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1. Preface
The development and peer review of the 2019 Atlantic Menhaden Stock Assessment occurred through a

joint Atlantic States Marine Fisheries Commission (ASMFC) and Southeast Data, Assessment, and Review
(SEDAR) process. From April 2018 to June 2019, the ASMFC coordinated a Data Workshop and three
Assessment Workshops in Arlington, Virginia, and Raleigh, North Carolina, while SEDAR coordinated the
Review Workshop in Charleston, South Carolina. The report is the culmination of a two-year effort to
gather and analyze available data for Atlantic menhaden from the fishery-independent sampling programs
of the Atlantic States, commercial purse-seine reduction fishery, and commercial bait fishery. ASMFC
developed the stock assessment through its Atlantic Menhaden Technical Committee (TC) and Stock
Assessment Subcommittee (SAS). The ASMFC facilitated numerous conference calls and webinars in
preparation for the Data, Assessment, and Review Workshops. Participants in the stock assessment
process included TC and SAS members, as well as representatives from the fishing industry and Non-
Governmental Organizations with an interest in menhaden.

In addition to the single-species menhaden stock assessment report, an Ecosystem Reference Points (ERP)
stock assessment report was developed by the ASMFC Ecosystem Reference Points Work Group, and
reviewed by the SEDAR 69 Panel. The ASMFC facilitated several webinars and meetings of the Work
Group, coinciding with the Menhaden SAS meetings, to develop the ERP Assessment. The ERP report
describes ecosystem monitoring and modeling approaches, and provides reference points designed to
address multispecies interactions for a subset of stocks managed by the ASMFC, including management
of menhaden for forage services in a broader ecosystem management context.

The SEDAR 69 single-species stock assessment report and ERP stock assessment report were generated
and provided to three reviewers appointed by the Center for Independent Experts (CIE), as well as a fourth
technical reviewer and the review panel chair appointed by ASMFC. The Review Workshop was held in
Charleston, South Carolina, from November 4-8, 2019. At the Workshop, reviewers had opportunities to
raise questions to the SAS and ERP WG, and provide critiques and constructive comments on the data and
models used. A Review Workshop Report (Section Ill) was generated with comments and overall opinions
about the data sources, models, and assessment results. The Review Report, Single-Species Stock
Assessment Report, and Ecosystem Reference Points Stock Assessment Report will be provided to the
ASMFC Atlantic Menhaden Management Board in February 2020.

The ASMFC and its committees thank the independent peer reviewers for their time and expertise in
providing a thorough review of the Atlantic menhaden stock assessment and the Ecosystem Reference
Points stock assessment. Additionally, ASMFC expresses its gratitude to all of the individuals who
contributed to the completion of both stock assessments.
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EXECUTIVE SUMMARY
The impact of forage species harvest on predator species and the larger ecosystem has received
increasing attention in recent years. Much of this work has concluded that forage fisheries
should be managed more conservatively than single-species reference points would suggest.
However, much of that work has also been conducted outside the North West Atlantic
Continental Shelf ecosystem. The North West Atlantic Continental Shelf ecosystem is complex,
with numerous predators and prey overlapping spatially, temporally, and trophically.

Atlantic menhaden have supported one of the largest fisheries in the U.S. since colonial times.
The vast majority of landings are turned into fish meal and fish oil for use in a variety of
products, and a smaller component is used as bait for other commercial and recreational
fisheries. Atlantic menhaden are also an important food source for a wide range of species in
the North West Atlantic Continental Shelf ecosystem, including larger fish such as striped bass
and bluefin tuna, birds such as bald eagles and osprey, and marine mammals like humpback
whales and bottlenose dolphin. Many of these predators support valuable commercial and
recreational fisheries or ecotourism industries, in addition to having cultural value.

Managers and stakeholders have expressed strong interest in managing Atlantic menhaden in
an ecosystem context. In 2015, the Atlantic States Marine Fisheries Commission held an
Ecosystem Management Objectives (EMO) Workshop with managers, scientists, and
stakeholders to identify fundamental ecosystem management objectives for Atlantic
menhaden. The objectives included sustaining Atlantic menhaden to provide for directed
fisheries, sustaining Atlantic menhaden to provide for predators, providing stability for all types
of fisheries, and minimizing the risk to sustainability due to a changing environment.

Models and Data

The Commission’s Ecological Reference Point Workgroup (ERP WG) was tasked with developing
reference points for management use that could account for Atlantic menhaden’s role as a
forage fish throughout its range. To accomplish this, the ERP WG explored a suite of models to
develop ecological reference points and estimate population parameters for Atlantic
menhaden. These approaches ranged from simple, with minimal data requirements and few
assumptions, to complex, with extensive data needs and detailed assumptions. The approaches
included: a time-varying intrinsic growth rate (r) surplus production model, a Steele-Henderson
surplus production model, a multispecies statistical catch-at-age model, a moderate complexity
Ecopath with Ecosim (EwE) model with a limited predator/prey field, and a full ecosystem EwE
model.

A suite of five key predator and prey species were identified from diet data and other
considerations (referred to as ERP focal species). Atlantic striped bass, bluefish, spiny dogfish,
and weakfish were identified as key predator species of Atlantic menhaden. Weakfish was
included as both an Atlantic menhaden predator and a prey item for the other predators.
Atlantic herring was included as a key alternative prey to Atlantic menhaden for the predators
identified. The Steele-Henderson surplus production model explored each of the ERP focal
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predators, resulting in a base model that included only Atlantic menhaden and striped bass. The
multispecies statistical catch-at-age and the two EwWE models included all of the ERP focal
species. The intermediate complexity EWE included a few additional trophic groups, while the
full EWE incorporated a large number of additional species and groups.

The ERP models were parameterized with the best available data for Atlantic menhaden and
the ERP focal species. For Atlantic menhaden, data from the single-species benchmark
assessment conducted in parallel with this assessment were used. All ERP focal species had
recently undergone benchmark assessments or assessment updates which included the time
series of new Marine Recreational Information Program (MRIP) estimates of recreational catch.
All ERP focal species had life history, landings, and index data available through 2017, as well as
estimates of fishing mortality and population size. Newer data were not available for all of the
groups included in the full EWE; as a result, inputs for those groups were extrapolated from the
previously published full EWE model, which had a terminal year of 2013.

In addition to the single-species assessment inputs, the ERP WG examined a range of diet
datasets — from individual, small-scale studies to larger scale, long-term monitoring programs —
to parameterize the multispecies models. The proportion of Atlantic menhaden in the diets of
key predators varied by season, location, and age class of predators sampled. The main sources
of diet data included the Northeast Area Monitoring and Assessment Program (NEAMAP), the
Chesapeake Bay Multispecies Monitoring and Assessment Program (ChesMMAP), and the
Northeast Fisheries Science Center Food Habits Database (NEFSC FHD). These programs
covered a fairly large proportion of the Atlantic coastal shelf and provided ten to thirty years of
diet data collected with consistent methodologies. However, sample sizes often precluded
analyses on finer spatial or temporal scales. These databases focused on finfish and shellfish
species, not birds or marine mammals. Smaller scale studies were used to supplement the data
from these long-term programs for some of the modeling approaches, especially for species
that were not well represented in the long-term programs.

Model Results and Comparisons

The ERP WG evaluated the performance of these models, their strengths and weaknesses, and
their ability to inform the fundamental ecosystem management objectives identified by the
EMO Workshop. To meet the ecosystem management objectives, the models needed to be able
to assess both top-down effects of predation on Atlantic menhaden and bottom-up effects of
Atlantic menhaden biomass levels on predators in order to quantify tradeoffs between
management objectives. The EwE models were the only models that were able to evaluate both
factors. The surplus production model with time-varying r only estimated changes in
productivity without attributing them to a particular cause. The Steele-Henderson model
included the effect of striped bass predation on Atlantic menhaden, but did not have a
feedback mechanism to predict the effect of Atlantic menhaden harvest on striped bass
biomass. Similarly, the current implementation of the multispecies statistical catch-at-age
explored here lacked the bottom-up feedback necessary to explore trade-offs between Atlantic
menhaden harvest and predator biomass.
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The ERP models agreed about the overall trend of Atlantic menhaden population size and
exploitation rates over the last 30 years, indicating biomass was increasing and exploitation rate
was decreasing. These trends and the magnitude of the estimates were also consistent with the
estimates from the single-species assessment. This was not surprising, as all of the ERP models
used the same time-series of total removals, life history parameters, and indices of abundance
as the single-species model. In addition, the EWE models used some outputs from the single-
species model directly as inputs.

All of the ERP models produced MSY- or MSY-proxy reference points. Those reference points
were calculated from the current ecosystem conditions, i.e., the estimate of productivity or
predator consumption levels from the terminal year of each model. However, these reference
point estimates may not meet the management objectives for the ecosystem, because several
of the predators included in the ERP models were in an overfished state in the terminal year of
the models.

ERP Targets and Thresholds

To establish reference points for Atlantic menhaden that take into account their role as forage
fish, the ERP WG recommended using the intermediate complexity EwE model in conjunction
with the Atlantic menhaden single-species assessment model.

This approach combined the individual strengths of each model. The single-species model
provided the best information on Atlantic menhaden population size and fishing mortality, as it
included more detail on size and age structure, fishery selectivity, and recruitment variability
than the EwE models. The EWE models provided an evaluation of the impact of proposed
harvest scenarios on important predator species in the long-term, which the single-species
model could not do.

The intermediate complexity EWE was chosen over the full EWE because the full EWE model
results suggested that the reduced predator set of the intermediate complexity EWE model
captured the dynamics of the more responsive predators from the full ecosystem model.
Striped bass and nearshore piscivorous birds were the most sensitive species in the full EWE
models, as they showed larger changes in biomass than other species did in response to
increases or decreases in fishing pressure on Atlantic menhaden. The Atlantic menhaden
harvest scenarios that sustain the biomass of predators included in the intermediate complexity
EwE were thus expected to not cause large declines for other predators that were only included
in the full EWE model. In addition, it would be feasible to update the intermediate complexity
EwE model on a timeframe suitable for management. The full EWE model required extensive
data from stock assessments and other sources for the large number of species and groups
included in the model; as a result, updating the model would be a significant effort.

While the final values for the ERP target and threshold will be a management decision that
takes into account the management objectives of both Atlantic menhaden and their predators,
the tradeoffs between those management objectives can be evaluated with the ERP approach
outlined here. To illustrate the potential use of the combined single-species assessment and
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intermediate complexity EWE model, the ERP WG put forward example values of an ERP target
and an ERP threshold based on existing management objectives for striped bass. Striped bass
was the focal species for this analysis because it was the most sensitive fish species to Atlantic
menhaden F, and focusing on one key predator provided a more tractable example for
evaluating tradeoffs among management strategies. Example ERPs based on striped bass
biomass should not cause significant declines for other species that were less sensitive to levels
of Atlantic menhaden removals.

Multiple combinations of F on striped bass and F on Atlantic menhaden could keep striped bass
populations at their biomass target or threshold (Figure 144). The example ERP target was
defined as the maximum F on Atlantic menhaden that would sustain striped bass at their
biomass target when striped bass were fished at their F target. The example ERP threshold was
defined as the maximum F on Atlantic menhaden that would keep striped bass at their biomass
threshold when striped bass were fished at their F target. For the example analysis, all other
species were fished at their current F rates.

The example ERP target and threshold were lower than the current single-species target and
threshold (Figure 148). The example ERP target was estimated at a full F (i.e., maximum F-at-
age from the intermediate complexity EwWE model) of 0.188, compared to a full F of 0.314 for
the single-species target. The example ERP threshold was estimated at a full F of 0.573,
compared to a full F of 0.856 for the single-species threshold. The current estimate of full F
from the single-species model is 0.157, below both the example ERP target and threshold.

This example was based on the F and B targets laid out in the striped bass fishery management
plan. Higher or lower reference points for striped bass will result in higher or lower reference
points for Atlantic menhaden. Similarly, this example maintained the other species at their
current F rates; higher or lower F rates on other species would also result in different reference
point values for Atlantic menhaden. Managers and stakeholders can evaluate the tradeoffs
between Atlantic menhaden harvest, predator harvest, and resulting biomass for all modeled
species quantitatively and transparently with this combination of models in order to set the
final reference point values and total allowable catch.

Next Steps

This approach represents the first step towards a practical application of an ecosystem
approach to fishery management. The ERP WG identified a number of research
recommendations dealing with data collection, modeling, and the management process in
order to improve the ERP assessment and move the ecosystem approach to management
forward.

The ERP models developed for this assessment did not include spatial or seasonal dynamics.
Incorporating finer scale dynamics would be possible for some of the models, but would require
both additional work on model development and better data. Spatially and seasonally resolved
data were lacking, making it difficult to parameterize and calibrate the models on that scale.
The ERP WG recommended expanding the collection of diet and condition data along the
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Atlantic coast to provide seasonally and regionally stratified annual, year-round monitoring of
key predator diets. This would provide information on prey abundance and predator
consumption. In addition, ERP WG recommended improving the collection of diet data and
monitoring of population trends for non-finfish predators (e.g., birds, marine mammals) and
data-poor prey species (e.g., bay anchovies, sand eels, benthic invertebrates) to better
parameterize the full ecosystem models.

The ERP WG also recommended further development of the multispecies statistical catch-at-
age and the EwWE models. In addition to spatial and seasonal dynamics, further development of
bottom-up feedback into the multispecies statistical catch-at-age model and stochastic
recruitment dynamics into the EWE models would improve the understanding of the relative
importance of fishing, trophic interactions, and recruitment dynamics on ecosystem dynamics.

The ERP WG recommended that the intermediate complexity EWE model should be updated in
conjunction with the next single-species assessment update in approximately three years and
that the next benchmark be conducted in six years in conjunction with the single-species
benchmark stock assessment. The other models should be updated and reevaluated as part of
the next benchmark assessment if sufficient progress has been made on the modeling research
recommendations.

Currently, the timing of individual assessments or updates for Commission-managed species
are set independently of each other. The ERP WG in conjunction with other technical groups
can develop a timeline for Commission assessments to ensure the most up-to-date data are
available for timely ERP assessment updates.

The ERP WG also requested to be tasked by the Atlantic Menhaden Management Board or the
Commission’s Policy Board with the development of a timeline and framework for continued
deployment of ecosystem-based fishery management by the Commission. Atlantic menhaden
and their key predators are currently managed by separate Boards within the Commission (and
in some cases, in collaboration with NOAA Fisheries). This means that management objectives,
including F and B targets for each species, are set independently of each other. For successful
ecosystem-based fishery management, the discussion of trade-offs between Atlantic menhaden
and their predators should occur across Boards in order to develop consistent management
objectives for individual species and the ecosystem. This will require changes to the way the
Commission has historically operated. The Commission also does not have explicit management
objectives for species like marine mammals and seabirds. The development of clear,
guantitative management objectives for this ecosystem and the evaluation of the trade-offs
between Atlantic menhaden harvest and other species need to be a holistic process that
engages all managers and stakeholders. The ERP WG recommended that a formal management
strategy evaluation be part of this process to identify harvest strategies that will maximize the
likelihood of achieving these ecosystem management objectives.

The ERP WG recognized that implementing reference points and tools to address ecosystem
issues is a complex and multifaceted problem. The full implementation of ecosystem-based
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fisheries management will require significant process and cultural changes to fishery
management beyond simply new reference points for Atlantic menhaden. However, these new
reference point methods for Atlantic menhaden are a critical first step in that implementation.
While the Commission continues to refine the ERP models, collect better data, and consider
changes to its management structure and process, managers can set harvest strategies for
Atlantic menhaden that take into account their role as forage fish in a transparent and
quantitative way.
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TERMS OF REFERENCE REPORT SUMMARY

TOR 1. Review and evaluate the fishery-dependent and fishery-independent data used in the
Atlantic menhaden single-species assessment, and justify inclusion, elimination, or
modification of those data sets.

The Atlantic menhaden data were thoroughly vetted by the Atlantic Menhaden Technical
Committee (TC) and Stock Assessment Subcommittee (SAS), and the available datasets are
described in the single-species assessment report. The fishery-dependent data for Atlantic
menhaden were robust. The reduction fishery, which accounted for the majority of landings,
was well-sampled and both total landings and age composition information were considered
precise and reliable. The bait fisheries and the recreational fisheries were not as adequately
sampled, and there was a higher degree of uncertainty in the total landings and the age
composition information; however, as these fisheries made up only about 10% of total landings,
they did not significantly increase the uncertainty of the overall fishery-dependent data used in
the assessment.

The fishery-independent data for Atlantic menhaden were more limited and had more
uncertainty. Several data sets were available for young-of-year (YOY) abundance indices, but
few were long time series. The few long-term YOY indices of abundance that were available
were all from a single region, the Chesapeake Bay; however, the Chesapeake Bay is one of the
major nursery grounds for Atlantic menhaden. Additionally, several data sets were available to
characterize age-1+, or adult, Atlantic menhaden relative abundance. Most surveys that
encountered Atlantic menhaden were geographically limited (i.e., occurred in a single state or
river/bay) and were not designed to capture menhaden specifically. The hierarchical method of
combining multiple separate surveys into a single index of abundance helped overcome some
of the geographical limitations. In addition, no SAS-accepted age data were available from the
fishery-independent data sources, which increased uncertainty since several indices captured
Atlantic menhaden outside the range of sizes seen in the fisheries.

The Ecological Reference Point Working Group (ERP WG) considered the data collected and
developed through the single-species assessment to be the best available data for Atlantic
menhaden, and used all datasets in the ecological reference point models, with two exceptions.
The Southern Adult (SAD) was not used in the biomass dynamic models. Length analysis of the
SAD index indicated the index was dominated by age-1 fish, which made it inappropriate for
that type of model. The Northern Adult (NAD) and Mid-Atlantic Adult (MAD) indices had a
broader size structure and were used in the biomass dynamic models. In addition, the WG
accepted the reduction fishery CPUE (RCPUE) index as an index of abundance for use in the
surplus production models. Although the WG recognized the SAS’s concerns about the index,
the long time series and the contrast it provided, which the surplus production models
required, outweighed the potential biases.

TOR 2. Characterize precision and accuracy of additional fishery-dependent and fishery-
independent data sets, including diet data, used in the ecological reference point models.
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The ERP WG relied on the most recent single-species stock assessments wherever possible to
provide fishery-dependent and fishery-independent datasets for non-menhaden species. The
key predator and prey species identified for the intermediate complexity models (Atlantic
herring, Atlantic striped bass, bluefish, spiny dogfish, and weakfish) all had data available
through 2017 that had been prepared by the TC or SAS responsible for the single-species
assessment. The full ecosystem model included the most recent data for the key predator and
prey species, but used the older time series of data from the previously published version of the
model for other species.

The key predator and prey species were chosen in part because of the quality of the data
available for them. Four of the five species had peer-reviewed statistical catch-at-age models
that include fishery-dependent and fishery-independent indices of abundance and reliable
estimates of total removals. Spiny dogfish was the one exception; the spiny dogfish assessment
was a swept-area biomass estimate from a trawl survey but did include reliable estimates of
total catch. For other species, the data were less robust. Important prey items like bay anchovy
and sand eels and important predators like birds and whales lacked traditional stock
assessments and often did not have reliable estimates of total removals or population
abundance or biomass.

The ERP WG examined a range of diet datasets, from individual small-scale studies to larger-
scale, long-term monitoring programs. The proportion of Atlantic menhaden in the diets of key
predators varied by season, location, and age-class of predators sampled. The main sources of
diet data included the Northeast Area Monitoring and Assessment Program (NEAMAP), the
Chesapeake Bay Multispecies Monitoring and Assessment Program (ChesMMAP), and the
Northeast Fisheries Science Center Food Habits Database (NEFSC FHD). These programs
covered a fairly large proportion of the Atlantic coastal shelf, and provided ten to thirty years of
diet data collected with consistent methodologies. The key predator and prey species were
moderately well-represented in these databases, but sample sizes often precluded analyses on
finer spatial or temporal scales. In addition, these databases focused on finfish and shellfish
species, not birds or marine mammals. Smaller scale studies were used to supplement the data
from these long-term programs for some of the modeling approaches, especially for species
that were not well represented in the long-term programs.

TOR 3. Develop models used to estimate population parameters (e.g., F, biomass, abundance)
of Atlantic menhaden that take into account Atlantic menhaden’s role as a forage fish and
analyze model performance.

The ERP WG explored a suite of models to develop ecological reference points and estimate
population parameters for Atlantic menhaden, ranging from very simple with minimal data
requirements and few assumptions about population drivers to very complex with extensive
data needs and detailed assumptions about the mechanisms of population dynamics. These
included two surplus production models (one that estimated a time-varying intrinsic growth
rate a