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Preface

The development and peer review of the 2014 Atlantic Menhaden Stock Assessment occurred
through a joint Atlantic States Marine Fisheries Commission (ASMFC) and Southeast Data,
Assessment, and Review (SEDAR) process. The ASMFC coordinated a Data Workshop in St.
Petersburg, Florida, and two Assessment Workshops in Beaufort, North Carolina, while SEDAR
coordinated the Review Workshop in Atlantic Beach, North Carolina. This 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 Non-Governmental Organizations and the
fishing industry with an interest in menhaden.

In addition to the single-species menhaden stock assessment report, an Ecosystem Reference
Points (ERP) Plan was developed by a subcommittee of the TC and the ASMFC Multispecies
Technical Committee, and reviewed by the SEDAR 40 panel. The ASMFC facilitated several
webinars and meetings of the subcommittee to develop the ERP Plan. The Plan describes
ecosystem monitoring and modeling approaches that may address multispecies issues faced by
the ASMFC, including management of menhaden for forage services in a broader ecosystem
management context.

The SEDAR40 stock assessment report and ERP Plan were generated and provided to three
reviewers appointed by the Center for Independent Experts (CIE) and the review panel chair
appointed by ASMFC. The Review Workshop was held in Atlantic Beach, North Carolina, on
December 9-11, 2014. At the Workshop, the reviewers had opportunities to raise questions to
the SAS and ERP subcommittee, and provide critiques and constructive comments on the data
and models used. A Review Workshop Report (Section I11) was generated with comments and
overall opinions about the data sources, models, and assessment results. The Review Panel
suggested one minor revision to the base model run, to down-weight the length composition data
from the adult survey indices. The revised base run, detailed in an addendum to the stock
assessment report (Section 1), resulted in marginal changes to the model results and did not
change stock status. The Review Report, full Stock Assessment Report, and Ecosystem
Reference Points Plan will be provided to the ASMFC Atlantic Menhaden Management Board in
February 2015.

The ASMFC and its committees thank the reviewers for their time and expertise in providing a
thorough review of the coast wide Atlantic menhaden stock assessment and the Ecosystem
Reference Points Plan. Additionally, ASMFC thanks all of the individuals that contributed to the
completion of the stock assessment and ERP Plan.
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Executive Summary

Stock Identification and Management Unit

Based on size-frequency information and tagging studies, the Atlantic menhaden resource is
believed to consist of a single unit stock or population. Recent genetic studies support the single
stock hypothesis. Menhaden are distributed along the U.S. East Coast with the management unit
consisting of states from Maine to Florida as defined in Amendment 2.

Landings

The Atlantic menhaden commercial fishery has two major components, a purse-seine reduction
sector that harvests fish for fish meal and oil, and a bait sector that supplies bait to other
commercial and recreational fisheries. In recent years (2007-2013) total landings have averaged
approximately 205,000 mt with reduction landings accounting for ~77% and bait landings
accounting for ~23% of the total. Landings in the reduction fishery are currently at their lowest
levels in the time series because only one plant remains operational along the coast. In contrast,
bait landings have increased in recent years as demand has grown because of recent limitations
in other species used as bait (e.g., Atlantic herring). Landing levels were recently restricted
through the implementation of Amendment 2 that imposed a 170,800 mt total allowable catch
starting in 2013.

Data and Assessment

In late 2012, the Technical Committee initiated the current benchmark stock assessment to focus
on several issues which occurred in the 2009 benchmark assessment or the 2012 assessment
update including:

1. Overweighting of the age composition data.

2. Lack of spatial modeling to address changes in the fishery over time.

3. Lack of a coastwide adult abundance index.

4. Poor fit to the Potomac River Fisheries Commission index of relative abundance.

5. Strong retrospective pattern.

Through the consideration of new and existing datasets and the exploration of alternative model
configurations, significant changes were made in this assessment to address the issues listed
above as well as the 2009 peer review recommendations. The table below details the major
changes that exist in the 2014 benchmark assessment and the results of those changes.
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Topic 2009 Benchmark Assessment 2014 Benchmark Assessment Result of Change
. Corrected maturity using 240,000 maturity data records found in A higher proportion of age-1, age-2, and age-3
Incorrect maturity at age from a . .
. .. . : the reduction fishery database. Corroborated by NEAMAP survey | fish are mature. Accounted for the changes in
Maturity misinterpretation of Higham and L . . . . s .
. data. Used a logistic regression on length and maturity and time length at age over time with time varying
Nicholson (1964) study. . . . . .
varying maturity based on time varying length at age. maturity.
Natural Time varying M at age from - . Similar estimates of age-specific M with both
mortality (M) MSVPA-X. Age specific Lorenzen curve scaled to tagging data. approaches. Static M.
-Tlme varying wei ght-length Time invariant weight-length relationship., Corrected for the lack of 1arg§r fish in the
relationship. . . . fishery-dependent database, given those larger
Growth . . -Population growth equations based on fishery-dependent data . .
-Population growth equations based . . . fish were sampled using fishery-independent
with a bias correction.
on fishery-dependent data. surveys.
-Fishery-dependent adult index -Two adult fishery-independent indices based on nine state
Indices of developed from Potomac River pound | surveys, one each for the northern and southern regions. Both Aggregated relative abundance of adults across
relative net fishery. indices have associated length compositions. a broader spatial scale using a composite of
abundance -Fishery-independent JAI based on -Fishery-independent JAI based on state seine, trawl, and other standardized fishery-independent indices.
state seine surveys. gear surveys.
e . .- . . Allowed the model to better fit recruitment in
Index - . Catchability blocks with a constant catchability being estimated
catchability Constant catchability for JAI index. for the JAI from 1959-1986 and 1987-2013 the 1970s apd .1980s and acc‘o‘unted for.
differences in index composition over time.
Assessment .
model age Included ages-0 to -8+. Included ages-0 to 6+. Reducgd model comple?xny and grouped older
ages with few observations.
classes
“Fleets-as-areas” base model with reduction and bait divided into - . . .
Assessment . . . Ability to estimate population dynamics in both
. Bait and reduction fleets only, no northern and southern regions. Created four separate fleets based . . .
model fishery . . . . . space and time relative to changes in both the
time or space blocks. on migratory patterns of the population and differences in the .
structure fishery and Atlantic menhaden stock.
sampled data by area.
-Dome-shaped selectivity function for all fishery fleets supported Both the bait and reduction fisheries
. “Flat topped logistic function for both py larger sized individuals observed in multlple‘flsher}‘/- unde.rrepresented t.he amount ‘of large (older)
Fishery . : . independent surveys than captured by the fisheries (bait and fish in the population, which is now accounted
. bait and reduction fisheries. . . .
selectivity No time blocks reduction). for with dome-shaped selectivity. Support for
’ -Time blocks included for reduction fishery to account for changes | this decision comes from multiple sources — see
in plant locations and fishery practices over time. text for details.
Weighting of Likelihood components weighted such that standard deviation of Improved fits to the indices of abundance.
likelihood Likelihood components unweighted. normalized residuals equaled 1. Additional weight placed on Balance between data components and the
components indices. information that the components provide.
leehh OOd, for Used multinomial likelihood for . s .. Accounting for correlations in the composition
multinomial o Used robust multinomial likelihood for composition data.
composition data. data.
data
5
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Indices of Relative Abundance

Young of the Year (YOY) Index

The YOY index developed from 16 fishery-independent surveys shows the largest recruitments
occurred during the 1970s and 1980s. Recruitment has since been lower with notable year
classes in 2005 and 2010. This index was used to inform annual recruitment deviations in the
model along with the catch at age data.

Age-1+ Indices

Two new regional adult indices were generated for the assessment using nine fishery-
independent survey data sets spanning the coast from New England to Florida. Both indices
indicate an increase in abundance in the most recent years, a trend also observed in other fishery-
dependent and -independent data sets. A significant correlation of 0.47 (p = 0.02) was observed
between the northern and southern adult indices with a one-year lag (given smaller sizes of fish
caught in the southern index length compositions). This agreement provides additional weight of
evidence that the age-1+ population is increasing over the latter part of the time period and that
both indices provide similar information on stock abundance.

Fishing Mortality

Highly variable fishing mortalities were noted throughout the entire time series and were
dependent upon fishing effort. The highest fishing mortalities for the commercial reduction
fishery in the north were estimated to have occurred in the 1950s, whereas the highest fishing
mortality rates for the commercial reduction fishery in the south were estimated to have occurred
during the 1970s to 1990s. The highest fishing mortalities for the commercial bait fishery in the
north were estimated to have occurred in the 1950s and 1990s, while the highest fishing
mortality rates for the commercial bait fishery in the south were estimated to have occurred
during the late 1990s and early 2000s.

Biomass

Biomass has fluctuated over time from an estimated high of over 2,284,000 mt in 1958 to a low
of 667,000 mt in the mid-1990s. Biomass was estimated to have been largest during the late-
1950s and late-2000s, with lows occurring during the mid-1990s to mid-2000s. Biomass was
estimated to have been relatively stable through much of the 1970s and 1980s. The oldest age
classes comprise the smallest proportion of the population, but that proportion has increased in
recent years. Biomass is likely increasing at a faster rate than abundance because of the increase
in the number of older fish at age and an increase in weight at age.

Fecundity

Population fecundity (i.e., Total Egg Production) was the measure of reproductive output used as
that is what has been used in the past. Population fecundity (FEC, number of maturing ova) was
highest in the early 1960s, early 1970s, and during the present decade and has generally been
higher with older age classes making up a larger proportion of the FEC. The largest values of
population fecundity were present in 2012 and 2013, which were the last two years of the model,
but were similar in magnitude to historical values of population fecundity. Throughout the time
series, age-2 and age-3 fish have produced most of the total estimated number of eggs spawned
annually; however, in more recent years, ages-4+ have contributed more significantly to the
overall number of eggs.
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Stock Status

Current benchmarks for Atlantic menhaden are F3pq, Fi59, FEC309, and FEC;sq. The current
benchmarks are calculated through spawner-per-recruit analysis using the mean values of any
time-varying components (i.e., growth, maturity) over the time series 1955-2013 and full fishing
mortality rate defined as the maximum rate across ages for each year. Based on the current
adopted benchmarks, the Atlantic menhaden stock status is not overfished and overfishing is
not occurring. In addition, the stock is currently below the current fishing mortality target and
above the current FEC target. The fishing mortality rate is currently at Fgs¢, which is the lowest
F in the time series.

Biological Reference Points

The TC does not recommend that the current, interim SPR-based overfishing and overfished
definitions continue to be used for management. Specifically, the values for the SPR-based
reference points seem unreasonable given the choices were based on the last stock assessment
during which the population was thought to be at Fgg. Given the new assessment, the TC does
not feel that the current reference points provide a measure of sustainability.

The TC recommends that the Atlantic Menhaden Management Board adopt SPR reference points
based on the maximum F value experienced at age-2 during the 1960-2012 time period as the
threshold and the median F value experienced at age-2 during the 1960-2012 time period as the
target along with the associated FEC values. The 1960-2012 time period represents a time with
little to no restrictions on total harvest in which the population appears to have been sustainable
given that the population did not experience collapse. Age-2 fishing mortality rate was chosen
for consistency over time. Because the fisheries have dome-shaped selectivity, which varies by
fleet over time, the age at full fishing mortality changes over time. The majority of the removals
come from the southern commercial reduction fishery, which is fully selected at age-2; thus, age-
2 was chosen as the reference age for comparisons. Using these metrics, the maximum F
experienced was F»pq = 2.01, and the median was F3s9, = 0.82. The associated FEC reference
points would be FEC»pq = 61,401 and FEC3s9,= 111,077 (billions of eggs). With these
suggested reference points, the stock status for the base run is still not overfished and overfishing
is not occurring. In addition, the current stock would still be below the suggested fishing
mortality target and above the suggested FEC target.

Single Species and Ecological Based Reference Points

The menhaden stock is unlikely to experience unsustainable harvest rates or drop to depleted
biomass levels in the short term under the current management plan. The TC noted, however,
that the stock-recruitment relationship observed to date is weak at best; therefore, the current
fecundity-based reference points used to identify overfished conditions may not be useful for
management of menhaden in general. In other words, at this time the TC cannot reliably predict
the magnitude of a recruitment response to increased biomass under any harvest scenario. Other
single species reference point options were discussed by the TC during the benchmark
assessment process, but the TC cannot comment on the relative performance of these reference
points until a formal Management Strategy Evaluation is conducted. Additionally, the TC
recommends that the Atlantic Menhaden Management Board more clearly define the objectives
and goals for managing Atlantic menhaden especially if it plans to pursue ecosystem based
management.
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