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ABSTRACT

The Mid-Atlantic Fishery Management Council, our client for this masters project, is evaluating
how best to transition from a primarily single-species management approach to an integrated
multi-species management paradigm. In this connection, we explore how economic
considerations may be incorporated into an integrated multi-species management approach by
focusing on two closely associated stocks managed by the Council: longfin squid and Atlantic
butterfish.

We take several different approaches in our analysis of the two fisheries, our ultimate
objectives being (i) to characterize the behavior of the fleets based upon historical landings
data and geospatial analysis; and (ii) to provide the Council with insight into the potential
impact of management constraints and ecosystem interactions on economic benefits in the
fisheries. To illustrate potential impacts to economic benefits, we develop a two-species
bioeconomic model and derive optimal harvest levels for the stocks, taking into account varying
degrees of management constraints and ecosystem interactions.

Based upon our analysis of landings data, we found that the Council’s allocation of the longfin
squid landings quota among trimester management periods is no longer representative of
actual landings in the fishery throughout the year. As a result, there is potential that the fishery
may be forced to close prematurely in the summer months, thereby reducing economic
benefits to participants who are highly dependent on revenues from the fishery. We also found,
based upon our geospatial analysis of butterfish landings and butterfish bycatch in the longfin
squid fishery, that a statistically significant correlation exists between the distance to shore
from the point of catch and the butterfish bycatch rate.

With respect to the model, we explored the importance of three parameters not generally
included in a single-species model: predation, bycatch by fishermen, and benefits to the longfin
squid population of additional butterfish. We found that all three have potential economic
impacts. We also found that the amount of the total allowable catch of butterfish allocated to a
bycatch cap imposed on the longfin squid fishery is higher than necessary to prevent early
closure of the longfin squid fishery and could result in lost revenues in the butterfish fishery.
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1. Introduction

The Mid-Atlantic Fishery Management Council (hereafter, the Council), our client for
this masters project, is in the process of evaluating how best to integrate additional ecosystem
considerations into its management of marine fisheries.! This effort is part of an envisaged
longer-term transition by the Council from a primarily single-species management approach to
an integrated multi-species or ecosystem-based fisheries management paradigm. In this
connection, the Council proposed that we explore how the management of two closely
associated fisheries, the Atlantic butterfish (Peprilus triacanthus) fishery and the longfin squid

(Loligo pealei) fishery, could better incorporate economic considerations.?

Although our primary focus concerns the effects of management constraints and
ecosystem interactions on economic benefits in the two fisheries, given the client-based nature
of this project, we are also interested in identifying other characteristics of the fisheries that
may have implications for management. We therefore analyzed historical landings and price
data to characterize the fisheries and identify recent trends, and we conducted a geospatial
analysis of landings and bycatch to determine whether there are any spatial patterns or
phenomena that should be considered by the Council. In order to explore the effects of

management constraints and ecosystem interactions on economic rents, we developed a two-

'The Magnuson-Stevens Fishery Conservation and Management Act defines the term “fishery” as “(A) one or more
stocks of fish which can be treated as a unit for purposes of conservation and management and which are
identified on the basis of geographical, scientific, technical, recreational, and economic characteristics; and

(B) any fishing for such stocks.” 16 U.S.C. §1802(13).

2A potential source of confusion is that multiple, sometimes unrelated, species of fish are commonly referred to
simply as “butterfish” in the seafood industry, although we are aware of only a single species (Peprilus triacanthus)
that goes by the name “Atlantic butterfish.” Other species commonly called “butterfish” include Poronotus
triacanthus (also known as silver pomfret and Pacific Pompano) and Seriola rivoliana (also known as
Punnarameen). The longfin squid (Loligo pealei), on the other hand, has multiple common names, including long-
finned squid, the longfin inshore squid, the Boston squid, and the loligo squid.
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species bioeconomic optimization model and derived optimal harvest paths under varying
levels of harvest constraints and ecosystem interactions. With regard to ecosystem
interactions, we considered both a technical interaction (bycatch by fishermen) and a species
interaction (predation). Our aim with the model is to provide the Council with a conceptual
framework for evaluating the economic tradeoffs associated with multi-species fisheries
management. As a byproduct of our analysis, we also highlight areas where further research
may be warranted to better understand the ecosystem interactions that affect optimal fisheries

management.

2. The Fisheries and Management Context

Atlantic butterfish and longfin squid overlap temporally and spatially and are often
caught by the same mixed-fisheries vessels in the mid-Atlantic and southern New England
regions. The economics and incentives of the two fisheries are quite different, however. The
Atlantic butterfish fishery once enjoyed a strong overseas market in Japan, but the directed
fishery essentially disappeared after 2001 due, at least in part, to an apparent decline in
butterfish abundance and economic conditions in Japan (MAFMC Butterfish AP Informational
Document 2012). The fishery for longfin squid, however, has remained active over the last
decade, with strong demand for the species stemming from its reputation as a premium
calamari squid. Vessels targeting longfin squid generally use small-mesh otter trawls, and they
frequently encounter Atlantic butterfish as bycatch. In most cases, the butterfish are discarded

rather than landed by the vessels.



In terms of management, Atlantic butterfish remain under a rebuilding plan as a result
of a 2004 stock assessment that found the stock to be overfished. This finding initially resulted
in a constrained landings quota, and beginning in 2011, a cap on butterfish bycatch in the
longfin squid fishery (referred to as the “mortality cap”). The details of the mortality cap are
described in section 3.5.1, but a consequence of the cap is closure of the longfin squid fishery
for the remainder of any management period in which the mortality cap threshold is reached.
Given the relative importance of the longfin squid fishery, the Council has allocated most of the
allowable biological catch (ABC) of Atlantic butterfish to the mortality cap in an effort to avoid

premature closure of the longfin squid fishery.

Significantly, there are now indications that Atlantic butterfish are more abundant than
previously estimated. Indeed, the 2005 Atlantic butterfish stock assessment that resulted in the
stock rebuilding plan was recently invalidated, and the stock status was declared “unknown,”
pending a new assessment at the end of 2013. With this development, the Council is evaluating
how best to manage the two fisheries, and in particular, how to allocate increases in the ABC
for Atlantic butterfish. We understand that the Council has two primary objectives in this
regard: (i) allocate a sufficient quantity of the butterfish ABC to the mortality cap to avoid
premature closure of the longfin squid fishery; and (ii) increase, to the extent possible, the

landings quota for butterfish to allow rebuilding of the directed fishery.

In 2012, the Council initially doubled the prior year’s ABC for butterfish to 3,622 metric

tons (mt) before making a late-season increase to 4,200 mt over concerns that unexpectedly



high butterfish bycatch threatened to close the longfin squid fishery.? Of the 4,200 mt, 3,165 mt
was allocated to the bycatch cap, while only 872 mt was allocated to the butterfish landings
guota. The 872 mt quota represented an increase of 57 percent above the 500 mt quota in
effect from 2008 through 2011, however. This year, the Council once again doubled the
butterfish ABC to 8,400 mt, but unlike in the previous two years, a significant portion of the

increase was allocated to the landings quota to allow for a directed butterfish fishery.

Current butterfish regulations provide for a 2,570 mt landings quota and a mortality cap
of 3,884 mt. While this allocation may meet the dual objectives of allowing rebuilding of the
Atlantic butterfish fishery without unnecessarily impacting the longfin squid fishery, it is not
clear whether it is likely to result in the optimal management of the two fisheries from an
economic standpoint. We explore this question, along with the implications of accounting for
ecosystem interactions in optimal fisheries management, in section 6 below. We also analyze
historical landings data from the longfin squid fishery in section 4 and geospatial patterns in the
Atlantic butterfish fishery in section 5 in order to more fully characterize the two fisheries. First,
however, we provide background information in the following section concerning (i) the life
history characteristics of longfin squid and Atlantic Butterfish; (ii) the commercial fisheries for
the two species; (iii) federal fisheries management; (iv) the transition to ecosystem-based
fishery management; and (v) present management of Atlantic butterfish and longfin squid

fisheries.

®In 2011, there was also a small increase in the butterfish ABC from 1,500 mt to 1,811 mt. The entirety of the
increase was allocated to the bycatch cap, however, and the butterfish landings quota remained at 500 mt where
it had been since 2008.



3. Background

3.1 Life History Characteristics for Longfin Squid and Atlantic Butterfish

3.1.1 Longfin Squid. The longfin squid is a schooling pelagic invertebrate that is
distributed from Newfoundland down to the Gulf of Venezuela (Jacobson 2005). It only occurs
in commercially exploitable concentrations, however, from Georges Bank to Cape Hatteras off
the Atlantic coast of the U.S (Jacobson 2005). The longfin squid is also a fast-growing and short-
lived species. It has a maximum lifespan of less than one year, and although it is capable of
attaining a mantle length of between 40 to 50 centimeters, most reach no more than 30

centimeters in length (Jacobson 2005).

From late fall through mid-spring, when inshore waters are coldest, the longfin squid is
found in deep offshore waters along the edge of the continental shelf in the Mid-Atlantic Bight
and southern New England (Jacobson 2005). In the late spring when inshore waters begin to
warm, it migrates to shallow coastal waters before returning back offshore again in the late fall
(Macy and Brodziak 2001). The species is believed to spawn more or less throughout the year,
although there are seasonal and geographic peaks that vary from year-to-year (Jacobson 2005;
Macy and Brodziak 2001; Hatfield and Cadrin 2002). Larvae and juvenile longfin squid live in
the upper water column, while adults generally live just above mud or mud/sand substrate of

the continental shelf and upper continental slope (Jacobson 2005).

Active cephalopods like longfin squid have one of the highest metabolic rates among all
animal species on account of their energetically inefficient mode of locomotion, jet propulsion

(Pimentel et al. 2012). Indeed, the metabolic demand of a squid is several times greater than



the metabolic demand of an equally sized fast-swimming fish (Pimentel et al. 2012). This means
that the longfin squid is a voracious feeder, and its diet includes not only other squid and
crustaceans but also larval and juvenile finfish (Hunsicker and Essington 2006; Hunsicker and
Essington 2008). From an ecological standpoint, longfin squid occupy a key role in Northwest
Atlantic food webs. As both juveniles and adults, they are an important prey species for
toothed whales, sea birds and a number of fish species, including commercially important
species like Atlantic cod, flounder and hake (Hunsicker and Essington 2006). As adults, however,
they also consume many of those same fish species in their larval or juveniles stages (Hunsicker

and Essington 2006). Thus, their role in the ecosystem is both important and complex.

3.1.2 Atlantic Butterfish. The Atlantic butterfish is a small, short-lived, pelagic

species with an average length of 15 to 23 centimeters and a maximum lifespan of about three
years (Cross et al. 1999). It is a schooling planktivore that ranges from Newfoundland to the
Atlantic and Gulf coasts of Florida, but it generally occurs in exploitable concentrations from the
Gulf of Maine to Cape Hatteras (Cross et al. 1999). Like longfin squid, the Atlantic butterfish
exhibits seasonal migrations. It spends the late fall and winter months in deep offshore waters
along the continental shelf edge before migrating in the late spring to shallower inshore waters
to spawn (Cross et al. 1999). During the summer months, the species remains inshore and is

may be found in looser aggregations near the surface (Cross et al. 1999).

The Atlantic butterfish is also an important forage fish in the highly productive
Northwest Atlantic ecosystem. It serves as prey for many species, including protected species

like pilot whales and common dolphins, as well as commercially important species like haddock,



silver hake, monkfish, and swordfish (MAFMC Butterfish AP Informational Document 2012). As
discussed in the following section, Atlantic butterfish is also consumed by longfin squid, which
has implications for management of the two species under an ecosystem-based fishery

management paradigm.

3.1.3 Interactions Between Longfin Squid and Atlantic Butterfish. As previously

noted, longfin squid and Atlantic butterfish co-occur both spatially and temporally throughout
the year. As a result, it is nearly impossible to conduct directed fishing for longfin squid without
also incidentally catching Atlantic butterfish (Hendrickson 2011. As described in section 5
below, butterfish bycatch rates are fairly high in the longfin squid fishery, and in 2012
approximately 87 percent of all butterfish caught on longfin squid fishing trips were discarded
(see 50 CFR part 648). In addition, the survival rate for discarded butterfish is likely extremely
low on account of the lengthy tow durations in the longfin squid fishery (Hendrickson 2011).
Thus, butterfish mortality resulting from incidental catch by the longfin squid fishery may be

quite significant.

In addition to this technical or fishery interaction, there are almost certainly predator-
prey interactions between the two species in the ecosystem. As noted in section 3.1.1, longfin
squid have very high energetic demands, and their diet includes larval and juvenile finfish. In
this regard, researchers have estimated, based upon studies of longfin squid stomach contents
and gastric evacuation rates, that fish may exceed 50 percent of the longfin squid diet by
weight (Maurer and Bowman 1985) and that individual longfin squid likely consume between 8

and 11.5 percent of their bodyweight in fish each day (Hunsicker and Essington 2008). In a 2006



study by Hunsicker and Essington, the size of fish found to have been ingested by longfin squid
ranged from 8 to 172 mm, with an average length of 58 mm (Hunsicker and Essington 2006). It
is important to note that there is seasonal variation in the extent to which longfin squid
consume fish. In the same 2006 study, Hunsicker and Essington found that larger longfin squid
exhibit higher rates of piscivory than smaller squid, but that longfin squid are piscivorous at
smaller sizes in the winter and spring when the rate of piscivory is highest and the number of

vulnerable prey species is greatest (Hunsicker and Essington 2006).

Based upon the likely size range of longfin squid prey, Atlantic butterfish could be
vulnerable to longfin squid predation for much of their expected lifespan. At 2+ years of age, for
example, Atlantic butterfish average approximately 170 mm in length (Cross et al. 1999). This
means that even at early maturity, butterfish remain within the size range (albeit at the high
end) of suitable prey size for longfin squid found by Hunsicker and Essington. In addition, there
is considerable overlap in the occurrence of Atlantic butterfish and longfin squid throughout the
year, with both species migrating in the spring to inshore waters before migrating back out to
deeper waters along the continental shelf break in the fall (Cross et al. 1999). Studies have also
found a high degree of overlap in both temperature and depth preferences for the two species
(Hendrickson 2011). The Atlantic butterfish would therefore seem to be an ideal prey candidate

for longfin squid based upon the two species’ life history characteristics.

While there is suggestion in the literature that longfin squid prey upon Atlantic
butterfish (see e.g. Cross et al. 1999), it is not possible, based upon existing studies, to estimate

with any degree of certainty the extent of such predation. In a paper describing the diets of fish



and squid species in the Northwest Atlantic based upon several decades of sampling surveys,
Smith and Link found that unidentified (i.e., well-digested) cephalopods and unidentified fish
constituted the overwhelming majority of the longfin squid’s dietary components (Smith and
Link 2010). They noted that the large amounts of well-digested and unidentifiable prey in the
squid’s diet were attributable to the high degree of prey mastication by the species (Smith and
Link 2010).

In all likelihood, Atlantic butterfish would not need to constitute a significant portion of
the longfin squid diet for the squid to exert top-down pressure on the butterfish stock. In this
regard, Hunsicker and Essington estimated that, based upon an annual biomass of butterfish
recruits of 16,250 mt, only 5 to 9 percent of the longfin squid diet in a single season would need
to consist of Atlantic butterfish for squid consumption to equal the estimated annual
recruitment of butterfish (Hunsicker and Essington 2008). Thus, there is potential for longfin
squid to exert trophodynamic control on the recruitment success of the Atlantic butterfish
stock.

3.2 The Fisheries for Longfin Squid and Atlantic Butterfish

3.2.1 The Longfin Squid Fishery. The longfin squid fishery dates back to at least

1928, and until 1966, it was entirely a domestic fishery that took place seasonally when the
squid were in shallow, inshore waters (MAFMC MSB Staff ABC White Paper 2011). In 1967,
foreign fishing fleets began harvesting longfin squid offshore, and from 1967 to 1984, foreign
landings dominated the fishery with a peak of 37,600 mt in 1973 (MAFMC MSB Staff ABC White
Paper 2011). Following the enactment of the Magnuson-Stevens Fishery Conservation and

Management Act in 1976, the U.S. began gradually phasing out foreign fishing, and by 1990, the



longfin squid fishery was entirely a domestic fishery (MAFMC MSB Staff ABC White Paper 2011).
Domestic landings of longfin squid peaked in 1989 at 23,700 mt, and since 1998, landings have
generally been restricted by quotas. As illustrated in Figure 1 below, however, landings have

been well below the quota for the past five years for reasons that are not entirely clear.

Figure 1. Longfin Squid Landings and Quota, 1997 — 2012
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The vessels in the longfin squid fishery range from Massachusetts to North Carolina,
with the greatest amount of longfin squid typically landed in Rhode Island and New York.*

These vessels primarily use bottom otter trawls with a small mesh to prosecute the fishery.”

4 Longfin squid landings at Point Judith, Rhode Island and Montauk, New York constituted 40% and 16%,
respectively, of total longfin squid landings in 2010. Those same two ports also constituted 31% and 22% of the
total butterfish landed in 2010. See Addendum to the Environmental Assessment for 2012 Atlantic Mackerel,
Squid, and Butterfish Specifications and Management Measures (2012). Available at
http://www.nero.noaa.gov/nero/regs/frdoc/12/12SMB2012SpecsEA.pdf

> Although bottom trawling can alter benthic habitat and destroy sensitive ecosystems, the mud and sand habitats
occupied by longfin squid and butterfish are believed to be fairly resilient to trawling. These trawls can, however,
incidentally catch marine mammals, large pelagics, and a number of finfish. Total discards of all species by longfin
squid fishermen constitute about 42% of the total amount of longfin squid kept. See NOAA Fishwatch U.S. Seafood
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This type of gear consists of a large, cone-shaped net that is towed along the bottom from the
stern of the vessel. The mouth of net is kept open horizontally by two planks (the “otter
boards”).® In addition to catching longfin squid, vessels making hauls with this gear also catch

other species living on or near the bottom, such as silver hake, scup and Atlantic butterfish.

In terms of the species’ commercial value, longfin squid is harvested primarily for
human consumption. In fact, it is considered by many to be the best squid for calamari, and it is
prized globally for its flavor, tenderness and consistency.7 Not surprisingly, it commands a
premium in the marketplace, and is the most expensive squid sold in the U.S. In 2011, for
example, the average ex-vessel price for longfin squid was $1.18 per pound. In the same year,
the other major squid species harvested on the east coast, llex squid, averaged $.46 per pound,
while the major squid species harvested on the west coast, California Market Squid, averaged
$.25 per pound.? Longfin squid is sold both domestically and internationally, with exports going

to European and Asian markets.

3.2.2 The Atlantic Butterfish Fishery. Atlantic butterfish have been harvested

off the U.S. Atlantic coast since the late 1800s, and until 1963, it was entirely a domestic fishery.
Starting in 1963, foreign fleets began targeting butterfish in the months when the species was

offshore along the continental shelf edge (Cross et al. 1999). Annual landings of butterfish

Facts: Longfin Squid. Available online at
http://www.fishwatch.gov/seafood_profiles/species/squid/species_pages/longfin_squid.htm.

°A description and illustration of bottom otter trawl gear can be found on the website of the Food and Agriculture
Organization of the United Nations at: http://www.fao.org/fishery/geartype/306/en.

” This information is based upon website content from Stavis Seafoods, a U.S. seafood distributor. Available online
at http://www.seafoodexperts.net/tag/fresh-seafood/page/2/.

® Prices obtained from the NMFS Monthly Commercial Landings Statistics website, searching the average annual
price in 2011 for each species for “all states.” Available online at
http://www.st.nmfs.noaa.gov/pls/webpls/FT_HELP.SPECIES.
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peaked in 1973 at 19,500 mt, and as with the longfin squid fishery, the passage of the
Magnuson-Stevens Conservation and Management Act in 1976 began the gradual elimination
of foreign fleets from the fishery (Cross et al. 1999). From 1977 to 1987, the last year in which
the fishery included foreign fleets, annual landings averaged 6,500 mt. (Cross et al. 1999).
During this period, the Japanese spent large sums of money importing butterfish to Japan,
where it was dried, lightly salted and consumed as a breakfast food (Lee 2012). The Japanese
butterfish market eventually collapsed in the 1990s, however, due, at least in part, to dwindling
catches of high-quality butterfish® and economic conditions in Japan (MAFMC Butterfish AP
Informational Document 2012).

As illustrated in Figure 2 below, from 1987 through 2001, total annual butterfish
landings were generally in the 2,000 — 4,000 mt range, with somewhat larger harvests in 1993
and 2001. Following 2001, the directed fishery for butterfish essentially disappeared. In 2011,
for example, only 38 vessels caught 10,000 pounds or more of butterfish, whereas in 1984, with
a strong Japanese market and a higher quota, there were 113 vessels that caught 10,000

pounds or more of butterfish (MAFMC Butterfish AP Informational Document 2012).

? Japanese fish buyers have apparently been very specific with U.S. suppliers about the quality of butterfish they
expect; they prefer large fish that are high in fat with no food in the stomachs. This has important implications for
the timing of the harvest — the butterfish need to be caught at the end of fall migration when they have stopped
eating and are full of winter fat (Lee 2012).

12



Figure 2. Total Annual Butterfish Landings (mt), 1976 — 2012

18,000

16,000

14,000

12,000

10,000

8,000 B Annual Landings (mt)

6,000

4,000

2,000

0

1978 |

1986 |

1988 |

1990 |

1992

1994 |

1996 |

1998 |

2000 _frmm—

2002

2004 =

2006 =

2008 =

1976 |
1980 |
1982
1984 |
2010 =
2012 =

Following a stock assessment in 2004, the status of the Atlantic butterfish stock was
classified as “overfished” in 2005, and the stock has been under a rebuilding plan ever since
(MAFMC and NMFS 2008). The cause of the decline is not very well understood, but it is
believed to be related to environmental processes and low recruitment rather than overfishing
(MAFMC OFL/ABC Recommendations 2012). In the last two years, however, the butterfish
population appears to be rebounding, and in 2012 the National Marine Fisheries Service
changed the status of butterfish from “overfished” to “unknown,” pending the findings of a

stock assessment to be conducted in 2013.

Although whole Atlantic butterfish continue to be sold in niche markets in the U.S., most

butterfish catches are discarded on account of relatively weak demand. The ex-vessel price of

13



butterfish has generally fluctuated between $.40 and .80 per pound over the last five years, but
there are unsubstantiated reports that high quality butterfish may have fetched as high as $2
per pound in the 1980s when there was a strong Japanese market (Lee 2012). Advocates of a
higher butterfish landings quota contend that the formerly profitable butterfish market in
Japan could be reestablished if the landings quota is increased substantially to allow for the
export of butterfish in sufficient numbers and of sufficient size to satisfy distributors and
processors.'® This could reasonably be expected to result in higher ex vessel prices for
butterfish, which in turn could result in more landings of butterfish by the longfin squid fishery.
To that end, the Council has begun easing the restrictions on the fishery given the apparent
improved health of the stock.

3.3 Legal and Institutional Framework for Federal Fisheries Management in the U.S.

3.3.1 Magnuson-Stevens Fishery Conservation and Management Act. The

Magnuson-Sevens Fishery Conservation and Management Act (hereafter, Magnuson-Stevens) is
the primary law governing fisheries management in federal waters, which generally range from

3 to 200 nautical miles offshore (16 U.S.C. §§ 1801-1884). When it was enacted in 1976, the Act
was primarily intended to assist with the development of the domestic fishing industry through

the gradual phasing out of foreign fishing fleets (Macpherson 2001; Hooks and Baylor 2009).

Although it included conservation goals, Magnuson-Stevens placed greater emphasis on

'y large fishing enterprise that formerly supplied butterfish to the Japanese market provided a letter to the
Council (distributed at a May, 2012 meeting of the Council’s Scientific and Statistical Committee) from its former
butterfish distributor in Japan. In the letter, the distributor claims that the U.S. lost its market for butterfish in
Japan due to inconsistent supplies, irregular prices and small fish size. The distributor further states that without a
substantial increase in the U.S. butterfish landings quota, it would be unable to convince the small Japanese
processing companies to switch their production from other species back to butterfish. Letter from Transpac, Ltd.
to Seafreeze Ltd. dated April 30, 2012 available at http://www.mafmc.org/meeting_materials/SSC/2012-
05/Monseni-Transpac-Butterfish-letter.pdf.

14


http://www.mafmc.org/meeting_materials/SSC/2012-05/Monsen1-Transpac-Butterfish-letter.pdf
http://www.mafmc.org/meeting_materials/SSC/2012-05/Monsen1-Transpac-Butterfish-letter.pdf

utilization of fishery resources (Macpherson 2001). Over the years, however, Magnuson-
Stevens evolved into a law that is focused on sustainably using the nation’s fishery resources
and rebuilding overfished stocks (Macpherson 2001). The 1996 Magnuson-Stevens
amendments, for example, had three primary goals: ending overfishing, minimizing bycatch and
increasing habitat protection (Hooks and Baylor 2009). It required, among other things, that
fishery management plans (FMPs) include conservation measures that, to the extent
practicable, minimize bycatch. Amendments to the Act in 2006 further required that annual
catch limits (ACLs) be established for overfished stocks by 2010 and for nearly all other stocks

by 2011 (16 U.S.C. § 1853(a)(15))."*

In its present form, Magnuson-Stevens contains seven express purposes. Perhaps the
most fundamental of these purposes is “to provide for the preparation and implementation of
fishery management plans that will achieve and maintain the optimum yield from each fishery”
(16 U.S.C. §1801 (b)(4)). The term “optimum yield,” is of great significance, as it describes the
theoretical harvest level that federal fisheries managers are directed to target. This

consequential term is defined by Magnuson-Stevens to mean “the amount of fish which -

(A) will provide the greatest overall benefit to the Nation, particularly with respect to
food production and recreational opportunities, and taking into account the protection of
marine ecosystems;

(B) is prescribed on the basis of the maximum sustainable yield from the fishery,