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UNITED STATES DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
NATIONAL MARINE FISHERIES SERVICE 
NORTHEAST REGION 
One Blackburn Drive 
Gloucester, MA 0193Q-2290 

• APR 2 8 

James Gilford, Chairman 
Mid-Atlantic shery Management Council 
Room 2115 Federal Bui 
300 South New Street 
Dover, DE 19904-2331 

Dear Jim; 

This letter is to inform you that the National Marine 
Fisheries Service (NMFS) has partially approved portions of 
Amendment 12 to the Summer Flounder, Scup and Black Sea Bass 
Fishery Management Plan (FMP), Amendment 8 to the Atlantic 
Mackerel, Squids and Butterfish FMP, and Amendment 12 to the 
Atlantic Surfclam and Ocean Quahog FMP (collectively referred to 
as the SFA amendments) 0 The portions disapproved based on the 
national standards and other applicable law, and the reasons for 
disapproval, are as follows: 

• Scup Rebuilding Schedule 

NMFS disapproves the finding presented by Council that 
the management measures in place to rebuild the scup fishery are 
adequate under Sustainable Fisheries Act (SFA) guidelines. Given 
the general decline of this fishery and the risk prone fishing 
mortality rate target selected as a FMsY proxy, the rebuilding 
plan is unacceptably risk-prone. The 27th Stock Assessment 
Workshop (SAW-27) had suggested a more conservative F0 • 1 = 0.15 as 
a proxy, versus the specified F~, currently 0.26. Although the 
fisl1lny mortality rate portion of the overfishing def t1on 
(OFD) is - by itself - conceptually sound, the combination of the 
less conservative choice of F by the Council and the risk prone 
rebuilding program warrants disapproval. 

The Northeast sheries Science Center (Center) certified 
conditionally this OFD, reaf rming the SAW-27 recommendation 
that F0 . 1 should be used as a FMsY proxy o The Center noted that 
greater caution was necessary in setting a fishing mortality 
threshold for scup. This caution is necessary to accommodate the 
greater uncertainty in the assessment of scup compared to other 
species where F~x has been acceptable. The uncertainty arises 
especially in the limited discard estimates (pattern of cat at
age). An alternative way to build in caution is through the 



i 

rebuilding program. Thus, to address this deficiency, the 
Council must adopt a precautionary approach when setting 
specifications to account for lack of information on discards. 
Given that F~ is risk prone for this fishery, the rebuilding 
must be correspondingly risk averse. The biomass threshold proxy 
of the maximum value of the Northeast Fisheries Science Center 
(Center) Spring survey spawning stock biomass (SSB) index, the 
1977-79 three year moving average of 2.77 kilograms (kg) per tow, 
is in accordance with advice from SAW-27 for SFA reference 
points, and complies with the 50 CFR Part 600 guidelines. 

Scup Bycatch Provision 

NMFS disapproves the bycatch sian scup as 
inconsistent with national standard 9. Measures in the current 
FMP do not reduce adequately bycatch or minimize bycatch 
mortality. SAW-27 advised reducing F "substantially and 
immediately" and noted that reducing discards (especially in 
small mesh fisheries) would have the most impact in that regard. 
NMFS acknowledges that data with re to i 
discard sources sufficient to implement management measures are 
limited. Still, it is envisioned that the Council would take the 
precautionary approach to develop measures to reduce discards as 
a result of this disapproval. 

I support action begun on addressing this issue in the April 
27, 1999, workshop he by the Council's Comprehensive Management 
Committee. This Committee is charged with investigating 
alternatives to address scup discard, such as gear modification 
and season/area closures. I encourage this Committee's rapid 
development of management measures to bycatch in the small 
mesh fishery. 

• Surfclam Overfishing Definition 

NMFS disapproves the surfclam OFD as inconsistent with 
national standard 2 (best available science) . The amendment 
spe fied a B~y proxy equal to the 1997 biomass the Northern 
New Jersey (NNJ) portion of the stock. The Center did not 
certi that the surfclam OFD complies with the 50 CFR Part 600 
guidelines. 

With respect to fishing mortality targets, no attempt is 
made to calculate a global fishing mortality rate that just 
removes the annual surplus production, Fpo· With respect to a 
biomass threshold, the proposed parameter is based on NNJ biomass 
and production, and does not take into account the biomass or 
surplus production in other geographical regions. The NNJ area 
accounts for only 27 percent of current total annual production. 
Some level of productivity could be sustained in other resource 



areas, should economic conditions warrant. The proposed proxies, 
therefore, represent neither global values nor the potential long 
term biological productivity of the resource over its entire 
range. The OFD is a nlocal" definition, and creates management 
implications when applied globally. This disapproval leaves the 
fishery without an OFD that meets the requirements of the Act. 
The provision should be revised as soon as practicable. 

• Essential Fish Habitat 

The essential fish habitat (EFH) portions of the SFA 
amendments are deficient in addressing the requirements of the 
SFA and EFH regulations regarding gear impacts on EFH. The SFA 
requires that the Councils nminimize to the extent practicable 
adverse effects on [EFH] caused by fishing." The EFH regulations 
at 50 CFR 600.815 (a) (iii) require Councils to "act to prevent, 
mitigate or minimize any adverse effects from fishing, to the 
extent practicable, if there is evidence that a fishing pract 
is having an identifiable adverse effect on EFH ... " The SFA 
amendments contain very little discussion of compliance with 
these requirements. 

The SFA amendments suggest that several types of fishing 
gear have the potential to cause identifiable adverse impacts to 
EFH; however, the amendments lack a complete assessment of the 
potential adverse effects of EFH of the gears used in each 

shery, as required by 50 CFR 600.015(a) (3) (iii). Moreover, 
there is insufficient discussion to justify the Council's 
conclusion that it is not practicable to take measures to 
minimize these effects. As a result of these deficiencies, the 
following se ions of the SFA amendments were not approved: 

• Section 2.2.3.7 Fishing Impacts on EFH and Section 2.2.4 
Options for Managing Adverse Effects from Fishing in 
Amendment 12 to the Summer Flounder, Scup and Black Sea Bass 
FMP. 

• Section 2.2.3.7 Fishing Impacts on EFH and Section 2.2.4 
Options for Managing Adverse Effects from Fishing in 
Amendment 8 to the Atlantic Mackerel, Squids and Butterfish 
FMP. 

• Section 2.2.3.8 Fishing Impacts on EFH,, and Section 2.2.4 
Options for Managing Adverse Effects from Fishing in 
Amendment 12 to the Atlantic Surfclam and Ocean Quahog FMP 

In letters to the Council dated September 4, 1998, and 
October 2, 1998, NMFS identified the need for improvements in 
these sections of the Amendments and provided specific 
recommendations. Although the Council attempted to address many 
of the comments provided by NMFS, the SFA amendments 11 short 
of the requirements set forth in both the SFA and the EFH 



regulations. I have attached detailed guidance for bringing the 
EFH portions of the SFA amendments into compliance. 

• Approved Measures 

NMFS approves the remaining measures contained in the SFA 
amendments. Those measures include: 

The implementation of new or revised overfishing definitions 
and specifications of optimum yield for the respective 

ies not disapproved. The status determinations for 
several es may change with the new assessments, based 
on a review by the SAW at the end of June. 
The designation of essential fish habitat (EFH). 
The addition to each of the FMPs of a framework adjustment 
process that is s from the annual specification 
setting process. 
The requirement that operator in the surfclam and ocean 
quahog fisheries obtain a permit. 
The vessel size restriction for that Atlantic mackerel 
fishery. 

I appreciate the difficulty of the task the Council 
undertook responding to the new rements of the law. I 
look forward to working with the Council in the future to address 
the outstanding issues noted above. 

CC: J. Dunnigan 
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2. SUMMARY 

Amendment 8 to the Atlantic Mackerel, Squid, and Butterfish Fishery Management (FMP), prepared by the 
Mid-Atlantic Fishery Management Council, is intended to manage the Atlantic mackerel, squid, and 
butterfish fisheries pursuant to the Magnuson-Stevens Fishery Conservation Act (MSFCMA) of 1976, as 
amended by the Sustainable Fisheries Act (SFA). The SFA, which reauthorized and amended the 
Magnuson-Stevens Fishery Conservation and Management Act (Magnuson-Stevens Act), made a number of 
changes to the existing National Standards, as well as to definitions and other provisions in the 
Magnuson-Stevens Act, that caused the Guidelines to be significantly revised. 

The purpose of this amendment is to bring the Atlantic Mackerel, Squid, and Butterfish Fishery 
Management plan into compliance with the new and revised National Standards and other required 
provisions of the Sustainable Fisheries Act. Specifically, this amendment revises the overfishing definitions 
for Atlantic mackerel, Loligo and //lex squid, and butterfish and addresses the new and revised National 
Standards relative to the existing management measures. In addition this amendment would add a 
framework adjustment procedure that would allow the Council to add or modify management measures 
through a streamlined public review process. 

The FMP modified by .this Amendment was implemented on 1 April 1983. The current management unit is 
all Atlantic mackerel, Loligo pealei, //lex illecebrosus, and butterfish under US jurisdiction. 

The objectives of the FMP are: 

1. Enhance the probability of successful (i.e., the historical average) recruitment to the fisheries. 

2. Promote the growth of the US commercial fishery, including the fishery for export. 

3. Provide the greatest degree of freedom and flexibility to all harvesters of these resources consistent 
with the attainment of the other objectives of this FMP. 

4. Provide marine recreational fishing opportunities, recognizing the contribution of recreational fishing to 
the national economy. 

5. Increase understanding of the conditions of the stocks and fisheries. 

6. Minimize harvesting conflicts among US commercial, US recreational, and foreign fishermen. 

The fishing year for Atlantic mackerel, 11/ex and Loligo squid, and butterfish is the twelve (12) month period 
beginning 1 January. 

National Standard 1: Overfishing Definitions 

In order to address revised National Standard One (which established new standards for overfishing 
definitions), the Council proposes the following revised definitions of overfishing: 

Atlantic mackerel 

Overfishing for Atlantic mackerel will be defined to occur when the catch associated with a threshold 
fishing mortality rate of Fmsv is exceeded. When SSB is greater than 890,000 mt, the overfishing limit is 
FMsv (F = 0.45), and the target F is the tenth bootstrap percentile of FMsv (F = 0.25). To avoid low levels of 
recruitment, the threshold F decreases linearly from 0.45 at 890,000 mt SSB to zero at 225,000 mt sse 
(1/4 BMsy), and the target F decreases linearly from 0.25 at 890,000 mt sse to zero at 450,000 mt sse 
(% BMsv). Annual quotas will be specified which correspond to a target fishing mortality rate according to 
this control law. Maximum OY will be specified as the catch associated with a fishing mortality rate of 
Fmsy• 
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The annual quota specification in the current FMP is based upon a catch associated with a fishing mortality 
rate of F0 .1 (F = 0.27). The proposed target fishing mortality rate in this Amendment is 0.25, a slight 
reduction from the previous value of F0_1 (0.27). As a result, the adoption of the target F proposed in this 
amendment would result in a quota specification slightly lower than the value specified in the current FMP. 
The catch associated with a fishing mortality rate of F0.1 is 405,000 mt given the most recent estimates of 
stock size. The catch associated with the target fishing mortality rate of F = 0.25 proposed in this 
amendment would be 369,000 mt, or an 8.8% reduction. 

Loligo pealei 

Overfishing for Loligo will be defined to occur when the catch associated with a threshold fishing mortality 
rate of Fmax is exceeded (Fmax is a proxy for Fnisv). When an estimate of Fmsv becomes available, it will 
replace the current overfishing proxy of F max· Annual quotas will be specified which correspond to a target 
fishing mortality rate of 75 % of Fmax• Target F is defined as 75% of the Fmax when biomass is greater than 
80,ooo· mt, and decreases linearly to zero at 40,000 mt (% of the BMsv proxy). Maximum OY will be 
specified as the catch associated with a fishing mortality rate of Fmax• In addition, the biomass target is 
specified to equal BMsv· The minimum biomass threshold is specified as 112 BMsv· Quotas will be set 
annually by the Regional Director according to the FMP. 

Based on the proposed definition of overfishing, the target fishing mortality rate would be F = 0.1 35. The 
quota associated with this fishing mortality, assuming average biomass conditions in the upcoming year, 
would be approximately 21,000. Maximum OY, defined by the overfishing threshold, would be specified 
as the catch associated with Fmax, which is estimated to be 26,000 mt. The new definition of overfishing 
would not change the specification of OY or Maximum OY for Loligo relative to the current definition of 
overfishing. 

11/ex illecebrosus 

Overfishing for //lex will be defined to occur' when the catch associated with a threshold fishing mortality 
rate of FMsv is exceeded. Annual quotas will be specified which correspond to a target fishing mortality 
rate of 75% of FMsv· Maximum OY will be specified as the catch associated with a fishing mortality rate of 
FMsv· In addition, the biomass target is specified to equal BMsv· The minimum biomass threshold is 
specified as % BMsv· 

The most recent estimate of MSY for //lex is 24,000 mt, which is the same as the current specification of 
Maximum OY (24,000 mt) for //lex. However, the proposed fishing mortality target (75 percent of FMsv or 
F = 0.56) would result in a yield of 18,000 mt, which is 1,000 mt lower than the current OY quota 
specification for //lex. 

Atlantic butterfish 

Overfishing for Atlantic butterfish will be defined to occur when the catch associated with a threshold 
fishing mortality rate of Fmsv is exceeded. Annual quotas will be specified which correspond to a target 
fishing mortality rate of 75% of FMsv· In addition, the biomass target is specified to equal BMsv· The 
minimum biomass threshold is specified as % BMsv· Maximum OY will be specified as the catch associated 
with a fishing mortality rate of Fmsv· 

The overfishing threshold for butterfish is currently specified as F msv• so this part of the overfishing 
definition is unchanged. The most recent estimate of MSY for butterfish was 16,000 mt which is the 
current specification of Maximum OY. The yield associated with the target fishing mortality rate (75% of 
F msv) proposed in this Amendment is 12,000 mt, which is well above the current annual quota specification 
of 5,900 mt. 
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Essential Fish Habitat Definition 

The SFA significantly altered the requirement of FMPs to address habitat issues. The SFA contains 
provisions for the identification and protection of habitat essential to the production of federally managed 
species. The act requires FMPs to include identification and description of essential fish habitat (EFH), 
description of non-fishing and fishing threats, and suggest conservation and enhancement measures. 
These new habitat requirements are addressed in this Amendment in section 2.2. 

Management Measures 

The specific management measures adopted by the Council for this Amendment are: 

Framework Adjustment Process 

In addition to the annual review and modifications to management measures detailed in section 3.1.1.6, 
the Council could add or modify management measures through a framework adjustment procedure. This 
adjustment procedure allows the Council to add or modify management measures through a streamlined 
public review process. As such, management measures that have been identified in the plan could be 
implemented or adjusted at any time during the year. The following management measures could be 
implemented or modified through framework adjustment procedures: 

1. Minimum fish size. 
2. Maximum fish size. 
3. Gear restrictions. 
4. Gear requirements or prohibitions. 
5. Permitting restrictions. 
6. Recreational possession limit. 
7. Recreational seasons. 
8. Closed areas. 
9. Commercial seasons. 
10. Commercial trip limits. 
1 1. Commercial quota system including commercial quota allocation procedure and possible quota set 
asides to mitigate bycatch. 
1 2. Recreational harvest limit. 
13. Annual specification quota setting process. 
14. FMP Monitoring Committee composition and process. 
1 5. Description and identification of essential fish habitat (and fishing gear management measures that 
impact EFH). 
16. Description and identification of habitat areas of particular concern. 
17. Overfishing definition and related thresholds and targets. 
18. Regional gear restrictions. 
19. Regional season restrictions (including option to split seasons). 
20. Restrictions on vessel size (LOA and GRT) or shaft horsepower. 
21. Any other commercial or recreational management measures. 
22. Any other management measures currently included in the FMP. 
23. Set aside quota for scientific research. 
24. Regional management. 
25. Process for in season adjustment to the annual specification. 

Vessel Size Restrictions in the Atlantic Mackerel Fishery 

This Amendment would restrict the size of domestic harvesting vessels permitted in the Atlantic mackerel 
fishery. Vessels issued Atlantic mackerel permits are not to exceed 165 feet in length overall (LOA) and 
750 gross registered tons or have shaft horsepower exceeding 3000 shp. 
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1.0 INTRODUCTION 

Amendment 8 to the Atlantic Mackerel, Squid, and Butterfish Fishery Management (FMP), prepared 
by the Mid-Atlantic Fishery Management Council, is intended to manage the Atlantic mackerel, 
squid, and butterfish fisheries pursuant to the Magnuson-Stevens Fishery Conservation Act 
(Magnuson-Stevens Act) of 1976, as amended by the Sustainable Fisheries Act (SFA). The SFA, 
which reauthorized and amended the Magnuson-Stevens Act, made a number of changes to the 
existing National Standards, as well as to definitions and other provisions in the Magnuson-Stevens 
Act, that caused the Guidelines to be significantly revised. The most significant changes were 
made to National Standard 1 , which imposes new requirements concerning definitions of 
overfishing in fishery management plans. The SFA also added three new National Standards, 
including requirements that FMPs take into consideration the effects on fishing communities 
(National Standard 8), reduce bycatch (National Standard 9), and promote safety of life at sea 
(National Standard 1 0). In addition, the Councils are required to identify essential habitat for 
species managed under the Magnuson-Stevens Act. 

1.1 PURPOSE AND NEED FOR ACTION 

The purpose of this amendment is to bring the Atlantic Mackerel, Squid, and Butterfish Fishery 
Management plan into compliance with the new and revised National Standards and other required 
provisions of the Sustainable Fisheries Act. Specifically, this amendment revises the overfishing 
definitions for Atlantic mackerel, Loligo and 11/ex squid, and butterfish and addresses the new and 
revised National Standards relative to the existing management measures. In addition, this 
amendment would add a framework adjustment procedure that would allow the Council to add or 
modify management measures through a streamlined public review process. It should be noted that 
any management measure implemented by an earlier amendment not specifically referenced in this 
amendment is intended to continue in force. 

1.1.1 History of FMP Development 

In March 1977, the Council initiated development of the Mackerel and Squid FMPs. The Council 
adopted the Mackerel FMP for hearings in September 1977 and the Squid FMP for hearings in 
October 1977. Hearings on Mackerel and Squid FMPs were held in December, 1977. The 
Mackerel and Squid FMPs were adopted by the Council in March 1978. The Mackerel FMP was 
submitted for NMFS approval in May 1978. The Squid FMP was submitted for NMFS approval in 
June 1978. However, based on NMFS comments, the Council requested that the Mackerel and 
Squid FMPs be returned. 

The FMPs were revised, the revisions being identified as Mackerel FMP Supplement 1 and Squid 
FMP Supplement 1. These two Supplements, along with the original Butterfish FMP, were adopted 
for public hearings by the Council in July of 1978. Hearings on all three documents were held 
during September and October 1978 and all three FMPs were adopted in final form by the Council 
in November 1978. The Butterfish FMP was submitted for NMFS approval in December 1978. 
Mackerel FMP Supplement 1 and Squid FMP Supplement 1 were submitted for NMFS approval in 
January 1979. NMFS approved Squid FMP Supplement 1 in June 1979 and Mackerel FMP 
Supplement 1 in July 1979. Both FMPs were for fishing year (1 April· 31 March) 1979-80. 

The Butterfish FMP was disapproved by NMFS in April 1979 because of a need for additional 
justification of the reasons for reducing OY below MSY. The Butterfish FMP was revised, adopted 
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by the Council, and resubmitted for NMFS approval in June 1979. It was approved by NMFS in 
November 1 979 for fishing year 1 979·80. 

The Council adopted Amendments 1 to both the Mackerel and Squid FMPs for hearings in August 
1979. Hearings were held during October 1979. The Amendments were adopted by the Council 
and submitted for NMFS approval in November 1 979. Both Amendments were approved by NMFS 
in March 1 980. This extended the Squid FMP for an indefinite time beyond the end of fishing year 
1 979·80 and extended the Mackerel FMP through fishing year 1 980·8 1. Butterfish FMP 
Amendment 1, extending the FMP through fishing year 1 980~8 1, was adopted by the Council for 
hearings in December 1 979 with hearings held during January 1980. During January 1 980 the 
Amendment was adopted in final form by the Council and submitted for NMFS approval and was 
approved in March 1980. 

The Council began work on an amendment to merge the Mackerel, Squid, and Butterfish FMPs in 
March 1 980 the document being identified as Amendment 2 to the Mackerel, Squid, and Butterfish 
FMP. The Amendment was adopted by the Council for public hearings in August 1980. However, 
NMFS commented that there were significant problems with the Amendment that could not be 
resolved prior to the end of the fishing year (3 1 March 1981 ). The Council then prepared separate 
Amendments 2 to both the Mackerel and Butterfish FMPs to extend those FMPs through fishing 
year 1981 ·82. Since Amendment 1 to the Squid FMP extended that FMP indefinitely, there was no 
need to take this action for the Squid FMP. Those drafts were adopted for public hearing by the 
Council in October 1980 with hearings held in November. The Amendments were adopted in final 

. form by the Council and submitted for NMFS approval in November 1 980. Amendment 2 to the 
Mackerel FMP was approved by NMFS in January 1981 and Amendment 2 to the Butterfish FMP 
was approved by NMFS in February 1981. 

In October 1 980 the merger amendment, previously designated as Amendment 2, was redesignated 
Amendment 3. The Council adopted draft Amendment 3 to the Squid, Mackerel, and Butterfish 
FMP in July 1981 and hearings were held during September. The Council adopted Amendment 3 in 
October 1981 and submitted it for NMFS approval. NMFS review identified the need for additional 
explanation of certain provisions of the Amendment. The revisions were made and the revised 
Amendment 3 was submitted for NMFS approval in February 1 982. 

The Amendment was approved by NMFS in October 1 982. However, problems developed with the 
implementation regulations, particularly with the Office of Management and Budget through that 
agency's review under Executive Order 1 2291. In an effort to have the FMP in place by the 
beginning of the fishing year (1 April 1 983), the FMP, without the squid OY adjustment 
mechanism, or a revised Atlantic mackerel mortality rate, and retitled as the Atlantic Mackerel, 
Squid, and Butterfish FMP, was implemented by emergency interim regulations on 1 April 1 983. By 
agreement of the Secretary of Commerce (Secretary) and the Council, the effective date of those 
emergency regulations was extended through 27 September 1 983. The differences between the 
FMP and the implementing regulations resulted in a hearing before the House Subcommittee on 
Fisheries and Wildlife Conservation and the Environment on 10 May 1 983. 

Amendment 1 to the Atlantic Mackerel, Squid, and Butterfish FMP was prepared to implement the 
squid OY adjustment mechanism and the revised mackerel mortality rate. That Amendment was 
adopted by the Council on 1 5 September 1 983, approved by NMFS on 19 December 1 983, and 
implemented by regulations published in the Federal Register on 1 April 1984. 
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Amendment 2 was adopted by the Council on 19 September 1985 and approved by NOAA 6 
March 1986. Amendment 2 changed the fishing year to the calendar year, revised the squid 
bycatch TALFF allowances, put all four species on a framework basis, and changed the fishing 
vessel permits from permanent to annual. 

Amendment 3 was adopted by the Council in two actions. The Atlantic mackerel overfishing 
definition was adopted by the Council at its October 1990 meeting. The Loligo, //lex, and 
butterfish overfishing definitions were adopted at the December 1990 meeting. This was done 
because the Northeast Fisheries Center proposed changes to the overfishing definitions proposed in 
the hearing draft for the squids and butterfish. The Center's concerns were incorporated in the 
version adopted at the December 1990 meeting. 

Amendment 4, approved by NMFS 8 November 1991, authorized the Regional Director, Northeast 
Region, NMFS (Regional Director) to limit the areas where directed foreign fishing and joint venture 
transfers from US to foreign vessels may take place. Directed foreign fishing must be conducted 
seaward of at least 20 miles from the shore. Operations of foreign vessels in support of US 
vessels (that is, joint ventures) may operate anywhere in the Exclusive Economic Zone (EEZ) 
throughout the management unit unless specific areas are closed to them. The catch limitations 
were changed by requiring that, if the preliminary initial or final amounts differ from those 
recommended by the Council, the Federal Register notice must clearly state the reason(s) for the 
difference(s) and specify how the revised specifications satisfy the 9 criteria set forth for the 
species affected. Additionally, for Atlantic mackerel, the specification of OYs and other values 
may be specified for three years at one time. These annual values may be adjusted within any 
year and prior to the second and third years as set forth above. However, projecting specifications 
over several years should allow more orderly development of the fishery since the revisions to the 
specifications for the second and third years would be done by notice, rather than by regulatory 
measures. The joint ventures section was changed to allow the Regional Director may impose 
special conditions on joint ventures and directed foreign fishing activities. Such special conditions 
may include a ratio between the tonnage that may be caught in a directed foreign fishery relative to 
the tonnage that may be purchased over-the-side from US vessels and relative to the tonnage of 
US processed fish that must be purchased by the venture. 

Amendment 5 was approved by NMFS 9 February 1996. It lowered the Loligo MSY, eliminated the 
possibility of directed foreign fisheries for Loligo, 11/ex, and butterfish, instituted a dealer and vessel 
reporting system, instituted an operator permitting system, implemented a limited access system 
for Loligo, //lex and butterfish, expanded the management unit to include all Atlantic mackerel, 
Loligo, //lex, and butterfish under US jurisdiction. Amendment 6 revised the definitions of 
overfishing for Lo/igo, //lex, and butterfish and allowed for seasonal management of the //lex fishery. 

1.1 .2 Problems for Resolution 

1.1 .2.1 Revised definitions of overfishing required under the SFA 

The Magnuson-Stevens or Sustainable Fisheries Act (SFA) imposed new requirements concerning 
definitions of overfishing in US fishery management plans. To comply with Na.tional Standard 1 
section 3 (29) of the SFA requires that each Council FMP define both overfishing and overfished as 
a rate or level of fishing mortality that jeopardizes a fisheries capacity to produce maximum 
sustainable yield (MSY) on a continuing basis. The proposed guidelines for implementation of the 
new National Standards suggest that sustainability or the phrase "on a continuing basis" are 
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generally accepted to mean an average stock level and/or average potential yield from a stock over 
a long period of time. Each FMP must specify an MSY a harvest strategy that, if implemented, is 
expected to result in long-term average yield close to MSY. 

1.1.2.2 The SFA added three new National Standards 

The SFA added three new National Standards, including requirements that FMPs take into 
consideration the effects on fishing communities (National Standard 8), reduce bycatch (National 
Standard 9), and promote safety of life at sea (National Standard 1 0). These new national 
standards are addressed in this amendment. 

1.1.2.2 Essential fish habitat 

The SFA also significantly altered the requirement of FMPs to address habitat issues. The SFA 
contains provisions for the identification and protection of habitat essential to the production of 
federally managed species. The act requires FMPs to include identification and description of 
essential fish habitat (EFH), description of non-fishing and fishing threats, and suggest 
conservation and enhancement measures. These new habitat requirements are also addressed in 
this Amendment. 

1.1.2.3 Framework adjustment procedure 

·In addition to the annual review and modifications to management measures associated with the 
quota setting process, the Council would like to be able to add or modify management measures 
through a framework adjustment procedure. This adjustment procedure allows the Council to add 
or modify management measures through a streamlined public review process. As such, 
management measures that have been identified in the plan could be implemented or adjusted at 
any time during the year. 

1.1.3 Management Objectives 

The objectives of the FMP are: 

1. Enhance the probability of successful (i.e., the historical average) recruitment to the fisheries. 

2. Promote the growth of the US commercial fishery, including the fishery for export. 

3. Provide the greatest degree of freedom and flexibility to all harvesters of these resources 
consistent with the attainment of the other objectives of this FMP. 

4. Provide marine recreational fishing opportunities, recognizing the contribution of recreational 
fishing to the national economy. 

5. Increase understanding of the conditions of the stocks and fisheries. 

6. Minimize harvesting conflicts among US commercial, US recreational, and foreign fishermen. 

1.1 .4 Management Unit 
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The management unit is all northwest Atlantic mackerel (Scomber scombrus), Loligo peale1: //lex 
illecebrosus, and butteriish (Peprilus triacanthus) under US jurisdiction. 

1.1.5 Management Strategy 

The management strategy for this Amendment is to provide the information and analyses 
necessary to meet the Congressional mandates associated with the SFA. Effective federal fishery 
management of Atlantic mackerel, Loligo and //lex squid, and butterfish has occurred for the past 
two decades. The Council intends to continue to prevent overfishing and meet the purposes 
specified in the SFA. 

1.2 PROPOSED AND ALTERNATIVE MANAGEMENT MEASURES 

1.2.1 Proposed Management Measures 

In addition to meeting the requirements of the SFA, the Council is proposing the following 
management measures in this Amendment: 

1. Implement a framework adjustment process. 

2. Vessel size restrictions in the Atlantic mackerel fishery. 

1.2.2 Alternative to Proposed Management Measures 

1. Take no action. 

2.0 DESCRIPTION OF THE AFFECTED ENVIRONMENT 

2.1 DESCRIPTION OF THE STOCK 

2.1.1 Species Description and Distribution 

The distribution of Atlantic mackerel, Lo/igo and //lex squid, and butterfish are described in section 
5.1 of Amendment 5 and in section 2.2 of this amendment. 

2.1.2 Abundance and Present Condition 

The abundance and present condition of Atlantic mackerel, Loligo and //lex squid, and butterfish are 
described in section 5.2 of Amendments 5 and 6 and in section 2.2 of this amendment. 

2.1.3 ECOLOGICAL RELATIONSHIPS AND STOCK CHARACTERISTICS 

2.1.3.1 Atlantic mackerel 

Mackerel spawning occurs during spring and summer and progresses from south to north. The 
southern contingent spawns from mid-April to June in the Mid-Atlantic Bight and the Gulf of Maine 
and the northern contingent spawns in the southern Gulf of St. Lawrence from the end of May to 
mid-August (Morse 1978). Most spawn in the shoreward half of continental shelf waters, although 
some spawning extends to the shelf edge and beyond. Spawning occurs in surface water 
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temperatures of 45~57 °F, with a peak around 50~54 °F (Grosslein and Azarovitz 1 982). 

All Atlantic mackerel are sexually mature by age 3, while about 50% of the age 2 fish are mature. 
Average size at maturity is about 10.5-11 '' FL (Grosslein and Azarovitz 1 982). Growth is very 
rapid with fish reaching 7.9 in (20 em) by their first autumn (Anderson and Paciorkowski 1 978). 
The maximum age observed is 17 years (Pentilla and Anderson 1976). 

Fecundity estimates ranged from 285,000 to 1.98 million eggs for southern contingent mackerel 
between 12-17" FL. Analysis of egg diameter frequencies indicated that mackerel spawn between 
5 and 7 batches of eggs per year. The eggs are 0.04~0.05" in diameter, have one 0.1" oil globule, 
and generally float in the surface water layer above the thermocline or in the upper 30- 50'. 
Incubation depends primarily on temperature; it takes 7.5 days at 52 °F, 5.5 days at 55 °F, and 4 
days at 61 °F (Grosslein and Azarovitz 1982). 

Mackerel are 0.1" long at hatching, grow to about 2" in two months, and reach a length of 8" in 
December, near the end of their first year of growth. During their second year of growth they 
reach about 1 0" in December, and by the end of their fifth year they grow to an average length of 
13" FL. Fish that are 10-13 years old reach a length of 1 5-16" (Grosslein and Azarovitz 1982). 
MacKay ( 1973) and Dery and Anderson ( 1983) have found an inverse relationship between growth 
and year class size. 

Mackerel are opportunistic feeders and prey most heavily on crustaceans such as copepods, krill, 
and shrimp. They also feed on squid, and less intensively on fish and ascidians (Langton and 
Bowman 1977). 

Mackerel have been identified in the stomachs of a number of different fish. They are preyed upon 
heavily by whales, dolphins, spiny dogfish, silver hake, white hake, weakfish, goosefish, Atlantic 
cod, bluefish, and striped bass. They also comprise part of the diet of swordfish, red hake, Atlantic 
bonito, bluefin tuna, blue shark, porbeagle, sea lamprey, and shortfin, mako and thresher sharks 
(Langton and Bowman 1977). 

2.1.3.2. Loligo pealei 

Previous studies of the life history and population dynamics of this species assumed that Lo/igo 
died after spawning at an age of 18-36 months based on the analysis length frequency data (which 
suggested a "crossover" life cycle (Mesnil 1977, Lange and Sissenwine 1980). However, recent 
advances in the aging of squid have been made utilizing counts of daily statolith growth increments 
(Dawe et al. 1985, Jackson and Choat 1992). Preliminary statolith ageing of Loligo indicates a life 
span of less than one year (Macy 1992, Brodziak and Macy 1 994). Consequently, the most recent 
stock assessment for Loligo was conducted assuming that the species has an annual life-cycle and 
has the capacity to spawn throughout the year (NMFS 1 996a), as now appears typical of pelagic 
squid species studied throughout the world (Jereb et al. 1991 ). Because only a single cohort is 
available at any time, the stock is very vulnerable to recruitment overfishing. 

2. 1 . 3. 3. //lex illecebrosus 

The age and growth of //lex has been well studied relative to other squid species, being one of the 
few for which the statolith ageing method has been validated (Dawe et al. 1985). Research on the 
age and growth of //lex based on counts of daily statolith growth increments indicates a life span of 
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one year (Dawe eta/. 1985). //lex grow rapidly, achieving mantle lengths of 10 in (25 em) by the 
end of the summer. The growth of males and females is nearly identical at sizes less than 8" 
mantle length. In larger individuals the males are slightly heavier at a given length than females. In 
spring and summer 11/ex commonly average 6-7'' mantle length and weigh 2-4 oz. By late summer 
and early autumn they have increased to an average size of about 7-1 0 .. long and weigh 4-11 oz. 
Because only a single cohort is available at any time, the stock is very vulnerable to recruitment 
overfishing. 

2.1.3.4. Butterfish 

Butterfish spawning takes place chiefly during summer (June- August) in inshore waters generally 
less than 1 00' deep. The times and duration of spawning are closely associated with changes in 
surface water temperature. The minimum spawning temperature is approximately 60 °F. Peak egg 
production occurs in Chesapeake Bay in June and July, off Long Island and Block Island in late 
June and early July, in Narragansett Bay in June and July, and in Massachusetts Bay June to 
August (Grosslein and Azarovitz 1982). 

Butterfish eggs, 0.027-0.031'' in diameter, are pelagic, transparent, spherical, and contain a single 
oil globule. The egg membrane is thin and horny. Incubation at 65 °F takes less than 48 hours. 
Newly hatched larvae are 0.08" long and like most fish larvae are longer than they are deep. At 
0.2 .. larval body depth has increased substantially in proportion to length, and at 0.6" the fins are 
well differentiated and the young fish takes on the general appearance of the adult. Larvae are 
found at the surface or in the shelter of the tentacles of large jelly fish (Grosslein and Azarovitz 
1982). 

Butterfish eggs are found throughout the New York Bight and on Georges Bank, and they occur in 
the Gulf of Maine, but larvae appear to be relatively scarce east and north of Nantucket Shoals. In 
1973, from mid-June to early September, larvae were common in the plankton off Shoreham, NY. 
Post larvae and juveniles were common in plankton net samples taken in August in the vicinity of 
Little Egg Inlet, NJ. Juveniles 3·4" long have been taken in Rhode Island waters in late October 

, (Grosslein and Azarovitz 1982). 

Growth is fastest during the first year and decreases each year thereafter. Young of the year 
butterfish collected in October trawl surveys (at about 4 months old) average 4.8" long. Fish about 
16 months old are 6.6", at about 28 months old fish are 6.8", and at 40 months old they are 7 .8". 
Maximum age is reported as six years. More recent studies showed that the population was 
composed of four age groups ranging from young of the year to over age three (Grosslein and 
Azarovitz 1982). Some butterfish are sexually mature at age one, but all are sexually mature by 
age two (Grosslein and Azarovitz 1982). 

2.1.4 ESTIMATES OF MAXIMUM SUSTAINABLE YIELD 

2.1.4.1 Atlantic mackerel 

The MSY estimate used in previous Amendments to this FMP was 134,000 mt, based on the 
long-term equilibrium catch projections presented by Anderson (1985). Anderson (1985) also 
examined the stock recruitment relationship for mackerel. He found a relationship between year 
class size at age 1 and the spawning stock biomass that produced that year class, which indicated 
that low spawning stock levels had a high probability of producing poor year classes. Although 
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there was no distinct separation between levels of spawning stock biomass which have typically 
produced good or poor year classes, a level of about 700,000 mt appeared appropriate based on 
stock and recruitment data available at that time. 

For example, during 1962-1984, the estimated spawning stock biomass was 634,000 mt or less 
during 15 of those 23 years (averaging 391,000 mt per year), and only 4 of the 15 year classes 
produced were above median size (740 million fish at age 1 ). In the remaining 8 years, spawning 
stock biomass was 721,000 mt or higher (averaging 1,145,000 mt per year) and 7 of the 8 year 
classes produced were above median size. All year classes were above median size when 
spawning stock biomass was 763,000 mt or higher. Anderson (1985) concluded that there 
seemed to be a stock recruitment relationship sufficient to be of guidance for management 
purposes. From the standpoint of ensuring a high probability of good recruitment, Anderson (1985) 
suggested maintaining a spawning stock biomass of 700,000 mt or higher, although the Council 
later chose to modify this to 600,000 mt. 

The Council considered a re-examination of the stock recruitment relationship by the MAFMC 
Scientific and Statistical (S&S) Committee appropriate given that an updated S-R time series was 
available from the 1991 stock assessment. The S&S Committee found the median year class size 
for the 28 year Atlantic mackerel stock-recruitment time series to be 1.277 billion fish. During the 
17 of 28 years when spawning stock biomass (SSB) was less than 900,000 mt, only 35% (6 of 
17) of the ensuing year classes were observed to be above the median. The majority of year 
classes (65%) produced when SSB was less than 900,000 mt fell below the median. Conversely, 
82% of the year classes were above the median recruitment level when SSB exceeded 900,000 
mt. The S&S Committee concluded that a minimum of SSB threshold of 900,000 mt should replace 
the original estimate of 600,000 mt (MAFMC 1994). Hence, the Council chose to increase the 
minimum SSB threshold level for Atlantic mackerel to 900,000 mt in Amendment 5 to the FMP. 

Recent analyses conducted by Applegate eta/. 1998 provide revised estimates of MSY and BMsv for 
Atlantic mackerel. Biological reference points based on MSY were derived for Atlantic mackerel 
with an age-based production model. Spawning stock biomass (SSB) and recruitment (R) were 
derived from virtual population analysis (1962-1993). A Ricker SSB-R relationship was fit to the 
entire time series of VPA estimates, and model residuals were resampled for 2,500 bootstrap 
solutions. MSY, BMsv• and FMsv were calculated from each bootstrap solution and estimates of yield 
per recruit and SSB per recruit. 

The median bootstrap estimate of MSY was 326,000 mt, with an 80% confidence interval of 
230,000-440,000 mt. MSY estimates were generally less than a provisional estimate from surplus 
production modeling (424,000 mt), but substantially greater than the previous estimate of 
long-term potential yield (134,000 mt), which was based on the analysis of YPR and average 
recruitment. The median estimate of BMsv was 890,000 mt, with an 80% Cl of 
660,000-1,560,000 mt. The BMsv estimate is slightly lower than the current SSB threshold 
(900,000 mt) which was based on the discontinuous distribution of recruitment, which was much 
greater when SSB exceeded 900,000 mt. The median estimate of FMsv was 0.45 with an 80% Cl 
of 0.25-0.80 (Applegate eta/. 1998). 

2.1.4.2 Loligo 

Sissenwine and Tibbetts ( 1977) estimated MSY to be about 44,000 mt, based on the assumptions 
of a moderate stock-recruitment relationship, an annual recruitment of about 1.5 billion individuals 
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and a life span of 18·36 months. Initial yield per recruit calculations based on an annual life cycle 
for Lo/igo indicated that for an estimated cohort of average size (2.2 billion squid), a maximum yield 
of 36,000 mt could be realized (NMFS 1994). More recently, NMFS (1996) estimated the long· 
term potential yield (L TPY) for Loligo to be 21,000 mt. The maximum optimal yield for the stock 
was estimated to be 26,000 mt (NMFS 1996a). 

2.1.4.3 //lex 

Lange (1984) estimated MSY for //lex to be 40,000 mt. In the most recent assessment, NMFS 
(1996) estimated L TPY for //lex to be about 14,600 mt. The biomass dynamics model used also 
provided an estimate of Max OY of 21 ,000 mt for //lex. MSY for //lex was estimated to be 24,000 
mt by NMFS (1996). 

2.1.4.4 Butterfish 

A preliminary estimate of MSY was 21,500 mt (Murawski and Waring 1978). This estimate 
assumed certain mesh sizes were used in the fishery and an average level of annual recruitment to 
the stock. These conditions may not be completely met. Mesh sizes used by domestic vessels 
frequently vary from that which theoretically will produce MSY. A realistic estimate of MSY, based 
on the present mix of gear in the fishery, may be between 15,000·19,000 mt. The best 
conservative estimate of MSY under current fishery conditions is approximately 16,000 mt. This is 
the MSY estimate used in previous Amendments to the FMP. It is also the "long·term potential 
catch" projected by USDC (1984). 

2.2 Description of Habitat 

2.2 DESCRIPTION OF HABIT AT 

2.2.1 Inventory of Environmental and Fisheries Data 

According to section 600.815 (a)(2)(i)(A) an initial inventory of available environmental and 
fisheries data sources relevant to the managed species should be used in describing and identifying 
essential fish habitat (EFH). 

In section 600.815 (a)(2)(i)(8) in order to identify EFH, basic information is needed on current and 
historic stock size, the geographic range of the managed species, the habitat requirements by life 
history stage, and the distribution and characteristics of those habitats. 

Atlantic mackerel, Scomber scombrus L., is a fast ·swimming, pelagic schooling species distributed 
in the Northwest Atlantic from the Gulf of St. Lawrence to Cape Lookout North Carolina (Sette 
1943, 1950; Anderson 1976; MAFMC 1994). While there are two separate spawning contingents 
in the Northwest Atlantic, (Sette 1950), since 1975, all mackerel in this area have been assessed 
as a single unit stock (Anderson 1982) and are considered one stock for management purposes. 

The long-finned squid, Loligo pealei, is a pelagic schooling species of the molluscan family 
Loliginidae. It is distributed in continental shelf and slope waters from Newfoundland to the Gulf of 
Venezuela, with commercial abundances occurring from southern Georges Bank to Cape Hatteras. 
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The short-finned squid, //lex i/lecebrosus, is a pelagic species of the family Ommastrephidae, the 
oceanic squids. //lex is distributed on the western north Atlantic from the Labrador Sea to Florida 
Straits (Roper eta/. 1998). In the western Atlantic, it ranges from Greenland, Labrador and 
Newfoundland southward to Florida. 

The Atlantic butterfish, Peprilus triacanthus, is a fast-growing, short-lived, pelagic fish that forms 
loose schools, often near the surface (Schreiber 1973, Dery 1988, Brodziak 1995a). Butterfish 
range from Newfoundland and the Gulf of St. Lawrence to the Atlantic and Gulf coasts of Florida, 
but they are most abundant from the Gulf of Maine to Cape Hatteras (Bigelow and Schroeder 1953, 
Haedrich 1967, Horn 1970a, Powell eta/. 1972, Cooley 1978, Scott and Scott 1988, Brodziak 
1995a, Klein-MacPhee, in review). 

Climate, physiographic, and hydrographic differences separate the Atlantic ocean from the Gulf of 
Maine to Florida into two distinct areas, the New England-Middle Atlantic Area and the South 
Atlantic Area, with the natural division occurring at Cape Hatteras. These differences result in 
major zoogeographic faunal changes at Cape Hatteras (Briggs 1974). The New England region from 
Nantucket Shoals to the Gulf of Maine includes Georges Bank, one of the worlds most productive 
fishing grounds. The Gulf of Maine is a deep cold water basin, partially sealed off from the open 
Atlantic by Georges and Browns Banks, which fall off sharply into the continental shelf. 

The New England-Middle Atlantic area is fairly uniform physically and is influenced by many large 
coastal rivers and estuarine areas including Chesapeake Bay, the largest estuary in the United 
States, Narragansett Bay, Long Island Sound, the Hudson River, Delaware Bay, and the nearly 
~continuous band of estuaries behind the barrier beaches from southern Long Island to Virginia. The 
southern edge of the region includes the estuarine complex of Currituck, Albemarle, and Pamlico 
Sounds, a 2500 square mile system of large interconnecting sounds behind the Outer Banks of 
North Carolina (Freeman and Walford 1974 a-d, 1976 a and b). 

The South Atlantic region is .characterized by three long crescent shaped embayments, demarcated 
by four prominent points of land, Cape Hatteras, Cape Lookout, and Cape Fear in North Carolina, 
and Cape Romain in South Carolina. Low barrier islands occur along the coast south of Cape 
Hatteras with concomitant sounds that are only a mile or two wide. These barriers become a series 
of large irregularly shaped islands along the coast of Georgia and South Carolina separated from the 
mainland by one of the largest coastal salt-water marsh areas in the world. Similarly, a series of 
islands border the Atlantic coast of Florida. These barriers are separated in the north by broad 
estuaries which are usually deep and continuous with large coastal rivers, and in the south by 
narrow, shallow lagoons (Freeman and Walford 1976 b·d). 

The continental shelf (characterized by water less than 650 ft in depth) extends seaward 
approximately 120 miles off Cape Cod, narrows gradually to 70 miles off New Jersey, and is 20 
miles wide at Cape Hatteras. South of Cape Hatteras, the shelf widens to 80 miles near the 
Georgia-Florida border, narrows to 35 miles off Cape Canaveral, Florida and is 10 miles or less off 
the southeast coast of Florida and the Florida Keys. The shelf is at its narrowest, reaching seaward 
only 1.5 miles, off West Palm Beach, Florida. 

Surface circulation is generally southwesterly on the continental shelf during all seasons of the 
year, although this may be interrupted by coastal indrafting and some reversal of flow at the 
northern and southern extremities of the area. There may be a shoreward component to this drift 
during the warm half of the year and an offshore component during the cold half. The direction of 
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this drift, fundamentally the result of temperature-salinity distribution, is largely determined by the 
wind. A persistent bottom drift at speeds of tenths of nautical miles per day extends from beyond 
mid-shelf toward the coast and eventually into the estuaries. 

Water temperatures range from less than 33 °F in the New York Bight in February to over 80 °F off 
Cape Hatteras in August. The vertical thermal gradient is minimized during winter. In late April to 
early May, a thermocline develops in shelf waters except over Nantucket Shoals where storm 
surges retard thermocline development. The thermocline persists through the summer until surface 
waters begin to cool in early autumn. By mid-November surface to bottom temperature along the 
shelf is nearly homogeneous. 

Coastwide, an annual salinity cycle occurs as the result of freshwater stream flow and the intrusion 
of slope water from offshore. Water salinities nearshore average 32 ppt, increase to 34-35 ppt 
along the shelf edge, and exceed 36.5 ppt along the main lines of the Gulf stream .. 

2.2.1.1 Atlantic mackerel 

2.2.1.1.1 Range 

Northwest Atlantic mackerel are primarily found in the open sea (although rarely beyond the 
continental shelf) from Black Island, Labrador (Parsons 1970) to Cape Lookout, North Carolina 
(Figure 1; Collette and Nauen 1983) with eggs, larvae and juveniles also found at varying levels of 
abundance in bays and estuarine areas from New Jersey north through New England and into 
Canadian waters (see also Sette 1 950). 

While there are two major spawning contingents in the Northwest Atlantic (Sette 1950), since 
1975 all mackerel in this area have been assessed as a single unit stock (Anderson 1982) and are 
managed as a single transboundary stock. Sette (1950) described northern and southern population 
contingents of Atlantic mackerel in the northwest Atlantic with different spring and autumn 
migration patterns and summer distributions. Various methods have attempted to discriminate the 
two contingents in the northwest Atlantic, including meristic analyses (MacKay and Garside 1969), 
comparison of parasitic fauna (lsakov 1976), genetic variability (Maguire et al. 1987) and 
differences in otoliths (Gregoire and Castonguay 1989; Castonguay et al. 1991 ). While there were 
some significant differences, overlaps in character distributions have prevented the development of 
a useful discrimination method. 

During the winter, Atlantic mackerel apparently overwinter in deep water of the continental shelf 
from Sable Island Bank, off Nova Scotia to the Chesapeake Bay region and in spring move inshore 
and northeast, reversing this pattern in the fall (Sette 1950; Leim and Scott 1966; MacKay 1 967; 
Berrien 1982). In April and early May the fish form the two spawning aggregations, i.e., a southern 
contingent that spawns off New Jersey and New York and a northern contingent that spawns in 
the Gulf of St. Lawrence. 

As fish from the southern contingent move northeast along the coast, they are joined by the 
schools from the northern contingent also moving inshore. The overwintering area and timing of 
migration varies annually, probably influenced by meteorological events or regional conditions with 
low spring temperatures significantly delaying the timing, extent and duration (Murray et al. 1983; 
Murray 1984). In fact, the seasonal cycle in temperature in the waters of the Mid-Atlantic and 
Southern New England (well-mixed water column in winter with temperatures less than 39 °F (4 °C) 
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near the coast to greater than 46 °F (8 °C) near the shelf edge; warming surface layers in spring 
and gradual warming from south [to 77 °F; 25 °C] to north [to about 64 °F; 18 °C] and subsequent 
fall cooling) are certainly important environmental factors influencing migration and distribution 
(Overholtz eta/. 1991 a). This is supported by field studies that have shown that mackerel are 
intolerant of temperatures less than 41-43 °F (5-6 °C) or greater than 59-61°F (15-16°C; Overholtz 
and Anderson 1976) and laboratory studies that have confirmed that as temperatures departed 
from preferred ranges ( 45-60 °F; 7.3-15.8 °C) swimming speeds of adult mackerel increased, 
reflecting thermal avoidance (OIIa et a/.1975, 1976). By late April and May, the southern 
contingent is distributed off New Jersey and Long Island moving into the western side of the Gulf 
of Maine by June and July, returning to the shelf edge probably between Long Island and 
Chesapeake Bay by October (Sette 1950; Berrien 1982). 

The northern fraction, by late spring, has moved inshore off southern New England, mixing 
temporarily with the southern contingent before migrating eastward along the coast of Nova Scotia, 
and moving into the Gulf of St. Lawrence where they spawn in June and July. Some fish however, 
remain along the coasts of Maine and Nova Scotia throughout the summer. This contingent again 
mixes with fish from the southern group in late fall in the Gulf of Maine before moving to the outer 
shelf between Sable Island Bank and Long Island to overwinter (Sette 1950; Parsons and Moores 
1974; Moores eta/. 1975). Temperature may not be as limiting for this contingent since D' Amours 
and Castonguay (1992) found that mackerel occurred in June in eastern Cape Breton Island at 37 
°F (2.8 °C), 8 °F (4 °C) colder than the 45 °F (7 °C) isotherm proposed by Sette (1950) as the 
thermal barrier to northern migration. 

2.2.1.1.2 Status of the stock 

Total domestic landings, including commercial and recreational, of Atlantic mackerel in the 
Northwest Atlantic were 32,100 metric tons (mt) in 1993, 16% less than 1992 landings (Anderson 
1995; Figure 2). Canadian landings totaled 26,900 mt in 1993, a record since 1986, whereas 
United States commercial and recreational landings in 1993 were only 4,500 and 500 mt, 
respectively (Anderson 1995). Recent improvements in recruitment and reduced average annual 
landings enabled the Atlantic mackerel stock to recover from low biomass levels in the late 1970's 
(Anderson 1 995; Figure 2). 

During 1973-1977, Total Allowable Catches (TAC) were set for the southern spawning contingent 
in Northwest Atlantic Fisheries Organization (NAFO) Subareas 5 and 6 and for the northern 
contingent. However, there is no evidence for genetic differences between the contingents 
(MacKay 1967) and distinctions have not been made to determine individual contingent 
contributions to the total population (ICNAF 1975). As a result, Atlantic mackerel have been 
managed as a unit stock since 1975 (Anderson 1982). 

Atlantic mackerel landings reached a peak in the early 1970's of approximately 882 million lbs 
(400,000 mt) but were drastically reduced to 66.2 milllion lbs (30,000 mt) in the late 1970's 
(Anderson 1995; Figure 2). Throughout 1980-1988, landings increased to an average 182.4 
million lbs (82, 700 mt) until Total Allowable Level of Foreign Fishing (T ALFF) regulations for distant 
water fleet fishing activities in the Northwest Atlantic were eliminated in 1992 and landings 
subsequently decreased to 70.6 million lbs (32,000 mt) in 1993 (Anderson 1995). 

Northeast Fisheries Science Center fall and spring trawl survey data and assessment analyses 
indicate Atlantic mackerel stock biomass levels increased from 300,000 mt to 1.6 million mt in the 
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years 1962- 1969, however, levels decreased to an average 776,000 mt throughout 1 977~ 1981 
(Anderson 1 995; Figure 2). Stock biomass increased steadily throughout the 1980's and in 1990, 
levels increased to approximately 3 million mt, which is the current estimated biomass level 
(Anderson 1 995; Figure 2). Spawning stock biomass (50% of age 2 and 100% of age 3 and older 
mackerel) increased from 600,000 mt in 1982 to more than 2 million mt in 1990, and has remained 
at or above that level since. 

Regulations on landings of Atlantic mackerel were enforced in 1 976 in hopes of reducing fishing 
effort to ensure reproductive success in the population by keeping spawning stock levels above 
devastating levels. Recruitment has increased since 1976-1980 and strong year classes were 
evident in 1982, 1987, 1988, and 1990-1993 (NMFS 1991, 1996). The Stock Assessment 
Review Committee (SARC) in 1991 determined that due to increased Atlantic mackerel recruitment 
in recent years and reduced mortality rates, biomass levels have increased and currently, the fishery 
remains in an under-exploited state (NMFS 1991, 1996). 

2.2.1.1.3 Habitat requirements by life history stage 

The following information on eggs, larvae, juvenile, and adult mackerel habitat requirements is 
taken directly from the document "Essential Fish Habitat Source Document, Atlantic mackerel, 
Scomber scombrus, L.: Life history and Habitat Requirements" (Studholme eta/. 1998). This 
Studholme et al. (1998) document is referred to hereafter as the Atlantic mackerel EFH background 
document. Most of the Tables and Figures from Studholme et al. (1998) are included in this FMP. 
This Studholme et al. ( 1 998) Mackerel EFH background document is currently being modified for 
publication by NMFS and can be obtained in its entirety from NMFS, James J. Howard Marine 
Sciences Laboratory, 74 McGruder Road, Highlands, New Jersey 07732. 

An extensive literature review and synthesis has provided detailed information on the life history 
and habitat requirements of Atlantic mackerel (Table 1). The review is primarily limited to U.S. 
waters; however, due to the intermixing of the two contingents, some information also relates to 
fish in Canadian waters. 

2.2.1.1.3.1 Eggs 

Eggs are 0.4-0.5 in. (1 .09-1.36 mm) in diameter, have one oil globule 0.1-0.15 in. (0.26-0.37 mm) 
in diameter and are pelagic. 

Habitat requirements 

The eggs are pelagic in water over 34 ppt (Fritzsche 1 978), floating in surface waters above the 
thermocline or in the upper 33 to 49ft (1 0 to 15 m; Sette 1 943; Berrien 1982). Incubation time 
depends primarily on temperature: at 52 °F (11 °C), 7.5 days; at 55 °F (13 DC), 5.5 days and at 61 
°F (16 °C), 3.6 days (Worley 1933). Lanctot (1980) had similar results: at 52 DF (11 °C), 8 days; at 
55 DF (13 DC), 5.8 days and at 61 DF (16 °C), 3.9 days. 

Based on the 1978-1987 NMFS Northeast Fisheries Science Center's (NEFSC), Marine Resources 
Monitoring, Assessment, and Prediction (MAR MAP) offshore ichthyoplankton surveys, eggs were 
collected at near surface temperatures ranging from 41 to 73 D F (5 °C to 23 DC) with the largest 
proportion between about 45 and 61 DF (7 °C and 16 °C; Figure 3). In April, the highest abundances 

.'were collected from 45 to 48 DF (7 to 9 DC); in May, from 48 to 54 °F (9 to 12 DC); in June, from 
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50 to 54 °F ( 1 0 to 12 °C); while the few collected in July and August were at a wide range of 
temperatures (52 to 73 °F; 11 to 23 °C) (Figure 3). This is consistent with findings by Berrien 
( 1978) who reported that for May 1966, the weighted mean surface temperatures for all eggs 
collected from Martha's Vineyard to Chesapeake Bay was 52 °F (1 1.0 °C), (range 43-35; 6.3-16.9 
°C) with 97% collected at 48 to 57 °F (8. 7 to 13.8 °C). Sette (1 943) for 1932 collections, reported 
a weighted mean of 52 °F (1 0.9 °C) surface temperature with 98% occurring from 48 to 56 °F (9.0 
to 13.5 °C). Mortality may be influenced by acclimation temperatures of adult fish (Lanctot 1 980). 
Worley ( 1933) found minimal mortality at 61 °F ( 16 °C) which corresponded to capture temperature 
of the adults. Lockwood eta/. (1 977) found mortalities less than 20% between 49 and 59 °F (9.4 
and 15.1 °C). Ware and Lambert (1 985) also found that egg mortality rates of mackerel from St. 
George's Bay, Nova Scotia were highly correlated with the rate of warming during the spawning 

·season. 

·Salinities may also affect survival. Peterson and Ausubel ( 1 984) attributed high egg mortality to 
unusually low salinities (23 ppt) in Long Island Sound as compared with usual values of 25-27 ppt. 

Eggs were collected at depths in the water column ranging from 33 to 1 280 ft ( 10 to 325 m); the 
majority were collected from 98 to 230 ft (30 to 70 m; Figure 3). In April, the highest numbers of 
eggs were collected at depths of 33-98 ft (1 0 30m); in May from 98-164 ft (30- 50 m); in June, 
July and August, at depths of 98-230 ft (30- 70 m; Figure 3). Ware and Lambert (1985) found 
that mackerel eggs in St. George's Bay tended to concentrate near the surface, particularly under 
light winds and decline exponentially with depth with the rate of decline a function of egg diameter 
and temperature gradient in the top 16ft (5 m). 

Distribution and abundance 

The MARMAP offshore ichthyoplankton surveys found eggs from offshore waters off Chesapeake 
Bay to George's Bank and the Gulf of Maine (Figure 4). Egg production progressed northward from 
April through May, June and July as would be expected based on the spawning/migratory patterns 
of adults. For example, egg production in April extended from Chesapeake Bay to coastal New 
Jersey and along the south shore of Long Island: in May from the shelf waters off New Jersey to 
Nantucket, the southern edge of Georges Bank and the western Gulf of Maine: in June off southern 
Rhode Island, in the region of Massachusetts Bay and the western Gulf of Maine. By July, some 
eggs were collected along Georges Bank while by August, few, if any, eggs were found. Highest 
densities (eggs/1 08 ft2; eggs/10m2) were in May (greater than 39,000) and June (greater than 
53,000). This pattern of production and distribution is consistent with previous reports (Sette 
1943; Bigelow and Schroeder 1953; Collette in prep.). Eggs have been collected from early June to 
mid-August on the southern side of the Gulf of St. Lawrence (Sette 1 943) and this area is 
considered an extremely productive spawning ground (Colette in prep.). 

2.2.1.1.3.2 Larvae 

Atlantic mackerel average about 0.12 to 0.13 in (3. 1 to 3.3 mm ) standard length (SL) at hatching 
and have a large yolk sac; the eyes are large and unpigmented (Sette 1 943, Bigelow and Schroeder 
1953, Colton and Marak 1969, Berrien 1975, Ware and Lambert 1985, Scott and Scott 1 988). The 
50% threshold for the onset of feeding is 0.15 in (3.8 mm; Ware and Lambert 1 985). At about 
0.16-0.24 in (4-6 mm) the yolk sac is absorbed by which time there is a considerable change in 
body pigmentation (Berrien 1 975). Larvae undergo major changes in body form and Sette (1 943) 
describes a transition stage between the larval and post-larval stages (about 0.35-0.39 in; 9-10 
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mm) where fins are in various stages of development. 

Habitat requirements 

Based on the MARMAP surveys, larval distribution occurs at water column temperatures ranging 
from 43-72 °F (6 to 22 °C) with the largest proportion between about 46 and 55 °F (8 oc and 13 
°C; Figure 5). In May, the majority of larvae were found at 46 to 50 °F (8 to 10 °C); in June at 46 
to 52 °F (8 to 11 °C); in July at 46 °F (8 °C) and 50 to 52 °F ( 1 0 to 11 °C); and in August at 48 °F 
(9 °C) and 54 to 55 °F (12 to 13 °C; Figure 5). For larvae collected during May, June and August 
1966, Berrien ( 1978) indicated that surface water temperatures ranged from 54 to 69 °F ( 12.3 to 
20.7 °C) with 96% occurring from 57 to 62 °F ( 13.7 to 16.8 °C). Ware and Lambert ( 1985) found 
that larval mortality rates (about 42%/d) were positively correlated with temperature. 

Larvae were collected at depths ranging from 33 to 427ft (1 0 to 130m; Figure 5). With the 
exception of July when 50% were collected at a depth of 230 ft (70 m), larvae were primarily 
distributed at depths less than 164ft (50 m; Figure 5). Sette ( 1943) reports that larvae vertically 
migrate diurnally from the surface at night to the thermocline during the day. Ware and Lambert 
(1985) found that in St. George's Bay, recently-hatched larvae were collected at depths of 16-33 ft 
(5-1 0 m) and as they grew they moved progressively closer to the surface during the day; between 
0.11-0.31 in (3-8 mm), median depth increased at a rate of 2.2 ft/d (0. 7m/d). 

Distribution and abundance 

The 1977-1987 MARMAP offshore ichthyoplankton surveys also found larvae in waters less than 
43ft (13m) from waters off Chesapeake Bay to the Gulf of Maine although more were 
concentrated offshore of Delaware Bay to Massachusetts Bay from inshore waters to the seaward 
limits of the survey (Figure 6). Larvae were collected from May through August with the highest 
average mean density (greater than 93/ft2

; 10,000/10 m2 ) occurring in June ranging from inshore 
to offshore from southern New England to the Hudson Canyon with considerable numbers collected 
north of Cape Cod. This was north of where larvae were most abundant(greater than 19/ft2; 

2000/10 m2) in May. Mean densities were low in July (less than 1/ft2; 102/10 m2) with few, if any, 
(less than 0.3/ft2

; 32/10 m2
) collected in August. Berrien ( 1978) reported that in May 1966, larvae 

were caught between Chesapeake Bay and Oregon Inlet NC across the continental shelf while by 
June larvae had spread from Martha's Vineyard to Currituck Beach, NC. The largest abundance was 
off Montauk Point, NY. By June, most larvae occurred to the north, while in August few were 
caught. This pattern also corresponds with previous reports by Sette ( 1943). 

2.2.1.1.3.3 Juveniles 

Post-larvae gradually transform from planktonic to swimming and schooling behavior at about 1.2 
to 1.9 in (30 to 50 mm; Sette 1943). Fish reach a length of about 1.9 in (50 mm) in about two 
months at which time they closely resemble adults and reach 7.9 in (20 em) in December after 
about one year of growth (Sette 1943; Bigelow and Schroeder 1953; Anderson and Paciorkowski 
1980; Berrien 1982; Collette in prep.). Kendall and Gordon (1981) show somewhat faster larval and 
juvenile growth rates based on daily growth increments from otoliths taken from fish collected in 
the Middle Atlantic Bight, i.e. about 2.8 to 3.1 in (70 to 80 mm) in two months; however, these 
were not verified by comparison with fish of known age. Ware and Lambert (1985) found that in 
St. Georges Bay, Nova Scotia, at 59-63 °F (15-17 °C), growth rates of juveniles (greater than 0.59 
in; 15 mm) averaged 0.03 in./d (0. 73 mm/d) from birth to metamorphosis, similar· to the estimates 
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by Kendall and Gordon (1981 ). Using daily growth rings, D' Amours eta/. (1990) estimated that 
young mackerel from the northern contingent would grow faster earlier in their first growing season 
which would be consistent with Sette's (1950) conclusions. However, Simard eta/. (1992) 
calculated that growth curves of juvenile Atlantic mackerel, based on otolith samples from the 
northern and southern spawning groups were not significantly different at least for up to 90 days in 
age. 

Habitat requirements 

Based on the 1964-1997 NEFSC bottom trawl surveys, juveniles in the fall were caught at 
temperatures ranging from 39 to 72 °F (4 to 22 °C), with the majority (greater than 55%) occurring 
at 50 °F (1 0 °C). In the winter 90% were collected at 41-43 (5·6 °C), ranging from 37-54 °F (3-12 
°C; Figure 7). Distribution temperatures were a little broader in spring (39·63 °F; 4-17 °C) and 
summer (39-66 °F; 4-19 °C). Although the majority of juveniles (greater than 60%) were still found 
at 41-43 °F (5-6 °C) in the spring, by summer distribution had shifted to higher temperatures with 
greater 40% collected.at 46 °F (8 °C) and 40% at 55 °F (13 °C; Figure 7). 

In the fall, the majority of juveniles (greater than 77%) were at depths of 66-99 ft (20-40 m) 
ranging from surface to 1050 ft (320 m); in the winter greater than 60% were at slightly deeper 
depths ( 164-230 ft; 50-70 m) while by spring they were widely dispersed through the water 
column (surface to 1115 ft; 340m) but concentrated (greater than 75%) at depths ranging from 
99 to 297ft (30 to 90 m; Figure 8). By summer, fish were higher in the water column (surface to 
690ft; 210m) with about 94% distributed from 66 to 164ft (20-50 m) in two peaks (Figure 8). 

Distribution and abundance 

Collections of Atlantic mackerel from the 1964-1997 NEFSC bottom trawl surveys indicate that the 
distributions of juveniles (less than and equal to 9.8 in; 25 em) ranged from Cape Hatteras to 
_George's Bank, southwestern Nova Scotia and the Gulf of Maine (Figure 9a-d), and was similar to 
adults. In spring, juveniles tended to be distributed further inshore than adults, which were 
distributed along the outer edge of the Continental Shelf (Figures 9a-d). In fall, a few juveniles 
were collected in the near coastal waters of the Mid-Atlantic and southern New England, 
particularly eastern Long Island, (Figure 9c). The mean number of fish caught was highest in 
summer for juveniles (351/station), with more collected in the spring than in the fall reflecting the 
movements of the southern spawning contingent inshore. The greatest abundance in spring occurs 
in the oceanic waters between Chesapeake Bay and southern New England (Figure 9a), as the fish 
move north. Winter and summer distributions are presented as presence/absence data (Figure 9b, 
9d) precluding a discussion of abundances. 

2.2.1.1.3.4 Adults 

By the end of their second year, fish reach about 10 in (26 em )and after five years about 13 in (33 
em; Anderson 1973; lsakov 1973; Stobo and Hunt 1974). Fish that are 6 years old ·can reach a 
length of 15.3 to 15.4 in (39 to 40 em). Based on studies of Canadian mackerel, MacKay (1967) 
theorized that growth is population density dependent, i.e. that abundant year classes grow more 
slowly than less abundant year classes, although Moores et al. (1975) did not find this to be true 
for Newfoundland fish. Overholtz (1989) found the 1982 cohort to be one of the slowest growing 
on record; it is one of the largest recruiting year-classes recorded. Large differences in mackerel 
growth suggest that year-class size partially influences the initial pattern of growth during a 
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cohort's first years (Overholtz eta/. 1991 b). Thus, early growth may be related to year-class size, 
while stock size may b_e more influential after the juveniles join the offshore adults (Overholtz eta/. 
1991a; Collette in prep.). 

There is some variation in estimates of size and age at maturity. Based on samples of Atlantic 
mackerel collected from 1987-1989 by the NEFSC groundfish surveys, median length at maturity 
(L50) was 10.1 in (25. 7 em) for females and 10.2 in (26.0 em) for males; median age (A50 ) was 1.9 
years for both (O'Brien et al. 1993). By age 3, 99% of the females and 97% of the males were 
mature (0' Brien et al. 1993). Fish collected in Newfoundland waters from June-September 1970-
1973 had higher values for L50 of 13.4 in (34 em) and 13.8 in (35 em) for males and females 
respectively (Moores et al. 1975). MacKay (1967) reported first spawning for mackerel occurred at 
age 2 and lengths greater than 11.8 in (30 em) for fish collected in May-July 1965-1966 from the 
Gulf of St Lawrence and coastal Nova Scotia and Massachusetts. These differences in median 
maturity may be due to the slower growth of larger year classes that may delay spawning from one 
to three years (MacKay 1973, Overholtz 1989). Consequently, both year-class size and adult stock 
size may be important factors regulating growth in Atlantic mackerel (Overholtz 1989, Overholtz et 
al. 1991 b). 

Reproduction 

Spawning occurs during spring and summer and progresses from south to north as the surface 
waters warm and fish migrate (Sette 1943). There are two spawning contingents; a southern group 
that spawns primarily in the Mid-Atlantic Bight and Gulf of Maine from mid-April to June and a 
northern contingent that spawns in the southern Gulf of St Lawrence from the end of May to mid
August (Berrien 1982). The southern contingent begins spring spawning migration by moving 
inshore between Delaware Bay and Cape Hatteras, usually between mid-March and mid-April 

. depending to some extent on water temperature (Berrien 1982). The northern contingent begins to 
move inshore off southern New England usually in late May, mixing temporarily with part of the 
southern contingent before migrating eastward along the coast of Nova Scotia, where they are 
joined by other mackerel schools from offshore before moving into the Gulf of St. Lawrence to 
spawn (Berrien 1982). Small fish ( < 30cm) lag behind larger fish and spawn later (Berrien 1982). 

. The majority of the spawning occurs in the shoreward half of continental shelf waters, although 
there is some spawning on the shelf edge and beyond (Berrien 1982; Collette in prep.). Sette 
(1943) described the area bordered by southern New England and the Middle Atlantic states as the 
most important spawning grounds for mackerel. Current information indicates that the oceanic 
bight between Chesapeake Bay and southern New England is the most productive area. The Gulf of 
St Lawrence is somewhat less so although the southern side is considered extremely productive for 
the northern contingent (MacKay 1973) while the Gulf of Maine and coast of outer Nova Scotia are 
the least (Sette 1950; Collette in prep.). Some open bays, i.e. Cape Cod Bay and Massachusetts 
Bay are sites of some importance with spawning fish abundant or common from May to July and 
August (Table 2). While according to Wheatland (1956), spawning occurs rarely in Gardiner's Bay 
and Long Island Sound, recent assessments of relative abundance of eggs and larvae in these areas 
show that both life stages are highly abundant and abundant in April and May (Table 2). Well
enclosed bays, especially those receiving considerable river inflow such as Chesapeake Bay and 
Delaware Bay show little evidence of spawning (Table 3). 

Factors controlling spawning time are unclear. Morse (1980) indicated that the regularity in 
spawning shown by Ware (1977), points to an internal control or constant external stimulus, e.g., 
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photoperiod changes, which ensures that peak hatching occurs at the time of maximum 
zooplankton abundance. Based on field investigations (Nichols and Warne 1993), and laboratory 
observations (Walsh and Johnstone 1992) there appears to be no diel periodicity in spawning with 
no significant peaks either during the day or night. Sette (1943) noted that temperature < 7 °C is a 
limiting factor in migration which subsequently affects timing of spawning in specific locations. 
Based on the Northeast Fisheries Science Center (NEFSC) 1977-1987 MARMAP ichthyoplankton 
surveys, spawning does not begin until temperatures reach -7-8 °C, with most occurring between 9 
and 14 oc (Berrien 1982; Collette in prep.). Sette (1943) stated that peak spawning occurs within 
that range at around 10-12 °C at salinities > 30ppt. These temperatures were in the preferred 
range (7-16 °C) determined for adult mackerel in the laboratory (OIIa et al. 1975, 1 976). Thus 
spawning season is progressively later as water temperatures warm and fish migrate from south to 
north. 

Atlantic mackerel are serial, or batch, spawners with estimates of total fecundity ranging from 
285,000 to 1.98 million eggs for southern contingent mackerel between 12.2 and 17.3 in (31 and 
44 em) FL (Morse 1 980). Based on a very limited sample of northern contingent mackerel, 
fecundity estimates ranged from 211,000 to 397,000 eggs for 13.8 and 15.7 in (35 and 40 em) 
females respectively (MacKay 1973). Analysis of egg diameter frequencies indicate that five to 
seven egg batches are spawned by each female (Morse 1 980). 

Habitat requirements 

Based on the 1964-1997 NEFSC bottom trawl surveys, adults in the fall were found in slightly 
narrower range of temperatures than juveniles (39-61 °F; 4-16 °C) with greater than 80% caught 
from 48-54 °F (9-12 °C; Figure 1 0). Winter distribution was similar to the juveniles with nearly 70% 
at 41-43 °F (5-6 °C), ranging from 37-55 °F (3- 1 3 °C) (Figure 1 0). Spring ranges were similar (36-
57 of; 2-14 °C), but adults were distributed more evenly through a temperature band of 41-55 °f 
(5-13 °C) with less than 25% at 55 °F (13 °C; Figure 1 0). By summer, fish were found at 
temperatures ranging from 39-57 Of (4-14 °C) with greater than 30% at 50-52 °F (1 0-11 °C) and 
greater than 35% at 57 °F (14 oc; Figure 1 0). These temperatures are within the ranges previously 
reported for mackerel. In addition, Bigelow and Schroeder ( 1953) indicate that the highest 
temperature at which mackerel are commonly found is 68 °F (20 °C) while commercial catches are 
sometimes taken at 7 °F (7 °C). In the northern Gulf of St. Lawrence, concentrations of mackerel 
were found at 39 °F (4 °C); however, the overall probability of occurrence inshore was higher when 
near-bottom temperatures were greater than or equal to 45 °F (7 °C; Castonguay eta/. 1992). 

As stated previously in the migration section, field studies have shown that mackerel are intolerant 
of temperatures less than 41-43 °F (5-6 °C) or greater than 59-61 °F (15-16 °C: Overholtz and 
Anderson 1976) and laboratory studies that have confirmed that as temperatures departed from 
preferred ranges (45-60 °F; 7.3 to 15.8 °C) swimming speeds of adult mackerel increased, 
reflecting thermal avoidance (OIIa et a/.1975, 1976). Again, temperature may not be as limiting for 
the northern contingent since D' Amours and Castonguay (1992) found that mackerel occurred in 
June in eastern Cape Breton Island at 37 °F (2.8 °C), 8 °F (4 °C) colder than the 45 °F (7 °C) 
isotherm proposed by Sette (1 950) as the thermal barrier to northern migration. 

Based on the 1 964-1997 NEFSC bottom trawl surveys, adults in the fall were spread from 33-1115 
ft (1 0 to 340m); however greater 50% were caught at 198-264 ft (60 to 80 m; Figure 1 1 ). By 
winter, while fish were still found at depths of 33-891 ft (1 0-270 m), about 50% were swimming 
at depths of 66 to 99 ft (20 to 30 m; Figure 1 1 ). By spring fish were broadly dispersed from the 
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surface to as deep as 1254 ft (380m); however, about 25% were at depths of 528 to 561ft (160 
to 170 m; Figure 11 ). By summer, schools had again moved upward in the water column, 
swimming at depths of 33 to 594 ft (1 0 to 180 m) with greater than 60% at depths of 164 to 230 
ft (50 to 70 m; Figure 11 ). This depth range is broader than reported by Bigelow and Schroeder 
(1953) who stated that while mackerel can swim as deep at 604ft (183 m), in spring, summer and 
into fall they swim at depths of 151 to 180ft (46 to 55 m) or less. According to Sette (1950) 
larger fish tend to swim deeper than smaller ones. 

In the northern Gulf of St. Lawrence, vertical distribution was greatest at 50 and 114 ft ( 15 and 35 
m) with mackerel occurrences positively correlated with downwelling events and the onshore 
advection of warm surface waters (Castonguay et al. 1992). 

Distribution and abundance 

Collections of Atlantic mackerel from the 1964-1997 NEFSC bottom trawl surveys indicate that the 
distributions of adults (greater than or equal to 1 0 in; 26 em) ranged from Cape Hatteras to 
George's Bank, southwestern Nova Scotia and the Gulf of Maine, and was similar to juveniles 
(Figures 12a-d). Adults tended to be distributed further offshore than the juveniles, along the outer 
edge of the Continental Shelf (Figure 12a-d). In fall, adults were absent near coastal waters of the 
Mid-Atlantic and southern New England, particularly eastern Long Island (Figure 12c). The mean 
number of fish caught was highest in winter for adults (1 06/station), with more collected in the 
spring than in the fall reflecting the movements of the southern spawning contingent inshore. The 
greatest abundance in spring occurs in the oceanic waters between Chesapeake Bay and southern 
New England (Figure 12a), as the fish move north. Winter and summer distributions are presented 
as presence/absence data (Figure 12b, 12d) precluding a discussion of abundances. 

2.2.1.1.4 Importance of Atlantic mackerel in state waters 

Although Atlantic mackerel are an offshore pelagic species, eggs, larvae, and juveniles are found to 
varying degrees in estuaries and bays of New England and the Mid-Atlantic. The primary data 
source for Atlantic mackerel in state waters is NOAA's Estuarine Living Marine Resources Program 
(ELMR; Tables 2 and 3), while not as quantitative as the NEFSC trawl data it does describe the 
Atlantic mackerel spatial (Tables 2) and temporal (Table 3) relative abundance by life stage and 
month in the various coastal estuaries from Waquoit Bay, Massachusetts to James River, Virginia 
(Figures 13a-e). 

While Atlantic mackerel may be important in other states' water, currently, the only state data 
available to NMFS in a consistent electronic format is Massachusetts Inshore Trawl Survey, 
Connecticut Trawl Survey- Long Island Sound, and the NMFS Trawl Survey - Hudson-Raritan 
Estuary/Sandy-Hook Bay. These data will not be used to designate EFH within estuaries, because 
other states' data are not currently available in a format makes it possible to compare them. 

· Therefore, it will only be used to confirm ELMR data. These, data generally agree with ELMR 
presence/absence data for these estuaries. Data collected from other states' seine and trawl 
surveys, as it becomes available in a comparable format, will be incorporated in future iterations of 
this FMP. 
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2.2.1.2 !oligo 

2.2.1.2.1 Range 

Lollgo are found from Newfoundland to the Gulf of Venezuela, however, principal concentrations 
occur from Georges Bank to Cape Hatteras (Figure 14; Brodziak 1995b). Loligo are generally found 
at water temperatures of at least 48 °F (9 °C; Lange and Sissenwine 1980). The species undergoes 
seasonal migrations that appear to be related to bottom water temperatures; they move offshore 
during late autumn to overwinter along the edge of the continental shelf and return inshore during 
the spring and early summer (Middle Atlantic Fishery Management Council 1996). During winter 
and early spring, when inshore waters are coldest, the population concentrates along the outer 
edge of·the continental shelf where waters are 48-55 °F (9-13 °C). The inshore movement to the 
shelf areas takes place when water temperatures are rising (Black eta!. 1987), and begins in the 
south and proceeds northward along the coast (Middle Atlantic Fishery Management Council 1996). 
A northerly extension of the range has been noted in summer (Black eta/. 1987). 

2.2.1.2.2 Status of the stock 

The Northwest Atlantic, Cape Hatteras to the Gulf of Maine, commercial landings of long-finned 
squid, Lollgo pealei, were 12,459 mt in 1996, a 33% decrease over the 1995 landings of 18,500 
mt, and a 45% decrease from the 1994 landings of 22,500 mt (Figure 15) (NMFS 1996a, NEFSC 
unpublished data). Of the 1993 landings of 22,300 mt, 56% were taken in the Middle Atlantic 

; Bight between Hudson Canyon and Baltimore Canyon and 50% were caught in the winter from 
January through March (NMFS 1996a). 

Annual landings of Lollgo pea/el by the distant water fleet from North Carolina to Maine were 
highest from 1972-1976 with a peak of 37,600 mt in 1973 (Lange 1982). Foreign fishing 

· regulations were enforced in 1977 (Middle Atlantic Fishery Management Council 1996) and during 
the following three years, landings decreased to an average 15,000 mt, then increased slightly in 
1980-1984, but fell again to 15,000 mt in 1985-1987 (NMFS 1996a). Directed foreign fishing 
was eliminated in 1987 and commercial landings continued to fluctuate throughout the late 1980's 
and early 1990's. Annual domestic landings of Loligo averaged 17,800 mt in 1987-1992 (Brodziak 
1995b) and were taken primarily in the winter fishery in offshore waters of the New York Bight 
(NMFS 1996a). 

Long-term data from the Northeast Fisheries Science Center fall and spring bottom trawl surveys 
indicate fluctuations in seasonal biomass as well. In the fall of 1973-1976, Loligo pealei stock 
biomass averaged 136.7 million lbs (62,000 mt; NMFS 1996a). It was during this time period 
when the peak of 82.9 million lbs (37 ,600 mt) was landed in the commercial fisheries. Stock 
biomass in the spring of 1972-1976 was also above average with estimates of 22,000 mt. 
However, biomass decreased in the spring and fall of 1977-1982 to 10,000 and 33,000 mt, 
respectively, and during this time, commercial landings also declined (NMFS 1996a). During the 
next nine years, spring and fall biomass levels remained relatively above average with few periods 
of low abundance. 

Throughout 1992-1994, biomass decreased to considerably lower levels than those during 1989-
1991. Average spring and fall biomass levels in 1992-1994 were 12,000 and 45,000 mt, 
respectively, and the spring 1994 level was almost a record low (NMFS 1996a). Stock biomass 
levels in the fall of 1992 and spring of 1993 were estimated to be 35-50% below the historical 
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average (MAFMC 1 995) even though the number of pre-recruits per tow were the highest ever in 
the fall of 1992 (Brodziak 1 995b). Currently, the Loligo pealei stock in the Northwest Atlantic from 
Cape Hatteras to the Gulf of Maine has a medium biomass level which is almost fully exploited 
(NMFS 1 996a). 

2.2.1.2.3 Habitat Requirements by life History Stage 

The following information on eggs, larvae, juveniles, and adult Loligo habitat requirements is taken 
directly from the document "Essential Fish Habitat Source Document, Long-finned squid, Lo/igo 
pealei,: Life History and Habitat Requirements (Cargnelli eta/. 1 998). Most of the Tables and 
Figures from Cargnelli eta/. (1 998) are included in this FMP. This Cargnelli eta/. (1 998) Loligo EFH 
backgrc;>und document is currently being modified for publication by NMFS and can be obtained in 
its entirety from NMFS, James J. Howard Marine Sciences Laboratory, 74 McGruder Road, 
Highlands, New Jersey 07732. 

An extensive review and synthesis of the peer-reviewed literature has provided information on the 
habitat requirements and preferences of Loligo. This information is summarized in Table 4 
(Cargnelli eta/. 1998). 

Pre~recruits and recruits are stock assessment terms used by NEFSC and correspond roughly to the 
life history stages juveniles and adults, respectively. Loligo pre·recruits are less than or equal to 8 
em and recruits are greater than 8 em. 

2.2.1.2.3. 1 Eggs 

The 0.04 in x 0.06 in (1 mm x 1.6 mm) eggs are encased in a gelatinous capsule as they pass 
through the female oviduct during mating. Each capsule contains about 150-200 eggs (Arnold et 
a/. 1974, Gesner 1978, Middle Atlantic Fishery Management Council 1996) and is about 1.97-3.15 
in (50-80 mm) long and 0.39 in (1 em) in diameter (Gosner 1978, Lange 1982, Middle Atlantic 
Fishery Management Council 1996). During spawning the male cements bundles of 
.spermatophores into the mantle cavity of the female, and as the capsule of eggs passes out 
through the oviduct, its jelly is penetrated by the sperm (Black eta/. 1987). The egg capsules are 
laid on the bottom in clusters 19.7-23.6 in (50-60 em) wide made up of hundreds of capsules 
(Gosner 1978, Griswold and Prezioso 1981 ). Each female lays 20-30 capsules (Lange 1 982), and 
the number of eggs spawned per female varies from 950-8,500 (Haefner 1959), 3,500-6,000 
(Summer 1971 ), 2,500-15,900 (Vovk 1972a) to 3,000-6,000 (Middle Atlantic Fishery Management 
Council 1 996). Development time varies from 257-642 hours, depending on temperature: 26.7 
days to hatching at 54-64 °F (12-18 °C), 18.5 days at 60-70 °F (15.5-21.3 °C), and 10.7 days at 
60-73 °F (1 5.5-23.0 °C; Summers 1971 ). 

Habitat requirements 

Egg masses are commonly found attached to rocks and small boulders on sandy/mud bottom or 
aquatic vegetation such as Fucus, VIva lactuca, Laminaria and Porphyra sp. (Arnold eta/. 1974, 
Griswold and Prezioso 1981, Summers 1983). They are demersal, generally in shallow waters less 
than 164ft (50 m) deep (Bigelow 1924, Griswold and Prezioso 1981, Lange 1 982) and are found 
at temperatures of 50-73 °F (10-23 °C; McMahon and Summers 1971) and salinities of 30-32 ppt 
(McMahon and Summers 1971 ). 
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Distribution and abundance 

The egg stage of Loligo were not sampled by the MARMAP offshore ichthyoplankton surveys. 

2.2.1.2.3.2 Larvae 

Little is known about the larval stages of Loligo (Middle Atlantic Fishery Management Council 1996) 
as they are not often found in the spawning areas. They are pelagic, found in near surface waters 
(McMahon and Summers 1971) and are referred to as para larvae (Young and Harman 1988). 
Larvae 0.08-0.16 in (2-4 mm) in length have been caught in the Gulf of Maine (Bigelow 1924). 

Habitat requirements 

Larvae are pelagic, occurring near the surface (McMahon and Summers 1971, McConathy eta/. 
1980) at temperatures of 50-79 °F (1 0-26 °C) and salinities of 31.5-34.0 ppt (Vecchione 1981). 
Surface waters are important to hatchlings, and larvae move deeper as they grow older (Vecchione 
1981 ). 

Distribution and abundance 

The larval stages of Loligo were not sampled by the MARMAP offshore ichthyoplankton surveys. 

2.2.1.2.3.3 Juveniles 

There are two juvenile stages: 'juvenile' is the stage after the paralarval stage ends and before the 
, subadult stage begins, and 'subadult' is the stage before maturity is reached, when the 

morphological characteristics of adults are attained (Young and Harman 1988). The shift from 
inhabiting surface waters to demersal lifestyle occurs at 1.8 in (45 mm; Vecchione 1981). Off 
Martha's Vineyard, the juvenile life stage lasts about 1 month, and by November subadults migrate 
to the outer shelf areas where they remain until March (Summers 1968). Subadults are thought to 
overwinter in deeper waters along the continental shelf edge (Black eta/. 1987). Young-of-the-year 
(subadults) are found with adults in mid-summer trawls (Summers 1968). Sexual maturity is 
reached at lengths of 3.1-4. 7 in (8-12 em), although most mature individuals are greater 3.9 in ( 10 
em; Macy 1980, Brodziak and Hendrickson 1997). The length at which 50% of individuals are 
sexually mature (L50) is 6.3 in (16 em; Brodziak 1995b). 

Habitat requirements 

Juveniles inhabit the upper 33 ft (1 0 m) of the water column over water 164-492 ft (50-150 m) 
deep (Mercer 1969, Vovk and Khvichiya 1980, Brodziak and Hendrickson 1997). They are found 
at surface water temperatures of 50-79 °F ( 10-26 °C; Vecchione 1981, Brodziak and Hendrickson 
1997) and salinities of 31.5-34.0 ppt (Vecchione 1981 ). 

Loligo pre-recruits (less than or equal to 3.2 in [8 em] mantle length; ML) caught during NEFSC 
trawl surveys were taken at depths ranging from 0-693 ft (0-21 0 m). However, depth of 
occurrence varied seasonally in accordance with known inshore-offshore migrations. Most pre
recruits were taken at 230-396 ft (70-120 m) and 46-54 °F (8-12 °C) in winter, 56-429ft (20-130 
m) and 50-55 °F (10-13 °C) in spring, 33ft (10m) and 55-64 °F (13-18 °C) in summer, and 33-132 
ft ( 1 0-40 m) and 52-63 °F ( 11-17 °C) in winter. 
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Distribution and abundance 

The NMFS bottom trawl surveys captured Loligo pre-recruits (greater than or equal to 3.15 in; 8 em 
ML) during all seasons. In winter, pre-recruits were captured from Cape Hatteras to Nantucket 
Shoals, although the majority were found south of Long Island (Figure 16a). They were generally 
found offshore of the 30 ft depth contour, with highest concentrations in the vicinity of the 100 ft 
contour. They were distributed further inshore in the southern part of the range, presumably due to 
warmer water temperatures. In spring, the distribution stretched further to the south, with high 
concentrations south of Cape Hatteras,· and to the north, with catches on Georges Bank and the 
Scotian Shelf (Figure 16b). Although the highest concentrations were still found near the 100 ft 
line, concentrations inshore of the 30 ft line were much higher than in winter, indicating that the 
spring inshore migration had commenced. In summer, highest concentrations were found 
nearshore; a number of extremely dense schools (greater than 1 0,000 squid/tow) were found 
nearshore from Delmarva to Buzzards Bay, MA. Very few were caught on Georges Bank and in the 
Gulf of Maine (Figure 16c). In autumn, squid were distributed throughout the continental shelf 
from the shore to the 1 00 ft line, although the highest concentrations were found nearshore (Figure 
16d). This presumably indicates the beginning of the offshore migration. 

Pre-recruits were caught at depths ranging from 0-693 ft (0-21 0 m), although this varied seasonally 
and in accordance with inshore-offshore migrations (Figure 17a). In winter, depths ranged from 66-
660 ft (20-200 m), but most were caught between 230-400 ft (70-120 m). In spring, depths 
ranged from 33-700 ft (1 0-210 m), although most were caught at 66-430 ft (20-130 m), and the 
highest catch was at 130 ft (40 m). In summer, depths were much less variable, ranging from 0-
363 ft (0-110 m), and 70% were found at 33ft (10m). In autumn, depths ranged from 33-500 ft 
(10-150 m), but most were caught at 33-130 ft (10-40 m), with the highest catch at 66ft (20m). 

Pre-recruits were caught at a wide range of temperatures (Figure 17b). In winter, they were found 
at 41-55 °F (5-13 °C), although most were at 46-54 °F (8-12 °C). In spring, they were at 43-68 °F 
(6-20 °C), with most at 50-55 °F (0-13 °C). In summer, they were caught at 45-79 °F (7-26 °C), 
but most were at 55-64 °F (3-18 °C), with the highest catch at 64 °F (8 °C). In autumn, 
'temperatures ranged from 45-81 °F (7-27 °C), with most at 52-63 °F ( 11-17 °C). 

2.2.1.2.3.4 Adults 

Historically, the lifespan of Loligo was believed to be 1-2 years (Summers 1971, Lange 1982). 
However, recent studies using statolith aging have demonstrated exponential growth and a lifespan 
of less than 1 year (Brodziak and Macy 1996). Loligo reach sizes greater than 16-20 in (40-50 em) 
ML (mantle length; Vecchione eta/. 1989, Brodziak 1995b), although most are less than 12 in (30 
em; Brodziak 1995b), and they exhibit sexual dimorphism for size, with males growing more rapidly 
and reaching larger size at age than females (Brodziak 1995b). They undergo seasonal migrations, 
moving offshore during late autumn to overwinter in warmer waters along the edge of the 
continental shelf, and returning inshore during the spring and early summer (Middle Atlantic Fishery 
Management Council 1996). Mature individuals enter inshore waters before immature ones (Macy 
1982). In Massachusetts waters, larger individuals migrate inshore in April-May, while smaller 
individuals move inshore later in summer (Lange 1982). Loligo form large schools based on size 
prior to feeding (Macy 1980) and undergo diurnal vertical migrations, moving up in the water 
column aft night (Middle Atlantic Fishery Management Council 1996). This may be associated with 
the pursuit of food organisms such as euphausiids. 
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Reproduction 

Historically, Loligo were believed to spawn from summer to early fall (lange and Sissenwine 1 980), 
although this varied among years and geographic locations. Brodziak and Macy (1 996), however, 
reported that Lo/igo can spawn year round. Most eggs are spawned in May with hatching 
occurring in July (Summers 1971 ). Spawning occurs from August to September in the Bay of 
Fundy (Stevenson 1 934), from May to August in New England waters (Macy 1 980, Summers 
1971 ), and from late spring to early summer in the Middle Atlantic (lange and Sissenwine 1983, 
Black eta/. 1 987). Mesnil (1 977) reported that spawning on the Scotian Shelf and Georges Bank 
occurs during early spring and late summer. 

Spawning has been reported in the Gulf of Maine in Cobequid Bay and Massachusetts Bay (Bigelow 
1 924), the Bay of Fundy (Stevenson 1 934), Minas Basin (Cohen 1 976), along the eastern coast of 
Nova Scotia in St. Margaret's and Terrence Bays (Dawe eta/. 1 990), on Georges Bank (Mesnil 
1 977), and in the Middle Atlantic in Narragansett and Delaware Bays (Haefner 1959, Griswold and 
Prezioso 1 981). 

Habitat requirements 

Adults inhabit the continental shelf and upper continental slope to depths of 1 320 ft (400 m) 
(Vecchione eta/. 1 989), but depth varies seasonally. In spring they are found at depths of 363-
660 ft (11 0-200 m; Serchuk and Rathjen 1974, Lange and Sissenwine 1 980), in summer and 
autumn they inhabit inshore waters as shallow as 20-92 ft (6-28 m; Summers 1 968, Serchuk and 
Rathjen 1974, Gasner 1978, Howell and Simpson 1 994) and in winter inhabit offshore waters to 

-.· depths of 1 205 ft (365 m; Lange 1 982). They are found on mud or sand/mud substrate (Howell 
and Simpson 1 994), at surface temperatures ranging from 48-70 °F (9-2 1 °C) and bottom 
temperatures ranging from 46-61 °F (8-16 °C; Summers 1969, Lux eta/. 1974, Serchuck and 
Rathjen 1974, Lange and Sissenwine 1980, Macy 1980, Brodziak and Hendrickson 1997). 

Lo/igo recruits caught during NEFSC trawl surveys were taken at depths ranging from 0-990 ft (0-
, 300 m). However, depth of occurrence varied seasonally in accordance with known inshore
offshore migrations. Most pre-recruits were taken at 165-400 ft (50-120m) and 45-54 °F (7-1 2 

· .. °C) in winter, 330-500 ft (1 00-150 m) and 50-54 °F (1 0-12 °C) in spring, 33-66 ft (1 0-20 m) and 
52-61 °F (1 1-16 °C) in summer, and 66-230 ft (20-70 m) and 50-57 °F (10-14 °C) in winter. 

Distribution and abundance 

The NMFS bottom trawl surveys captured Loligo recruits (greater than 3.6 in; 9 em ML) during all 
seasons. Their seasonal distributions are identical to that of pre-recruits and illustrate well the 
spring and summer inshore and the autumn offshore migrations (Figures 1 Sa-d). 

Recruits were caught at depths ranging from 0-990 ft (0-300 m), although this varied seasonally 
and in accordance with inshore-offshore migrations (Figure 1 9a). In winter, depths ranged from 66-
960 ft (20-290 m), although most were caught between 165-400 ft (60-1 20m). In spring, depths 
ranged from 0-890 ft (0-270 m), but most were caught at 330-500 ft (1 00-150 m), and the 
highest catch was at 400ft (120m). In summer, depths were less variable, ranging from 0-360 ft 
(0-1 10m), and > 80% were caught at 33-66 ft (1 0-20 m). In autumn, depths ranged from 33-990 
ft (1 0-300 m), but most were caught between 66-230 ft (20-70 m). 
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Recruits were caught at a wide range of temperatures (Figure 19b). In winter, they were found at 
39-55 °F (4-13 °C), although most were at 45-54 °F ( 7-12 °C). In spring, they were found at 41-
63 °F (5-17 °C), with >60% found at 50-54 °F (10-12 °C). In summer, they were caught at 43-79 
°F (6-26 °C), but most were at 52-61 °F (11-16 °C), with the highest catch at 61 °F (16 °C). In 
autumn, temperatures ranged from 45-81 °F (7-27 °C), with most at 50-57 °F (0-14 °C). 

2.2.1.2.4 Importance of Loligo in state waters 

Although Lo/igo are a pelagic, schooling species located across the continental shelf and slope, they 
are also located in state waters. Loligo data are not located in ELMR. Currently, the only state 
data available to NMFS in a consistent electronic format is Massachusetts Inshore Trawl Survey, 
Rhode Island Division of Fish and Wildlife Bottom Trawl Survey of Narragansett Bay, Connecticut 
Trawl Survey - Long Island Sound, and the NMFS Trawl Survey - Hudson-Raritan Estuary/Sandy
Hook Bay. These data will not be used to designate EFH within estuaries, because other states' 
data are not currently available in a format that makes it possible to compare them. However, 
these data do confirm presence in state waters. The Council anticipates by the next series of FMP 
Amendments that address EFH, all state data will be consistent and available electronically for 
comparison. At that time, it is likely that EFH for Loligo will be designated in estuaries. 

2.2.1.3 //lex 

2.2.1.3.1 Range 

//lex is distributed on the western north Atlantic from the Labrador Sea to Florida Straits (Roper et 
a/. 1998). Until recently, //lex illecebrosus was believed to be distributed on both sides of the North 
Atlantic, as was once thought (Roper et al. 1998). This confusion seems to have been a result of 
misidentifications of the closely related species /. coindetii (which does seem to be distributed on 
both sides of the Atlantic), as I. illecebrosus. It is most abundant in the Newfoundland region, 
moderately abundant between Newfoundland and New Jersey (Wigley 1982), and is commercial 
exploited from Newfoundland to Cape Hatteras (Brodziak 1995c). There is overlap in the 
geographic distributions of //lex species in the northwest Atlantic Ocean /. illecebrosus and /. 
oxygonius (Roper and Mangold 1998; Roper eta/. 1998). The species are morphologically similar 
and difficult to distinguish and identify. 

Data from the NOAA/Canada DFO East Coast of North America Strategic Assessment Project 
indicate that during 1975-1994 11/ex in the northwest Atlantic were distributed from Labrador to 
Cape Hatteras (Figure 20). The areas of highest abundance of the species are the southern edge of 
the Grand Bank, the Scotian Shelf, Georges Bank, and the Middle Atlantic Bight. 

//lex are highly migratory, capable of long distance migrations of more than 1,000 miles (Brodziak 
1995c). They undergo seasonal inshore-offshore migrations which may be related to temperature, 
food, or both (MAFMC 1995). They spend winters (January to March) in dense aggregations along 
the outer continental shelf and upper slope where water temperatures are relatively warm, 46-57 °F 
(8-14 °C). In the spring (April-May), when shelf waters begin warming, they migrate shoreward, 
and during summer and autumn are widespread throughout the entire New England and Middle 
Atlantic continental shelf (Wigley 1982). In late autumn they begin their return migration to the 
warmer, offshore waters at the edge of and beyond the continental shelf (MAFMC 1995), where 
spawning is believed to occur. The hypothetical migration path of //lex is summarized in Figure 21 
(Black eta/. 1987). 
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2.2.1.3.2 Status of the stock 

In the EEZ, from Cape Hatteras to the Gulf of Maine, landings of //lex illecebrosus increased since 
1988 to 18,012 metric tons (mt) in 1993 (NMFS 1996a). /!lex in 1993 were primarily caught in 
the Mid-Atlantic Bight offshore waters (Brodziak 1995c) and as a result, domestic landings 
accounted for 87% of the total 1993 landings (NMFS 1996a). Commercial landings in 1996 
totaled 16,969 mt, 21% more than the 1995 total of 14,058 mt, and 8% less than the 18,350 mt 
landed in 1994 (Figure 22; NEFSC unpublished data). 

Domestic landings of //lex illecebrosus from Cape Hatteras to the Gulf of Maine averaged 19,000 
mt in 1972-1982 but rapidly declined to 9,400 mt throughout the following decade (Brodziak 
1995c). Total/1/ex landings, including domestic and foreign, during 1973-1982 averaged 70,954 

z mt and were primarily taken in Northwest Atlantic Fisheries Organization (NAFO) Subareas 2, 3, 
and 4 {NMFS 1996a). Peak landings of an average 90,000 mt were made during 1976-1980 and 
record highs occurred in 1979 {NMFS 1996a). Subsequently, in the early 1980's, the fishery 
collapsed in NAFO Subareas 3 and 4 and total landings, taken mostly from United States waters, 
decreased dramatically to an average 9,179 mt during 1983-1989 (NMFS 1996a). When directed 
foreign fishing was eliminated in 1987, the //lex fishery was restricted to the United States and 
Canada, however, since 1983 most landings (approximately 75%) have been taken from United 
States waters {NMFS 1996a). 

Data from the Northeast Fisheries Science Center indicate stock biomass levels were lowest in 
1982 and highest in 1 986 but overall, biomass estimates were found to be inaccurate (NMFS 
1996a). However, abundance indices determined by the Northeast Fisheries Science Center in 
,1993 were four times greater than the average during the 1980's (Brodziak 1995c). Generally, 
patterns of !!lex illecebrosus abundance seem to be cyclical in which periods of extreme low and 
high abundance alternate (MAFMC 1 995). For example, following the low abundance of //lex in the 
early 1970's and mid 1980's, peak landings were made in the mid to late 1970's and late 1980's 
(MAFMC 1995). 

Presently, NAFO Subareas 3 and 4 remain without an //lex squid fishery and the //lex illecebrosus 
:'stock within the United States EEZ, from Cape Hatteras to the Gulf of Maine, has a medium 
biomass level which is almost fully exploited (NMFS 1996a). Furthermore, the NAFO Total 
Allowable Catch {TAC) for //lex is quite large and may exceed the capacity of the stock to sustain 
current biomass levels (NMFS 1 996a). 

2.2.1.3.3 Habitat requirements by life history stage 

The following information on eggs, larvae, juveniles, and adult //lex habitat requirements is taken 
directly from the document "Essential Fish Habitat Source Document, Short-Finned Squid, //lex 
illecebrosus: Life History and Habitat Requirements (Cargnelli eta/. 1998b). This Cargnelli eta/. 
( 1998b) document is referred to hereafter as the //lex EFH background document. Most of the 
Tables and Figures from Cargnelli eta/. (1998b) are included in this FMP. This Cargnelli eta/. 
(1998b) //lex EFH background document is currently being modified for publication by NMFS and 
can be obtained in its entirety from NMFS, James J. Howard Marine Sciences Laboratory, 74 
McGruder Road, Highlands, New Jersey 07732. 

An extensive review and synthesis of the peer-reviewed literature has provided information on the 
habitat requirements and preferences of //lex and appears in Table 5. 
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Pre-recruits and recruits are stock assessment terms used by NEFSC and correspond roughly to the 
life history stages juveniles and adults, respectively. 11/ex pre-recruits are Jess than or equal to 10 
em and recruits are greater than 1 0 em. 

2.2.1.3.3.1 Eggs 

No lllex illecebrosus egg masses have ever been found in nature (O'Dor and Dawe 1998), It is 
believed that the eggs are spawned in the water column, in a gelatinous mass, 1.7-3.3 ft (0.5-1.0 
m) in diameter (Perez 1 994). containing 10,000-100,000 eggs (Durward eta/. 1980). Females can 
produce up to 400,000 eggs (Perez 1994). The egg masses are pelagic (Durward eta!. 1978, 
O'Dor and Durward 1979), probably located at midwater near the pycnocline (O'Dor and Balch 
1985). Eggs are laid, enter the Gulf Stream, become buoyant, travel to the inshore boundary of the 
current and hatch in 9-16 days (Perez 1994). 

Habitat requirements 

Laboratory studies indicate that egg incubation lasted 16 days at 55 °F ( 13 °C), 12 days at 61 °F 
( 16 °C), and 8 days at 70 °F (21 °C); normal development requires at least 55 °F ( 13 °C) up to at 
least 80 °F (26 °C) at which hatching occurs in 6 days (Balch eta/. 1985). It is hypothesized that 
egg masses are transported to the north via the Gulf Stream current (O'Dor 1983, Rowell eta/. 
1985a), and hatching is thought to occur at the inshore boundary of the Gulf Stream (Perez 1994). 

Distribution and abundance 

The egg stage of //lex were not sampled by the MARMAP offshore ichthyoplankton surveys. 

2.2.1.3.3.2 Larvae 

//lex larvae may initially remain in the remains of the egg mass to utilize the nutrients for food 
(Durward eta/. 1980) and continue to be transported northward via the Gulf Stream during late 
winter and early spring (Dawe and Beck 1985, Perez 1994, MAFMC 1995). In the laboratory, 
larvae hatch at 1.1 mm ML (Durward eta/. 1980). They change from a paralarval stage to a 
transitional stage at approximately 5.0 mm ML, and to the juvenile stage at about 7.0 mm ML 
(Hatanaka 1986). 

Habitat requirements 

Larvae have been found in nature from 41-68 °F (5-20 °C; Vecchione 1979, Vecchione and Roper 
1986, O'Dor 1983, Dawe and Beck 1985, Hatanaka et al. 1985), with maximum abundance in the 
Gulf Stream reported to be at temperatures greater than 62 °F (16.5 °C; Hattanaka et al. 1985), 
and salinities of 35-36 ppt (Vecchione 1979, Vecchione and Roper 1986, O'Dor 1983, Dawe and 
Beck 1985). Larvae are abundant in late January in the Gulf Stream/Slope Water, in the warm 
water (greater than 55 °F; 13 °C) above the thermocline (Amaratunga 1980a, Hatanaka et al. 
1985). The convergence of the Gulf Stream and Slope Water creates an area of high productivity 
which is beneficial to the young for feeding (Perez 1994). 
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Distribution and abundance 

The larval stage of //lex were not sampled by the MARMAP offshore ichthyoplankton surveys. 
However larvae have been collected in all seasons (Roper and Lu 1979) from south of Cape 
Hatteras to as far north as the tail of the Grand Bank (Dawe and Beck 1985, Hatanaka eta/. 1985). 
Hatchlings have only been collected couth of Cape Hatteras (Dawe and Beck 1985, Rowell eta/. 
1985), suggesting that this may serve as the larval source for the entire stock (Hatanaka eta/. 
1985). 

2.2.1.3.3.3 Juveniles 

The onset of the juvenile stage is indicated by the separation of the proboscis into a pair of 
;, tentacles (Black et a/. 1987). In late spring, at a size of around 4 in ( 10 em) ML, juveniles begin to 

.-· move onto the continental shelf into shallow waters off northern New England, Nova Scotia and 
Newfoundland (O'Dor 1983, Black eta/. 1987, Perez 1994) where they may form large surface 
schools (MAFMC 1995). This time is spent feeding, and growth is rapid, approximately 0.06 in 
(1.5 mm) per day (Amaratunga 1980a). By late summer and early fall, juveniles attain sizes of 7.2-
10 in (18-25 em) ML, and begin to show signs of maturity (Wigley 1982). The size at which 50% 
of individuals are mature (L50) is 8 in (20 em) ML (Brodziak 1995c), although mean size at sexual 
maturity varies latitudinally and interanually, ranging from 7.9 to 8.5 in. (20 to 21.5 em) ML in U.S. 
EEZ waters (Coelho and O'Dor 1993). 

Habitat requirements 

Pre-recruits were found at depths ranging from 33-1490 ft ( 10-450 m; Figure 23a). They inhabited 
shallower (i.e., inshore) waters in summer and autumn than in winter and spring. This corresponds 
well with the seasonal inshore-offshore migrations described above. In winter, > 70% of Pre
recruits were found at 400ft (120m) and 530ft (160m), and in the spring most were caught 
from 100-760 ft (30-230 m). In summer, they were found much shallower, from 33-400 ft (1 0-
120 m), and most were found between 66-260 ft (20-80 m), and in autumn they were found from 
100-1490 ft (30-450 m), with most between 66-400 ft (20-120 m). Pre-recruits were found at 

·. temperatures ranging from 36-73 °F (2-23 °C; Figure 23b). In winter, > 75% were caught at 54-55 
·., °F (12-13 °C), in spring, about 70% were caught at 48-55 °F (9-13 °C), in summer about 80% were 

caught at 46-55 °F (8-13 °C), and in autumn about 70% were caught at 48-54 °F (9-12 °C). 

Distribution and abundance 

The NEFSC bottom trawl surveys captured //lex Pre-recruits (less than or equal to 4 in [ 10 em] ML) . 
during all seasons. The distribution pattern corresponds well to the inshore-offshore movements 
described in section 2.1 above. In winter, low catches were made from North Carolina to Georges 
Bank, but were highest in the Middle Atlantic region. All were caught at the 600ft (1 00 fathom) 
depth contour (Figure 24a). The low numbers taken were most likely a result of most Pre-recruits 
being further offshore (e.g., in the Gulf Stream) where the survey did not sample. In the spring, 
catches were much higher and were made from south of Cape Lookout to the Scotian Shelf. Most 
catches were still at the 600 ft (1 00 fathom) line, but some were made on the continental shelf 
(Figure 24b), indicating the inshore migration of juveniles onto the shelf had begun. In summer, 
squid were caught from throughout the continental shelf, from the shoreline out to the 600 ft ( 100 
fathom) line, and from North Carolina to Georges Bank. The highest catches were made south of 
Cape Cod and Long Island (Figure 24c). Catches in autumn indicate that the return migration to 
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deeper waters had begun. In the Middle Atlantic almost all catches were made outside of the 1 80 
ft (30 fathom) line, and most were taken at the 600 ft ( 100 fathom) line. Low numbers were 
found from a number of areas in the Gulf of Maine, and many were caught from throughout 
Georges Bank (Figure 24d). 

2.2.1.3.3.4 Adults 

Males undergo earlier maturation than females and appear to migrate south during the fall in 
advance of females (Black eta!. 1987). Evidence for this includes a seasonal decline in the 
percentages of males collected on the continental shelf during autumn (Aramatunga 1 980, Lange 
and Sissenwine 1 983), which may be attributed to earlier emigration than females. Off 
Newfoundland, mature squid begin to move offshore in October-November (Hurley 1 980), moving 
southward to the spawning areas in the warmer waters of the Gulf Stream (Dawe eta/. 1981 b). 
Spawning occurs a few months after maturity is reached (Squires 1 967). 

The fife span of //lex is 1-1 .5 years (Squires 1967, Wigley 1 982). However, several recent studies 
utilizing statolith aging (Dawe eta/. 1 985). have shown the life span to be less than 1 year for bot 
the northern and southern portion of the stock (Dawe and Beck 1997, O'Dor and Dawe 1 998). 
The species may achieve a maximum size of 33-35 em ML and 700 g, with females achieving 
larger sizes than males (O'Dor and Dawe 1998, Hendrickson In press). 

Reproduction 

//lex is a semelparous, terminal spawner with a protracted spawning season. There have been no 
direct observations of spawning in nature, but in speculation about the timing and location is based 
on squid size and timing of advanced male maturity stages (O'Dor and Dawe 1 998), back
calculated hatch dates from aging studies, and the collection of hatchling (Hendrickson pers. 
comm). //lex spawning takes place in the deep waters of the continental slope during winter 
(MAFMC 1 995). Spawning likely occurs throughout the year (O'Dor and Dawe 1 998) with most 
intense spawning generally occurring from December to March (Lange and Sissenwine 1 980), but 
this varies among years and locations. Between Cape Canaveral, Florida and Charleston, North 
Carolina, spawning occurs during December to January (Rowell eta/. 1 985a, MAFMC 1 995), while 
off Newfoundland, spawning has been reported from January through June (Squires 1 967). 

The principal spawning area is believed to be south of Cape Hatteras over the Blake Plateau (Black 
eta/. 1987, MAFMC 1 995), but other spawning occurs between the Florida Peninsula and central 
New Jersey at depths down to 990 ft (300 m; Fedulov and Froerman 1980, MAFMC 1 995). 
Spawning probably occurs in the northern part of the Gulf Stream/Slope Water frontal zone (Dawe 
and Beck 1985, O'Dor and Balch 1985, Rowell et al 1 985a). 

Habitat requirements 

Recruits were found at depths ranging from 33-1 390 ft ( 10-420 m; Figure 25a), and inhabited 
shallower (i.e., inshore) waters in summer and autumn than in winter and spring. This corresponds 
well with the seasonal inshore-offshore migrations described for the species. In winter,·> 50% of 
recruits were found at 400ft (120m) and 690ft (210m). In the spring, they were found at a 
wide range of depths, with most at 230-920 ft (70-280 m). In summer, they were found much 
shallower, with most between 1 30-300 ft (40-90 m), and in autumn, they were found from 100-
1220 ft (30-370 m), but most were at depths of less than 430ft (130m). Recruits were found at 
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temperatures ranging from 40-66 °F (4-19 °C; Figure 25b). In winter, > 80% were caught at 52-55 
°F (11-13 °C), in spring, > 60% were caught at 48-54 °F (9-12 °C), in summer > 70% were caught 
at 41-48 °F (5-9 °C), and in autumn, > 70% were caught at 46-54 °F (8-12 °C). 

Distribution and abundance 

The NEFSC bottom trawl surveys captured //lex recruits (greater than or equal to 4.4 in [11 em] ML) 
during all seasons. As with Pre-recruits, the distribution pattern illustrates well the inshore-offshore 
movements of the species. In winter, low catches were made in the Middle Atlantic region at the 
600ft (1 00 fathom) depth contour (Figure 26a). The low numbers probably reflect the fact that at 
this time of year adults migrate to the Gulf Stream waters to spawn, and thus were not sampled. 
In the spring, catches were much higher and most were still at the 600ft (1 00 fathom) line, 
although some inshore movement onto the continental shelf is evident (Figure 26b). In summer, 
recruits were caught throughout the continental shelf from the shoreline out to the 600 ft ( 100 
fathom) line and from Pamlico Sound to Georges Bank and throughout the Gulf of Maine (Figure 
26c). Catches in autumn, at least in the Middle Atlantic, indicate that the return migration to 
deeper waters had begun. In the Middle Atlantic most catches were made outside of the 180 ft 
(30 fathom) line, with the highest densities at the 100 fathom line. High numbers of recruits were 
found throughout Georges Bank and the Gulf of Maine (Figure 26d). 

2.2. 1 .3.4 Importance of //lex in state waters 

Although 11/ex are a pelagic, schooling species located across the continental shelf and slope, they 
are infrequently located in state waters. //lex data are not presented in ELMR. While 11/ex may be 
important in other states' water, currently, the only state data available to NMFS in a consistent 
electronic format is Massachusetts Inshore Trawl Survey, Rhode Island Division of Fish and Wildlife 
Trawl Survey of Narragansett Bay. These data will not be used to designate EFH within estuaries, 
because other states' data are not currently available in a format makes it possible to compare 
them. However, they do confirm the presence of //lex in estuaries. If the abundance of 11/ex in 
estuaries is significant, after all the data are compiled, then estuaries may be designated as EFH in 
future amendments to this FMP. 

2.2. 1.4 Butterfish 

2.2. 1 .4. 1 Range 

Butterfish are fast-growing, short-lived, pelagic fishes that form loose schools, often near the 
surface (Schreiber 1973, Dery 1988, Brodziak 1995a). Butterfish range from Newfoundland and 
the Gulf of St. Lawrence to the Atlantic and Gulf coasts of Florida, but they are most abundant 
from the Gulf of Maine to Cape Hatteras (Figure 27; Bigelow and Schroeder 1953, Haedrich 1967, 
Horn 1970a, Powell et al. 1972, Cooley 1978, Scott and Scott 1988, Brodziak 1995a, Krein
MacPhee, in review). They winter near the edge of the continental shelf in the Middle Atlantic 
Bight and migrate inshore in the spring into southern New England and Gulf of Maine waters. 
During the summer, butterfish occur over the entire Mid-Atlantic shelf from sheltered bays and 
estuaries out to about 660ft (200 m). In late fall, butterfish move southward and offshore in 
response to falling water temperatures (Fritz 1965, Horn 1970a, Schreiber 1973, Waring 1975, 
Azarovitz eta/. 1980, Klein-MacPhee, in review). 
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North of Cape Hatteras, butterfish have a seasonal inshore-offshore north-south migration in 
response to changing water temperatures; south of Hatteras there is a limited seasonal inshore
offshore migration (Caldwell 1961, Fritz 1965, Horn 1970a, Klein-MacPhee, in review). During the 
summer, butterfish move north and inshore to feed on planktonic fish, squid, crustaceans, and 
jellyfish, and to reproduce. They remain near the surface at depths of 73~ 180 ft (22-55 m) and 
often come close inshore; schools are frequently seen on shallow flats, sheltered bays, and 
estuaries (Bigelow and Schroeder 1953, Klein-MacPhee, in review). Butterfish are common in the 
lower Chesapeake Bay from March through November (Geer and Austin 1997, Murdy et al. 1997). 
They occur in the surf zone off Long Island from June through October (Schaefer 1967). They 
appear off Rhode Island by the last half of April and off Woods Hole by mid-May, although they are 
not abundant there until June. They appear on Georges Bank in early June, but are not abundant 
until late June or early July. They are found in the Gulf of Maine from late June-early July through 
fall (Bigelow and Schroeder 1953, Klein-MacPhee, in review). They occur in New Hampshire 
waters from July to October; peak abundance occurs in September (MAFMC 1995). Butterfish are 
common along the coast of Maine and, in some years, common along the coast of Nova Scotia 
bordering the Gulf of Maine (Bigelow and Schroeder 1953). 

During the winter, the stock moves south and offshore; fish are found near the bottom preferring 
sand to muddy or rocky bottoms and have been caught to about 660 ft (200 m) deep in the 
Northwest Atlantic (Bigelow and Schroeder 1953, Klein-MacPhee, in review) and over 1160 ft (350 
m) in the South Atlantic Bight (Barans and Burrell 1976). They are absent from nearshore waters 
off New Jersey from January through late April (Milstein and Hamer 1976). South of Delaware Bay, 
the offshore movement is not so extensive and some individuals move south in shallow water 
(Waring and Murawski 1982). 

2.2.1.4.2 Status of the stock 
~ 

A fishery for butterfish has existed since the late 1800's (Murawski and Waring 1979) and the 
average annual landings in US waters from 1920 to 1962 were 3,000 mt (Waring 1975). In 1963, 
distant water fleets from Japan, Poland, and the USSR began targeting butterfish from late autumn 
through early spring when the fish were concentrated offshore (Murawski and Waring 1979, 
MAFMC 1995). Annual landings increased to a record 19,500 mt in 1973 (Figure 28; Brodziak 
1995a). Restrictions were placed on the foreign fisheries and landings subsequently decreased to 
6,100 mt in 1977-1987. Directed foreign fishing was halted in 1987 and landings continued to 
decline to an average 2,500 mt in the domestic fishery in 1987-1992 (Brodziak 1995a, MAFMC 
1995); the domestic fishery targeted butterfish from late spring through fall in inshore areas 
(Murawski and Waring 1979). Butterfish landings totaled 4,500 mt in 1993 (Figure 28) and came 
from primarily Southern New England (79% in Rhode Island ports) and the New York Bight. These 
landings were 60% higher than landings in 1992 and were comparable with record domestic 
catches made in 1987 (Brodziak 1995a). Butterfish biomass estimated from the NEFSC bottom 
trawl surveys has made several record lows and near record highs in the last decade (Figure 28). 
Despite these seasonal increases in biomass and pre-recruit indices, stock size has decreased and 
commercial landings remain low (NMFS 1994). Although the demand for butterfish has declined in 
recent years, the capacity for increased landings remains in an under-exploited fishery (Brodziak 
1995a). 
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2.2.1.4.3 Habitat requirements by life history stage 

The following information eggs, larvae, juveniles, and adult butterfish habitat requirements is taken 
directly from the document "Essential Fish Habitat Source Document, Atlantic Butterfish, Peprilus 
tnacanthus: Life History and Habitat Requirements" (EFH butterfish team 1998). This EFH 
Butterfish Team (1998) document is referred to hereafter as the butterfish EfH background 
document. Most of the Tables and Figures from butterfish EFH background document are included 
in this FMP. This EFH butterfish team (1998) Atlantic butterfish EfH background document is 
currently being modified for publication by NMFS and can be obtained in its entirety from NMFS, 
James J. Howard Marine Sciences Laboratory, 74 McGruder Road, Highlands, New Jersey 07732. 

The habitat environmental conditions where butterfish eggs, larvae, juveniles, and adults occur 
were summarized based on a literature survey and analyses of several fishery-independent 
databases (Table 6). 

2.2.1.4.3.1 Eggs 

Butterfish eggs are buoyant, transparent, and spherical (0.027~0.033 in; 0.68·0.82 mm) diameter; 
Martin and Drewry 1978, Elliott and Jiminez 1981 ). The incubation period is about 48 hrs at 64 °f 
(18 °C); 50% of eggs hatched at 72 hrs at about 59 °F (15 °C; Martin and Drewry 1978, Colton 
and Honey 1986). Eggs are found at 55·73 °f (12.8-22.5 °C) and 78-100% seawater (Martin and 
Drewry 1978). At hatching, butterfish are 0.067-0.070 in (1.68-1.75 mm); yolk absorption is 
complete at 0.1 00*0.1 06 in (2.48~2.64 mm; Colton and Honey 1963, Colton and Marak 1969). 

Habitat requirements 

Butterfish eggs are pelagic, found from the outer continental shelf to the lower, high salinity parts 
· of estuaries in Middle Atlantic Bight. Eggs have been collected at 54-73 °F ( 12-23 °C) and salinities 

ranging from estuarine to full strength seawater (Table 6). 

·. · In the MARMAP lchthyoplankton Survey (1978-87), eggs were collected on the continental shelf in 
33 ft ( 1 0 m) of water nearshore to about 4125 ft ( 1250 m) of water offshore; most eggs were 

~~ collected in water depths < 660 ft (200 m; Figure 29a). Surface water temperatures where eggs 
were collected ranged from 43-79 °f (6-26 °C); most eggs were collected at 52-63 °f ( 11-17 °C; 
Figure 29b). 

Distribution and abundance 

Butterfish eggs have been reported off North Carolina (Smith eta/. 1980, Rotunno 1992, Rotunno 
and Cowen 1997), in the Middle Atlantic Bight, on Georges Bank, and in the Gulf of Maine 
(MAFMC 1995, Rotunno and Cowen 1997), in Narragansett Bay, Salem Harbor (Herman 1963, 
Bourne and Govoni 1988, Elliott and Jiminez 1981), Raritan Bay (Croker 1965), and Chesapeake 
Bay (Lippson and Moran 1974). 

During the MARMAP lchthyoplankton Survey (1978-87), butterfish eggs were collected from Cape 
Hatteras to the northern Gulf of Maine (Figure 30). Eggs first appeared in ichthyoplankton 
collections in April (Figure 31a); by May, eggs were distributed along the edge of the continental 
shelf between Cape Hatteras and Georges Bank and inshore in the southern and middle mid-Atlantic 
(Figure 31 b). As water temperatures increased on the shelf, eggs were found progressively closer 
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to the coast from south to north. Eggs were most abundant and most frequently encountered in 
July (Figure 31 d); they .were most abundant in the Gulf of Maine in August (Figure 31 e). By 
September, egg abundance had declined dramatically (Figure 31 f); no eggs were collected between 
October and March. 

2.2.1.4.3.2 Larvae 

Butterfish larvae range from 0.104 in to 0.64 in (2.6-16 mm) SL (Martin and Drewry 1978). By 
0.24 in (6 mm) they have the thin, deep body characteristic of adults and by 0.60-0.64 in ( 15-16 
mm) they have a forked tail (Horn 1970a, Ditty and Truesdale 1983). By 0.40-0.60 in ( 10-15 mm), 
larvae are more nektonic than planktonic (Martin and Drewry 1978) and are caught in neuston nets 
(Powles and Stender 1976, Lux and Wheeler 1992). At this size, they begin to associate with 
jellyfish, Sargassum, and other flotsam (Mansueti 1963, Haedrich 1967, Horn 1970b, Thomas and 
Milstein 1973, Lippson and Lippson 1984). Metamorphosis is gradual as larvae progressively 
assume juvenile characters (Able and Fahay 1998). Larvae may undertake diel vertical migrations; 
more butterfish larvae were collected between 0-13 ft (0-4 m) at night than during the day (Kendall 
and Naplin 1981). 

Habitat requirements 

Butterfish larvae are pelagic, found from the outer continental shelf to the lower, high salinity parts 
of estuaries in Middle Atlantic Bight. Larvae have been collected at 39-82 °F (4-28 °C), occurring 
at salinities ranging from estuarine to full strength seawater (Table 6). Larvae may undertake diet 
vertical migrations (Kendall and Naplin 1981 ). Larger larvae (0.40-0.60 in; 10-15 mm) are more 
nektonic than planktonic; larger larvae and pelagic juveniles (less than 1.2 in; 30 mm) often 
associate with jellyfish, Sargassum, and other flotsam (Mansueti 1963, Haedrich 1967, Horn 
1970b, Thomas and Milstein 1973, Lippson and Lippson 1984). 

Larvae were collected on the continental shelf in 33 ft (1 0 m) of water nearshore out to about 
5780 ft (1750 m) of water offshore; most larvae were collected in water depths <400ft (120m) 
(Figure 32a-b). Surface water temperatures ranged from 45-79 °F (7-26 °C); most larvae were 
collected at 48-66 °F (9-19 °C; Figure 32a-b). 

Distribution and abundance 

Butterfish larvae have been reported from the New York Bight and Georges Bank (Smith eta/. 
1980, Wilk eta!. 1990, MAFMC 1995, Rotunno 1992, Rotunno and Cowen 1997), in Buzzards 
Bay(Lux and Wheeler 1992), Narragansett Bay (Herman 1963, Bourne and Govoni 1988, Elliott and 
Jiminez 1981 ), Raritan Bay (Croker 1965), and in the South Atlantic Bight as far south as Cape 
Kennedy (Fahay 1975, Powles and Stender 1976, Rotunno 1992, Rotunno and Cowen 1997). 
Larvae are not abundant in the South Atlantic Bight (<0.5% of total ichthyoplankton) and did not 
occur frequently ( < 10% of stations in 73 station coastal survey) (Fahay 1975). 

During the MARMAP lchthyoplankton Survey (1977-87), butterfish larvae were collected from Cape 
Hatteras into the Gulf of Maine (Figures 33). Larvae first appeared in ichthyoplankton collections in 
January (Figure 34a). From January through April, larvae were collected primarily off Cape 
Hatteras (Figure 34a-d). In May and June, larvae began to appear along the edge of the continental 
shelf between Cape Hatteras and Georges Bank and inshore in the southern Middle Atlantic Bight 
(Figure 34e-f). As water temperatures increased on the shelf, larvae were found progressively 
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closer to the coast from south to north. Larvae were most abundant and most frequently 
encountered across the continental shelf in the Middle Atlantic Bight northward to Georges Bank in 
July and August (Figure 34g-h). The abundance of larvae declined sharply from September through 
November (Figure 34j.j). No larvae were collected in December. 

2.2.1.4.3.3 Juveniles 

Juvenile butterfish range from 0.64 in (16 mm) to about 4.8 in (120 mm) SL (Martin and Drewry 
1978). They grow to 3.04-5.08 in (76-127 mm), or about half their adult size, during their first 
year (Hildebrand and Schroeder 1928, Klein-MacPhee, in review). Early spawned individuals are 
3.04-4.08 in (76-1 02 mm) in the fall; late-spawned individuals are 2.04-3.04 in (51-76 mm) in the 
fall and 3.04-5.08 in (76-127 mm) the following spring (Martin and Drewry 1978). Young 
butterfish (less than 1.2 in; 30 mm) often live in the shelter of large jellyfishes during their first 
summer. Although this commensal association is not essential, it is a source of food and provides 
them some protection from predators (Mansueti 1963, Horn 1970b, 1975). 

Habitat requirements 

Juvenile butterfish are pelagic fishes that form loose schools, often near the surface (Schreiber 
1973, Dery 1988, Brodziak 1995a). They are eurythermal (39.9-70.9 °F; 4.4-21.6 °C) and 
euryhaline (5-32 ppt) and are frequently found over sand, mud, and mixed fine-grained substrates 
(Table 6). During the summer, butterfish occur inshore where they remain near the surface; 

· schools are frequently seen on shallow flats, sheltered bays, estuaries, and the surf zone (Bigelow 
and Schroeder 1953, Leim and Scott 1966, Schaefer 1967, Klein-MacPhee, in review). Smaller 
juveniles often aggregate under the bells of coelenterates (Mansueti 1963, Horn 1970b, 1975, 
Scott and Scott 1988), while larger juveniles are pelagic schoolers that may congregate near the 
bottom during the day and disperse upwards at night (Waring 1975). In the Gulf of Maine and 
Middle Atlantic Bight, butterfish move offshore during the winter; fish are found near the bottom 
over sand, mud, and rock substrates (Bigelow and Schroeder 1953, Klein-MacPhee, in review). 
South of Delaware Bay, where winter temperatures are warmer, the offshore migration is not as 

. pronounced (Waring and Murawski 1982). In the South Atlantic Bight, butterfish are present 
·throughout most of the year in nearshore waters (Keiser 1976). 

In the NEFSC Bottom trawl Survey (1964-97), juvenile butterfish were collected on the continental 
shelf in 33 ft ( 1 0 m) of water nearshore out to about 1190 ft (360 m) of water offshore; most 
juveniles were collected in water depths < 590 ~t ( 180 m; Figure 35). Juveniles were distributed 
somewhat shallower than adults in all seasons. Bottom-water temperatures where juveniles were 
captured ranged from 37-82 °F (3-28 °C); most fish were collected between 45-68 °F (7-20 °C; 
Figures 36). Modal temperatures during spring and fall surveys were 50-57 °F (10-14 °C) for 
juveniles. 

Distribution and abundance 

Juvenile butterfish occur from Nova Scotia to the Atlantic and Gulf coasts of Florida, but they are 
most abundant from the Gulf of Maine to Cape Hatteras (Bigelow and Schroeder 1953, Haedrich 
1967, Horn 1970a, Powell eta!. 1972, Cooley 1978, Scott and Scott 1988, Brodziak 1995a, 
Klein-MacPhee, in review). 
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During the NEFSC bottom trawl survey, juvenile butterfish were collected from the northern Gulf of 
Maine south to below -Cape Lookout, South Carolina (Figure 37a-d). During the winter and spring, 
they were distributed along the outer continental shelf from southern New England to Cape 
Hatteras; they occurred along the coast near Cape Hatteras (Figures 37a,d). During the summer, 
juvenile butterfish were collected near the coast throughout the Middle Atlantic Bight and on 
Georges Bank (Figure 37b). During the fall, they were abundant across the shelf throughout the 
Middle Atlantic Bight and on Georges Bank (Figure 37c). During the SEAMAP bottom trawl survey, 
juvenile butterfish were collected from Cape Lookout, South Carolina to Cape Kennedy, Florida 
(Figures 38a-d). Catches were smallest during the winter and largest during the summer. 

2.2.1.4.3.4 Adults 

Adult butterfish range from about 4.8 in to 12.2 in ( 120-305 mm) SL (Hildebrand and Schroeder 
1927); average length 6-9.2 in (150-230 mm; Klein-MacPhee, in review). The size where 50% of 
the population is sexually mature (L50) on the Northeast Shelf is about 4.8 in ( 12 em) FL for males 
and females (O'Brien eta/. 1993), which corresponds to an age of 1 + (Horn 1970a, DuPaul and 
McEachran 1973). All individuals are mature at 2 years of age. At 2 + years of age, butterfish are 
about 6.8 in ( 17 em) and at 3 +, they are about 7.6 in ( 19 em; Waring and Murawski 1982). 

Reproduction 

For butterfish collected on the Northeast Shelf between 1986-89, the median length at maturity 
(l50) was 4.8 in (12 em) TL for females and 4.56 in (11.4 em) TL for males (O'Brien eta/. 1993), 
Horn (1970a) reported that butterfish mature during their second summer (age 1) at 4.8-5.6 in 
( 120-140 mm) SL. In Chesapeake Bay, butterfish begin to mature at age 1 (their second summer) 
and most individuals are mature by age 2 (their third summer) (DuPaul and McEachran 1973). In 
the New York Bight, ripe females 5.0-9. 7 in ( 124-242 mm) FL were collected from 10-480 ft (3-
145 m) of water from May through August; < 5% of the ripe females were collected in Hudson
Raritan estuary (Wilk eta/. 1990). Supposedly, butterfish are broadcast spawners (Horn 1970a), 
but no direct observations have been made (Kiein-MacPhee, in review). Spawning occurs primarily 
in the evening or at night (Ferraro 1980). 

Butterfish may spawn a few miles out to sea off Woods Hole and return inshore when they are 
spent (Kiein-MacPhee, in review). Butterfish are usually reported to spawn offshore (e.g., Wang 
and Kernehan 1979), but eggs and larvae have been collected in coastal waters and most estuaries 
in the northern part of the Middle Atlantic Bight (Hildebrand and Schroeder 1928, Herman 1963, 
Martin and Drewry 1978, Lux and Wheeler 1992, Able and Fahay 1998). Early stage eggs have 
been collected in Narragansett Bay and Salem Harbor (Herman 1963, Bourne and Govoni 1988, 
Elliott and Jiminez 1981 ), Raritan Bay, NJ (Croker 1965), and in the lower portions of Chesapeake 
Bay (Lippson and Moran 1974), but not in Delaware Bay (Wang and Kernehan 1979). Butterfish 
may spawn during the evening in the upper part of the water column; more eggs were collected 
between 0-13 ft (0-4 m) at night in the Middle Atlantic Bight than during the day (Kendall and 
Naplin 1981 ). 

Water temperatures appear to regulate reproduction as spawning dates are progressively later in the 
northern part of the range (Murawski eta/. 1978, Rotunno and Cowen 1997): spawning probably 
does not occur below 59 °F (15 °C; Colton 1972). Spawning may occur year round in the South 
Atlantic Bight with a peak in spring (Fahay 1975, Able and Fahay 1998). Butterfish begin 
spawning in Chesapeake Bay as early as late May; peak spawning occurs in June and July 
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(Hildebrand and Schroeder 1928, Pearson 1941). Spawning in the Middle Atlantic Bight occurs 
from May through October (Smith eta/. 1979); gonad weight of fish > 6 in (15 em) increases in 
March and April, reaches its maximum during June and July, and decreases in the fall (Kawahara 
1977b). The principal spawning areas in Long Island Sound are in the eastern part; spawning 
occurs from June through late August with a peak in late July (Perlmutter 1939). In Narragansett 
Bay, butterfish eggs are found from June to August (Herman 1963). In Massachusetts Bay, spawn 
from June to August (Bigelow and Schroeder 1953). In the Gulf of Maine, butterfish spawning 
begins in May-June, peaks in July, and ends in August (Bigelow and Schroeder 1953; Smith et al. 
1979). On the Scotian Shelf, spawning occurs from July to October (Markle and Frost 1985). 

The spawning period may be more protracted in the Middle Atlantic Bight than previously thought. 
Rotunno ( 1992, Rotunno and Cowen 1997) estimated spawning times from a birthdate analysis of 
otoliths from butterfish up to about 2 in (50 mm) SL collected in the Middle Atlantic and South 
Atlantic bights. They found that spawning began in February and continued through at least late 
July. Spawning began in the south and progressed northward over time, which is consistent with 
the temporal and spatial distribution of larvae, and suggests that butterfish spawn as they migrate 
north and inshore on their annual migration in association with seasonal warming of waters on the 
Northeast Shelf. 

Habitat requirements 

Adult butterfish are pelagic fishes that form loose schools, often near the surface (Schreiber 1 973, 
'Dery 1988, Brodziak 1995a). They are eurythermal (39.9-70.9 °F; 4.4-21.6 °C) and euryhaline (5-
32 ppt) and are frequently found over sand, mud, and mixed fine-grained substrates (Table 6). 
During the summer, butterfish occur inshore where they remain near the surface; schools are 
frequently seen on shallow flats, sheltered bays, estuaries, and the surf zone (Bigelow and 
Schroeder 1953, Leim and Scott 1966, Schaefer 1967, Klein-MacPhee, in review). In the Gulf of 
Maine and Middle Atlantic Bight, butterfish move offshore during the winter; fish are found near the 

'bottom over sand, mud; and rock substrates (Bigelow and Schroeder 1953, Klein-MacPhee, in 
:review). South of Delaware Bay, where winter temperatures are warmer, the offshore migration is 
not as pronounced (Waring and Murawski 1982). In the South Atlantic Bight, butterfish are present 

·"throughout most of the year in nearshore waters (Keiser 1 976). 

In the NEFSC Bottom trawl Survey (1964-97), adult butterfish were collected on the continental 
shelf in 33 ft ( 10 m) of water nearshore out to about 1190 ft (360 m) of water offshore; most 
juveniles and adults were collected in water depths <590ft (180m; Figure 39). Adults were 
distributed somewhat deeper than juveniles in all seasons. Bottom-water temperatures where 
adults were captured ranged from 37-82 °F (3-28 °C); most fish were collected between 45-68 °F 
(7-20 °C; Figures 40). Modal temperatures during spring and fall surveys were 50-57 °F (1 0-14 °C) 
for adults. 

Distribution and abundance 

Adult butterfish have been reported from Newfoundland to the Atlantic and Gulf coasts of Florida, 
but they are most abundant from the Gulf of Maine to Cape Hatteras (Bigelow and Schroeder 1953, 
Haedrich 1967, Horn 1970a, Powell et sl. 19'72, Cooley 1978, Scott and Scott 1988, Brodziak 
1995a, Klein-MacPhee, in review). 
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During the NEFSC bottom trawl survey, adult butterfish were collected from the northern Gulf of 
Maine south to below Cape Lookout, South Carolina (Figure 41 a-d). During the winter and spring, 
they were distributed along the outer continental shelf from southern New England to Cape 
Hatteras; they occurred along the coast from Cape Hatteras to Maryland (Figure 41 a,d). During the 
summer, adult butterfish were collected across the shelf throughout the Middle Atlantic Bight, on 
Georges Bank, and in the coastal Gulf of Maine (Figure 41 b). During the fall, they were abundant 
on the shelf throughout the Middle Atlantic Bight, on Georges Bank, and in Massachusetts Bay 
(Figure 41 c). During the SEAMAP bottom trawl survey, adult butterfish were collected from Cape 
Lookout, South Carolina to Cape Kennedy, Florida (Figure 42a-d). The size of the catches was 
similar throughout the year. Off South Carolina, butterfish are present in nearshore waters 
throughout most of the year (Keiser 1 976). 

2.2.1.4.4 Importance of butterfish in state waters 

Although butterfish are an offshore pelagic species, eggs, larvae, and juveniles are found to varying 
degrees in estuaries and bays of New England and the Mid-Atlantic. The primary data source for 
butterfish in state waters is NOAA's Estuarine Living Marine Resources Program (ELMR; Tables 7 
and 8), while not as quantitative as the NEFSC trawl data it does describe the butterfish spatial 
(Tables 7) and temporal (TableS) relative abundance by life stage and month in the various coastal 
estuaries from Waquoit Bay, Massachusetts to James River, VA(Figure 43a-e). 

Currently, the only state data available to NMFS in a consistent electronic format is Massachusetts 
Inshore Trawl Survey, Connecticut Trawl Survey- Long Island Sound, and the NMFS Trawl Survey
Hudson-Raritan Estuary/Sandy-Hook Bay. These data will not be used to designate EFH within 
estuaries, because other states' data are not currently available in a format that makes it possible 
to compare them. Therefore, these data will only be used to confirm ELMR data. These, data 
generally agree with ELMR presence/absence data for these specific estuaries. Data collected from 
other states' seine and trawl surveys, as it becomes available, will be incorporated in future 
iterations of this FMP. 

Eggs and larvae are common in the high salinity zones of some estuaries in southern New England 
and the mid-Atlantic and in the mixing zone in Chesapeake Bay (Table 7). In the coastal bays and 
estuaries, butterfish eggs were recorded as far north as Penobscot Bay and as far south as 
Chesapeake Bay (ELMR database, NOAA/NOS, Stone et 8/. 1 994). Eggs were abundant in 

· Narragansett Bay and common in Massachusetts Bay, Cape Cod Bay, Waquoit Bay, Buzzards Bay, 
Long Island Sound, Gardiners Bay, Great South Bay, and Chesapeake Bay (Tables 7 and 8; Figure 
43a). 

In the coastal bays and estuaries of New England and the mid-Atlantic, butterfish larvae were 
recorded as far north as Penobscot Bay and as far south as Chesapeake Bay (ELMR database, 
NOAA/NOS, Stone et 8/. 1 994). The larvae were common in Boston Harbor, Waquoit Bay, 
Buzzards Bay, Narragansett Bay, Long Island Sound, Gardiners Bay, Great South Bay, Great South 
Bay, and Chesapeake Bay (Table 7 and 8; Figure 43b). 

Juvenile and adult butterfish are common to abundant in the high salinity and mixing zones of 
estuaries from Massachusetts Bay to the mid-Atlantic; they are rare to uncommon in the high 
salinity and mixing zones of estuaries in the central and northern Gulf of Maine and in the South 
Atlantic Bight (Table 7). They occur in high salinity and mixed salinity zones of most estuaries from 
the Gulf of Maine to Florida (Table 7; Figure 43c,d: Geer and Austin 1997, Murdy et 8/. 1 997). 
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