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The Atlantic States Marine Fisheries Commission seeks your input on Draft Amendment 3 to the
Atlantic Menhaden Fishery Management Plan.

The public is encouraged to submit comments regarding this document during the public
comment period. Comments must be received by 5:00 PM (EST) on October 24, 2017.
Regardless of when they were sent, comments received after that time will not be included in
the official record. The Atlantic Menhaden Management Board will consider public comment on
this document before finalizing Amendment 3.

You may submit public comment by attending a public hearing held in your state or jurisdiction
or mailing, faxing, or emailing written comments to the address below. Comments can also be
referred to your state’s members on the Atlantic Menhaden Management Board or Atlantic
Menhaden Advisory Panel; however, only comments received at a public hearing or written
comments submitted to the Commission will become part of the public comment record.

Mail: Megan Ware Email: comments@asmfc.org
Atlantic States Marine Fisheries Commission (Subject: Draft Amd. 3)
1050 N. Highland Street, Suite 200 A-N Phone:703.842.0740
Arlington VA. 22201 Fax: 703.842.0741

If your organization is planning to release an action alert in response to Draft Amendment 3,
please contact Megan Ware at 703.842.0740, so she can work with you to develop a unique
subject line to enable us to better organize and summarize incoming comments for Board review.


mailto:comments@asmfc.org
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The timeline for completion of Amendment 3 is as follows:

Oct
2016

Nov 2016 —
Jan 2017

Feb
2017

Mar —
July 2017

Aug
2017

Aug — Oct
2017

Nov
2017

Approval of Draft PID by Board

Public review and comment on PID

Board review of public comment;
Board direction on what to include
in Draft Amendment 3

Preparation of Draft Amendment 3

Review and approval of Draft
Amendment 3 by Board for public
comment

Public review and comment on
Draft Amendment 3 Current Step

Board review of public comment
on Draft Amendment 3

Review and approval of the final
Amendment 3 by the Board, Policy
Board and Commission
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1.0 INTRODUCTION

The Atlantic States Marine Fisheries Commission (ASMFC), under the authority of the Atlantic
Coastal Fisheries Cooperative Management Act, is responsible for managing Atlantic menhaden
(Brevoortia tyrannus) from Maine through Florida. ASMFC has coordinated the interstate
management of Atlantic menhaden in state waters (0-3 miles) since 1981. Amendment 3 to the
Interstate Fishery Management Plan for Atlantic menhaden replaces Amendment 2 (ASMFC,
2013). Management authority in the exclusive economic zone (3-200 miles from shore) lies with
NOAA Fisheries.

1.1 BACKGROUND INFORMATION

At their May 2015 meeting, the Atlantic Menhaden Management Board (Board) initiated the
development of Amendment 3 to the Atlantic Menhaden FMP to pursue the development of
ecological reference points (ERPs) and revisit allocation methods. The Board approved the
Amendment 3 Public Information Document for public comment in October 2016. Public
comment was received and hearings were held between December 2016 and January 2017. At
their February 2017 meeting, the Board tasked the Plan Development Team (PDT) with
developing Draft Amendment 3.

1.1.1 Statement of Problem

1.1.1.1 Ecological Reference Points

Amendment 2 established single-species reference points to manage the menhaden stock.
These reference points were based on maximum spawning potential (MSP) and included a
measure of fishing mortality (F) and spawning stock biomass (SSB) to determine an overfishing
and overfished status. Per Amendment 2, overfishing was defined by a target and threshold of
F3o%msp and Fisxmse, respectively, while an overfished stock was defined by a target and
threshold of SSB3o%msp and SSBis%mse, respectively.

In 2015, the Board approved a new Atlantic Menhaden Benchmark Stock Assessment which
updated the reference points for Atlantic menhaden in order to provide a better measure of
sustainability (SEDAR, 2015). Specifically, the reference points were changed to be the
maximum and median geometric mean fishing mortality rate for ages 2-4 during 1960-2012, a
period deemed sustainable. Corresponding reference points based on fecundity (FEC) were also
established to determine an overfished status. This method was applied to the 2017 Stock
Assessment Update. Resulting reference points are an overfishing threshold and target of Fz14
and Fssy%, respectively, and an overfished threshold and target of FEC21% and FECse%,

respectively. As of 2016, the terminal year used in the 2017 Stock Assessment Update, the stock
is not overfished and overfishing is not occurring.

An important outcome of the 2015 Stock Assessment and Peer Review Report was the high
priority given to the development of ERPs for Atlantic menhaden management. Menhaden
serve an important role in the marine ecosystem as they convert phytoplankton into protein
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and, in turn, provide a food source to a variety of species including larger fish (e.g., weakfish,
striped bass, bluefish, cod), birds (e.g., bald eagles, osprey), and marine mammals (e.g.,
humpback whales, bottlenose dolphin). As a result, changes in the abundance of menhaden
may have implications for the marine ecosystem. ERPs provide a method to assess the status of
menhaden not only with regard to the sustainability of human harvest, but also with regard to
their interactions with predators and the status of other prey species. This method accounts for
several species’ menhaden predation requirements when setting an overfished and overfishing
threshold for menhaden. The benefit of this approach is that it allows fishery managers to
consider the harvest of menhaden within a broad ecosystem context, which includes other fish,
birds, mammals, and humans who utilize and depend on marine resources.

1.1.1.2 Allocation

Amendment 2 established a first-ever commercial total allowable catch (TAC) for Atlantic
menhaden and divided this catch into commercial quotas for participating jurisdictions from
Maine through Florida. The allocation formula assigns each state a percentage of the TAC based
on each jurisdiction’s average landings between 2009 and 2011. Since it was implemented in
2013, the quota system has maintained the annual directed harvest of menhaden below the
annual coastwide TAC set by the Board.

Amendment 2 requires allocation to be revisited every three years. In reviewing menhaden
allocations, the Board expressed interest in investigating different allocation methods and
timeframes given concerns that the current approach may not strike a balance between gear
types and regions. Specifically, some states have expressed concern that under the current
allocation method, increases in the TAC result in limited benefits to small-scale fisheries. In
addition, there is concern that the current allocation method does not provide a balance
between the present needs of the fishery and future growth opportunities. Given the apparent
geographic expansion of the stock, particularly in New England, the 2009-2011 time-period on
which allocation is based may limit states who currently have minimal quota from participating
in the growing fishery. Some states have also found evidence of un-reported landings during
the reference period, meaning the quota system may have reduced their fisheries to a greater
extent than originally intended.

1.1.2 Benefits of Implementation

Amendment 3 is designed to integrate the ecological role of menhaden into the management
of the species and establish an allocation method which provides fair and equitable access to all
participants in the fishery.

Amendment 3 contains a management program designed to account for the multiple roles that
menhaden play, both in supporting fisheries for human use and the marine ecosystem. Issues
addressed in Amendment 3 include:
1. Reference Points: How menhaden are allocated between the marine ecosystem and
those that harvest menhaden for human use.
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2. Allocation Method: How menhaden are allocated between those jurisdictions and
fisheries which directly or indirectly harvest menhaden.

3. Allocation Timeframe: The timeframe upon which the allocation method is based.

4. Quota Transfers: How menhaden quota is moved between those stakeholders which
receive an allocation.

5. Quota Rollovers: Whether unused quota can be rolled over into the subsequent
fishing year.

6. Incidental Catch: How landings from non-directed and small scale fisheries are
accounted for in the management of the species.

7. Episodic Events Program: Whether there is a program designed to minimize discards
in the fishery when menhaden are in greater abundance than they normally occur.

8. Chesapeake Bay Reduction Fishery Cap: Whether there is a cap which limits harvest
by the reduction fishery in the Chesapeake Bay, an important nursery ground for
menhaden.

1.1.2.1 Ecological Benefits

Atlantic menhaden occupy an important link in the coastal marine food chain as they transfer
planktonic material into animal biomass. Due to their interconnectivity with other species,
menhaden help to provide top-down controls on phytoplankton and zooplankton populations
while supporting a variety of predator species. These predators include important commercial
and recreational species such as striped bass and weakfish, iconic birds such as osprey and bald
eagles, and charismatic marine mammals such as the humpback whale. Reduced menhaden
populations may impact the abundance and diversity of predator populations, particularly if
other prey options are limited or not available. Given menhaden are found from Maine to
Florida, the species serves an ecological role along much of the Atlantic coast. Thus, maintaining
a healthy Atlantic menhaden population contributes to a balanced marine ecosystem (see
Section 1.2.1.5 Ecological Roles for additional information).

1.1.2.2 Social/Economic Benefits

Menhaden play an important ecological role while supporting valuable and culturally significant
commercial fisheries. Incorporating ecological reference points into menhaden management
may provide ancillary benefits to a wide variety of coastal stakeholders who value species
which depend on menhaden as a food source. Establishing quota allocation methods that
provide fair and equitable access to all fishery participants may enhance social and economic
benefits by increasing derived value and stabilizing economic returns. This in turn improves
resilience in fishery-dependent communities along the Atlantic coast.

1.2 DESCRIPTION OF THE RESOURCE

1.2.1 Species Life History

1.2.1.1 Stock Structure and Migration
Atlantic menhaden is a euryhaline species that inhabits nearshore and inland tidal waters from
Florida to Nova Scotia, Canada. Size-frequency information and tagging studies indicate that the
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Atlantic menhaden resource is a single unit stock (Dryfoos et al., 1973; Nicholson, 1972;
Nicholson, 1978). Recent genetic studies also support the designation of Atlantic menhaden as
a single stock (Anderson, 2007; Lynch et al., 2010).

Spawning occurs principally at sea, with some activity in bays and sounds in the northern
portion of its range (Judy and Lewis, 1983). Eggs hatch at sea and the larvae are transported by
ocean currents (Checkley et al., 1988; Nelson et al., 1977; Quinlan et al., 1999) to estuaries
where they metamorphose and grow rapidly as juveniles (Edwards, 2009). Adults stratify by size
during the summer, with older and larger individuals migrating farthest, reaching Narragansett
Bay by May and the Gulf of Maine by June. During November and December, most of the adult
population moves south to the Virginia and North Carolina capes. Adults that remain in the
south Atlantic region during spring and summer migrate further south later in the year,
reaching northern Florida by fall. Schools of adult menhaden reassemble in late March or early
April and migrate northward. By June the population is redistributed from Florida to Maine
(Ahrenholz, 1991).

1.2.1.2 Age and Growth

During the 1950s and early 1960s, Atlantic menhaden older than age-6 were present in the
spawning population; however, fish older than age-6 have been uncommon in recent years.
Today, the majority of the landings are comprised of fish ages 1-4 (SEDAR, 2015).

The growth of Atlantic menhaden varies from year-to-year and occurs primarily during the
warmer months (AMTC, 2006). Growth of juveniles is density-dependent (Ahrenholz et al.,
1987) such that growth rates are accelerated during the first year when juvenile abundance is
low and are reduced when juvenile abundance is high. Lengths of young-of-year menhaden
range in size, and this variation is a function of density, timing of larval ingress, temperature,
and food availability (Ahrenholz, 1991; Houde, 2011). Adult menhaden can reach a total length
of up to 500 mm and a weigh over 1.5 kg (Cooper, 1965; SEDAR, 2015; Smith and O’Bier, 1996).
Due to their extensive migratory range (see Section 1.2.1.1), larger fish of a given age are
captured farther north than smaller fish of the same age (Nicholson, 1978; Reish et al., 1985).
This fact complicates attempts to estimate overall growth for the entire stock from size-at-age
data compiled from a single area along the coast.

1.2.1.3 Spawning and Reproduction

Some Atlantic menhaden become sexually mature during their first year, with more than 50%
mature at age-2 (SEDAR, 2015). First-spawning age-3 fish have accounted for most of the
stock's egg production since 1965 (Vaughan and Smith, 1988). Atlantic menhaden mature at
smaller sizes at the southern end of their range (180 mm FL in the south Atlantic versus 210
mm FL in the Chesapeake Bay and 230 mm farther north) because of latitudinal differences in
size-at-age and the fact that larger fish of a given age are distributed farther north than smaller
fish of the same cohort (Lewis et al., 1987).

Spawning of Atlantic menhaden is thought to occur throughout the year (Higham and
Nicholson, 1964); however, it varies by season and region based on migration patterns.

4
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Spawning in the north occurs in the summer months (Judy and Lewis, 1983; Kendall and
Reintjes, 1975; Lozano and Houde, 2012), spawning in the Mid-Atlantic occurs in early fall, and
peak spawning in the South Atlantic Bight occurs in December (Higham and Nicholson, 1964;
Judy and Lewis, 1983; Lozano and Houde, 2012). Spawning is followed by the coastward
dispersion of eggs and larvae, and ingress into estuaries where juvenile development occurs
(Houde et al., 2016; Lozano and Houde, 2013; Rice et al., 1999; SABRE, 1999; Warlen, 1994;
Warlen et al., 2002).

Timing and location of spawning seem to be limited by temperature, usually occurring in waters
warmer than 14-16°C (Stegmann et al. 1999, Light and Able, 2003), or within the 15-20°C
isotherms (MDSG 2009). Hall et al. (1991) report that temperatures below 5°C or above 33°C
are lethal to larvae. Based on a review of field and laboratory studies, Warlen et al. (2002)
concluded that optimum temperature for hatching, larval survival, and growth is >16°C.
Reported salinities range from ~25 to 33 (MDSG 2009), although salinity tolerances for eggs and
larvae are wide ranging. Available literature has not been summarized to indicate typical or
persistent locations of continental shelf spawning areas but egg concentrations have been
observed near shorelines, bay mouths, inlets, and 70 to 140 km offshore (Judy and Lewis 1983;
Kendall and Reintjes, 1975; Marak et al., 1962).

Recently, there has been progress in relating measures of primary productivity to recruitment
and growth of young-of-year (YOY) menhaden. Research has shown there is a positive
correlation between recruitment and euphotic-zone chl-a and integrated annual primary
production in the Chesapeake Bay (Houde and Harding, 2009), suggesting that menhaden
populations are controlled in part by bottom-up processes (i.e., quantity of food available).
Despite these findings, additional work has found no significant correlation between YOY
menhaden abundance and ch/-a for the entire four-decade period that included times of both
low and high menhaden recruitment events in Chesapeake Bay. The strong correlation between
YOY menhaden abundance and chl-a in recent years (1989-2004) as noted above did not persist
throughout the longer time series (1966-2006). On average, years with low freshwater flow and
low turbidity supported higher abundances and recruitment of YOY menhaden (Houde et al.,
2016; Love et al., 2006; Lynch et al., 2010). Other correlations between YOY menhaden
abundance and environmental or hydrographic variables were not significant or were only
marginally significant (e.g., negative correlations with total dissolved phosphorus and with
abundances of zooplankton taxa favored by low salinities). These conflicting bodies of work
further highlight the complexity that exists between nutrient cycling, climatic drivers, and
understanding the life history traits of Atlantic menhaden.

1.2.1.4 Mortality

The Atlantic menhaden population is subject to a high natural mortality rate, particularly during
the first two years of life. Estimates of natural mortality have ranged from M = 0.37 (Schaaf and
Huntsman, 1972) to M= 0.52 (Dryfoos et al., 1985). Previous assessments, beginning with
Ahrenholz et al. (1987), used M=0.45, whereas the 2015 Benchmark Stock Assessment used a
time varying but age constant natural mortality to better account for known sources of natural
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mortality such as predation, pollution, habitat degradation, toxic algal blooms, and hypoxia
(SEDAR, 2015).

Predation remains a large source of natural mortality for menhaden due to their high
abundance in estuaries and coastal waters (Ahrenholz, 1991). Many large piscivorous sea
mammals, birds, and fish are potential predators of Atlantic menhaden, including bluefish,
striped bass, king mackerel, Spanish mackerel, pollock, cod, weakfish, silver hake, tunas,
swordfish, bonito, tarpon, and a variety of sharks. See additional details in Section 1.2.1.5:
Ecological Roles.

Coastal pollution, habitat degradation, and disease also threaten marine fish species such as
Atlantic menhaden which spend their first year of life in estuarine waters and the rest of their
life in both ocean and estuarine waters. Fish kills, due principally to low dissolved oxygen
conditions, disease, and parasites are additional yet poorly understood sources of natural
mortality (Burkholder et al., 1992; Blazer et al., 1999; Noga, 2000; Law, 2001; Glasgow et al.,
2001; Vogelbein et al., 2001; Kiryu et al., 2002; Reimschussel et al., 2003; Burkholder et al.,
2005). A variety of diseases are thought to affect menhaden survival (Stephens et al., 1980;
Noga and Dykstra, 1986; Noga et al., 1988; Levine et al., 1990a; Levine et al., 1990b; Dykstra
and Kane, 2000; Goshorn et al., 2004; Stine et al., 2005; Blazer et al., 2007). Menhaden are also
known to induce fatal hypoxic events, where reports of such school-induced hypoxia and
resulting fish kills going back to the 1800’s (Oviatt et al., 1972; Smith, 1999).

1.2.1.5 Ecological Roles

Menhaden occupy an important link in the coastal marine food chain, transferring planktonic
material into animal biomass. As a result, menhaden influence the conversion and exchange of
energy and organic matter within the coastal ecosystem throughout their range (Lewis and
Peters, 1984; Peters and Lewis, 1984; Peters and Schaaf, 1981). Studies have indicated that
menhaden are a part of the diet of many species including striped bass, bluefish, weakfish, and
piscivorous birds (Viverette et al. 2007). As a result, changes in the abundance and distribution
of menhaden can have impacts on a variety of species given their role in the food web.

Atlantic menhaden occupy two distinct types of feeding niches during their lifetime.
Phytoplankton is the major food of juvenile and young adult menhaden. The role of
zooplankton in the diet becomes more important in older menhaden as gill-raker spacing on
their filtering apparatus increases in size (Friedland et al., 1984; 2006). The relative importance
of each food type varies with ontogeny, region, and local availability.

The role of Atlantic menhaden in systems function and community dynamics has received much
attention in recent years. Spatially-explicit bioenergetics models have been used to estimate
the carrying capacity of menhaden in the Chesapeake Bay as well as the reduction of habitat
volume from eutrophication and hypoxia (Brandt and Mason, 2003; Luo et al., 2001).
Additionally, simulation models of Narragansett Bay and the Chesapeake Bay indicate that
Atlantic menhaden could have substantial effects on zooplankton and phytoplankton
populations, and on nutrient dynamics (Durbin and Durbin 1975; 1998; Gottlieb 1998).

6



DRAFT DOCUMENT FOR PUBLIC COMMENT

However, a study by Lynch et al. (2010) suggests that the menhaden population probably plays
little role in removing nitrogen from Chesapeake Bay waters, and may actually provide
additional nitrogen to Bay phytoplankton. Results suggest that YOY menhaden focus their
grazing on patches of elevated phytoplankton abundance and/or supplement their diet with
other sources (e.g. zooplankton and detritus) to maintain a positive nitrogen balance. As a
result, the study suggests that menhaden may play a minimal role in net nitrogen removal from
the Chesapeake Bay.

1.2.2 Stock Assessment Summary

Based on tagging (Dryfoos et al., 1973; Nicholson, 1978) and genetic studies (Anderson, 2007;
Lynch, 2010), the Atlantic menhaden fishery is believed to be a single stock or population of
fish, and is assessed as a single coastwide stock. Data used in the stock assessment includes
commercial and recreational landings at-age from Maine to Florida, two fishery independent
adult indices based on nine state surveys, one each for the northern and southern regions, and
a juvenile abundance index (JAl) developed from state seine, trawl, and other gear surveys
along the coast.

Growth is estimated using a time invariant weight-length relationship based on fishery-
dependent data that is bias corrected using the methods in Schueller et al. (2014). Weight at
age is estimated from overall weight-length parameters and annual lengths at age. Maturity at
age is developed using maturity records from reduction fishery catches and NEAMAP survey
data. A logistic regression is fit to length and maturity data in addition to using time-varying
lengths at age to calculate time-varying maturity at age. Natural mortality is calculated by an
age-varying, time invariant approach using the methods of Lorenzen (1996) that are scaled to
tagging estimates of natural mortality. This estimate of natural mortality accounts for multiple
sources of mortality including predation, pollution, habitat degradation, toxic algal blooms, and
hypoxia. The assessment model is structured into “fleets-as-areas” in order to account for
differences between bait and reduction fisheries in the north and south. In addition, dome
shaped selectivity is used for all fishery fleets.

The Beaufort Assessment Model (BAM) is used to produce final assessment results. This is a
statistical forward-projection model that has been used in previous Atlantic menhaden
assessments (SEDAR, 2015).

1.2.2.1 Abundance and Structure

Annual Atlantic menhaden population size (age 0 and older at the start of the fishing season)
has ranged from approximately 10 to 85 billion fish since 1955 (Figure 3). Population size
averaged 45.0 billion menhaden during 1955-1959 when landings were high (averaging
>600,000 mt). During the 1960’s, the menhaden stock contracted geographically, and the
population averaged 14.9 billion fish. Total menhaden landings dropped to a low of 172,200 mt
in 1969. In the 1970s and 1980s the menhaden population began to expand and the population
size averaged 30.8 billion fish. During this time period, average landings rose to over 300,000
mt. During the 1990s, the Atlantic menhaden stock contracted again, and catches declined from
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429,300 mt in 1990 to 206,000 mt in 1999. From 2000-2016, the population size averaged 16.4
billion fish and total catches have averaged about 200,000 mt per year.

The oldest menhaden age classes comprise the smallest proportion of the population (Figure 3),
but this proportion has increased in recent years (SEDAR, 2015). For this reason, biomass is
likely increasing at a faster rate than abundance because of the increased number of older fish
at age and the associated increase in weight at age (SEDAR, 2015).

1.2.2.2 Fishing Mortality

Highly variable fishing mortalities are noted throughout the entire time series and are
dependent upon fishing effort. The highest fishing mortalities for the commercial reduction
fishery in the north are estimated to have occurred in the 1950s (Figure 4), whereas the highest
fishing mortality rates for the commercial reduction fishery in the south are estimated to have
occurred during the 1970s and 1990s (Figure 4). The highest fishing mortalities for the
commercial bait fishery in the north are estimated to have occurred in the 1950s and 1990s
(Figure 5), while the highest fishing mortality rates for the commercial bait fishery in the south
are estimated to have occurred during the late 1990s and early 2000s (Figure 5).

In the 2015 Benchmark Stock Assessment, the Technical Committee (TC) initially recommended
that the Board adopt a fishing mortality threshold based on the maximum F value at age-2
during the 1960-2012 time period and a target fishing mortality based on the median F value
during this time period. However, in order to provide a more robust measure of fishing
pressure under changing selectivity, it was recommended by the Peer Review panel that the
geometric mean fishing mortality on ages-2 to -4 be used instead of the suggested age-2
reference points. This recommendation was accepted for use by the TC because these ages
represent the fully selected fishing mortality rates depending upon the year and fishery (i.e.,
bait and reduction). As a result of the 2017 Stock Assessment Update, the fishing mortality
reference points are F-target (F3s% msp) = 0.80 and F-threshold (F219% msp) = 1.85.

Based on these reference points, fishing mortality has remained below the fishing mortality
threshold (1.85) since the 1960s, hovered around the target (0.80) throughout most of the
time-series, and was estimated to be 0.51 in 2016 (the terminal year of the assessment).

1.2.2.3 Recruitment

Age-0 recruits of Atlantic menhaden (Figure 6) were high during the late 1950s, especially the
1958 year-class. Recruitment was generally poor during the 1960s and high during the late
1970s and early 1980s. Since then, recruitment has been low with notable year classes in 2005
and 2010. The estimated number of age-0 fish in 2016 (the terminal year of the assessment)
was 13.36 billion fish.

1.2.2.4 Spawning Stock Biomass (Fecundity)

Often reproductive capacity of a stock is modeled using female weight-at-age, primarily
because of a lack of fecundity data. To the extent that egg production is not linearly related to
female weight, indices of egg production (fecundity) are better measures of the reproductive
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output of a stock at a given size and age structure. Additionally, fecundity better emphasizes

the important contribution of older and larger individuals to egg production. Thus, in the most
recent benchmark stock assessment (SEDAR, 2015), modeling increases in egg production with
size was preferable to female biomass as a measure of the reproductive capability of the stock.

Population fecundity (FEC, number of maturing ova) was highest in the early 1960s, early 1970s,
and the present decade, and has generally been higher with older age classes making up a
larger proportion of the population (Figure 7). Large values of population fecundity were
present in 2012 and 2013. 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 a higher proportion to the overall number of eggs.

1.2.2.5 Maximum Spawning Potential

Amendment 2 (2013) implemented maximum spawning potential (MSP) based reference points
that relate current stock conditions as a percent of unfished conditions. An unfished stock is
equal to 100% MSP. Considering the modeling and data input changes that occurred in the
2015 Benchmark Stock Assessment, the TC and Peer Review Panel recommended new MSP
based reference points that are applicable to the results of the assessment (ASMFC 2015).

The fecundity (FEC) reference points match the F reference points, meaning they are equal to
the fecundity estimated when the population reaches equilibrium when fishing under the
fishing mortality target and threshold MSP levels, respectively. The associated reference points
for population fecundity are FEC-target (FECssxumsp) = 99,467 (billions of eggs), and FEC-
threshold (FEC219%msp) = 57,295 (billions of eggs). In other words, the FEC target would maintain
36% of the spawning potential of an unfished stock, and the threshold would preserve 21% of
the spawning potential of an unfished stock. In 2016, fecundity was estimated to be 83,486
billion eggs.

1.2.3 Current Stock Status

The current stock status determination is based on the 2017 Atlantic Menhaden Stock
Assessment Update (ASMFC, 2017). The fishing mortality reference points are F-target (Fzs%) =
0.80 and F-threshold (F21%) = 1.85. The associated reference points for population fecundity are
FEC-target (FEC36%) = 99,467 (billions of eggs), and FEC-threshold (FEC,14) = 57,295 (billions of
eggs). As of 2016, overfishing is not occurring because fishing mortality for the terminal year is
estimated to be F = 0.51, below both the target and the threshold (Figure 8). Additionally, the
stock is not overfished because fecundity for 2016 is estimated to be FEC = 83,486 billion eggs,
above the threshold and just below the target (Figure 9).
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1.3 DESCRIPTION OF THE FISHERY
1.3.1 Commercial Fishery

Atlantic menhaden have supported one of the United States' largest fisheries since colonial
times. Menhaden have repeatedly been listed as one of the nation's most important
commercial fisheries in terms of quantity. Preliminary Atlantic menhaden landings in 2016
totaled 181,344 mt (399.8 million Ib) (Table 9). Landings records indicate that roughly 25 million
mt (55.1 billion Ib) of Atlantic menhaden have been caught by fishing fleets operating from
Maine to Florida since 1940.

Native Americans were the first to use menhaden, primarily as fertilizer. Colonists soon
recognized the value of menhaden as fertilizer and local seine fisheries gradually developed
from Maine to New York. In 1811, the menhaden oil industry began in Rhode Island (Frye,
1999). Numerous small factories were located along the Northeast coasts; however, their
supply was limited to fish that could be captured by the traditional shore-based seines. In 1845,
the purse seine was introduced, enabling fishermen to harvest a larger quantity of menhaden
further from shore. By 1870, the industry had expanded southward, with several plants in the
Chesapeake Bay and North Carolina areas (Whitehurst, 1973). The industry gradually developed
during the late 1800s and early 1900s and was described in considerable detail prior to World
War | by Greer (1915). After World War |, the primary use of menhaden changed from fertilizer
to animal feed due to the development of a process known as fish reduction. Menhaden meal
began to be mixed into poultry, swine, and cattle feeds as the amount used for fertilizer
decreased (Harrison, 1931). The current commercial fishery is divided into the reduction
fishery, in which menhaden are produced into fish meal and fish oil, and the bait fishery, in
which menhaden are harvested as a bait source for other commercial and recreational
fisheries. A variety of gears are used to harvest menhaden commercially.

1.3.1.1 Reduction Fishery

Vessels, Reduction Plants, and Harvest Capacity

Several technological advances have helped the menhaden reduction fishery maintain its
viability over the last century. The early menhaden purse seine reduction fishery utilized sailing
vessels; however, the introduction of coal-fired steamers after the Civil War enabled the
reduction fishery to fish further grounds. In the 1930s, vessels again improved through the use
of diesel-power which replaced many of the coal-fired steamers. A critical development in the
reduction fishery was the use of spotter aircraft in 1946. This practice is still used today to
locate schools of menhaden. The refrigeration of vessel holds in the 1960s and 1970s was
another crucial development for the reduction fishery. Despite restricted access to a number of
traditional fishing grounds, a reduced fleet size, and fewer processing plants to land fish,
refrigerated holds enabled the fleet to maximize the harvest during peak resource availability.
Refrigeration also allowed the fleet to stay out longer and access a wider geographic area,
greatly improving the ability to catch fish when and where they were available. All seven vessels
in the menhaden fleet in 2013 utilized refrigerated fish holds, compared to only 60% of the
fleet in 1980.
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Currently, menhaden reduction operations use spotter aircraft to locate schools of menhaden
and direct vessels to the fish. When a school is located, two purse boats, with a net stretched
between them, are deployed. The purse boats encircle the school and close the net to form a
purse, or bag. The net is then retrieved to concentrate the catch, and the mother ship comes
along the side and pumps the catch into refrigerated holds. Individual sets can vary from 10 mt
to more than 100 mt, and large vessels can carry 400-600 mt of refrigerated fish.

Overall, the total number of vessels participating in the menhaden reduction fishery has
declined through time. Greer (1915) reported 147 vessels in 1912. During 1955-1959, about
115-130 vessels fished during the summer season, while 30-60 participated in the North
Carolina fall fishery. As the resource declined during the 1960s, fleet size decreased by more
than 50%. Through the 1970s, approximately 40 vessels fished during the summer season,
while roughly 20 were active in the fall fishery. During 1980-1990, 16-33 vessels fished the
summer season, and the level of effort in the fall fishery ranged from 3 to 25 vessels. In 2013,
only seven vessels participated in the reduction fishery.

One of the major changes in the reduction fishery has been the decrease in the number of
operating reduction plants. During peak landing years (1953-1962), there were anywhere from
19 to 25 reduction plants in operation located along the Atlantic coast from Maine to Florida.
Many plants closed in the late 1960s as the resource began to decline and, in 1975, there were
12 reduction plants in operation. In 1985, this decreased to six plants and by 1994, there were
only three plants located in Virginia and North Carolina. A major change in the reduction
industry took place following the 1997 fishing season, when the two reduction plants operating
in Reedville, VA, consolidated into a single company and a single factory; this significantly
reduced effort and overall production capacity. Another major event within the industry
occurred in the spring of 2005 when the fish factory in Beaufort, NC, closed and the owners
sold the property to coastal developers. Today, there is a single reduction plant along the U.S.
Atlantic coast located in Reedville, Virginia.

Reduction landings averaged 310,900 mt from 1940-2016, but only averaged 161,700 mt from
2000 — 2016 (Table 9, Figure 10). Reduction landings since 1940 peaked in 1956 at 712,100 mt,
with the lowest value since 1940 occurring in 2013 (131,000 mt). It is important to note that
2013 was the first year a TAC was implemented in the menhaden fishery. This TAC represented
a 20% reduction from average landings in 2009-2011. Other causes of declines in reduction
harvest include lower menhaden abundance, reduced fleet size, and reduced reduction plant
capacity.

The menhaden reduction fishery is seasonal as the presence of menhaden schools is dependent
on the temperature of coastal waters. Two fairly distinct fishing seasons occur: the ‘summer
fishery’ and the ‘fall fishery’. The summer fishery begins in April with the appearance of schools
of menhaden off the North Carolina coast. The fish migrate northward, appearing off southern
New England in May-June. The fall fishery begins when migratory fish appear off Virginia and
North Carolina. In early fall, this southward migration is initiated by cooling ocean
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temperatures. By late November-early December, most of the fish are found between Cape
Hatteras and Cape Fear, North Carolina.

Reduction Fishery Products

Menhaden reduction plants, through a process of heating, separating, and drying, produce fish
meal, fish oil, and fish solubles from fresh menhaden. Meal is a valuable ingredient in poultry
and livestock feeds because of its high protein content (at least 60%). Meal can also be found in
pet foods for fish and dogs. Menhaden oil is (or has been) used in cooking oils, margarine, soap,
linoleum, waterproof fabrics, and certain types of paint. Menhaden oil is often marketed as a
source of omega-3 fatty acids and can be incorporated into food and beverage products as well
as dietary supplements. Solubles are the aqueous liquid component remaining after oil
removal. In general, most meal producers add the soluble component to the meal to create a
product termed "full meal". Solubles can be used in the aquaculture industry as an attractant
and as a fertilizer.

Internal Waters Processing

Section 306 of the Magnuson-Stevens Fishery Conservation and Management Act (PL 94-265)
allows foreign fish processing vessels to operate within the internal waters of a state with the
permission of the Governor of that state. Up to three internal waters processing (IWP) ventures
operated within Maine's coastal waters during 1988-1993. Under state jurisdiction, a foreign
vessel was permitted to process menhaden caught by US vessels into fish meal and oil during
the 1988-1993 fishing seasons. In 1987, two New England-based menhaden vessels began to
fish in the Gulf of Maine, landing the catch at a Canadian processing plant. Another Canadian
factory in Nova Scotia processed menhaden in 1992 and 1993. No menhaden have been
processed in the North Atlantic since the summer of 1993.

1.3.1.2 Bait Fishery

Menhaden from bait fisheries is primarily harvested with purse seines, pound nets, gill nets,
and trawls, with a smaller amount of harvest coming from cast nets, fyke nets, and haul seines.
Menhaden are taken for bait in almost all Atlantic coast states and are frequently used for bait
in crab pots, lobster pots, and hook and line fisheries (both sport and commercial).

Since 1985, the proportion of menhaden landed as bait has generally increased (Table 9, Figure
10). Reported bait landings averaged 10% of the total Atlantic menhaden landings from 1985-
2000 and 20% of total landings from 2001-2016. This increase in the percent of coastal bait
landings can be attributed to better data collection in the fishery and a decline in coastal
reduction landings. The closure of reduction plants in New England and the Mid-Atlantic may
have influenced growth in the bait fishery, making more product available for the lobster and
crab pot fisheries, as well as bait for sport fishermen. Additionally, the passage of a net ban in
Florida in November 1994 reduced the availability of bait in that state, which may have opened
up new markets for menhaden bait caught in Virginia and the Mid-Atlantic States. The
appearance of growth in the Atlantic coast bait fishery must be tempered by the knowledge
that reporting systems for bait landings have historically been incomplete.
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Menhaden bait landings have not always been well-documented leading to an under-estimate
of historic harvest. Historically, there have been some well-documented, large-scale, directed
bait fisheries for menhaden using gears such as purse seines, pound nets, and gill nets;
however, there have also been many small-scale directed bait fisheries, such as those using cast
nets and beach seines, which have supplied large quantities of bait and had few, if any,
reporting requirements. Estimates of menhaden bait landings have improved over the years as
most states implemented reporting requirements for the smaller scale fisheries by the late
2000s. States were required to implement timely reporting as a part of Amendment 2 (2012) in
order to monitor quota allocations.

Given the geographic expanse of the menhaden bait fishery, there are regional differences in
how and when menhaden are harvested. In the southeast, menhaden landings are dominated
by Florida and North Carolina. In Florida, menhaden landings are primarily landed with cast nets
since the state implemented a net ban in 1994. Prior to this time, Florida had significant bait
landings from gill nets and purse seines. Fishermen in North Carolina use cast nets, gill nets, and
pound nets to harvest menhaden. The principal use for menhaden as bait in North Carolina is in
the blue crab fishery. In addition, some keep menhaden alive in holding tanks for “slow trolling”
of species such as king mackerel. There are no directed menhaden fisheries in South Carolina
and Georgia.

Menhaden bait landings in Virginia are dominated by purse seine vessels referred to as
‘snapper rigs’. These vessels range from about 80-135 ft long and primarily sell bait to the sport
and crab fisheries. In contrast, the Maryland and Potomac River bait fisheries are primarily
executed by pound nets, a large fixed gear. The pound net fishery in the Chesapeake Bay region
is carried out by numerous small, non-refrigerated vessels. Maximum hold capacity of these
pound net vessels is 9 mt or less, but daily catches are usually well below vessel capacity and
are limited by the number of fish encountered in the fixed gear. The majority of these fish
supply the local blue crab fishery.

In the Mid-Atlantic, there has been an expansion of the purse seine bait fishery, particularly in
New Jersey. The New Jersey menhaden fishery utilizes about 20 carry vessels and about 15
catch vessels per year. Most operations have a catch vessel paired with a specific carry vessel,
but some vessels are both catch and carry. Carry vessel length ranges from 59-90 ft and catch
vessel length ranges from 40-88 ft. Net length is restricted to 150 fathoms (900 ft) by
regulation. In New York and Delaware, menhaden bait landings are primarily caught in pound
nets, gill nets, casts, and seines.

In the New England region, purse seine landings in Maine, Massachusetts and Rhode Island
account for the majority of the recorded bait landings. The New England operators are fairly
small, typically with one harvest vessel, ranging in size from the 30 to 90 ft in length. In Rhode
Island, there is a historic floating fish trap fishery which harvests the majority of menhaden
landed in the state. In Connecticut, smaller directed gill net fisheries also harvest menhaden.
The bulk of menhaden landings for bait in New England are used in the lobster fishery.
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1.3.2 Recreational Fishery

Menhaden are important bait in many recreational fisheries and, as a result, some recreational
fishermen employ cast nets to capture menhaden or snag them with hook and line.
Recreational harvest is not well captured by the Marine Recreational Information Program
(MRIP) because there is not a known direct harvest for menhaden, other than for bait. MRIP
intercepts typically capture the landed fish from recreational trips as fishermen come to the
dock or on the beach. Since the menhaden caught by recreational fishermen are used as bait
during their trip, they typically are not part of the catch that is seen by the surveyor completing
the intercept.

From what is known, recreational catch has varied over time with a high of 672.3 mt in 1992
and a low of 12.2 metric tons in 2000. The average harvest between 1981 and 2015 was 206.8
mt. Landings have averaged 382.5 mt between 2011 and 2015. Preliminary recreational
landings from 2016 are 845 mt, which would be a new high for the time series (Figure 11).

1.3.3 Subsistence Fishing

No subsistence fisheries for Atlantic menhaden have been identified at this time.

1.3.4 Non-Consumptive Factors

Menhaden provide an important forage base for many fish, bird, and marine mammal species.
Please refer to Section 1.1.2.1 Ecological Benefits.

1.3.5 Interactions with Other Fisheries

Incidental bycatch of other finfish species in menhaden purse seines has been a topic of
interest and concern for many years (Christmas et al., 1960; Oviatt, 1977; Smith, 1896). Past
studies have indicated that there is little or no bycatch in the menhaden purse seine fishery;
however, there is currently no requirement for at-sea observers.

The Virginia Institute of Marine Science studied bycatch levels of finfish, turtles, and marine
mammals in the Atlantic menhaden fishery. Results from that study indicated that bycatch in
the 1992 Atlantic menhaden reduction fishery was minimal, comprising about 0.04% by number
(Austin et al., 1994). The maximum percentage of bycatch occurred in August (0.14%) while the
lowest occurred in September (0.002%). Among important recreational species, bluefish
accounted for the largest portion of bycatch (0.0075% of the total menhaden catch). No marine
mammals, sea turtles, or other protected species were killed, captured, entangled, or observed
during sampling.

Additional data are available from the Gulf of Maine IWP fishery in 1991. Every catch unloaded
onto the processing vessel was inspected by a state observer. A total of 93 fish were taken as
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bycatch along with roughly 60,000,000 individual menhaden (D. Stevenson, Maine DMR, pers.
comm.; as cited in ASMFC 1992).

1.4 HABITAT CONSIDERATIONS
1.4.1 Physical Description of Habitat

1.4.1.1 Gulf of Maine

The Gulf of Maine is a semi-enclosed sea of 36,300 mi? (90,700 km?) bordered on the northeast,
north and west by the coasts of Nova Scotia, New Brunswick, and the New England states. To
the south and east, the Gulf is open to the North Atlantic Ocean; however, Georges Bank forms
a partial southern boundary below about 165 ft (50 m). The interior of the Gulf of Maine is
characterized by five major deep basins (>600 ft, 200 m) which are separated by irregular
topography that includes shallow ridges, banks, and ledges. Basins make up about 30% of the
floor area (Thompson, 2010). Retreating glaciers (18,000—14,000 years ago) left behind a
variety of patchily distributed sediment types including silt, sand, clay, gravel, and boulders
(NMFS, 2015). Major tributary rivers are the St. John in New Brunswick; St. Croix, Penobscot,
Kennebec, Androscoggin, and Saco in Maine; and Merrimack in Massachusetts.

The predominantly rocky coast of Maine is characterized by steep terrain and bathymetry, with
numerous islands, embayments, pocket beaches, and relatively small estuaries. Tidal marshes
and mud flats occur along the margins of these estuaries. Farther south, the coastline is more
uniform with few sizable bays, inlets, or islands, but with many small coves. Extensive tidal
marshes, mud flats, and sandy beaches along this portion of the coast are gently sloped.
Marshes exist along the open coast and within the coves and estuaries.

The surface circulation of the Gulf of Maine is generally counterclockwise, with an offshore flow
at Cape Cod which joins the secondary, clockwise gyre on the northern edge of Georges Bank.
The Northeast and Great South Channels, which bookend Georges Bank, serve as the primary
inflow and outflow channels of marine waters, respectively. Some of the water entering the
Northeast Channel flows into the Bay of Fundy; another portion turns west to feed the Maine
Coastal Current, initiating the counterclockwise direction of flow. The counterclockwise gyre is
more pronounced in the spring when river runoff adds to the southwesterly flowing coastal
current. Surface currents reach velocities of 1.5 knots (80 cm/sec) in eastern Maine but
gradually diminish to 0.2 knots (10-20 cm/sec) in Massachusetts Bay where tidal amplitude is
about 10 ft (3 m) (Thompson, 2010).

There is great seasonal variation in sea surface temperature in the Gulf, ranging from 4°C in
March throughout the Gulf to 18°C in the western Gulf and 14°C in the eastern Gulf in August.
The Gulf of Maine sea surface temperature has been warming steadily over the last 35 years. In
the most recent decade, the warming trend (0.23 °C /year) was faster than 99 percent of the
global ocean (Pershing et al., 2015). The warming is related to a northward shift in the Gulf
Stream and to changes in the Atlantic Multidecadal Oscillation and Pacific Decadal Oscillation
(Pershing et al., 2015). The salinity of the surface layer also varies seasonally, with minimum
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values in the west occurring during summer, from the accumulated spring river runoff, and
during winter in the east under the influence of runoff from the St. Lawrence River (from the
previous spring). With the seasonal temperature and salinity changes, the density stratification
in the upper water column also exhibits a seasonal cycle. From well mixed, vertically uniform
conditions in winter, stratification develops through the spring and reaches a maximum in the
summer. Stratification is more pronounced in the southwestern portion of the Gulf where tidal
mixing is diminished.

1.4.1.2 Mid-Atlantic Region

The coastal zone of the Mid-Atlantic states varies from a glaciated coastline in southern New
England, to the flat and swampy coastal plain of North Carolina. Along the coastal plain, the
beaches of the barrier islands are wide, gently sloped, and sandy, with gradually deepening
offshore waters. The area is characterized by a series of sounds, broad estuaries, large river
basins (e.g., Connecticut, Hudson, Delaware, and Susquehanna), and barrier islands.
Conspicuous estuarine features are Narragansett Bay (Rhode Island), Long Island Sound and
Hudson River (New York), Delaware Bay (New Jersey and Delaware), Chesapeake Bay (Maryland
and Virginia), and the nearly continuous band of estuaries behind barrier islands along southern
Long Island, New Jersey, Delaware, Maryland, Virginia, and North Carolina. The complex estuary
of Currituck, Albemarle, and Pamlico Sounds behind the Outer Banks of North Carolina
(covering an area of 2,500 square miles) is an important feature of the region. Coastal marshes
border those estuaries along much of the glaciated coast from Cape Cod to Long Island Sound.
Nearly continuous marshes occur along the shores of the estuaries behind the barrier islands.

At Cape Hatteras, the Continental Shelf extends seaward approximately 20 mi (33 km), and
gradually widens northward to about 68 mi (113 km) off New Jersey and Rhode Island where it
is intersected by numerous underwater canyons. Surface circulation north of Cape Hatteras is
generally southwesterly during all seasons, although this may be interrupted by coastal in-
drafting and some reversal of flow at the northern and southern extremities of the area.
Speeds of drift north of Cape Hatteras are on the order of six miles (9.7 km) per day. There may
be a shoreward component to this drift during the warmer half of the year and an offshore
component during the colder half. The western edge of the Gulf Stream meanders off Cape
Hatteras, sometimes coming within 12 mi (20 km) of the shore; however, it becomes less
discrete and veers to the northeast above Cape Cod. Surface currents as high as 4 knots (200
cm/sec) have been measured in the Gulf Stream off Cape Hatteras.

Hydrographic conditions in the Mid-Atlantic region vary seasonally due to river runoff and
changing water temperatures. The water column becomes increasingly stratified in the summer
and homogeneous in the winter due to fall-winter cooling of surface waters. In the winter, the
mean range of sea surface temperatures is 0-7°C off Cape Cod and 1-14°C off Cape Charles (at
the southern end of the Delmarva Peninsula). In the summer, the mean range is 15-21°C off
Cape Cod and 20-27°C off Cape Charles. The tidal range averages slightly over 3 ft (1 m) on Cape
Cod, decreasing to the west. Within Long Island Sound and along the south shore of Long
Island, tide ranges gradually increase, reaching 6 ft (2 m) at the head of the Sound and in the
New York Bight. South of the Bight, tide ranges decrease gradually to slightly over 3 ft (1 m) at
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Cape Hatteras. Prevailing southwest winds during the summer along the Outer Banks often lead
to nearshore upwelling of colder bottom water from offshore, so that surface water
temperatures can vary widely during that period (15-27°C over a period of a few days).

The waters of the coastal Mid-Atlantic region have a complex and seasonally dependent
circulation pattern. Seasonally varying winds and irregularities in the coastline result in the
formation of a complex system of local eddies and gyres. Surface currents tend to be strongest
in late spring, due to river runoff, and during periods of highest winds in the winter. In late
summer, when winds are light and estuarine discharge is minimal, currents tend to be sluggish,
and the water column is generally stratified.

1.4.1.3 South Atlantic Region

The south Atlantic coastal zone extends in a large oceanic bight from Cape Hatteras south to
Biscayne Bay and the Florida Keys. North of Florida, the south Atlantic coastal zone is bordered
by a coastal plain that stretches inland for a hundred miles and a broad continental shelf that
reaches into the ocean for nearly an equal distance. This broad shelf tapers down to a very
narrow and precipitous shelf off the southeastern coast of Florida. The irregular coastline of
North Carolina, South Carolina, Georgia, and eastern Florida is generally endowed with
extensive bays and estuarine waters, bordered by nutrient-rich marshlands. Barrier beaches
and dunes protect much of the shoreline. Along much of the southern coast from central South
Carolina to northern Florida, estuarine salt-marsh is prominent. Most of the east coast of
Florida varies little in general form. Sand beaches with dunes are sporadically interrupted by
mangrove swamps and low banks of earth and rock.

The movements of oceanic waters along the South Atlantic coast have not been well defined.
The surface currents, countercurrents, and eddies are all affected by environmental factors,
particularly winds. The Gulf Stream flows along the coast at 6-7 miles per hour (10-11 km/hr). It
is nearest to the coast off southern Florida and gradually moves away from the coast as it flows
northward. Inshore of the Gulf stream, there is a current that flows southward for most of the
year in regions north of Cape Canaveral.

Sea surface temperatures during the winter increase southward from Cape Hatteras to Fort
Lauderdale, Florida, with mean minimums ranging from 2-20°C and maximums ranging from
17-26°C. In the summer, the increases are more gradual, ranging north to south from
minimums of 21-27°C to maximums of 28-30°C. Mean sea-surface salinity is generally in the
range of 34 to 36 ppt year round. Mean tidal range is just over 3 ft (1 m) at Cape Hatteras and
increases gradually to about 6-7 ft (2 m) along the Georgia coast. Tides decrease south of Cape
Canaveral to 3 ft (1 m) at Fort Lauderdale.

1.4.2 Environmental Requirements of Atlantic Menhaden

1.4.2.1 Temperature, Salinity, and Dissolved Oxygen
While Atlantic menhaden occur throughout a wide range of physicochemical conditions, several
studies have raised questions about the species’ environmental limits and optimum conditions.
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In particular, studies have noted an affinity of young menhaden for low salinity waters. Wilkens
and Lewis (1971) speculated that larval menhaden require low salinity water to metamorphose
properly, and Lewis (1966) found that, although larvae metamorphosed in salinities of 15-40
ppt, one-third of the juveniles developed slightly crooked vertebral columns. Furthermore,
larvae reared by Hettler (1976) at a lower salinity of 5-10 ppt exhibited significantly higher
activity levels, metabolic rates, and growth rates than those reared at 28-34 ppt. Rogers et al.
(1984) noted that pre-juveniles of many fishes, including those of Brevoortia species, enter
estuarine habitats during seasonal peaks of freshwater influx when the area of low salinity and
fresh tidal water is greatest.

Studies also suggest that temperature also has an important effect on larval development and
dispersion. In the South Atlantic region, sea surface temperature readings during the months of
highest egg capture were generally 12-20°C (Walford and Wicklund, 1968). In the North
Atlantic, the lowest temperature at which Atlantic menhaden eggs and larvae were collected
was between 10 and 13°C (Ferraro, 1980). The temperature range for the Mid-Atlantic region
was 0-25°C, but most eggs and larvae were collected at 16-19°C (Kendall and Reintjes, 1975).
Studies suggest that the limits of larval temperature tolerance are affected by acclimation time.
Survival above 30°C (Lewis and Hettler, 1968) and below 5°C (Lewis, 1965) was progressively
extended by acclimation temperatures closer to test values, suggesting that rapid changes to
extreme temperatures are more likely to be lethal than prolonged exposure to slowly changing
values. Mortality of juvenile Atlantic menhaden to a temperature decrease of 10°C (from 15 to
5°C) was less when temperature was decreased at a rate of 6.7°C /h or lower.

A potential management consideration is that, historically, estuarine zones received freshwater
from contiguous wetlands and riverine systems. However, channelization, diking of river
courses, ditching and draining of marginal wetlands, and urbanization have reduced the
freshwater retention capacities of coastal wetlands. Furthermore, extensive filling of estuarine
marshlands has diminished the area receiving runoff in many locations. In combination, these
changes cause the rapid discharge of freshwater during brief periods and reduced amounts of
freshwater at other times. High inflows, particularly those that occur in early spring after the
arrival of pre-juvenile menhaden, can expose fish to extreme fluctuations of temperature,
turbidity, and other environmental conditions. Although the effects of altered freshwater flow
regimes on Atlantic menhaden are not known, effects on other estuarine dependent, offshore
spawned fishes range from disappearance (Rogers et al., 1984) to death (Nordlie et al., 1982).

Dissolved oxygen, particularly at low levels, can also impact the survival of menhaden. Lewis
and Hettler (1968) observed increased survival of juveniles at 35.5°C with increased dissolved
oxygen (DO) saturation. Burton et al. (1980) reported a mean lethal DO concentration of 0.4
mg/l, but warned against interpretation of this value as “safe”, in view of the interactive nature
of environmental factors.

1.4.2.2 Primary Production
Abundance of YOY juvenile menhaden is strongly and positively correlated with ch/-a and
primary production in the Chesapeake Bay (Houde and Harding, 2009). Although recent
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research indicates that age-1+ menhaden may derive most energy from zooplankton food
(Lynch et al., 2010; Friedland et al., 2011), it is apparent that YOY menhaden can efficiently
filter small phytoplankton (Friedland et al., 2006) and that it is their primary food. The timing,
intensity, quality, and spatial variability of the spring phytoplankton bloom in the Chesapeake
Bay show high inter-annual variability and are strongly affected by climate (Adolf et al., 2006;
Miller and Harding, 2007). This variability in primary production is likely a key factor controlling
production potential of young menhaden in estuarine habitats.

1.4.2.3 Sediments and Turbidity

Forest clearing, and the removal of the buffer provided by trees, shrubs, plants, and wetlands,
has led to changes in sediment loading due to unrestricted stormwater flow (Brush, 1986). This
results in erosion that brings increased sediment into estuaries, such as the Chesapeake Bay. In
addition, the dramatic increase in impermeable surfaces has also increased runoff, as
impervious surfaces amplify storm water discharges into streams (Goetz and Jantz, 2006). One
consequence of these changes is that sediment grain size has changed over time so that very
fine sediment now predominates, which reduces light penetration. Secchi disk readings from
the Chesapeake Bay have steadily declined since 1985 from just over 2 meters to about 1 meter
in 2008 (Greer, 2008). Because filter feeding juvenile menhaden can retain particles as small as
5-7 um, and to a minor extent particles <5 um, there is a possibility that menhaden feeding
could be compromised (Friedland et al., 1984).

The resulting increased turbidity acts to shade submerged aquatic vegetation (SAV), thus
decreasing the extent and composition of SAV beds. Loss of SAV may indirectly affect
menhaden by increasing turbidity even further as a result of increased sediment resuspension
(Orth et al., 2006), which in turn can lower phytoplankton productivity. SAV has also been
shown to exercise control over ecosystem function through nutrient recycling and linkage to
fish productivity (Orth et al., 2006; Hughes et al., 2009), which may impact menhaden
abundance, although specific impacts are not known at present.

1.4.2.4 Water Movement

Currents and circulation features play an important role in cueing reproduction, and in
controlling dispersal of larval stages, assuring that some larvae are transported to the coastal
estuaries and embayments that serve as juvenile nurseries. Most larval menhaden are found
shoreward of the Gulf Stream Front (GSF); those sampled in the GSF, or seaward of it,
presumably are rapidly advected northeast and lost to the population although it is possible
that warm-core rings and onshore streamers could return some larvae to the shelf (Hare and
Govoni, 2005). There is ample evidence, based on observations and models, that coastward
transport of larvae is supported by favorable winds and currents on the shelf (Checkley et al.
1988; Werner et al., 1999). Models and observations of advective mechanisms at estuary
mouths present a less-clear picture of how menhaden larvae move into estuaries, although it is
apparent that winds, tides, and larval behavior control the ingress.

Inter-annual variability in recruitment is believed to be, at least partly, controlled by variability
in oceanographic conditions that affect hydrography, circulation, and possibly biological

19



DRAFT DOCUMENT FOR PUBLIC COMMENT

productivity. Weather and climate patterns are probable drivers of such variability. Wood et al.
(2004) demonstrated that prevalence of a late-winter climate pattern that brings dry and warm
weather to the Mid-Atlantic region is associated with high recruitment of Atlantic menhaden.
This weather pattern may promote favorable shoreward transport or feeding conditions for
early-stage menhaden larvae while on the continental shelf.

1.4.2.5 Substrate and System Features

The association of Atlantic menhaden with estuarine and nearshore systems during all phases
of its life cycle is well documented. It is evident that young menhaden require these food rich
waters to survive and grow, and the fishery is concentrated near major estuarine systems.
Filling of estuarine wetlands, in addition to exacerbating extremes in environmental conditions,
has physically limited the nursery habitat available to Atlantic menhaden and other estuarine-
dependent species. The relative importance, however, of different habitat types (i.e. sounds,
channels, marshes) and salinity regimes has received little detailed attention (Rogers and Van
Den Avyle 1989).

1.4.3 Identification and Distribution of Essential Habitat

Estuarine and nearshore waters along the Atlantic coast from Florida to Nova Scotia serve as
important habitat for juvenile and/or adult Atlantic menhaden. Within this wide geographic
range, hydrographic and circulation features constrain population distribution (MDSG 2009).
Adult menhaden distribution is bounded by the Gulf Stream Front on the seaward side and by
water temperatures greater than 10°C (MDSG 2009).

Adult Atlantic menhaden spawn in oceanic waters along the continental shelf, as well as in
sounds and bays in the northern extent of their range (Judy and Lewis, 1983). Winds and tides
transport larvae shoreward from the shelf (Checkley et al., 1988; Werner et al., 1999) toward
nursery grounds in the estuaries. Larvae are between one and three months old, usually closer
to two months, at first ingress into estuaries (Warlen et al., 2002; MDSG, 2009). After entering
the estuary, larvae congregate in large concentrations near the upstream limits of the tidal
zone, where they metamorphose into juveniles (June and Chamberlin 1959, Houde 2011).

Historically, Chesapeake Bay was considered to be the most productive nursery area
(contributing 69% of Atlantic menhaden recruits [age 1] to the coast wide population), followed
by the south Atlantic (17%), and the Mid-Atlantic sections from Maryland to New York (12%)
(Ahrenholz et al., 1989; ASMFC, 2004; Anstead et al., 2017). However new research credits the
Chesapeake Bay with 30% of age 1 recruits and New England and the southeast estuaries
contributing equal portions to the population (Anstead et al., 2016). Furthermore, recruits from
all three areas, in the same proportions, have been shown to persist in the population beyond
the first year to ages 2-4, therefore becoming part of the reproductive population (Anstead et
al. 2017).
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1.4.4 Anthropogenic Impacts on Atlantic Menhaden and Their Habitat

The human population along the coast is steadily increasing, and the average number of people
per square mile in coastal counties has nearly doubled since 1960 (U.S Census Bureau 2010).
Increasing human presence precipitates industrial and municipal expansion, thus intensifying
anthropogenic pressure on resources and accelerating competition for use of land and water.
Consequently, estuarine and coastal habitats have been significantly reduced and continue to
be stressed by dredging, filling, coastal construction, energy plant development, pollution,
waste disposal, nutrient loading, and other human-related activities.

Degraded water quality in estuaries threatens critical nursery habitat for young menhaden.
Concern has been expressed (Ahrenholz et al., 1987) that the outbreaks of ulcerative mycosis in
the 1980s may have been symptomatic of deteriorating water quality in estuarine waters along
the east coast. Human population growth and increasing development in the coastal zone are
expected to further reduce water quality unless steps are taken to ameliorate their effect on
the environment (Cross et al., 1985). Altering habitats and water quality can affect menhaden
habitat use and productivity - responses that are magnified in estuaries where human use and
biological productivity heavily interact.

Perhaps the most significant physical alteration of the Chesapeake Bay watershed in recent
decades has been the increase in impervious surfaces. More than 400,000 hectares are
currently categorized as impervious surface and that value continues to climb (Brush 2009).
These surfaces increase the nutrient, sediment, and contaminant flow rate to the Chesapeake
Bay (Clagett 2007), and exacerbate eutrophication and expansion of hypoxic and anoxic zones.
Although not well studied at present, reduced water quality associated with increases in
impervious surfaces could diminish habitat quality for menhaden or their predators.

Menhaden fish kills, both human-caused and naturally occurring, are a persistent problem in
bays and estuaries throughout the range. Most states keep records of fish kills, documenting
water quality, number of fish killed, and likely causes. Localized die-offs often occur due to
critically low dissolved oxygen (DO) levels, which may result from a variety of factors including
high temperature, low flow, overcrowding, or algal blooms. Infectious diseases, parasites,
toxicants, or miscellaneous human activity (e.g. thermal shock or fishing discards) may also
cause localized mortality. In Maryland, nearly 50 years of records document annual menhaden
kills ranging from tens to tens-of-millions of fish (max est. 47M fish in 1974), caused by a variety
of factors from concussive explosions to disease and toxicants from spills or discharge (C.
Poukish, MD DNR, pers. comm.). The most common factor was low DO in the presence of algal
blooms, which causes an annual spring die-off. In the Neuse and Tar-Pamlico River estuaries in
North Carolina, low oxygen events cause significant mortality of Atlantic menhaden and other
fish species nearly every summer (R. Wilson Laney, USFWS, pers. Comm.). In Florida, nutrient
inputs, exacerbated by low flushing in the Indian River Lagoon, result in Harmful Algal Blooms
(HABs) and, ultimately, menhaden kills (K. Smith, FL FWC, pers. comm.).
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In recent years the menhaden population appears to be rebounding and expanding to reoccupy
its historic geographic range. With more fish returning to areas heavily used and impacted by
humans, the potential for fish kills increases. For example, in 2016, tens of thousands of
menhaden were killed when a lock closure trapped them in the Shinnecock Canal in New York.

At one time, fish kills may have solely been a natural occurrence, but anthropogenic impacts to
water quality and flow have certainly exacerbated the frequency and intensity of these
mortality events. State efforts to track fish kills can provide information on patterns and trends.
North Carolina, for example, instituted a fish kill investigation procedure in 1996 to collect and
track fish kill information. Data is maintained in a central database and is reviewed as part of an
effort to monitor water quality trends.

A growing body of literature is beginning to describe shifts in species distributions and
spawning locations and seasons, possibly due to a changing climate on the Atlantic coast (e.g.
Walsh et al., 2015; Kleisner et al., 2016). Menhaden ingress to estuaries is sensitive to changes
in wind patterns and temperatures, which are known to be variable and may be influenced by
climate change (Quinlan et al,. 1999; Austin, 2002). Moreover, nursery habitats within bays and
estuaries are likely to be altered by the effects of climate change, in some cases potentially
enhancing menhaden productivity and other cases, resulting in lower production and
recruitment. The effects of climate change are predicted to include: increased water
temperatures, sea-level rise, and changes in precipitation patterns and climate variability
(Sherman et al., 2009). These changes can influence salinity, temperature, and nutrients
throughout nursery grounds.

In addition to long-term climate change, the Atlantic coast has also experienced shorter-term,
decadal fluctuations in weather, shifting between cold-wet and warm-dry periods. Austin
(2002) showed that the 1960s were warmer and wetter than the 1970s and 1990s in the Mid-
Atlantic. Menhaden recruitment success tends to be relatively high in years when late winter-
spring conditions are warm and dry (Wood, 2000). Although menhaden recruitment has been
correlated with the Atlantic Multidecadal Oscillation (Buchheister et al., 2016), the correlation
between Chesapeake Bay and southern New England is reversed and the mechanisms of
influence are unknown. The generally low recruitment of YOY menhaden in recent years appear
to be constrained by frequent cool and wet winter-spring conditions that favor recruitment of
anadromous spawners, but not offshore-spawning fishes such as menhaden (Kimmel et al.,
2009). It is not certain whether climate change will have positive or negative impacts on the
long-term abundance and productivity of menhaden.

1.4.5 Description of Programs to Protect, Restore, & Preserve Atlantic Menhaden Habitat

The federal Coastal Zone Management Act provides a framework under which individual
coastal states have developed their own coastal habitat protection programs. In general,
wholesale dredging and filling are not allowed. Individual development projects are subject to
state and federal review and permit limitations. Every Atlantic coast state has a coastal habitat
protection program in place (Table 11.27 in ASMFC 1992). These protection programs have
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greatly reduced the loss of vital coastal habitat to dredging and filling since the mid-1970s.
Virtually all proposals affecting coastal habitat are now reviewed by a variety of local, state, and
federal agencies, and wholesale destruction of coastal wetlands is rare. Many important
estuarine habitats are now protected as part of various wildlife refuges, national and state
parks, and public and private nature preserves. In addition, a federal permit program is
conducted by the U.S. Army Corps of Engineers, generally in cooperation with the state
programs. Every state also conducts water quality protection programs under the federal Clean
Water Act. National Pollution Discharge Elimination System permits are required for point-
source discharges.

Unfortunately, these programs provide much less control over non-point pollution, especially
from agricultural and silvicultural activities, and excess nutrient inputs from diverse sources
continue to contribute to hypoxic and anoxic conditions in estuarine menhaden habitat.
Additional work to more precisely define menhaden habitat parameters for all life stages and to
develop accompanying map products is needed to inform diverse multi-agency and project
applicant consultations and permitting processes so that further impacts to menhaden habitats
are avoided or minimized.

1.5 IMPACTS OF THE FISHERY MANAGEMENT PROGRAM
1.5.1 Biological and Ecological Impacts

1.5.1.1 Reference Points

The adoption of ecosystem reference points (ERPs) will expand the focus of menhaden
management by assessing the status of menhaden in relation to other prey and predator
species. ERPs will seek to ensure maintenance of a forage base needed to support larger finfish
(e.g. striped bass, bluefish, weakfish), coastal birds (e.g. osprey), and marine mammals (e.g.
humpback whales). An ecosystem approach to setting reference points for menhaden may also
increase the spawning biomass of the menhaden stock, promoting a higher stock abundance
along the coast.

Sustained use of the existing single-species reference points using the method outlined in the
2015 Stock Assessment will continue to provide a greater measure of sustainability than the
reference points established in Amendment 2; however, these reference points consider the
status of menhaden independent of other species. As a result, it is unclear if they are protecting
a large enough forage base to support predator populations. Under the current reference
points, the menhaden stock is not overfished and overfishing is not occurring.

1.5.1.2 Total Allowable Catch

Limiting menhaden harvest through a Total Allowable Catch (TAC) provides a way to maintain
the menhaden population above the overfished threshold and below the overfishing threshold.
After the TAC is harvested in a given year, the directed fishery closes. This allows for greater
protection of the spawning biomass, as opposed to allowing fishing to continue above and
beyond the TAC. If properly set and enforced, quotas will prevent overfishing and ensure a
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sustainable resource for the future. Maintenance of a sustainable resource will also increase
the forage base for commercially and recreationally important predator species.

1.5.1.3 Quota Allocation

The purpose of quota allocation in this Amendment is to identify a fair and equitable method
through which menhaden quota can be distributed to various fisheries, gear types and
jurisdictions. An allocation method which addresses the needs of each user group and is flexible
to respond to future changes in the fishery will provide stability for the fishery and resource. It
may also reduce the need for other management tools, such as an incidental catch provision or
small-scale fishery set aside (Section 4.3.5: Incidental Catch and Small Scale Fisheries).

1.5.1.4 Chesapeake Bay Reduction Fishery Cap

The intent of the Chesapeake Bay Reduction Fishery Cap is to ensure protection of an important
nursery ground for menhaden. Currently, harvest of menhaden by the reduction fishery in the
Chesapeake Bay is prohibited when 100% of the cap has been reached. This protection helps
support menhaden recruitment in the Bay and protects a forage base for predators such as
striped bass.

The Chesapeake Bay Reduction Fishery Cap was originally implemented in 2005 to prevent
localized depletion of menhaden. Given the concentrated harvest of menhaden within the
Chesapeake Bay, there was concern that localized depletion could be occurring in the Bay. In
2005, the Board established the Atlantic Menhaden Research Program (AMRP) to evaluate the
possibility of localized depletion. Results from the peer review report in 2009 were unable to
conclude localized depletion is occurring in the Chesapeake Bay and noted that, given the high
mobility of menhaden, the potential for localized depletion could only occur on a “relatively
small scale for a relatively short time”.

While the AMRP peer review report was not able to provide conclusive evidence that localized
depletion is occurring, maintenance of the Chesapeake Bay reduction fishery cap does provide
a greater level of protection in the region than the TAC alone.

1.5.1.5 Data Collection and Reporting Requirements

This Amendment requires states to implement timely quota monitoring programs so that the
harvest of menhaden stays within the TAC and the potential for overages is limited.
Furthermore, purse seine or bait seine vessels are required to submit Captain’s Daily Fishing
Reports on a daily basis, and states must collect biological samples relative to their level of
harvest. This level of reporting is necessary for the implementation of a quota management
system, as lengthy delays could lead to quota overages or premature closures of the fishery.
Furthermore, continued biological sampling will increase knowledge on the stock’s age
structure, improving the precision of menhaden abundance estimates in future stock
assessments.
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1.5.2 Social and Economic Impacts

This Amendment includes several measures which could carry social and economic impacts,
notably potential changes to the reference points and allocation method. The use of ERPs may
affect those who derive value from finfish, coastal birds, or marine mammals which predate
upon menhaden. Ensuring a stable forage base for these species could increase their
abundances, leading to positive social and economic impacts for individuals, groups, or
communities which rely on these resources for consumptive (e.g., commercial or recreational
harvest) or non-consumptive (e.g., bird or whale watching) purposes. Individuals who hold non-
use values (e.g., existence value from knowing a particular environmental resource exists or
bequest value from preserving a natural or cultural heritage for future generations) associated
with affected species may also benefit from increased abundances. Estimates of potential
economic or social impacts to these stakeholders as a result of ERPs is challenging given
complex and dynamic ecological relationships as well as the lack of socioeconomic data,
especially for nonmarket goods and services.

For the commercial fisheries, ERPs may lead to changes in the TAC, which could negatively
impact the bait and reduction fisheries. The extent and distribution of negative socioeconomic
effects arising from changes to the TAC is dependent on price elasticities (responsiveness of
demand to a change in price), substitute products, fishing costs, alternative employment
opportunities, fishing community structure, and possibly other factors.

Identifying quota allocation methods which are fair and equitable among fishery sectors, gear
types, and regions will enhance socioeconomic net benefits if changes in allocation result in
higher value use of the menhaden resource. Shifts in allocation, while potentially beneficial
overall, could disadvantage individual stakeholders through reductions in harvests, revenues,
and profits. Implementation of data collection programs to ensure effective quota monitoring
may add additional management costs.

A recently completed socioeconomic study of the commercial bait and reduction fisheries,
funded by the ASMFC, contains several findings which elucidate possible social and economic
impacts resulting from changes in menhaden management. In this study, researchers
interviewed and surveyed industry members to uncover salient themes, analyzed historic
landings data to resolve market relationships, performed economic impact analyses to consider
the effects of various TAC changes, and conducted a public opinion survey to assess attitudes
toward menhaden management (see Whitehead and Harrison, 2017 for the full report).
Interviews and surveys of commercial fishers and other industry members found mixed
opinions on several subjects; however, many agreed that the demand for menhaden bait, oil,
and meal has increased in recent years. Exogenous demand increases, if leading to increases in
ex-vessel prices, could benefit menhaden bait and reduction industry members; however, it is
important to note that these benefits are unrelated to management actions discussed in this
Amendment.
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Analysis of historic landings data revealed that prices for menhaden were negatively related to
landings levels, but that this relationship was small and insignificant in some instances. In
particular, state-level analysis showed ex-vessel price is insensitive to landings. This finding
suggests that reductions in the TAC might reduce commercial fishery revenues as decreases in
landings are not fully compensated by higher prices. Ex-vessel prices of menhaden are not
uniform along the coast, with some states having higher prices than others.

Economic impact analyses of changes to the TAC found income and employment decreases
(increases) corresponding to TAC decreases (increases), with the largest impacts concentrated
in New Jersey and Virginia. For example, the analysis suggests that when totaling direct,
indirect, and induced economic changes in the bait fishery, a 5% increase in the TAC from the
2017 baseline would result in 18 more jobs, a $476,000 increase in total earnings, and a $1.7
million increase in total economic output. Looking at the reduction sector, a 5% increase in the
TAC from the 2017 baseline is estimated to increase total economic output (includes direct,
indirect, and induced economic effects) by $3.6 million in Northumberland county and add 77
full and part-time jobs. Interestingly, subsequent analysis of coastal county income and
employment changes in response to changes in bait landings (not reduction landings) showed
little effect, casting some doubt on the conclusion that adjustments in menhaden TAC
consistently lead to changes in fishery income and employment in the bait fishery. It may also
be that the magnitude of impact is dependent the size of the fishery in each state and the
ability of fishermen to harvest other species.

A public opinion survey asked respondents to vote for or against hypothetical TAC changes
which led to associated changes in fishery revenues, jobs, and ecosystem services. Results from
this survey indicated that the public recognized management tradeoffs and were willing to
trade some economic losses for improvements in ecosystem services. For example, survey
respondents were willing to forgo $10.5-12 million in ex-vessel revenue in exchange for positive
impacts on gamefish. On the other hand, survey respondents were willing to accept $4-7
million in additional ex-vessel revenue in exchange for negative impacts to gamefish. The range
of results is due to the variety of model configurations used in the analysis. It is also important
to note that respondent characteristics and attitudes (ie: knowledge of menhaden, perceived
importance of fishery to state) significantly influenced voting patterns.

2.0 GOALS AND OBIJECTIVES

2.1 HISTORY OF MANAGEMENT

The first coastwide fishery management plan (FMP) for Atlantic menhaden was approved in
1981 (ASMFC 1981). The 1981 FMP did not recommend or require specific management
actions, but provided a suite of options should they be needed. After the FMP was approved, a
combination of additional state restrictions, the establishment of local land use rules, and
changing economic conditions resulted in the closure of most reduction plants north of Virginia
(ASMFC 1992). In 1988, ASMFC concluded that the 1981 FMP had become obsolete and
initiated a revision to the plan.
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The 1992 Plan Revision included a suite of objectives to improve data collection and promote
awareness of the fishery and its research needs (ASMFC 1992). Under this revision, the
menhaden program was directed by the Board, which at the time was composed of up to five
state directors, up to five industry representatives, one representative from the National
Marine Fisheries Service, and one representative from the National Fish Meal and Qil
Association.

Amendment 1, passed in 2001, provided specific biological, social/economic, ecological, and
management objectives for Atlantic menhaden. No recreational or commercial management
measures were implemented as a result of Amendment 1. Representation on the Board was
also revised in 2001 to include three representatives from each state in the management unit,
including the state fisheries director, a legislator, and a governor’s appointee. This restructuring
brought the Board’s composition in line with others at the Commission. The reformatted Board
has passed two amendments and six addenda to the 1992 FMP revision.

Addendum | (2004) addressed biological reference points for menhaden, specified the
frequency of stock assessments to be every three years, and updated the habitat section of the
FMP.

Addendum Il (2005) instituted a harvest cap on the reduction fishery in the Chesapeake Bay.
This cap, based on average landings from 2000-2004, was established for the 2006 through
2010 fishing seasons. Addendum Il also outlined a series of research priorities to examine the
possibility of localized depletion of Atlantic menhaden in the Chesapeake Bay. They included:
determining menhaden abundance in Chesapeake Bay; determining estimates of removal of
menhaden by predators; exchanging of menhaden between bay and coastal systems; and
conducting larval studies.

Addendum Il (2006) revised the Chesapeake Bay Reduction Fishery Cap to 109,020 metric
tons, which is an average of landings from 2001-2005. Implementation of the cap remained for
the 2006 through 2010 fishing seasons. Addendum Il also allowed a harvest underage in one
year to be added to the next year’s quota. As a result, the maximum cap in a given year was
extended to 122,740 metric tons.

Addendum IV (2009) extended the Chesapeake Bay harvest cap three additional years (2011-
2013) at the same levels as established in Addendum .

Addendum V (2011) established a new F threshold and target rate based on maximum
spawning potential (MSP) with the goal of increasing abundance, spawning stock biomass, and
menhaden availability as a forage species.

Amendment 2, approved in December 2012, established a 170,800 metric ton (mt) total
allowable catch (TAC) for the commercial fishery beginning in 2013. This TAC represented a 20%
reduction from average landings between 2009 and 2011. The 2009-2011 time period was also
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used to allocate the TAC among the jurisdictions. In addition, the Amendment established
requirements for timely reporting and required states to be accountable for their respective
guotas by paying back any overages the following year. The amendment included provisions
that allowed for the transfer of quota between jurisdictions and a bycatch allowance of 6,000
pounds per trip for non-directed fisheries that operated after a jurisdiction’s quota has been
landed. Further, it reduced the Chesapeake Bay reduction fishery harvest cap by 20% to 87,216
metric tons.

At its May 2015 meeting, the Board established an 187,880 mt TAC for the 2015 and 2016
fishing years. This represents a 10% increase from the 2013 and 2014 TAC. In October 2016, the
Board approved a TAC of 200,000 mt for the 2017 fishing year, representing a 6.45% increase
from the 2015 and 2016 fishing years.

In August 2016, the Board approved Addendum | which added flexibility to the current bycatch
provision by allowing two licensed individuals to harvest up to 12,000 pounds of menhaden
bycatch when working together from the same vessel using stationary multi-species gear. The
intent of this Addendum was to accommodate cooperative fishing practices which traditionally
take place in the Chesapeake Bay.

In May 2013, the Board approved Technical Addendum | which established an episodic events
set aside program. This program set aside 1% of the coastwide TAC for the New England States
(Maine through Connecticut) to harvest Atlantic menhaden when they occur in higher
abundance than normal. In order to participate in the program, a state must reach its individual
guota prior to September 1, require daily harvester reporting, and implement a trip limit no
greater than 120,000 pounds. At its October 2013 meeting, the Board extended the episodic
event set aside program through 2015, adding a re-allocation provision that distributes unused
set aside as of October 31 to all states based on the same allocation percentages included in
Amendment 2. At its May 2016 meeting, the Board again extended the episodic events program
until final action on Amendment 3 and added New York as an eligible state to harvest under the
program.

At its February 2014 meeting, the Board passed a motion to manage the menhaden cast net
fisheries under the bycatch allowance for 2014 and 2015, with the states bearing responsibility
for reporting. At its November 2015 meeting, the Board approved a motion to continue the
management of cast net fisheries under the bycatch allowance for 2016. In February 2017, the
Board extended management of the cast net fishery under the bycatch provision until
implementation of Amendment 3.

2.2 PURPOSE AND NEED FOR ACTION

The 2015 Atlantic Menhaden Benchmark Stock Assessment and Peer Review Report
categorized the development of ERPs as a high priority for management of the species.
Currently, the stock is assessed with single-species biological reference points, which are
defined in the 2015 Stock Assessment. While the stock assessment accounts for natural
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mortality, this factor alone may not adequately account for the unique and significant
ecological services that menhaden provide, or how changes in the population of predator
species may impact the abundance of menhaden. ERPs are intended to consider the multiple
roles that menhaden play, both in supporting fisheries for human use and their role in the
marine ecosystem.

In addition, Amendment 2 requires quota allocations to be revisited every three years. The
Atlantic menhaden quota is currently allocated to Atlantic coast jurisdictions based on average
landings between 2009 and 2011. In revisiting the allocations, the Board decided to investigate
different allocation methods and timeframes given concerns that the current allocation method
does not strike a balance between gear types and regions, as well as current and future harvest
opportunities. Some states have also expressed concerns about unreported landings during the
baseline years and the administrative burden of managing small allocations, the cost of which
may outweigh the value of the fishery they are allocated.

In order to consider the implementation of ERPs as well as changes to the allocation method
and timeframe, the Board is considering changes in the management tools used to regulate the
fishery.

2.3 GOAL

Amendment 3 to the Interstate Fishery Management Plan for Atlantic Menhaden replaces
Amendment 2 to the 1981 FMP for Atlantic Menhaden.

The goal of Amendment 3 is to manage the Atlantic menhaden fishery in a manner which
equitably allocates the resource’s ecological and economic benefits between all user groups.
The primary user groups include those who extract and utilize menhaden for human use, those
who extract and utilize predators which rely on menhaden as a source of prey, and those whose
livelihood depends on the health of the marine ecosystem. Pursuit of this goal will require a
holistic management approach which allocates the resource in a method that is biologically,
economically, and socially sound in order to protect the resource and those who benefit from
it.

2.4 OBJECTIVES

The following objectives are intended to support the goal of Amendment 3.

e Maintain the Atlantic menhaden stock at levels which sustain viable fisheries and
support predators which depend on the forage base.

e Ensure sufficient menhaden spawning stock biomass to prevent stock depletion and
recruitment failure.

e Construct regulations based on the best available science and coordinate management
efforts among the Atlantic coast jurisdictions.

e Develop a management program which ensures fair and equitable access to the fishery
for all regions and gear types.
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e Support a greater understanding of menhaden biology and multi-species interactions
that may bear upon predator-prey dynamics.
e Maintain existing culture and social features of the fishery to the extent possible.

2.5 MANAGEMENT UNIT

The management unit for Amendment 3 is defined as the range of Atlantic menhaden within
U.S. waters of the northwest Atlantic Ocean, from the estuaries eastward to the offshore
boundary of the Exclusive Economic Zone (EEZ). This definition is consistent with recent stock
assessments which treat the entire resource in U.S. waters of the northwest Atlantic as a single
stock.

2.5.1 Management Area

The management area for Amendment 3 shall be the entire Atlantic coast distribution of the
resource from Maine through Florida.

2.6 REFERENCE POINTS
2.6.1 History of Reference Points

2.6.1.1 Amendment 1 Reference Points

The reference points outlined in Amendment 1 (2001) were developed from the historic
spawning stock per recruit (SSB/R) relationship. As such, Frep Was selected as the Fihreshold,
representing replacement level of stock, and Fiarget Was based on Fmax, representing the
maximum fishing mortality before the process of recruitment overfishing begins. The Board
also adopted a spawning stock biomass target, a proxy for Busy (the biomass that allows the fish
stock to produce maximum sustainable yield), and a spawning stock biomass threshold.

2.6.1.2 Addendum 1 Reference Points

Based on the 2003 Benchmark Stock Assessment for Atlantic menhaden, the reference points
were modified per the recommendation of the TC (ASMFC 2004). The TC recommended using
population fecundity (number of maturing or ripe eggs) as a more direct measure of
reproductive output of the population compared to spawning stock biomass (the weight of
mature females). For Atlantic menhaden, older menhaden release more eggs than younger
menhaden per unit of female biomass. By using the number of eggs released, more
reproductive importance is given to older fish in the population. The TC also recommended
modifications to the fishing mortality (F) target and threshold. Specifically, the TC
recommended continued use of Frep as the Finreshold, but estimated it using fecundity per recruit
rather the SSB per recruit. They also recommended that the Fiarget be based on the 75
percentile. This approach was consistent with the approach used for the Finreshold. FOr biomass
(or egg) benchmarks, the TC recommended maintaining the approach used in Amendment 1.
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2.6.1.3 Addendum V Reference Points
In November 2011, Addendum V was approved, which established an interim fishing mortality
threshold of Fisxmsp and target of Fsoxmse, where MSP is the maximum spawning potential.

2.6.1.4 Amendment 2 Reference Points
The Board adopted an interim biomass threshold of SSBisumsp and target of SSBzo%msp to match
the interim fishing mortality reference points adopted through Addendum V.

2.6.1.5 2015 Benchmark Stock Assessment Reference Points

As a part of the 2015 Stock Assessment, the TC recommended that the Board adopt reference
points based on the maximum and median geometric mean fishing mortality rate for ages 2-4
during 1960-2012. 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. Because the fisheries have dome-shaped selectivity,
which varies by fleet over time, the age at full fishing mortality changes over time. Ages 2-4
represent the ages of fully selected fishing mortality rates depending upon the year and fishery
(i.e., bait and reduction). The Board accepted these updated reference points following
approval of the 2015 Stock Assessment for management use.

2.6.1.6 2017 Stock Assessment Update

Using the method outlined in the 2015 Stock Assessment (Section 2.6.1.5), the 2017 Stock
Assessment Update determined the overfishing threshold and target to be Fai%msp and Fasxmse,
respectively. The overfished threshold and target were calculated to be FEC1%msp and
FECss%msp, respectively.

2.6.2 ASMFC Multi-Species Management Efforts

In May 2010, the Board tasked the Multi-Species Technical Committee (MSTC), along with the
Atlantic Menhaden TC, with developing alternative reference points for menhaden that account
for predation. These groups led to a reformation of the subcommittee that updated and refined
the Multispecies Virtual Population Analysis (MSVPA). The MSVPA-X model generated a natural
mortality matrix which could be input to the single-species menhaden assessment. While this
approach was attempted for several Atlantic menhaden stock assessments, the Board tasked
this group with developing ERPs for menhaden using multispecies models. This joint
subcommittee was eventually renamed the Biological Ecological Reference Points Workgroup
(BERP Workgroup) because model consideration for the Board task expanded beyond the
MSVPA. The overarching goal of the BERP Workgroup is to develop menhaden-specific ERPs
that account for the abundance of menhaden and the species role as a forage fish.

In the Ecological Reference Points for Atlantic Menhaden report, the BERP Workgroup
presented a suite of preliminary ERP models and ecosystem monitoring approaches for
feedback as part of the 2015 Benchmark Stock Assessment (Appendix E, SEDAR 40 Stock
Assessment Report). In this report, the BERP Workgroup recommended the use of facilitated
workshops to develop specific ecosystem and fisheries objectives to drive further development
of ERPs for Atlantic menhaden. This Ecosystem Management Objectives Workshop (EMOW)
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contained a broad range of representation including Commissioners, stakeholders, and
technical representatives to provide various perspectives on Atlantic menhaden management.
The EMOW identified potential ecosystem goals and objectives that were reviewed and
approved by the Board. The BERP Workgroup then assessed the ability of each preliminary ERP
model to address the identified management objectives and performance measures, and
selected models accordingly.

Currently, the BERP Workgroup is evaluating this suite of multispecies models to ensure they
are able to generate ERPs which meet as many management objectives as possible. One of the
models under consideration is a Bayesian surplus production model with a time-varying
population growth rate. This model estimates the trend in total Atlantic menhaden stock
biomass and fishery exploitation rate by allowing the population growth rate to fluctuate
annually in response to changing environmental conditions. The approach produces dynamic,
maximum sustainable yield-based ERPs that account for the forage services menhaden provide.
Another production model being evaluated is a Steele-Henderson model, which permits non-
fisheries effects (predation and environmental) to be quantified and incorporated into the
single-species stock assessments. As a result, fixed and time-varying ecological thresholds can
be estimated. This approach is not intended to replace more complex multispecies ecosystem
assessment models, but rather to expand the scope of the single-species assessments to
include the effects of fishing, predation, and environmental effects. Finally, a multispecies
statistical catch-at-age model is being considered. In this approach, single-species models are
linked using trophic calculations to provide a predator-prey feedback between the population
models. The model is believed to be an improvement from the existing MSVPA because the use
of statistical techniques may help to estimate many of the model parameters while
incorporating the inherent uncertainty in the data. An external model being considered is an
Ecopath with Ecosim model; however, the application of this model is to explore tradeoffs, not
guota setting advice. For example, this model could be used to project fishery performance
under the various reference points produced from the other multi-species models.

The development of menhaden-specific ERPs is expected to continue over the next couple of
years. In 2017, the BERP Workgroup will finish their review of the merits of each modeling
approach and decide which models are appropriate frameworks for menhaden ERPs. In 2018,
the BERP Workgroup will hold data workshops to collect, select, and standardize the data that
will be used as model inputs. This will include data that pertains not only to menhaden
abundance but also the abundance of species such as bluefish, striped bass, and other prey
species. In early 2019, assessment workshops will be held to review preliminary model results
and in the fall of 2019, the multi-species models will be peer-reviewed, along with the current
single-species model, which has traditionally been used for menhaden management. This will
allow for direct comparison between the two modeling approaches. Table 10 outlines the
current schedule for the BERP Workgroup.
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2.6.3 External Guidelines for the Management of Forage Fish

In addition to the menhaden-specific ERPs, which are being developed by the BERP Workgroup,
there are also precautionary guidelines for developing ERPs for forage fish in general. These
guidelines are based on a series of models that look at a variety of forage fish species across
diverse ecosystems. An advantage of these guidelines is that they are readily available for use
and provide a precautionary approach to the management of forage fish. However, given they
are based on a variety of species and regions, the guidelines are not specific to the Atlantic
menhaden stock and, as a result, make generalizations regarding stock recruit relationships and
the prevalence of menhaden in predator diets.

One guideline for the management of forage fish species is the 75% rule-of-thumb, which
recommends that forage fish populations be maintained at three-fourths of their unfished
biomass levels to lower impacts on marine ecosystems (Smith et al., 2011). The peer-reviewed
analysis investigated five regions around the world to determine ecosystem impacts of fishing
low trophic level species. While results varied among forage fish species, in general, the analysis
found that the proportion of ecological groups impacted increased with the depletion of forage
fish. Relative abundance of the forage fish species in comparison to other prey species and food
web connectivity were found to be important factors in determining the level of impact on
other ecological groups. The study concluded that a target of 75% unfished biomass for forage
fish species would reduce impacts on other species while maintaining fisheries yields at roughly
80% of their current levels. Menhaden was not a species included in this study.

The Lenfest Ocean Program, a grant-making program managed by The Pew Charitable Trusts,
has also developed guidelines for the development of forage fish ERPs. In their 2012 report by
Pikitch et al., Lenfest describes how they used a suite of 10 previously published Ecopath with
Ecosim models to assess the impacts of forage fish harvest on a variety of ecosystems. The
Chesapeake Bay was a region modeled in this analysis. Various management strategies which
specify fishing mortality were run in the Ecopath with Ecosim models to determine impacts on
predator populations. From these results, a general equation was developed to predict
predator responses to forage fish harvest. The analysis recommends a hockey stick control rule
in which fishing mortality is dependent on stock size but would not exceed half of the forage
species natural mortality rate. Maximum allowable fishing mortality would occur when the
stock is at carrying capacity (unfished biomass) and F declines linearly to zero when biomass
falls below 40% of unfished biomass. This report was reviewed by three external reviewers;
however, the full report has not been reviewed by a scientific journal.

Although generalized forage fish models may provide interim guidance on how to manage
menhaden while ERPs are developed, some contend that harvest policies for lower trophic level
species should be based on models specific to the species of interest, even in the interim.
Hilborn et al. (2017) investigated eleven species of U.S. forage fish, including Atlantic
menhaden, to determine what factors should be analyzed when assessing the impacts of fishing
lower trophic level species on predators. Given spawner-recruit data indicates good year
classes can come from both small and large stock sizes, Hilborn et al. (2017) states that
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recruitment is likely dependent on environmental conditions and stock abundance may be
variable even in the absence of fishing. Further, the paper states that precautionary guidelines
may not consider the size of prey eaten by various predator species, versus those that are
harvested by the fishery. Hilborn et al. (2017) also notes that the spatial distribution of forage
fish in relation to the location of predators may be a critical factor, particularly if there are
‘core’ areas of forage fish abundance on which predators are dependent. As a result, Hilborn et
al. (2017) contends that harvest control strategies should include these factors (i.e. natural
variability of forage fish abundance, size selectivity of predators, spatial distribution of forage
fish) when assessing the impact of forage fish harvest on predator species.

In summary, there is varied advice on how to manage forage fish species. While some support
the use of precautionary guidelines to manage forage fish until ERPs can be developed, others
contend that species-specific models are needed to account for natural population variability
and changes in spatial distribution.

2.6.3.1 Calculation of Reference Point Values for External Forage Fish Guidelines

Draft Amendment 3 considers the use of external forage fish guidelines as interim reference
points while the BERP continues to develop menhaden-specific ERPs. Values for the interim
reference points were calculated based on the total biomass of the stock and are reported in
Table 1. To allow for the comparison of the various reference point options on a common scale,
the fishing morality values are reported as biomass-weighted averages over the entire
population (ages 0-6+). This means that the fishing mortality experienced by each age class is
weighted by the total biomass of that age class. This differs from how the single species
reference points are reported in the stock assessment as they are based on the mean fishing
mortality values over ages 2-4 (the most heavily exploited age classes). It is important to note
that the greatest amount of menhaden biomass is concentrated in ages 0 and 1; however, the
greatest level of fishing mortality occurs on ages 2 through 4. When calculating fishing mortality
across all age groups, some of which are not heavily exploited, the resulting fishing morality
value is lower than what would be calculated on ages 2-4. As a result, fishing pressure on ages
2-4 would have to significantly increase in order to see an effect on the average fishing
mortality experienced by the total population.

For a full description of the reference point calculations, see Appendix 1.

2.6.4 Definition of Overfishing and Overfished/Depleted

The Board will evaluate the current status of the Atlantic menhaden stock with respect to its
reference points. Changes to the reference points can be made through Board action following
a peer-reviewed stock assessment or through Adaptive Management (Section 4.6). The Board
can adopt any advice of the stock assessment report or peer review report. Reference points
can be recalculated during an update or benchmark stock assessment.

Threshold reference points are the basis for determining stock status (i.e., whether overfishing
is occurring or if a stock is overfished). When the fishing mortality rate (F) exceeds the Fihreshold,

34



DRAFT DOCUMENT FOR PUBLIC COMMENT

then overfishing is occurring. This means that the rate of removal of fish by the fishery exceeds
the ability of the stock to replenish itself. When the biomass or reproductive output (measured
as population fecundity) falls below the threshold, then the stock is overfished, meaning there
is insufficient mature female biomass or egg production to replenish the stock.

Reference points will direct the Board on when additional management measures are needed
in the menhaden fishery. If the current F exceeds the threshold level, the Board will take steps
to reduce F to the target level. If current F exceeds the target, but is below the threshold, the
Board may consider steps to reduce F to the target level. If current F is below the target F, then
no action is necessary to reduce F. Similarly, if the current biomass/fecundity is below the
threshold level, the Board will take steps to increase biomass/fecundity to the target level; if
current biomass/fecundity is below the target, but above the threshold, the Board may
consider steps to increase biomass/fecundity to the target level. If current biomass/fecundity is
above the target biomass/fecundity, then no action is necessary to increase biomass/fecundity.

Option A: Single-Species Reference Points

Single-species reference points are used to manage the Atlantic menhaden fishery. Single-
species reference points for the Atlantic menhaden population are based on the maximum and
median geometric mean fishing mortality rate for ages 2-4 during 1960-2012. Using this
method, the 2017 Stock Assessment Update found the fishing mortality target and threshold
for Atlantic menhaden to be F3sxmsp and Fai%msp and the corresponding fecundity target and
threshold for Atlantic menhaden to be FECzs%msp and FECa1umse. As of 2016, the terminal year of
the 2017 Stock Assessment Update, the stock is not overfished and overfishing is not occurring
(Table 1, Figure 2). Under this option, the development of ERPs would not be pursued.

Option B: BERP Workgroup Continues to Develop Menhaden-Specific ERPs with Interim Use of
Single-Species Reference Points

Under this option, single-species reference points are used to manage the Atlantic menhaden
fishery while the BERP Workgroup continues to develop menhaden-specific ERPs. The single-
species reference points used in the interim match those described above in Option A. As of
2016, the terminal year of the 2017 Stock Assessment Update, the stock is not overfished and
overfishing is not occurring (Table 1, Figure 2). The expected timeline for completion of ERPs is
late 2019, as outlined in Section 2.6.2.

Option C: BERP Workgroup Continues to Develop Menhaden-Specific ERPs with Interim Use of
Pikitch et al. Reference Points

Under this option, a hockey stick harvest control rule is used to manage the Atlantic menhaden
fishery while the BERP Workgroup continues to develop menhaden-specific ERPs. Under the
hockey stick control rule, fishing mortality does not exceed one half of the natural mortality
rate when stock size is equal to unfished biomass. As the biomass decreases from Bo
(unexploited biomass), the fishing rate linearly decreases along the control rule. If biomass falls
below 40% unfished biomass (B/Bo<0.4), fishing is prohibited. Figure 1 shows the hockey stick
control rule applied to Atlantic menhaden. Current biomass from the 2017 Stock Assessment
Update is B/Bo=0.467, which is above the biomass threshold of B/Bo=0.4. As a result, the stock
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is not overfished. Should biomass fall below B/Bo=0.4, fishing would stop and a moratorium
would be put in place. The target fishing mortality rate corresponding to current biomass
(B/Bo=0.467) is 0.041. As of the terminal year of the 2017 Stock Assessment Update, the current
fishing mortality rate is F2016=0.204. This is above the fishing mortality rate recommended by
the hockey-stick control rule but below the threshold of F=1/2M=0.367. This would indicate
that fishing is higher than it should be at current biomass levels and a TAC should be set with
the goal of achieving F=0.041.
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Figure 1: The Pikitch et al. (2012) hockey stick harvest control rule applied to Atlantic
Menhaden. The black line represents the control rule and is defined by the points (B=Bo,
F=0.5M) and (B=0.4*Bo, F=0), where By is the unexploited biomass. When biomass falls below
40% unfished biomass, fishing is prohibited and the black line is horizontal. The red dotted line
represents the current biomass as of the 2017 Stock Assessment Update. The red dotted line
intersects the black line at (B/Bo=0.467, F=0.041).

Option D: BERP Workgroup Continues to Develop Menhaden-Specific ERPs with Interim Use of
75% Rule of Thumb

Under this option, the 75% rule of thumb is used to manage the Atlantic menhaden fishery
while the BERP Workgroup continues to develop menhaden-specific ERPs. Under the 75% rule
of thumb, a fishing mortality rate is established to achieve 75% unfished biomass per recruit.
Based on results of the 2017 Stock Assessment Update, the fishing mortality rate that achieves
the 75% unfished biomass is F=0.160. As of 2016, the terminal year of the 2017 Stock
Assessment Update, F2016=0.204 which is above this reference point (Table 1, Figure 2),
indicating a reduction in fishing mortality would be needed.
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Option E: BERP Workgroup Continues to Develop Menhaden-Specific ERPs with Interim Use of
75% Target, 40% Threshold

Under this option, a Frarget that achieves 75% unfished biomass and a Fnreshold Which achieves
40% unfished biomass are used to manage the Atlantic menhaden fishery while the BERP
Workgroup continues to develop menhaden-specific ERPs. Based on results of the 2017 Stock
Assessment Update, the Fiarget that achieves 75% unfished biomass is 0.160, and the Fihreshold
that achieves 40% unfished biomass is 1.493. As of the terminal year of the 2017 Stock
Assessment Update, F2016=0.204, which is above the target but below the threshold (Table 1,
Figure 2), indicating overfishing is not occurring.

Table 1: Reference point alternatives presented in Options A through E and the current F-based
reference points for the terminal year of the 2017 Stock Assessment Update. The single-species
reference point values shown in this table are reported in a different currency then those
reported in the Assessment Update report so that the various reference point options can be
compared on a common scale. More specifically, all fishing mortality rates in the table are
averaged over total biomass (includes ages 0 through 6) and weighted by age. In contrast, the
single-species reference point values shown in Section 1.2.3: Current Stock Status are based on
the geometric mean fishing mortality rates for ages 2-4.

Reference Point Fishing Mortality Rule Resulting Biomass-Weighted F
Single-species reference F=F21%msp 1.164 (threshold)
points (Options A and B) F=F36%msp 0.408 (target)
Pikitch et al. reference points F=0.5M 0.367