality threshold = Fmsy) to the most conservative 
scenario that was promoted by the 2012 Lenfest report (having a threshold biomass = 75% of B0 and a 
maximum fishing mortality threshold = 50% Fmsy).  In between these extremes, the PDT evaluated the 
performance of a constant F approach (F=75% Fmsy), two biomass-based hockey-stick control rules (one 
with an SSBmsy threshold and a more conservative 125% SSBmsy threshold), and a proportional 
escapement approach.  A depiction of these control rule scenarios is given in the figure below. 
 
In summary, the simulations predicted a significant increase in average biomass and a reduction of 
depletion risk (years that biomass was less than 40% of unfished biomass used for Pacific coast fishery 
management) with a modest reduction in yield and with little change in yield variability (see figure 
below).  The simulations however predict a significant increase in yield variability for the more 
conservative biomass-based, the Lenfest approach, and the proportional escapement approach control 
rules.  Due to the very high biomass threshold in the Lenfest approach, the proportion of years that the 
fishery would be closed was high due mostly to natural variability rather than a higher fishing rate when 
the fishery would be open. 
 
From a point of view of herring’s role as forage in the ecosystem of the Northwest Atlantic, the system is 
comparatively complex and unlike many of the ecosystems analyzed in the Lenfest report is not based on 
an upwelling system with strong linkages between a primary prey species and its predators.  Many (but 
not all) of the herring predators are generalists (see figure below), so it is important to recognize the effect 
that the abundance and nutritional value of alternative prey species (e.g. sand lance, squid, silver hake) 
could have. 
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Figure 2.  Status quo and alternative herring control rules simulated by the PDT to evaluate tradeoffs 
between maintaining relatively high biomass, yield, and variability. 
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Figure 3.  Results of simulated herring control rules using recent estimates of natural mortality and 
consumption.  The steepness parameter was fixed but allowed to vary between simulations. 
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Figure 4.  Average observed diet composition for top three fish (excluding tunas) predators, 1973-2012.  
Observations for fish caught in the Gulf of Maine, Georges Bank, and Southern New England 
are combined. 

 
 

3.2 PDT Recommendations 
 
The EBFM PDT recommends that the Council adopt a strategy of explicit consideration of herring as a 
critical component of the forage base.  Herring provide an essential ecosystem service as forage for a 
broad spectrum of predators. This should include consideration of defining reference points in relation to 
changing levels of predation mortality on herring.  It is further recommended that the Council proceed 
with the development of a broader policy for managing forage species, encompassing herring, within the 
context of ecosystem based fishery management.  This approach would facilitate development of goals 
and objectives for Amendment 8. 
  
The PDT provides background information in this document to help guide the Council on general 
considerations for forage species ecology and forage fish management considerations implemented in 
other regions.  These considerations can be built into a Fishery Ecosystem Plan to be developed by the 
Council.  The work done to date on herring control rules can be used as an interim measure to reduce risk 
of herring depletion and associated effects while the Council develops goals and objectives for forage fish 
management and ecosystem based fishery management, and conducts more specific MSE analyses to 
analyze management options. 
 
The Council could proceed with Amendment 8 control rule alternatives with the current ability to 
evaluate and compare the effects on herring, the herring fishery, and the ecosystem and take a more 
deliberative approach for developing alternatives as the ecosystem models are developed, parameterized, 
tested, and peer-reviewed.  For the former approach, the potential effects on herring yield and biomass 
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could be quantified, but the ecosystem effects from trophic interactions would have to be given qualitative 
evaluation.   
 
While making this decision, it is however important to be mindful of the current status and forecasts for 
the 2016-2018 specifications.  Current herring biomass is estimated to be over double Bmsy and 74% of 
B0.  The projections estimate that there is a greater than 75% probability of SSB remaining above SSBmsy 
(or about 31% of unfished SSB) through 2018 (see figure below).  Using alternative benchmarks, the 
projections indicate that biomass has at least a 50% probability of remaining above 50% of unfished SSB 
through 2018, with a modest increase to 90% in the probability of falling below 75% of unfished SSB. 
 
Figure 5.  Estimated probability using Herring PDT projections for 2016-2018 catch set at 111,000 mt 

that herring biomass will be below alternative biomass benchmarks of SSBmsy, 50% of unfished 
SSB, and 75% of unfished SSB.  SSB for 2014 was estimated to be 74% of unfished SSB. 

 
 

4.0 Background 
 
The current ABC control rule and management process is designed to achieve Atlantic herring MSY, but 
also promote a high herring biomass level.  Often ABCs are set at a precautionary level due to inherent 
uncertainty in stock size estimates and catch is often lower than the ABC.  Herring stocks, as with many 
other forage species elsewhere, exhibit large changes in biomass due to unknown oceanic and ecological 
factors (Figure 6). 
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Although herring biomass for the coastwide stock-complex is at an historically high level, the existing 
control rule is designed to keep mortality below Fmsy, prevent (or reduce the risk of) overfishing, and 
promote rebuilding within a five-year rebuilding period.  It does not explicitly account for the benefits of 
higher average biomass levels or higher minimum biomass thresholds that account for forage needs of 
predators.  Functionally, maybe this is enough.  Maybe it isn’t. 
 
Figure 6.  Estimated trend in Atlantic herring spawning stock biomass (SSB).  Source: NEFSC 2015. 

 
 
 

5.0 Ecological Background 
 
Energy rich and often relatively abundant, Atlantic herring serve as an important dietary source for a 
variety of species, many that are economically important to the commercial fishing, recreational fishing, 
and tourist industries.  Few species rely totally on herring as its sole food source, but abundant herring 
may enhance growth and survival of individuals in populations that depend on herring.  Depending on the 
piscivorous predator, alternative food sources may include other forage species including northern sand 
lance, illex and/or loligo squid, northern shrimp, other alosid fish, and larva and juveniles of other fish. 
 
Atlantic herring also can have a depensatory effect on the populations of other species, including fish that 
when older prey on herring.  Although strong evidence does not exist because herring diets are hard to 
observe, large populations of large herring are thought to consume zooplankton, potentially reducing 
recruitment success of other fish. 
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Collectively, forage species provide an important supporting ecosystem service. The primary ecological 
role of forage species is energy transfer; these relatively small fish and invertebrates (e.g., squids and 
krill) tend to be central in food webs. They eat very small prey (zooplankton or small benthic 
invertebrates), and are themselves eaten by larger animals in the ecosystem, including the predatory fish 
often targeted in commercial fisheries, as well as marine mammals, seabirds, and other protected species. 
Forage species tend to be highly productive relative to larger predatory fish, marine mammals, and birds. 
These characteristics can be used to formally define forage species. During recent MSA reauthorization 
discussions, the following forage fish definition was proposed: “The term ‘forage fish’ means any low 
trophic level fish that contributes significantly to the diets of other fish and that retains a significant role 
in energy transfer from lower to higher trophic levels throughout its life cycle.’’ In 2012, the Ecosystem 
Subcommittee of the MAFMC’s Scientific and Statistical Committee provided its definition and detailed 
description of forage fish (Table 4). Other US Regional Fishery Management Councils have also 
developed forage-specific policy (see Section 10.1). Fishery scientists and managers therefore recognize 
this key role of forage species in fueling production of valuable predator fishes (Smith et al. 2011).  But, 
the broader role of forage species in sustaining productivity and structure of marine ecosystems is less 
understood or appreciated (Engelhard et al. 2014). 
 

Table 4.  Definition of forage fish provided to MAFMC by its Ecosystems Subcommittee of the Scientific 
and Statistical Committee, March 2012. 

 
 
Fisheries for forage species represent an important ecosystem provisioning service. Globally, forage 
species are major contributors to marine fisheries, constituting >35% of annual landings in recent 
decades.  The dockside value of global forage species landings was $5.6 billion in 2009 (Pikitch et al. 
2012, 2014).  Most of these landings are converted to meal and oil, and used as feeds in livestock and 
aquaculture industries, or used as bait.  These linkages between industries demonstrate forage species 
economic as well as ecological support roles.  In the Mid-Atlantic region, forage species, especially the 

Is the stock a “forage” fish? Forage is defined as a species that: 
• Is small to moderate in size (average length of ~5-25 cm) throughout its lifespan, especially 

including adult stages; 

• Is subject to extensive predation by other fishes, marine mammals, and birds throughout its lifespan; 

• Comprises a considerable portion of the diet of other predators in the ecosystem in which it resides 
throughout its lifespan (usually >5% diet composition for > 5 yrs.); 

• Has or is strongly suspected to have mortality with a major element due to consumptive removals; 

• Is typically a lower to mid trophic level (TL) species; itself consumes food usually no higher 
than TL 2-2.5 (typically zooplankton and or small benthic invertebrates); 

• Has a high number of trophic linkages as predator and prey; serves as an important (as 
measurable by several methods) conduit of energy/biomass flow from lower to upper TL; 

• Often exhibits notable (pelagic) schooling behavior; 

• Often exhibits high variation in inter-annual recruitments; and 

• Relative to primary production and primary producers, has a ratio of production and biomass, 
respectively, to those producers not smaller than on the order of 10-3 to 10-4 
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Atlantic menhaden, are key contributors to the quantity and value of regional fisheries landings, in 
addition to their value as prey for diverse predators.  Annual combined Mid-Atlantic and New England 
landings of targeted forage species exceeded 210,000 metric tons in 2008-2012 (Table 5). 
 
While the landed value of forage fish is high, the global value of the forage fish supporting the production 
of marine commercial predator fishes was estimated to be even higher at $11.3 billion (Pikitch et al. 2012, 
2014).  This highlights the importance of managing forage species for both sustained production of 
managed piscivorous fish and for direct fishery removals.  Additional management considerations extend 
to unfished protected species such as seabirds.  In a recent review and analysis, Cury et al. (2011) found 
that seabird populations were especially sensitive to declines in forage fish biomass, with seabird 
reproductive failure often associated with declines in forage biomasses to <33% of the forage species’ 
unfished biomass (B0).  However, since successful seabird fledging requires forage to be available near 
breeding colonies during breeding season (Elliot et al 2009, Bertrand et al 2012); where and when fishing 
occurs is as important as how much if management objectives include sustaining seabird reproductive 
success.  
 
Forage species life history is also important to consider for effective management. These species tend to 
be highly productive and short-lived, with only a few age classes represented in a population. Some can 
also exhibit population “boom and bust” cycles. Historically, shoaling pelagic forage fishes were 
considered to be relatively insensitive to fishing, although extreme abundance fluctuations were observed. 
Climate drivers have a strong role in controlling what sometimes has been called “the forage fish 
rollercoaster” (Dickey-Collas et al. 2014).  For example, the Peru anchoveta population waxes and wanes 
in response to El Niño conditions in the Humboldt Current (Barange et al. 2009).  Decadal-scale 
variability in abundance of major forage fish is often associated with ocean regime shifts that signal shifts 
in ecosystem productivity (Alheit et al. 2009).  In recent decades, it has become increasingly apparent that 
intense fishing can deplete forage species as commonly as other types of fishes (Beverton 1990; Patterson 
1992; Pinsky et al. 2011).  When environmental conditions are unfavorable for reproduction and 
recruitment, fishing such stocks at high levels of exploitation increases the possibility of stock collapse 
(Murphy 1967, 1977; Pinsky et al. 2011).  Forage species exhibiting strong shoaling behavior can have 
increased vulnerability to fishing in years of low abundance because schools remain easy to locate.  
Fishery catch-per-unit effort may not decline at low stock abundance, leading to excessive optimism 
about stock status and a high risk of stock collapse if CPUE is the only information used to assess stocks 
(Csirke 1988). 
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Table 5.  Forage fishes and squids in 1) managed, targeted fisheries in the New England region and 2) present but 
not targeted or managed in New England. For the targeted species the combined, Mean Annual Landings 
(metric tons) for the New England and Mid-Atlantic regions (from NOAA Commercial Fishery Statistics) 
are given for the five-year period, 2008 – 2012.  Atlantic menhaden mean annual landings are from 
reports of the Atlantic States Marine Fisheries Commission and include landings from New England, the 
Middle Atlantic and South Atlantic. The “Fished Y/N” column refers to fisheries in the western North 
Atlantic.  The “Bycatch Important” column refers to importance of the species as a bycatch in managed 
MAFMC fisheries.  This table considers only species that are forage-sized throughout the lifespan. 

*The Atlantic menhaden technical committee (2012) pointed out a mismatch between F and B reference points 
used; if compatible F and B reference points are used, menhaden B is below the target reference threshold 
assumed to be equivalent to BMSY (B/B30% = 0.22), and also below the limit reference point assumed to be ½ B BMSY 
(B/B15% = 0.44) while it is above the currently used B threshold (B/BMED..T =1.4).  

Common 
name Species 

Fished 
  Y/N 

Mean Annual 
Landings (mt) 
(2008-2012) 

Current 
status 
B/Bmsy 
F/Fmsy 

Management 
   Authority 

 Bycatch  
Important 
Y/N 

Atlantic 
herring 

Clupea harengus Y 82,422.4 3.3 
0.52 

NEFMC/ASMF
C 

Y 

Atlantic 
menhaden 

Brevoortia tyrannus Y 210,776.0 0.22-1.4* 
3.36 

ASMFC N 

Atlantic 
mackerel 

Scomber scombrus Y 12,003.2 Unknown 
Unknown 

MAFMC Y 

Butterfish Peprilus triacanthus Y 244.1 1.7 
0.025 

MAFMC Y 

Alewife Alosa pseudoharengus Y 605.2 “Depleted” 
Unknown 

ASMFC Y 

Blueback 
herring 

Alosa aesitvalis Y 6.2 “Depleted” 
Unknown 

ASMFC Y 

Longfin squid Doryteuthis pealii Y 9,892.0 1.284 
Unknown 

MAFMC Y 

Illex squid Illex illecebrosus Y 11,227.5 Unknown 
Unknown 

MAFMC Y 

Bay anchovy Anchoa mitchilli N  Unassessed  N 
Striped 
anchovy 

Anchoa hepsetus N  Unassessed  N 

Silver 
anchovy 

Engraulis eurystole N  Unassessed   N 

Round 
herring 

Etrumeus teres N  Unassessed  N ? 

Thread 
herring 

Opisthonema oglinum Y 0 Unassessed  Y, small 

Spanish 
sardine 

Sardinella aurita Y 0 Unassessed  Y, small 

Sand lance Ammodytes americanus 
and A. dubius 

N 0 Unassessed  N 

Atlantic 
silverside 

Menidia menidia Y 6.4 Unassessed  N 
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6.0 Management of Forage Species Elsewhere 
 
Globally, there is a clear increase in the sensitivity of managers to the need for ecosystem-based 
approaches to fisheries management, with forage species and fisheries playing a prominent role (e.g., 
Smith et al. 2011).  Current US fishery management legislation defines optimum yield from a fishery as 
that which will “provide the greatest overall benefit to the Nation, particularly with respect to food 
production and recreational opportunities, and taking into account the protection of marine ecosystems.”  
Given the multiple ecosystem services provided by forage species, a fuller consideration of economic and 
ecosystem tradeoffs, as well as forage species life history and societal preferences, is likely required to 
meet objectives for all managed and protected species within an ecosystem, as well as humans. 
 
US Fishery Management Councils must include measures in FMPs to conserve both target and non-target 
species and habitats, considering ecological factors that affect fishery populations (16 U.S.C. 1853 § 
(c)(12)).  The National Standard Guidelines Final Rule for National Standard 1 recognize the special 
status of forage fishes and the need for precaution, stating, “In addition, consideration should be given to 
managing forage stocks for higher biomass than Bmsy to enhance and protect the marine ecosystem” (50 
C.F.R. § 600.310).  There are several forage species management approaches that have been proposed 
generally, and others which have been applied in other US regions which may be relevant to Mid-Atlantic 
forage species management.  These approaches differentiate forage species which are already exploited 
by fisheries from those that are not subject to directed fishing (“non-target” species).  
 
Exploited forage fishes generally are managed in an approach similar to other fish stocks, with a degree of 
precaution added in recent decades to acknowledge their key role in ecosystems.  Quota-based, single-
species management, based on age-structured assessment models and Fmsy, Bmsy reference points (or 
proxies) are the typical management approach (Barange et al. 2009).  The Lenfest Task Force (Pikitch et 
al. 2012) proposed reference points that are scaled to level of confidence in scientific knowledge and 
assessment reliability, with lowest F and highest B reference points associated with stocks that are the 
most data-poor.  Summary recommendations for forage fish management indicate that F < M, probably 
considerably less, and F < Fmsy should be adopted as reference points for forage fisheries while 
maintaining B well above the 40-50% B0 that is conventionally specified as Bmsy.  In a few well-assessed 
forage stocks, minimum biomass thresholds have been used as reference points to terminate fishing to 
protect these stocks when recruitment conditions are likely poor, the population is low, and maintenance 
of predator productivity is threatened (e.g., Barents Sea capelin, California sardine). 
 
The recommendations for appropriate F and B reference levels in targeted forage fisheries, even when 
precautionary, typically do not directly consider predator demand and its inter-annual variability.  It has 
been proposed that F in forage fisheries should scale to predator demand (e.g., Collie and Gislason 2001) 
since M2 (predation mortality) varies substantially from year to year, scaling to predator abundances.  In 
this approach, if total mortality is held constant, then F will vary inversely with M, rising when predator 
demand is low and falling when predator demand is high.  Annual landings also are likely to vary 
substantially under this management approach, which may be undesirable from an economic, and more 
broadly social, standpoint. 
 
All of these augmented targets induce costs as well as benefits, and assessing both sides of the equation is 
paramount in making sound policy decisions.  Ultimately, the appropriateness of any target will depend 
on the management objectives, and will vary with the species under consideration.  Setting aside scientific 
uncertainty regarding estimating the appropriate stock levels, the ability of precautionary management to 
translate additional biomass into realized management goals ultimately depends on the exact role each 
forage fish species plays in the environment.  For example, enhancing productivity of specialist predators 
through enhanced availability of preferred prey is likely a more attainable (or predictable) goal than 



Scientific advice on  - 25  - June 2015 
Atlantic herring control rules  EBFM Plan Development Team 

enhancing the productivity of an opportunistic predator by enhancing the availability of a sub-set of 
forage species they predate on.   
 
Moratoria on development of new forage species fisheries have been proposed or enacted throughout the 
US.  In U.S. waters of the North Pacific and Bering Sea, fisheries on many forage species are not allowed 
by the North Pacific Fishery Management Council (NPFMC). Considering unfished and unmanaged 
forage fishes, the Pacific Fishery Management Council (PFMC) and its Ecosystem Workgroup have 
developed policy on a diverse assemblage of unfished forage species, with an eye to their conservation 
and insurance that they are not targets for new fisheries without rigorous assessment, evaluation, and 
deliberation by the Council (PFMC 2014).  Targeted forage species already are included in the PFMC 
Coastal Pelagic Species FMP (sardine, anchovy, jack mackerel), which also includes krill as a prohibited 
species.  The PFMC’s Ecosystem Workgroup has proposed to include a complex of unfished forage 
species in each of its four FMPs as Ecosystem Component species, recognizing their value as forage for 
managed, targeted species and as a caution against uncontrolled development of fisheries on a diverse 
group of poorly known pelagic and mesopelagic species.  
 
In the New England region the Atlantic herring and Atlantic menhaden are by definition typical forage 
species, and their fisheries are managed with designated ABCs and effort controls based on biomass and 
fishing mortality reference points commonly applied in single-species management.  At present, Atlantic 
herring has good status relative to these reference points.  Other forage species like the sand lance are not 
currently fished or managed, but do play a role in supporting production of managed fish and other 
predators in the ecosystem.  

7.0 Herring consumption in the Northeast region 

7.1 Forage Species in the New England Ecosystem(s) 
 
A diverse assemblage of shelf and coastal fishes and squids can be categorized as forage species in the 
New England region (Table 6) according to the MAFMC 2012 Forage Species definition (Table 4).  The 
Atlantic menhaden supports the single largest fishery on the U.S. east coast by weight and is managed by 
ASMFC.  The Atlantic herring is managed jointly by the New England Fishery Management Council and 
ASMFC.  Blueback herring and alewife fisheries, which have declined dramatically in the past 50 years 
and are under moratoria or greatly restricted landings in most coastal States, are managed jointly by the 
States and ASMFC.  Atlantic mackerel, butterfish, and the longfin and Illex squids are managed by the 
MAFMC under a single FMP.  Several taxa of small fishes that are not targeted in directed fisheries and 
are unmanaged, but are important as forage, occur in the coastal and shelf waters of the New England 
region.  While not targeted currently in New England fisheries, some (e.g., the Alosines) once supported 
substantial fisheries in the coastal zone.  Some of the unmanaged forage species may be included in 
bycatches of targeted fisheries, for example Alosines (river herrings) in the Atlantic herring and Atlantic 
mackerel fisheries.  At present, there are no declared proposals or plans to exploit the unfished forage 
species listed here. 
 
Food habits information provides a picture of key forage for important New England commercial fish as 
well.  We present estimated diet compositions for the top three predators of Atlantic herring over the past 
40 years according to food habits data: spiny dogfish, Atlantic cod, and silver hake (Figure 109).  Atlantic 
herring consumption estimates as presented in the 2012 assessment also give context for potential 
management as forage fish (Figure 9). 
 
The past and present abundance of NEFMC managed forage species and other important forage species in 
the region can be partially reconstructed from stock assessments (see figure below).  However, methods 
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applied differ across stock assessments, and not all assessments have been accepted for use in 
management (e.g., Atlantic mackerel, squids) so those assessments are not included here. 
 
Managed forage abundance trends are mixed.  Atlantic herring are abundant at present after recovering 
from low levels in the late 1970s, while American shad and river herring abundance is currently near an 
all-time low coast-wide. 
 
The Gulf of Maine and Georges Bank food webs have been characterized quantitatively using the 
information sources listed above and many others (Link et al. 2006, Link et al. 2008).  An updated set of 
food web models for the region is currently in development at NEFSC.  Many studies exist in the 
literature where food web models were used to evaluate the impacts of severe overfishing of forage fish.  
However, it is rarer to find analyses of more subtle changes in forage management for populations that are 
not currently overfished, and analyses examining the implications for the ecosystem and predators when 
some forage species are depleted but others are abundant.  Therefore, model analyses more tailored to the 
New England region and the suites of forage and predator species of varying status would be necessary to 
evaluate the potential effects of alternative management actions here. 
 



Scientific advice on  - 27  - June 2015 
Atlantic herring control rules  EBFM Plan Development Team 

Figure 7.  Assessment results or landings trends for major forage fish in New England 
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7.2 Assessing the forage base in the New England region 
 
A multi-faceted approach is necessary to assess the status of the forage base in aggregate.  Simply put, 
total forage species production is constrained by the amount of primary production in the ecosystem, and 
total predator demand for forage species is based on consumption rates combined with the total biomass 
of predators.  Predator demand plus fishing removals cannot exceed forage species production in 
aggregate or forage species biomass will decline.  Estimates of primary production can be used to 
determine the potential forage species production in an ecosystem.  Food web models can be used to 
estimate aggregate predator consumption demand.  Food web models can also simulate ecosystem 
responses to changes in forage fish production, consumption, and/or fishery removals.  These models can 
also be linked to economic models to determine how ecosystem responses alter economic relationships.  
For example, Fay et al. (2014) recently coupled an economic input/output model, capable of estimating 
short-term impacts of policy changes, to the Northeast United States Atlantis ecosystem model.  Although 
not estimating economic value, this type of model coupling can provide an understanding of employment, 
income, and sales impacts the regional economy is likely to face due to changes in fishery management 
strategies. 
 
A suite of ecosystem indicators can also be developed to monitor and assess the status of the aggregate 
forage base.  Food web and multispecies models can help aggregate time series of abundance for multiple 
forage fish to estimate aggregate forage biomass.  In addition, indices of primary production can be 
monitored to evaluate the production available for forage species, and condition factor of predatory fish, 
and reproductive success of seabirds, marine mammals, and other unexploited predators can be monitored 
to evaluate whether consumption needs are being met.  Multiple metrics must be monitored together 
because any one of these could be driven by something other than forage fish status.  Many of these 
indicators already exist for the New England region and are presented in the Ecosystem Status Report 
(NEFSC 2011); further development of an aggregate forage base status indicator is ongoing.  This 
development will continue with the input of NEFMC. 
 
Food habits information provides a picture of key forage for important New England commercial fish as 
well.  We present estimated diet compositions for the top three predators of Atlantic herring over the past 
40 years according to food habits data: spiny dogfish, Atlantic cod, and silver hake (Figure 8).  Atlantic 
herring consumption estimates as presented in the 2012 assessment also give context for potential 
management as forage fish (Figure 9). 
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Figure 8.  Estimated diet from Gulf of Maine, Georges Bank, and Southern New England combined for 
a)Spiny dogfish, b) Atlantic cod, c) silver hake; NEFSC diet database 1973-2012 
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Figure 9.  Consumption estimates of Atlantic herring, updated to 2013 from 2012 benchmark stock 

assessment using methods outlined below. 

 

7.2.1 Fish Consumption of Herring  
Food habits data from NEFSC bottom trawl surveys were evaluated for 13 herring predators (Table 6).  
The total amount and type of food eaten were the primary food habits data examined.  From these basic 
food habits data, diet composition of herring, per capita consumption, total consumption, and the amount 
of herring removed by the 13 predators were calculated.  Combined with abundance estimates of these 
predators, herring consumption was summed across all predators as total herring consumption. 
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7.2.1.1 Methods 
 
The methods that were used to estimate consumption of herring by fishes with Northeast region stock 
assessments are summarized in the SAW 59 assessment document (NEFSC 2015), including details about 
population trends in predator stocks. 
 
Table 6.  Top 13 predators of Atlantic herring (Clupea harengus and unidentified clupeid remains) along 

with minimum sizes for herring predation from the NEFSC Food Habits Database and average 
age (where available). 

Common Name Scientific Name Minimum Size (cm) Avg. Age (years) 
Spiny dogfish Squalus acanthias 29  
Winter skate Leucoraja ocellata 39  
Thorny skate Amblyraja radiata 41  
Silver hake Merluccius bilinearis 13 0.8 
Atlantic cod Gadus morhua 16 1.1 
Pollock Pollachius virens 19 1.4 
White hake Urophycis tenuis 21 0.4 
Red hake Urophycis chuss 24 1.3 
Summer flounder Paralichthys dentatus 23 0.9 
Bluefish Pomatomus saltatrix 17 0.0 
Striped bass Morone saxatilis 53 4.0 
Sea raven Hemitripterus americanus 13  
Goosefish Lophius americanus 12 1.2 
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7.2.1.2 Marine Mammal Consumption 
 
Marine mammal predation on Atlantic herring was recently estimated for the Northeast US continental 
shelf region (Col, 2012).  Quantitative bounds on consumption estimates were determined using @Risk 
software for a suite of marine mammals (humpback, fin, minke, sei, right and pilot whales, bottlenose, 
Atlantic white-sided and common dolphin, harbor porpoise, and gray and harbor seals). 
 
Broad ranges of daily individual consumption rates were randomly sampled from compiled literature 
values based on taxonomic groupings of marine mammals.  Daily individual consumption was expanded 
to annual population-level consumption based on abundance estimates of the marine mammals found on 
the NEUS continental shelf and annual residence of each species to the area.  Uncertainty and time series 
trends in these estimates were incorporated to include plausible shifts in whale distribution and abundance 
over time.  Diet compositions were summarized from published literature in order to determine clupeid 
consumption, of which Atlantic herring was by far the most common clupeid prey species.  Bounds on 
consumption estimates of total marine mammal consumption of herring were determined using Monte 
Carlo re-sampling simulations.  Results indicate that in recent years, marine mammal consumption of 
clupeids may be similar in magnitude to commercial fishery landings for Atlantic herring, averaging 
105,000mt/year (12,000-250,000mt/year 80% CI; Figure 10).  Marine mammal consumption was likely 
lower during the early part of the time series due to lower mammal abundance, with a low of 
65,000mt/year during the 1960s (4,200-160,000mt/year 80% CI).  Further details on the methods used to 
estimate consumption by marine mammals on the Northeast US continental shelf can be found in Col’s 
Master thesis (2012). 
 
Figure 10.  Total Atlantic herring consumption by marine mammals (+ 80% CI). 
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7.2.1.3 Highly Migratory Species 
 
Among a suite of large pelagic species that are highly migratory (HMS) and seasonally important apex 
predators in the NES LME, bluefin tuna and blue shark are the primary large pelagic predators of herring 
in the region (Kohler and Stillwell, 1981; Stillwell and Kohler, 1982; Chase, 2002; ICCAT,  2003, 
Overholtz and Link 2007); thus we limit our treatment of HMS predation on herring to those two main 
species.  We recognize that other methods have been adopted to incorporate a broader suite of predators, 
but they amount to a small amount of herring predation compared to these two species.  The approach to 
estimate consumption of herring by bluefin tuna and blue sharks was described in the SAW 54 report 
(NEFSC 2012) and is an extension of the Overholtz et al. (2008) and Overholtz and Link (2007) method. 
 
Results indicate that on average, these two HMS consume between and 15 and 25,000 mt per year, with 
15-20,000 mt on average during the late 1970s to early 1990s, and 20-25,000 mt in later years (Figure 
11). 
 
Figure 11.  Annual estimates of Atlantic herring consumption by bluefin tuna and blue sharks. 

 
 

7.2.1.4 Seabirds 
 
Approximately 20 species of seabird are found in the Northeast Shelf ecosystem, and most are moderately 
abundant, especially over Georges Bank (Schneider and Heinemann, 1996).  However, no large-scale 
surveys of seabird populations have been conducted in the area since 1988.  The NES LME region is 
generally thought of as seasonal feeding areas, with few species actually nesting locally.  Eight seabird 
species are important predators of herring: northern fulmar (Fulmarus glacialis), blacklegged kittiwake 
(Rissa tridactyla), northern gannet (Morus bassanus), herring gull (Larus argentatus), great black-backed 
gull (L. marinus), and shearwaters (greater shearwater P. gravis, sooty shearwater P. griseus, and Cory’s 

BFT & BS Consumption of Herring 
30 

25 

20 

15 

10 

5 

0 
1975 1980 1985 1990 1995 2000 2005 2010 2015 



Scientific advice on  - 34  - June 2015 
Atlantic herring control rules  EBFM Plan Development Team 

shearwater Calonectris diomedae).  As the three species of shearwater are similar in size and greater 
shearwaters are by far the most abundant species in the region, their abundance was combined into one 
aggregate group.  Quarterly estimates of seabird numbers, daily ration, and the proportion of herring in 
seabird diets were the variables that were estimated with an uncertainty framework.  The approach 
presented in SAW 54 (NEFSC 2012) is an extension of the Overholtz et al. (2008) and Overholtz and 
Link (2007) method. 
 
Results indicate that on average these seabirds consume a relatively small amount herring per year, on the 
order 3-5 mt (Figure 12).  This should be viewed as a lower bound estimate as several factors, namely 
seabird abundance, are understood to be conservative values. 
 

Figure 12.  Annual estimates of consumption of Atlantic herring by seabirds. 

 
 

8.0 Herring ABC Control Rule Performance 
 
Disclaimer: The material presented in this section was contributed by Dr. Jon Deroba, a member of the 
herring PDT.  The simulations were intended to serve as a demonstration of how management strategy 
evaluation can inform risk policy and management decisions.  This research has not been peer reviewed.  
The results and conclusions should not be taken at face value.  Likewise, this research and the conclusions 
do not represent any official position of NOAA or affiliate organizations.  The methods and full text of 
this manuscript is in draft form and should not be further distributed or cited. 
 

Seabird Consumption of Herring 
6 

5 

4 

3 

2 

1 

0 
1975 1980 1985 1990 1995 2000 2005 2010 2015 



Scientific advice on  - 35  - June 2015 
Atlantic herring control rules  EBFM Plan Development Team 

ABC control rules are designed to limit fishing mortality and therefore influence the future population 
size of the target species.  They may have stock-wide and/or localized population effects and promote 
corrective management action when stock are low or overfished, they may reduce the depth of biomass 
declines and risk of stock collapse, and they may cause the population to have a biomass around Bmsy or a 
higher level, if desirable.  Single species ABC control rules do not directly affect stock size, growth or 
survival of predators and other stocks, although it is often assumed that a higher abundance of prey will 
enhance one or more of these characteristics for predator populations. 
 
The EBFM PDT simulated and evaluated the performance of various types and forms of control rules, 
comparing the tradeoffs between average biomass, reductions in biomass variability, and yield.  These 
candidate control rules were drawn from a systematic review of control rule performance by Deroba and 
Bentz 2008.  Out of their sample, only ones that appeared to have reasonable and legally defensible 
characteristics were included.  Generally, they are modifications of the existing control rule with changes 
in the minimum biomass threshold, the maximum fishing mortality rate, or a combination of both. 
 
Using a simulated population having herring growth, mortality, and recruitment characteristics, these 
candidate control rules performed as described below.  The methods for these simulations is given in 
Appendix I. 

8.1 Harvest Control Rules 
 
Five variants of a biomass based control rule (Katsukawa 2004) and one variant of a proportional 
threshold control rule (Engen et al., 1997) were evaluated (Figure1; Table 3).  The biomass based control 
rule was defined by three parameters: the proportion (𝜓) of 𝐹𝑚𝑚𝑚,𝑚 that dictates the maximum desired 
fishing mortality rate �𝐹��, an upper SSB threshold (SSBup), and a lower SSB threshold (SSBlow).  The 𝐹�  
equaled the maximum when 𝑆𝑆𝑆�  was above the upper threshold, declined linearly between the upper and 
lower thresholds, and equaled zero below the lower threshold: 
 

𝐹�𝒚

⎩
⎪
⎨

⎪
⎧ 𝐹𝑚𝑚𝑚,𝑚𝜓                                   if  𝑆𝑆𝑆� 𝑚 ≥ 𝑆𝑆𝑆up

�𝐹𝑚𝑚𝑚,𝑚𝜓�
𝑆𝑆𝑆� 𝑚 − 𝑆𝑆𝑆low
𝑆𝑆𝑆up − 𝑆𝑆𝑆low

              if  𝑆𝑆𝑆𝑙𝑙𝑙 < 𝑆𝑆𝑆� 𝑚 < 𝑆𝑆𝑆𝑢𝑢

              0                                      if  𝑆𝑆𝑆� 𝑚 ≤ 𝑆𝑆𝑆𝑙𝑙𝑙

 

The 𝐹�𝑚 was then used to set a quota in year 𝑦 + 1: 
 

𝑄𝑚+1 = �
𝐹�𝑎,𝑚

𝐹�𝑎,𝑚 + 𝑀

8+

𝑎=1

𝑆�𝑎,𝑚�1 − 𝑒−�𝐹�𝑎,𝑦+𝑀�� 

 
where 𝐹�𝑎,𝑚 equaled 𝐹�𝑚 times 𝑆𝑎, and 𝑆𝑎 was time invariant selectivity at age equal to the values for the 
mobile gear fishery reported in NEFSC (2012; Table 1).  𝐹�𝑚 was used to set a quota in the following year 
to approximate the common practice of using projections based on an assessment using data through year 
𝑦, or sometimes 𝑦 – 1, to set quotas in the following several years.  Furthermore, although 𝐹�𝑚 was set 
using 𝑆𝑆𝑆� 𝑚, the quota was based on 𝑆�𝑚 because most fisheries likely select some immature ages.  The 
fully selected fishing mortality rate that would remove the quota from the true population �𝐹�𝑚� was found 
using Newton-Raphson iterations. 
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The proportional threshold control rule was defined by two parameters: an SSB threshold (SSBpt), and the 
fraction (𝜇) of the difference between 𝑆�𝑚 and the total biomass of the stock at SSBpt  (Bpt) to be harvested 
(Figure 1; Table 3; Engen et al., 1997).  The 𝜇 parameter was defined as a proportion of 𝐹𝑚𝑚𝑚,𝑚, similar to 
the biomass based control rule:: 
 

𝜇𝑎 =
𝐹𝑚𝑚𝑚,𝑚𝜓𝑆𝑎

𝐹𝑚𝑚𝑚,𝑚𝜓𝑆𝑎 + 𝑀
�1 − exp−�𝐹𝑚𝑚𝑦,𝑚𝜓𝑆𝑎+𝑀� � 

 
This equation for 𝜇𝑎 also converts from an instantaneous rate to an annual rate (Ricker 1975).  The quota 
in year 𝑦 + 1 using the proportional threshold control rule equaled: 
 

𝑄𝑚+1 �
�𝜇𝑎�𝑆�𝑚 − 𝑆𝑢𝑝�          𝑖𝑖 𝑆�𝑚 > 𝑆𝑢𝑝

8+

𝑎=1
0                                       𝑜𝑜ℎ𝑒𝑒𝑒𝑖𝑒𝑒.

 

 
 
𝑆�𝑚 was used to set a quota in the following year to approximate the common practice of using projections 
based on an assessment using data through year 𝑦 or 𝑦 − 1, similar to the lag induced for the biomass 
based control rule.  𝐹�𝑚 was found using Newton-Raphson iterations.. 
 
In summary, the simulations predicted a significant increase in average biomass and a reduction of 
depletion risk (years that biomass was less than 40% of unfished biomass used for Pacific coast fishery 
management) with a modest reduction in yield and with little change in yield variability (see figure 
below).  The simulations however predict a significant increase in yield variability for the more 
conservative biomass-based, the Lenfest approach, and the proportional escapement approach control 
rules.  Due to the very high biomass threshold in the Lenfest approach, the proportion of years that the 
fishery would be closed was high due mostly to natural variability rather than a higher fishing rate when 
the fishery would be open. 
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Figure 13.  Status quo and alternative herring control rules simulated by the PDT to evaluate tradeoffs 
between maintaining relatively high biomass, yield, and variability. 
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8.2 Performance metrics  
 
For each control rule, 100 simulations were conducted, each for 100 years.   The mean  𝑆𝑆𝑆

𝑆𝑆𝑆𝐹=0
, 𝑆𝑆𝑆
𝑆𝑆𝑆𝑀𝑀𝑀,𝑚

, 
yield
𝑀𝑆𝑀𝑚

, and interannual variation in yield (IAV) were calculated over the last 50 years of each simulation.  

The proportion of the last 50 years with SSB less than 0.4 𝑆𝑆𝑆𝐹=0, and the proportion of years with 
fishery closures were also recorded for each simulation.  Each metric was multiplied by 100 to convert to 
percentages.  The median, 25th, and 75th percentiles among simulations were presented as barplots for 
each metric and control rule. 
 

8.3 Results 
 
Median 𝑆𝑆𝑆

𝑆𝑆𝑆𝐹=0
  and 𝑆𝑆𝑆

𝑆𝑆𝑆𝑀𝑀𝑀,𝑚
 was highest for the Lenfest control rule.  The BioBasedB and BioBasedC 

control rules had the second highest SSB levels, and these were followed in performance by the 
PropThreshA, 75%FMSY, and the BioBasedA control rules (Figure 2).  The interquartile range for the 
Lenfest rule exceeded 50% of 𝑆𝑆𝑆𝐹=0, the BioBasedA control rule overlapped 25% of 𝑆𝑆𝑆𝐹=0, and the 
other control rules were intermediate.  All of the control rules produced SSB at or above 𝑆𝑆𝑆𝑀𝑆𝑀 (i.e., 
𝑆𝑆𝑆

𝑆𝑆𝑆𝑀𝑀𝑀,𝑚
≈100%). 

 
Figure 14.  Results of simulated herring control rules using recent estimates of natural mortality and 

consumption.  The steepness parameter was fixed but allowed to vary between simulations. 
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The relative performance of the control rules for the frequency of SSB being less than 0.4 𝑆𝑆𝑆𝐹=0 was in 
the opposite order as for  𝑆𝑆𝑆

𝑆𝑆𝑆𝐹=0
  and 𝑆𝑆𝑆

𝑆𝑆𝑆𝑀𝑀𝑀,𝑚
.  The Lenfest rule produced SSB less than 0.4 𝑆𝑆𝑆𝐹=0 the 

least frequently and the interquartile range was below 25%.   The BioBasedA control rule produced SSB 
less than 0.4 𝑆𝑆𝑆𝐹=0 the most frequently, with the interquartile range exceeding 75%.  Other control rules 
were intermediate. 
 
Median yield

𝑀𝑆𝑀𝑚
 was greater than 75% for all control rules, except for the Lenfest rule (Figure 2).  The 

75%FMSY and BioBasedA control rules provided the highest yield, with interquartile ranges overlapping 
100%.   The Lenfest rule provided the least yield, and other control rules were intermediate.  All of the 
interquartile ranges overlapped to some extent, except for the Lenfest rule. 
 
Median IAV was highest for the Lenfest rule, with an interquartile range extending approximately from 
75% to 125%.  Median IAV was second highest for the PropThreshA and BioBasedC control rules, with 
interquartile ranges overlapping 50%.  The 75%FMSY control rule had the lowest IAV and the BioBasedA 
and BioBasedB control rules were intermediate. 
 
Median percent of years with fishery closures was 0% for the BioBasedA, BioBasedB, and 75%FMSY 
control rule.  The Lenfest control rule had the most fishery closures with a median of 16% of years, which 
was followed in performance by the BioBasedC control rule with a median of 4% of years, and the 
PropThreshA control rule with a median of 2% of years. 
 

8.4 Discussion  
 
The only source of uncertainty in life history parameters considered in this MSE was the steepness of the 
stock-recruit relationship.  Uncertainty in life history parameters can affect relative control rule 
performance (Deroba and Bence 2008), and further developments of this MSE should consider other 
uncertainties in life history parameters.  Developments to MSEs are best done through facilitated 
discussions with stakeholders (Irwin et al., 2008; Irwin et al., 2011).  Until such refinements are made to 
this MSE, the results should be considered preliminary and used only for demonstration purposes.  
Results should not be used for providing management advice. 
 
The parameters defining the control rules in this MSE were not chosen to optimize any fishery objective 
or set of objectives.  Such optimization could be accomplished by evaluating relative control rule 
performance over a range of parameter values for each control rule.  Consequently, the results and 
conclusions about relative control rule performance from this MSE may not be general. 
This MSE also assumed that the reference points used to define the harvest control rules (i.e., Fmsyand 
SSBF=0) were known without error.  The bias and precision of such reference points, however, can 
depend on life history characteristics, exploitation history, and autocorrelation in recruitment (Brodziak et 
al., 2008; Haltuch et al., 2008; Haltuch et al., 2009).  Incorporation of errors in these reference points into 
an MSE is not a trivial task (see discussion in Deroba and Bence 2012), but should be a topic of future 
research. 
 
No single control rule variant provided the best performance for all metrics.  Generally, those control 
rules that provided relatively higher SSB also provided lower yields and higher IAV.  These results are 
generally consistent with previous research comparing relative control rule performance (Irwin et al., 
2008; Punt et al., 2008; Deroba and Bence 2012).  Generally, biomass based control rules that decrease 
desired fishing mortality rates as biomass declines maintain higher levels of biomass than alternative 
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control rules that maintain fishing pressure as biomass declines, such as constant fishing mortality rate 
rules (e.g., 75%FMSY).  The higher levels of biomass achieved by biomass based control rules, however, 
come at the cost of high variability in yield.  Properly chosen parameters for biomass based control rules 
can also simultaneously attain high yield and biomass relative to constant fishing mortality rate 
alternatives (Deroba and Bence 2008), but that was not realized in this MSE likely because of the limited 
number of variants tested.  Minimum biomass thresholds that trigger fishery closures can also produce 
less yield than some constant fishing mortality rate alternatives and exacerbate interannual variability in 
yield, but at the benefit of increased biomass.  Choosing a control rule will require managers to specify 
relative preferences for these competing fishery objectives (e.g., Is the benefit of higher biomass worth 
the costs of possibly lower yield and higher variability in yield?). 
 
The variant of the proportional threshold control rule evaluated here performed at an intermediate level 
for maintaining relatively high SSB and yield, but performed second worst for IAV.  The poor 
performance for IAV was likely caused by desired fishing morality for the proportional threshold control 
rule being non-constant for all SSB, which may be destabilizing.  This result is also in contrast to 
previous research on proportional threshold control rules (Engen et al., 1997; Milner-Gulland et al., 2001; 
Lillegard et al., 2005), but again, the results of this MSE may not be general. 
 
The current application of this MSE assumed unbiased assessment errors.  An uncertainty in the stock 
assessment for Atlantic herring is M (NEFSC 2012), and incorrect assumptions about time varying M can 
cause biased stock assessment estimates (Deroba and Schueller 2013), and using biased stock assessment 
estimates can affect control rule performance (Deroba 2014).  Thus, a reevaluation of control rule 
performance in the presence of biased stock assessment estimates may be warranted here.  Similarly, 
assessment errors in this MSE were induced by applying multiplicative error to the underlying true 
abundance, but incorporation of a full stock assessment model (e.g., statistical catch-at-age) into MSEs 
can affect control rule performance (Cox and Kronlund 2008).  Incorporation of the assessment models 
intended for use in making management recommendations should be the goal of this MSE. 
 
The motivation for this MSE was born out of a concern for maintaining Atlantic herring as a source of 
forage for predators in the region.  Aside from specifying a level of M and evaluating the consequences of 
biased stock assessment estimates possibly caused by incorrect assumptions about M, this MSE is a single 
species framework.  Adding multi-species interactions to the MSE may be considered in the future.  
Currently, concerns about maintaining enough Atlantic herring for forage could be evaluated by 
specifying a minimum biomass threshold, and control rules compared for the frequency with which they 
cause biomass to decline below this level.  Predatory consumption estimates like those used in the 2012 
Atlantic herring assessment (NEFSC 2012) could inform selection of this minimum biomass.  The utility 
of the predatory consumption estimates has been questioned, however, because they are imprecise and 
likely biased in an unknown direction and to an unknown degree (Brooks and Deroba in press). 

9.0 Ecosystem Models to Evaluate Herring Control Rule Effects 
 
The three models with the best potential to evaluate fish or ecosystem response to changes in herring 
biomass (Kraken, Atlantis, and dynamic food web models) require at least a year or more of further 
development, performance testing, and review prior to initiating analyses to achieve this objective.  While 
the NEFSC has substantial multispecies and ecosystem modeling resources, many established 
multispecies models have been designed to incorporate predation mortality effects, but not prey feedback 
effects to predators, which are necessary to evaluate effects of increased herring biomass in the 
ecosystem.  Food web models which do incorporate prey feedback effects were initially designed with 
herring as part of an aggregate group.  More specific information on each model is listed under 
“Comments” in the following table.  
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A list of models was compiled from existing NEFSC reports and current projects. Model utility was 
evaluated using key structural model features (e.g. whether the model currently has or has the potential to 
incorporate prey feedback on predator populations), level of current model development, and estimated 
amount of additional DEDICATED time required to deliver stable results (requiring redirection of 
resources currently used on other projects).  A SAW/SARC-type review process would require additional 
time before the models are available for use to evaluate ecosystem effects of herring control rule 
alternatives.  
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Table 7.  Summary of ecosystem models and their applicability to evaluate the effects of Atlantic herring control rules. 

Model name References 
Herring 
included? 

Prey/predator 
feedback? 

Development 
stage 

Time to 
achieve 
objective Comments 

Kraken Gamble et al., 
In prep, based 
on Gamble and 
Link 2009 

Yes 
(Georges 
Bank only) 

yes Ongoing; 
performance 
testing initiated 

1 year 
minimum 

Multispecies production modeling framework in active 
development for use in Georges Bank 10 species assessment 
project. May eventually have delay-difference model 
embedded. Runs in simulation mode, estimation mode in 
progress.   

Atlantis Link et al. 
2010, 2011 

yes yes 1.0 published. 1.5  
in development, 
requires 
calibration 

1.5 years 
minimum 

End-to-end spatial ecosystem model covering Northeast US 
shelf. Designed for strategic simulations. To run specific 
control rules would require dedication of staff time to work 
with the as yet unfinished updated model (1.5).  

Dynamic 
food web  

Lucey et al., In 
prep 

yes yes Initiated; Georges 
Bank started but 
not other regions 

2 years 
minimum 

Independent implementation of Ecopath with Ecosim model 
for full Northeast US shelf with linkages between ecoregions. 
Currently planned to run in strategic simulation mode, but 
will be capable of incorporating uncertainty in food web 
parameters.  

MS 
Statistical 
Catch at Age 

Curti et al. 
2013 

yes no Published N/A Three species estimation model with 9 species extension in 
progress.  

Hydra Gaichas et al., 
In prep, based 
on Hall et al. 
2006 

Yes 
(Georges 
Bank only) 

no Ongoing 2 years 
minimum if 
altered for 
prey feedback 

Multispecies size structured model in active development 
for use in Georges Bank 10 species assessment project. Runs 
in simulation mode as operating model. Requires structural 
change to incorporate prey feedbacks. To fit to data from the 
system would require development and testing of 
estimation capabilities using Atlantis as operating model.  

EMAX food 
web 

Link et al. 
2006, 2007, 
2008, 2009 

Aggregated 
with other 
commercial 
pelagics 

yes Published N/A Aggregated static food webs developed for each region of 
the Northeast US shelf. Perturbation analyses involving 
commercial small pelagics published.  

MSVPA-X Tyrell et al. 
2008; Garrison 
et al. 2010 

yes no Finished, used 
and published, 
but code not 
currently 
maintained 

N/A MSVPA estimates predation mortality and has contributed 
time series of predation-M to single species assessments, but 
has no feedback loop between predator and prey. MSVPA-X 
allows non-age structured predators to contribute to 
mortality. 

MS-PROD Gamble and 
Link 2009, 
Gaichas et al. 
2012 

yes no Published N/A Multispecies production model used in many strategic 
simulations for Northeast US. 
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10.0 Ecological and Economic Implications 

10.1 Ecological Implications 
 
When a fishery that targets a forage species exists, there is an inherent tradeoff between the direct 
economic benefits of catching more fish up to MSY and catching fewer fish to indirectly benefit the 
populations of economically important predators.  Since the effects of different forage levels are indirect 
and difficult to measure, the tradeoffs are difficult to assess except when they are conditioned on 
estimated or assumed rates of consumption and productivity.  Feedback loops where forage fish prey on 
young fish of predators and themselves complicate matters.  So does the importance of alternative food 
sources of herring predators. 
 
Traditional MSY approaches for managing low-trophic level (LTL) prey species (hereinafter forage 
species) do not account for their ecosystem role and can have deleterious effects on other community 
elements in LMEs.  Exploitation of forage species based on conventional MSY approaches can have large 
effects on predator guilds and species that have high connectance to prey or have relatively high biomass 
within the ecosystem (e.g., Smith et al. 2011).  For example, a recent study estimated that total 
consumption of forage fish by marine mammals in the NEUS LME may be similar in magnitude to 
landings in commercial fisheries for those same small pelagic and groundfish prey groups (Smith et al. 
2015).  Clearly the consumption of prey taxa by marine mammals (as well as seabirds and other species 
of both economic and ecological importance) should be considered as sources of mortality in population 
assessments of prey stocks, and to insure forage demands are addressed in ecosystem assessment models.   
Quantitative harvest control rules can address this issue when taking consumption into account. 
 
However, there are additional issues for which we can provide guidance that are not explicitly addressed 
by using system-wide quantitative harvest control rules alone.  The first is the consideration of spatial 
management approaches as they relate to minimizing effects of fishing on the spatial distribution of prey 
resources.  Predator-prey interactions are not only governed by the abundance of prey (numbers or weight 
of a species within a community that can be addressed with a quantitative harvest control rule) but how 
prey are distributed over the space that predators search within.  That is, predation is a density-dependent 
process and has implications for the energy predators expend in search behaviors and the efficiency in 
which they capture and consume prey to produce somatic growth and gonad development. 
 
Recent studies demonstrate that schools of prey (herring, krill) tend to maintain patterns of variation in 
school size despite variation in population size.  That is, rather than school size decreasing with 
decreasing population size, school numbers change with stock biomass, but not patterns of schools size 
(Brierly and Cox 2015).  This is potentially a critical issue when discussing producing ecological goals 
for management of forage fishes.  This pattern is inclusive of data collected for herring schools from 
1999-2010 on Georges Bank (Jech and Stroman 2012).  The implications derived from this response 
pattern are linked to the bioenergetics of predator species that either need to search more widely for prey 
and/or switch to alternative prey, impacting growth (Renne et al. 2005) and fecundity (Lambert 2008).  
This schooling behavior also likely allows fishery yields to remain relatively stable even at low 
population levels.  This lack of a so-called stock effect in the economic productivity of the fishery can 
cloud signals of overexploitation from catch and landings data.  The lack of a stock effect also indicates 
that directed fisheries are unlikely to benefit from large efficiency gains due to increases in the herring 
population, as only search costs are likely to be affected (Smith 2014). 
 
The second issue to consider is that alternative prey are not necessarily equivalent.  Justification of 
alternatives (e.g., biomass targets, spatial management) based, at least in part, on assumptions of the 



Scientific advice on  - 44  - June 2015 
Atlantic herring control rules  EBFM Plan Development Team 

availability of alternative prey resources, ignores the variations in nutritional value between species.  
While there is variation in nutritional content (e.g., % lipids, fat) between species as well as within 
species based on size and regional geographic location, most importantly, variation within species is 
considerably less than between species (Budge et al. 2002).  Indeed Atlantic herring are among those 
forage species (i.e., Atlantic herring, capelin, northern sand lance) with the highest nutritional content 
(Steimle and Terranova 1985, Lawson et al 1998). 
 
As an example, Mazur et al. (2007) found temperature and prey quality alone accounted for 66% of the 
observed variation between bioenergetics and otolith growth estimates across all sizes of juvenile walleye 
pollock in the Bering Sea.  Another example, closer to home, comes from a study of the influence of diet 
on Newfoundland and Labrador cod (Sherwood et al. 2007).  The results of this work confirm that prey 
quality can have significant effects on growth, condition and reproductive capacity.  Indeed where 
declines in capelin, once the primary prey species, forced a switch for maturing fish to pandalid shrimp, 
cod were physiologically limited.  While cod can eat a wide variety and size range of prey (within the 
limits of gape), in order to grow and reproduce they need to eat optimal sized prey and high quality prey. 
The authors concluded that rebuilding of these depleted cod populations will require a return of prey with 
higher nutrient quality, such as capelin, herring or sand lance. 
 
Variation in activity pattern (e.g., energy needed to search for prey) and prey quality together also can 
effect growth rates of fishes (Hewett and Kraft 1993).  Variation in prey resources occurs at the landscape 
scale where predation by demersal fishes also varies across habitats, including predation patterns of local 
piscivores (Hacunda, J.S. 1981, Langton and Watling 1990).  Finally, there is some indication of a herring 
fitness-population trade-off (for example see Golet 2007). 
 
The nutritional attributes making herring an important prey species likely explain, at least in part, its 
dominant position as bait in the lobster fishery.  Between 2005 and 2013 an average of 70 % of all 
landings, equivalent to $20 million, is used annual as bait in the lobster fishery.  Grabowski et al. (2010) 
hypothesize that herring bait directly enhances lobster stock productivity, through the provisioning of 
high quality forage to both lobster juveniles and the fraction of lobsters feeding in baited traps that escape 
prior to harvest.  Lehuta et al. (2014) find little sensitivity to the lobster fishery due to increases in the 
price of herring.  However, their analysis assumes that alternative baits differ from herring only in price.  
Lehuta et al themselves indicate this assumption more likely holds true for substitute baits such as 
menhaden than for fish racks (Fish racks are the components left over from filleting, and normally 
consists of the head and skeleton of the processed fish).  Further, Ryan et al. (2010) uses the 
herring/lobster interdependence as the basis for a theoretical exposition of a fishery limited by bait 
availability, which represents the imperfect substitutability of alternative bait sources. 
 
Finally, we recommend spatial management measures be assessed to assess patch size attributes of 
herring interactions with predators, and fishery performance.  Efforts to evaluate spatial management 
alternatives will require new data or analyses of existing data in new ways.  Such approaches have been 
used to develop and evaluate spatially explicit catch limits in the Southern Ocean krill fishery, to avoid 
localized depletion of krill and the functional role it plays (Watters et al 2005).  For example, in the case 
of Atlantic herring, post-processing of existing split-beam acoustic surveys could inform management on 
the spatial distribution of prey patch sizes, size class of prey, temporal persistence of patches, association 
with landscape and oceanographic features, associations with disjunct size spectra of associated predators.  
Data can then be used to inform and parameterize spatially explicit modeling of predation linked to 
energetics of select predator species and used to assess sensitivity of predator demographic responses to 
prey availability and trade-offs in potential spatial management alternatives on the fishery.  An example 
of the latter are unintended consequences of management of the sort identified by Lehuta et al. (2014), 
whose model indicates that herring price increases could lead to differential pressure on sub-components 
of the stock, shifting relative fishing effort intensity inshore and changing the metapopulation structure. 



Scientific advice on  - 45  - June 2015 
Atlantic herring control rules  EBFM Plan Development Team 

10.2 Socioeconomic considerations 
 
Herring helps support a diverse array of industries.  A non-exhaustive list includes recreational fishing for 
species such as striped bass and cod, whale watching and other tourism based on charismatic marine 
species predating on herring, commercial fisheries on herring predators including bluefin tuna and a vast 
swath of piscevors in both the Mid-Atlantic and New England regions, the directed herring fishery, and 
the lobster fishery using herring for bait.  Assuming a positive level of all of these is optimal, maximizing 
the economic benefits from these varied industries entails allocating the herring resource to each such that 
no additional benefit can be made by simple reallocation.  This occurs when the marginal benefits across 
uses are equal (i.e. the incremental value of additional herring to the whale watching industry is equal to 
the incremental value to the bluefin tuna fishery is equal to the incremental value to the directed herring 
fishery, etc.).  If this were not true, the resource value would not be maximized, as herring could be 
shifted from the lowest to the highest valued marginal use. 
 
A control rule is an extremely imprecise tool with which to try and achieve these trade-offs.  Additional 
herring can be left unharvested, but there is no manner in which to allocate unharvested fish between 
predators.  Which species benefit from a higher stock of herring is a stochastic process depending on the 
competitive advantage of each of the species predating on herring, as well as the relative biomass of the 
predators and alternative prey stocks, and potential seasonality of herring availability to each species. 
 
The current state of the science does not allow biological outcomes associated with additional in-situ 
herring to be simulated in order to assess likely trade-offs.  Similarly, although economic surplus has been 
estimated for some species (see, for example, consumer and producer surplus estimates associated with 
Lee and Thunberg (2014)), there are major gaps in our knowledge regarding the values being derived 
from herring either directly or indirectly.  For example, although revenue estimates can be generated for a 
number of industries, measuring the consumer and producer surplus that lie at the core of economic 
welfare analysis is problematic.  Added together, consumer and producer surplus is the value of a market 
good derived by society above the cost of producing the good.  These estimates only exist for a small 
number of fisheries under management by the NEFMC.  Further, some of the value generated by herring 
is non-market (for example, the welfare generated from watching aggregations of marine mammals off 
public beaches).  Although survey methods for estimating these values exist (for example the travel-cost 
method or contingent valuation studies), they are expensive to implement, sensitive to the information 
presented and exact questions asked, and prone to hypothetical bias (see for example Wallmo and 
Edwards 2008).  Ultimately, then, we rely on imperfect proxies for the values we are interested in, which 
generates additional uncertainty into the trade-off assessment. 
 
As an example of these proxies, Kirkley, Walden, and Fare (2011) assess the trade-offs between herring’s 
role as forage and the directed fishery using an Input-Output Linear Programming approach to assessing 
economic impacts, and finds little impact to the directed herring fishery due to either tripling the biomass 
of marine mammals or doubling the biomass of both demersal and pelagic predators.  However, the paper 
does not model the processes by which these biomass increases occur.  The model also does not estimate 
the impact to the tourism industry due to increased marine mammal biomass, nor explicitly link the 
herring fishery to the lobster fishery. 
 
Additional multispecies bioeconomic models for the Northeastern Shelf exist, but do not directly focus on 
herring and the trade-offs currently under consideration by the NEFMC (e.g. Jin et al. 2003, Link et al. 
2011).  Further afield, there are bioeconomic studies specifically focusing on trade-offs between the direct 
harvest of a forage species and the in-situ value of that species as forage (e.g. the Baltic fisheries as 
represented in Voss et al. 2014a, 2014b). 
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However, both the biological and economic literature makes clear that the trade-offs are specific to the 
species and areas of study.  A stark representation of this fact is that a number of researchers have 
published findings on both sides of the debate.  For example, Hannesson et al. (2010) finds that the in-situ 
value of Pacific sardine could easily outweigh the value of the directed fishery harvest, while Hannesson 
(2012) finds no correlation between the stocks of 4 different forage species and the revenue of fisheries 
they theoretically support.  Similarly Essington et al. (2015) finds that directed fisheries can exacerbate 
the natural fluxes that are often associated with forage fish population dynamics, which can then ripple 
through the ecosystem, while Essington et al. (2014) indicates that egg predation by forage species has the 
potential to influence piscivore stock dynamics, such that the optimal harvest of forage species could 
depend on the relative abundance of the two species. 
 
Finally, Rice and Duplisea (2014) provide an important historical perspective on the management of 
forage fish fisheries.  In particular, the review points out that many of the concerns regarding forage fish 
fisheries currently under discussion were raised in the 1970’s.  Although the tools with which to analyze 
the trade-offs have changed, the fact that the discussion continues 40 years on indicates the complexity of 
the issue. 
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