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To All Interested Government Agencies and Public Groups: 

Under the National Environmental Policy Act, an environmental 
review has been performed on the following action. 

TITLE: 	 Environmental Assessment for Revised Amendments 16 
and 21 to the Fishery Management Plans for the 
Groundf ish 'Fishery of the Bering Sea and Aleutian 
Islands and Groundfish of the Gulf of Alaska 

LOCATION: 	 Exclusive Economic Zone of the Gulf of Alaska and 
the Bering Sea and Aleutian Islands 

SUMMARY: 	 These amendments authorize a vessel incentive 
program to reduce bycatch rates of prohibited 
species in the Alaskan groundfish trawl fisheries. 

RESPONSIBLE William w. Fox, Jr. 
OFFICIAL: Assistant Administrator 

for Fisheries 
National Marine Fisheries Serv'ice 
1335 East-West Highway 
Silver Spring, MD 20910 -~ 

Phone: 301-427-2239 

The environmental review process led us to conclude that this 
action will not have a significant impact on the environment. 
Therefore, an environmental impact statement was not prepared. 
A copy of the finding of no significant impact, including the 
environmental assessment, is enclosed for your information. 
Also, please send a copy of your comments to me in Room 6222, 
CS/ES, U.S. Department ' of Commerce, Washington, D.C. 20230. 
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EA/RIR/IRFA FOR REVISIONS TO AMENDMENTS 16 AND 21 

TO THE 


GROUNDFISH FISHERY MANAGEMENT PLANS 

FOR THE BERiNG SEA/ALEUT.IAN ISLANDS 


AND THE GULF OF ALASKA 


1.0 INTRODUCTION 

Revisions to Amendments 21/16 are being considered because a 
critical component of the bycatch management measures contained 
in the amendments was disapproved by the Secretary. 

1.1 Overview of the Need for Action and the Alternatives 

Because trawl, hook and line, and pot fisheries use non-selective 
harvesting techniques, incidental catches (bycatch) including 
crab, halibut, and herring are taken in addition to targeted 
species. A conflict occurs when bycatch measurably impacts the 
resources available to another fishery. Bycatch management 
attempts to balance the effects of various fisheries on each 
other. This is particularly contentious because fishermen value 
the use of crab, halibut, or herring very differently, depending 
on the fishery they pursue. 

Amendment 21/16 was approved by the Council in June 1990, except 
for the vessel incentive program, it was approved by the 
Secretary. The Secretary disapproved the measures that held each 
bottom trawl fishing operation individually accountable for its 
bycatch of crab and halibut in the BSA! and halibut· in the GOA. 

The Secretary determined that the vessel incentive program in 
Amendments 21/16 is inconsistent with the Magnuson Act and the 
Administrative Procedure Act. The proposed rule required vessels 
in each fishery to ·maintain a 4-week average bycatch rate less 
than two times the concurrent fleet average in each of the 
fisheries and for each of three bycatch species. Failure of a 
vessel to meet such bycatch standards would result in a 
suspension of the vessel from the Alaskan groundfish fishery for 
a period ranging from five days to six weeks .. 

Subsequent to Council approval of the incentive program, NMFS 
analysis of the 1990 observer database indicated that substantial 
revisions to the observer database occur after observers are 
debriefed and their data are analyzed and corrected. Corrected 
data for a fishery may not be available for up to six months 
after a fishing week. Because enforcement of the incentive 
program could only be based upon corrected data, inseason action 
against vessels that fail , to meet acceptable bycatch standards 
cannot be taken. 
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The incentive program also failed to conform to requirements of 
other applicable law, including the Administrative Procedure Act. 
This Act requires that regulations be reasonable and effective. 
The observer data are insufficient to determine. whether 
variability of bycatch rates permit the use of four-week fleet 
averages as a basis for legally acceptable standards. 

Although NOAA cannot promulgate regulations to implement this 
incentive program, it believes an incentive program is a feasible 
and critical element of the 1991 bycatch management regime. Such 
a program is the topic of this amendment revision package. 

The Council may submit a revised amendment accompanied by 
proposed regulations to the Secretary. After the Secretary 
receives the revised amendment, he must approve, partially 
disapprove, or disapprove the amendment within 60 days. 
Implementing regulations also must be promulgated within this 
time frame. A revised incentive program could be implemented in 
early February, 1991. 

The two alternatives being considered are: 

. 1. The status quo (no action). 

2. 	 A vessel incentive program that provides civil 
penalties as sanctions for vessels that exceed 
published bycatch rate standards. for halibqt in the 
BSA! and GOA Pacific cod trawl fisheries and the GOA 
rockfish trawl fishery or for red king crab in the BSA! 
rock sole and yellowfin sole/other flatfish fisheries. 
The halibut program will be extended to the BSA! rock 
sole and yellowfin sole/other flatfish fisheries if 
sufficient resources are available without detracting 
from the effectiveness of the program for other 
fisheries. 

The alternatives are more fully described in Section 3. 

2 • 0 	 NATURE AND SOURCE OF THE PROBLEM 

The groundfish fishery results in incidental fishing mortality 
for crab, halibut, herring and other prohibited species. These 
resources can also be used as current or future target catch in 
the crab, halibut, or herring fisheries. 

The Council has established prohibited species catch (PSC) limits 
to control the take of crab, halibut, and herring in the 
groundfish trawl fisheries in the BSA! and halibut in the GOA. 
In 1990, the attainment of these limits resulted in closures of 
trawl fisheries prior to taking .their allowable catch. The 
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failure to harvest fully the available resources represents a 
real cost to the trawl fishery. This cost was only partially 
offset by increased catch and benefits for the fixed gear 
groundfish fisheries. 

For each PSC limit, the amount of groundfish that can be 
harvested is determined by the average bycatch rate of the 
fishery. It has been argued that a PSC limit provides fishermen 
an incentive to reduce bycatch rates. This argument fails to 
recognize that, although it is in the best interest of the fleet 
as a whole to decrease bycatch rates, it is in the best interest 
of individual operators to ignore bycatch and harvest groundfish 
as fast as possible prior to the closure of the fishery. 

This results in inequities and unnecessarily high bycatch rates. 
The latter will cause a given PSC limit to impose a much higher 
cost on · the fishery it closes. An operation that reduces its 
bycatch rate bears the costs of doing so generally by decreased 
catch or increased operating costs, but it does not receive 
benefits proportional to its success in reducing bycatch or to 
the cost of doing so. Operations that take no actions to control 
bycatch rates do not bear such costs but may receive a 
disproportionately large share of the benefit from the actions 
taken by others to reduce the fishery's average bycatch rate. 
The problems are that: (1) there are external costs and be~efits 
that provide each operation with incentives to do what is counter 
to the best interests of the fishery as a whole and (2) the 
actions of a few operation~ can impose substantial costs on the 
rest of the fleet. 

The vessel incentive program approved by the Council as part of 
Amendments 21/16 was intended to provide a partial solution to 
these problems by reducing the magnitude of the external benefits 
and costs. The replacement vessel incentive program discussed 
below is intended to do the same. This incentive program is 
similar to the program that was disapproved in that it is 
primarily intended to decrease the costs that the PSC limits will 
impose on the trawl fisheries in 1991 and secondarily intended to 
provide guidance for future development of a comprehensive, 
effective, equitable, and efficient ~ong-term bycatch management 
regime. 

3.0 DETAILED DESCRIPTIONS OF THE ALTERNATIVES 

The preceding introduction to the revision of Amendments 21/16 
presented an overview of the revised alternatives being 
considered. They are more fully described in this section. 

3.1 Alternative 1: Status Quo 

If Alternative 1 is chosen, the existing bycatch control 
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management measures and those that have been or will be approved 
under Amendments 21/16 and 16a will be in place. These do not 
include a vessel incentive program. The measures that are . 
expected to be in place include those outlined below. 

1. 	 Crab and halibut are prohibited species in the groundfish 
fisheries and cannot be retained . 

2. 	 The aggregate BSAI trawl fishery PSC limits for C. bairdi 
Tanner ·crab, red king crab, and Pacific halibut are as 
follows: 

c. bai.:gi 1,000,000 crabs in Zone 1 for Zone 1 closure 
Tanner crab: 3,000,000 crabs in zone 2 for Zone 2 closure 

Red king crab: 	200,000 crabs in Zone 1 for Zone 1 closure 

Halibut: 	 4 I 400 mt catch in BSAI for Zones 1 and 2H 
closure 
5,333 mt catch in BSAI for BSAI closure 

Figure 1.1 presents bycatch protection zones in relation to 
statistical areas. Zone 1 consists of statistical areas 
511, 512, and 516, and Zone 2H is area 517. 

3. 	 Apportionments of PSC limits in the · BSAI listed for the 
above species into bycatch allowances to OAP and JVP trawl 
fisheries, subject to review and revision by the Secretary 
of Commerce, after consultation with the Council, are 
authorized. For the 1991 fishing year, fishery categories 
are: OAP trawl fisheries for turbot, rock sole, yellowfin 
sole/other flatfish, and all others combined; and the JVP 
trawl flatfish fishery. The bycatch in each of these three 
flatfish fisheries counts against its PSC apportionments and 
when its apportionment is · taken the fishery closes. The 
bycatch in all other trawl fisheries counts against the 
other fishery PSC apportionments; however, when one of its 
apportionments is taken, only the bottom trawl Pacific cod 
and pollack fisheries are closed. 

4. 	 In the GOA, the PSC limit for halibut can be set annually 
and apportioned by season and among the trawl, 
hook-and-line, and pot gear types. 

5. 	 Fishing gear restrictions in both the BSAI and GOA include a 
new definition of a pelagic trawl and requirements for 
biodegradable panels and halibut exclusion devises ·on 
groundfish pots. 
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6. 	 For the BSA!, the Regional Director will be able to set a 
limit on the amount of the pollock TACs that can be taken in 
other than the mid-water pollock fisheries (16a). 

7. 	 For the BSA!, the Regional Director will have the authority 
to temporarily close limited areas in-season due to high 
bycatch rates (16a). · 

8. 	 With the exception of the rock sole and arrowtooth flounder 
fisheries, the 1991 BSA! flatfish and Greenland turbot 
fisheries will not open until May 1. 

3.2 	 Alternative 2: Revised Vessel Incentive Program 

The following outlines the elements of a revised bycatch 
incentive program for implementation in 1991 which has been 
proposed to correct the deficiencies of the vessel incentive 
"penalty box" provisions proposed under Amendments 21/16 to the 
groundfish FMPs. Under the revised program, penalties would be 
imposed after observers have been fully debriefed and their data 
analyzed and corrected. In most cases, this would result in 
post-season action against vessels that have exhibited bycatch 
rates in excess of established bycatch rate standards. 

If the Council adopts a revised bycatch incentive program, 
the program would be subject to public review and comment as part 
of the Secretarial review process. 

I. 	 Scope of 1991 incentive program. 

A. 	 Option 1 (as recommended by the Bycatch 

Committee ) : 


The 1991 incentive program would encompass: 

(1) 	 halibut bycatch in the BSA! and GOA Pacific cod trawl 
fisheries and the GOA "bottom rockfish" trawl fishery; 
and 

(2) 	 red king crab bycatch in the BSA! flatfish fisheries. 

(3) 	 All catcher/processor vessels and catcher vessels 
(including those that deliver unsorted codends to 
mothership proceasors) that participate in these 
fisheries and for which observer data are collected 
would be participants in the incentive program. 

B. 	 Option 2. The incentive program will be expanded to 
include halibut bycatch in the BSAI flatfish fisheries 



7 

. if there are sufficient resources to do this without 
detracting from the program included under Option l. 

II. 	 Fishery Definitions. 

A. 	 Each week a bottom trawl vessel's observed BSAI 
groundfish catch of the TAC species would be used to 
place it into one of five fisheries for that week. The 
first of the five rules that is met determines the 
fishery assignment · of a vessel. 

1. 	 Greenland turbot fishery if Greenland turbot is at 
least 35% of its groundfish catch . . 

2. 	 Pacific cod fishery if Pacific cod is at least 45% 
of its groundfish catch. 

3. 	 Rock sole fishery if rock sole is at least 40% of 
its groundfish catch. 

4. 	 Yellowfin sole/other flatfish fishery if yellowfin 
sole/other flatfish is at least 40% of its 
groundfish catch. 

5. 	 Other bottom trawl fishery if pollock is less than 
95% of its groundfish catch. 

The distinction between the rock sole and yellowfin 
sole/other flatfish fisheries .would be used for 
monitoring the PSC limit apportionments between these 
fisheries. However, for the purposes of the vessel 
incentive program, they would both be part of the 
flatfish fishery. Similarly, the definition of the 
turbot fishery will. be used to monitor the 
apportionments of PSC limits· to the turbot fishery. 
Neither the turbot fishery nor the other bottom trawl 
fishery will be included in the vessel incentive 
program for the BSAI. 

B. 	 Each week a bottom trawl vessel's observed GOA 
groundfish catch of the TAC species excluding· 
arrowtooth flounder will be used to place it into one 
of three ·fisheries for that week. The first of the 
three rules that is met determines the fishery 
assignment of a vessel. 

1. 	 Pacific cod fishery if Pacific cod is at least 45% 
of its groundfish catch. 

2. 	 Rockfish fishery if rockfish (slope rockfish, 
dernersal shelf rockfish, and thornyhead rockfish, 
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in the aggregate) is at least 30% of its 
groundfish catch. 

3. 	 Other bottom trawl fishery if pollock is less than 
95% of its groundfish catch. 

The other bottom trawl fishery will not be included in 
the vessel incentive program for the GOA. 

IIr. 	Bycatch Standards. 

A. 	 Red king crab and halibu.t bycatch performance standards 
for vessels in the monitored fisheries will be based on 
seasonal fixed rates. The red king crab bycatch rate 
standard will be for Zone 1 and compliance with the 
standards will be for flatfish fisheries in Zone 1. 
The halibut standards will be · for the BSAI or GOA as a 
whole and compliance with the halibut standards will be 
for the BSAI or GOA as a whole. Prior to January 1 and 
July 1 of each year, bycatch rate standards will be 
published in the Federal Register that would be in 
effect for specified seasons within the six-month 
periods of January 1 - June 30 and July 1 through 
December 31, respectively. Such rates would remain in 
effect until revised by a subsequent notice in the 
Federal Register. Revisions to bycatch rate standards 
may be made as often as appropriate. Seasonal rates 
will be based on prior seasonal bycatch rates and other 
relevant criteria. 

B. 	 Separate halibut bycatch standards will be established 
for the BSAI Pacific cod and flatfish fisheries. 

C. 	 A single halibut byc.atch standard will be established 
for the GOA Pacific cod and bottom rockf ish fisheries 
that will be weighted in favor of the bottom rockfish 
fishery. . · 

IV. 	 Fishery Checkpoints and Penalties. 

A. 	 At the end of each fishing month, the average observed 
bycatch rate of red king crab and\or halibut for each 
vessel assigned to the BSAI flatfish fishery, the 
BSAI/GOA Pacific cod fisheries or the GOA bottom 
rockf ish fishery during that month will be judged 
against the fixed seasonal standard established for 
those fisheries. If the vessel's average bycatch rate 
for a fishing month exceeded a seasonal standard, a 
separate violation could be considered for each week 
during the month that the standard was exceeded. If 
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the Magnuson Act amendments as . passed by the House and 
Senate are signed by the President, each violation 
will 	carry a maximum civil penalty of · $100,000, so 
total civil penalties for a monthly period could total . 
a maximum of $400,000. Possible sanctions in addition 
to the civil penalties include permit restrictions and 
vessel seizure. 	 · · 

B. 	 Observer sampling procedures will be standardized, to 
the extent possible, to remove discretionary sampling 
procedures by observers. Standardized procedures will 
be used to determine vessel bycatch rates and fishery 
assignments. 

c. 	 General Counsel, Alaska Region, will have discretion to 
determine whether to prorate vessel penalties, taking 
into account a number of factors, including resource or 
economic damage to the groundfish trawl fishery, 
relevant participation in voluntary programs designed 
to reduce prohibited species bycatch, and culpability 
of the vessel operator/owner. · 

D. 	 NMFS will institute an enforcement policy to expedite 
citation and penalty procedures for vessels with the 
most flagrant apparent violations (excessive bycatch 
rates) which are identified inseason. Once such a 
v~ssel is preliminarily identified through weekly 
observer reports, the vessel could be placed on a 
priority list for observer debriefing, citation, and 
GCAK legal proceedings. 

v. Public Release of Vessel Bycatch Rates. 

A. 	 Under a proposed regulatory amendment to the observer 
plan, NMFS will have the authority to publicize 
observed bycatch rates of individual vessels. If such 
authority is approved, NMFS will have the option of 
posting weekly observed bycatch rates that could be 
used by vessel operators as guidance on whether or not 
changes in fishing practices are necessary to meet 
bycatch performance standards. At a minimum, NMFS will 
continue to release a vessel's observed bycatch rate to 
the vessel's operator or owner upon request. Whether 
or not NMFS exercises authority for public release of 
observed bycatch rates, inseason weekly rates available 
to the industry will continue to be based on unverified 
observer data and subject to revisio~ as observers are 
debriefed and their data are analyzed and corrected. 

4.0 	 Analysis of the Alternatives 
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4.1 Alternative 1: The Status Quo 

The bycatch management regime that will be in place for the 1991 
fishing year with Alternative 1 is more flexible than that which 
has been in effect during 1990. It -is expected to make the PSC 
limits less costly to the groundf ish trawl fishery by postponing 
the yellowfin sole/ other flatfish and turbot fisheries in the 
BSA!, by providing more flexibility in apportioning the PSC 
limits among fisheries and seasons in the BSAI and GOA, and by 
providing the Regional Director with inseason authority .to close 
BSA! fisheries or areas with exceptionally .high bycatch rates. 
Had these measures been in effect in 1990, some of the closures 
that occurred could have been delayed or prevented and the cost 
imposed on the trawl fishery as a result of the PSC limits could 
have been substantially reduced . 

.These measures are expected to reduce the costs the PSC limits 
will impose on the trawl fishery in 1991; however, potential 
changes in the 1991 fishery may result in the limits imposing 
higher costs. These changes include an earlier and more intensive 
fishery cod fishery and new entrants into the cod fishery if the 
first period apportionment of the pollock TACs results in an 
early switch from the pollack fishery to the cod fishery. They 
could also include a more extensive bottom trawl fishery for 
pollock due to increases in pollack fillet prices relative to 
surimi pric~s. The potential increase in halibut bycatch early 
in the year as a result of increased bottom trawl effort for 
Pacific cod and pollack may be offset to some extent by 
relatively lower halibut bycatch rates early in the year before 
halibut move into more shallow waters and become more vulnerable 
to these fisheries. 

Although it is not known whether the PSC limits will be more 
burdensome to the trawl fishery in 1991 than they were in 1990, 
it is clear that in the absence of a vessel incentive system that 
decreases both the external costs of high bycatch rates and the 
external benefits of taking actions to reduce bycatch rates, 
fishing operations will continue to have an incentive to have 
bycatc~ . rates that are not in the best interest of the trawl 
fisheries. Based on projections from the bycatch model that was 
used to evaluate Amendment 16a, it is estimated that gross trawl 
fishery revenue and gross revenue net of variable cost will be, 
respectively, $130 million and $48 million less without the 
vessel incentive program assumed to be in place for the purposes 
of the analysis of Amendment 16a. Similar estimates are not 
available for the Gulf. 

Despite the speculative nature of these estimates, the cost 
imposed on the trawl fishery by the PSC limits in the BSA! and 
GOA are expected to be substantially greater if there is no 
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vessel incentive program. A significant part of the higher costs 
will be due to exceptionally high bycatch rates associated with a 
relatively small percentage of both the total number of fishing 
operations and total groundf ish catch. For example, the observer 
data that are available for 67 fishing operations that 
participated in the 1990 BSA! Pacific cod fishery indicate that 
the 13 operations with the highest halibut bycatch rates for the 
year as a whole: (1) accounted for 38.8\ of the observed halibut 
bycatch but only 16.7% of the observed catch in the cod fishery; 
and (2) increased the fishery's halibut bycatch rate from 1.1% to 
1. 5% of its groundfish catch.· Similar comparisons are made for 
other fisheries in the following section in which the effects of 
the revised vessel incentive program are discussed. 

4.2 Alternative 2: Revised Vessel Incentive Program 

The proposed elements of the revised vessel incentive program are 
evaluated with respect to whether they are expected to result in 
a program that is effective and equitable, that can be . 
implemented early in 1991 given the time and resources that are 
expected to be available, and that provides a .cost effective 
solution to the problems caused by the externalities associated 
with reductions in bycatch rates. 

4.2.1 Scope of the Program 

The program will be limited to the BSA! cod and flatfish 
fisheries and the GOA cod and rockfish fisheries for several 
reasons. The time and resources necessary to develop and 
implement similar programs for additional fisheries are not 
expected to be available. Expanding the program beyond the level 
that can be affectively supported would result in a more costly 

· but less effective program. 

The program that was initially designed for the BSA! was extended 
to the GOA to prevent the possibility that fishing operations · 
would practice in the Gulf or fish in the Gulf after not being 
able to meet the bycatch rate standards in the BSA!. Either 
would result in higher bycatch ~ates in the Gulf and . 
.	corresponding decreases in the amount of groundfish that could be 
harvested in the Gulf prior to PSC limit induced . closures. 
The fisheries and bycatch species to be included are based on 
priorities established by industry representatives for the BSA! . 
and GOA trawl fisheries. The closures of the BSA! cod and 
flatfish fisheries in 1990 posed the most significant costs to 
the trawl fishery as a result of the BSA! PSC limits. In the 
Gulf, the cod and rockfish fisheries are expected to account for 
much of the bottom trawl catch and halibut bycatch. Therefore, 
these fisheries are thought to be the most critical fisheries for 
an incentive program. 

The vessel incentive program will increase .some of the inequities 
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of the current bycatch management regime. For vessels in BSA! 
cod and flatfish fisheries and the GOA cod and rockfish 
fisheries, it will increase the disparity in costs between 
vessels with 100%, 30%, and no observer coverage. It will also 
increase the inequity associated with the fact that, in the BSAI, 
all bycatch except that of the flatfish and turbot fisheries 
counts against the other bottom trawl PSC bycatch allowances, but 
that only the bottom trawl cod and pollock fisheries are closed 
when the apportionment is taken. This situation will be less 
equitable because even though the cod fishery will be subject to 
the costs .of the vessel incentive program and is expected to have 
lower bycatch rates as a result of the program, it can still be 
shut down by high bycatch in other fisheries. The limited scope 
of the program will also introduce new inequities. Specifically, 
the fisheries that are not included in the program are not 
provided as much of an opportunity to reduce their bycatch rates. 

The decision to include catcher vessels delivering codends to 
processing vessels in the incentive program and to exclude 
processing vessels was based on comments by industry 
representatives for the trawl fisheries. This will require 
observers on these processing vessels to identify the catcher 
vessels associated with each codend deliverj. The observer 
program has indicated that this will require a change in observer 
reporting that can be accomplished at a relatively small cost. 
This will prevent a disparity in the accountability of bycatch by 
catcher vessels that deliver to at-sea and shore based 
processors. 

The addition of halibut to the vessel incentive program for the 
BSA! flatfish fisheries (i.e, Option 2) will assist in delaying a 
halibut closure that will close Zones 1 and 2H . . Such a closure 
could substantially reduce the benefits to the flatfish fishery 
gained by the vessel incentive program for red king crab in Zone 
1. If halibut is not included in the program, fishing operations 
that cannot meet the red· king crab bycatch rate standard in Zone 
1 may elect to fish in Zone 2. This could result in higher 
halibut bycatch and an earlier closure of zones 1 and 2H. It is 
not known if the time and resources necessary to add halibut to 
the BSA! flatfish fishery vessel incentive program will be 
available without detracting from the other programs. 

4. 2. 2 Fishery Definitions 

The proposed fishery definitions are based on at-sea observer 
data for the 1990 OAP fisheries in the BSA! and GOA. Catch and 
bycatch data by vessel and reporting week (i.e., vessel week 
observations) were sorted on the basis of the percentage of the 
groundfish catch of TAC species that was accounted for by the · 
species for which a fishery definition was needed. This was done. 
separately for flatfish, Greenland turbot, and Pacific cod in the 
BSA! and separately for Pacific cod and rockfish (i.e., slope 
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rockfish, demersal shelf rockfish, and thornyhead rockfish, in 
the aggregate) in the GOA. For the Gulf, arrowtooth flounder 
catch was deducted from groundf ish catch prior to calculating 
species composition by vessel week. The data that were sorted to 
define a fishery for each species or species group excluded 
vessel week observations for which the species did not account 
for at least 20% of the groundfish catch. The exception was that 
for Greenland turbot, . only vessel .week observations with 
Greenland turbot accounting for less than 5% of the catch were 
excluded. An explanation for each of the definitions in terms of 
the corresponding sorted data is presented below. 

BSAI Cod Fishery The halibut bycatch rate was relatively stable 
for a cod fishery defined in terms of a minimum catch composition 
rule of 45% to 60% but fell for a rule of 40%. At or above a 45% 
rule, cod was the dominant species, below the 45% rule it was 
not. About 78.4% of the cod catch in the sorted data set was 
accounted for by vessel week observations in which cod was at 
lea~t 45% of the groundfish catch. 

BSAI Flatfish Fishery The halibut bycatch rate increased 
sharply when flatfish accounted for less than 40% of the catch 
and red king crab bycatch rates were subject to large 
fluctuations over a wide range of rules. At or above a 40% rule, 
flatfish was the dominant species, below the 40% rule it was not. 
About 89% of the flatfish .catch in the sorted data set was 
accounted for by vessel week observations in which flatfish was 
at least 40% of the groundfish . catch. 

BSAI Greenland Turbot Fishe+:Y The halibut bycatch rate was 
relatively unstable for a Greenland turbot fishery defined in 
terms of a mini.mum catch composition. rule; however, there was a 
pronounced decrease· in the bycatch rate when Greenland turbot 
accounts for less than 35% of the catch. Above a 35% rule., 
Greenland turbot was the dominant species; at the 35% rule, it 
was the dominant species if arrowtooth flounder is ignored; and 
below the 35% rule, it was not the dominant species. Over 88% of 
the Greenland Turbot catch in the sorted data set was accounted · 
for by vessel week observations in which Greenland turbot was at 
least 35% of the groundfish catch. 

GOA Cod Fishery The halibut bycatch rate was unstable for a 
large range of rules. At or above a 45% rule, cod was the 
dominant species, below the 45% rule it was not. About 90% of 
the cod catch in the sorted data set was accounted for by vessel 

.week ob'servations in which cod was at least 45% of the groundfish 
catch. 

GOA Rockf ish Fisherv The halibut bycatch rate was unstable for 
a large range of rules. At or above a 35% rule, rockfish was the 
dominant species, below the 35% rule it was not. Almost 97% of 
the rockfish catch in the sorted data set was accounted for by 
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vessel week observations in which rockfish was at least 30% of 
the groundfish catch. 

4. 2. 3 Bycatch Rate Standards 

The use of seasonal bycatch rate standards is intended to allow 
for seasonality in the factors that affect bycatch rates. The 
seasonal rates will be established semi-annually to reduce the 
costs of establishing the rates. For purposes of this analysis, 
seasonal rates based on calendar quarters were examined, although 
additional data collected from the groundfish fisheries may 
indicate that seasonal rates based on other than calendar 
quarters may be more appropriate. 

The red king crab standard will be based on historical bycatch 
rates in Zone 1 and compliance with the standard will be 
monitored only .for Zone 1. There are two primary reasons for 
this. First, the red king crab PSC limit is only for Zone 1. 
Second, if a flatfish fishing operation's monthly catch and 
bycatch from the BSAI as a whole ·is used to determine its monthly 
bycatch rate, the operation may be provided with an incentive 
that will increase the probability of a halibut closure of Zones 
1 and 2H without increasing the amount of flatfish that can be 
harvested in Zone 1. Specifically, a fishing operation could 
take part of its catch each .month in Zone 2 in an attempt to 
reduce its BSAI king crab bycatch rate. However, to the extent 
that halibut bycatch rates are higher outside of Zone 1, the 
halibut PSC ' limit induced closure of Zones 1 and 2H will occur 
sooner. The incentive for . a fishing operation to do this would 
of course be greater if halibut is not included in the incentive 
program for the flatfish fisheri~s. 

Based on comments from industry representatives, the same set of 
bycatch rate standards were proposed to be used for the GOA 
Pacific cod and bottom trawl rockf ish fisheries to reduce the 
cost of establishing, administering, and enforcing the standards. 
The bycatch rates in the rockf ish fishery were not expected to be 
sufficiently greater than those in the cod fishery to prevent 
standards based on historical halibut bycatch rates for the 
rockfish fishery from being appropriate for the cod fishery. 
Initial analyses of 1990 data, however, indicates that bycatch 
rates in the rockfish and Pacific cod fisheries may d1f fer 
significantly for some seasons. This difference may require that 
separate rates be established for the GOA rockfish and Pacific 
cod fisheries if the additional administrative and enforcement 
costs can be accommodated by NMFS. 

4.2.3.1 Tentative bycatch rate standards 

The fishery definitions presented above were used to place each 
1990 vessel week observation into one of the vessel incentive 
program fisheries or into the other fishery category. The data 

I 
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for each of the incentive program fisheries were sorted by 
fishery, quarter, halibut (or red king crab) bycatch rate, and 
vessel month to calculate the distribution of catch and bycatch 
by quarter for each fishery. The sorted data 'were then used to 
select tentative bycatch rate standards and to estimate the · 
effects of those standards on average bycatch rates. 

For each fishery and quarter, for which there are sufficient 
data: (1) the average bycatch rate is stated; (2)' the average 
bycatch rate for the vessel month observations with the lowest 
bycatch rates but that account for about 80% of the catch is 
given; (3) the tentative standard is set equal to the latter 
average bycatch rate; and (4) an estimate of the effect of that 
standard is presented. In some cases, the small number of 
observations prevented the identification and use of the bycatch 
rate associated with the 80% of the catch with the lowest bycatch 
rates. For the Gulf, halibut bycatch rates are presented as a 
percentage of groundfish catch excluding arrowtooth flounder. 

The estimate of the effect of a standard on the average bycatch 
rate of a fishery is naturally quite speculative. The estimates 
presented below were generated by eliminating all vessel month 
observations with a ·bycatch rate greater thah twice the standard. 
The implicit assumptions are that no operation will exceed the 
standard by more than 100% and that those that did in 1990 would 
have taken actions such that their bycatch performance would have 
duplicated that of operations that did not exceed the standard by 
more than 100%. 

The 1990 bycatch rate, the tentative standard, and an estimate of 
the resulting bycatch rate by fishery and quarte~ are summarized 
in Table 1. 

If it is determined that cod fishery halibut bycatch rates differ 
substantially between the Western Gulf and Central Gulf, it may 
be desirable to establish the Gulf cod fishery standard based on 
the bycatch rate data from the area with the higher rates. Due 
in part to the flexibility there is in establishing the halibut 
PSC limit for the GOA trawl fishery and to the distribution of 
bycatch rates among vessels, a more lenient standard for the GOA 
cod fishery may not result in a substantially earlier closure of 
the GOA bottom t~a.wl fishery. 

4.2.3.1.l Halibut bycatch rates 

First quarter BSAI cod fishery The data used for the cod fishery 
consists of all vessel week observations for which cod accounted 
for at least 45% of a vessel's weekly groundfish catch and for 
which Greenland turbot accounted for less than 35% of the catch. 
During the first quarter, the average halibut bycatch rate for 
the fishery as a whole was 1. 35% (i.e., 1. 35 mt of halibut per 
100 mt of groundfish). However, about 80% of the catch was taken 
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in the set of vessel month observ·ations that had an average 
bycatch rate of 0.89%. The other (higher bycatch rate) 
observations accounted for 20% ·of the groundfish catch but for 
almost 48% of the halibut bycatch. If the bycatch rate standard 
had been 0.89%, it is estimated that the average bycatch rate 
also would have been 0.89% and about 52% more groundfish catch 
could have been taken with the same amount of halibut bycatch . 

.Second quarter BSAI cod fishery During the second quarter, the 
average halibut bycatch rate for the fishery as a whole was 
1.85%. However, about 80% of the catch was taken in the set of 
vessel month observations that had an average bycatch rate of 
1.05%. The other (higher bycatch rate) observations accounted 
for 20% of the groundfish catch but for 54% of the halibut 
bycatch. If the bycatch rate standard had been 1.05%, it is 
estimated that the average bycatch rate would have been 0.96% and 
about 93% more groundfish catch could have been taken with the 
same amount of halibut bycatch. 

Third and fourth quarters BSAI cod fishery Due to the PSC limit 
induced closures, there is not sufficient data from the 1990 OAP 
fishery to establish standard rates or estimate the effects of 
such standards. Both will be done, to the extent possible, using 
data from the 1986-89 joint venture fisheries. 

First guarter BSAI flatfish fishery The data used for the 
flatfish fishery consists of all vessel week observations for 
which flatfish accounted for at .least 40% of a vesse~·s weekly 
groundfish catch and for which Greenland turbot accounted for 
less than 35% of the catch and cod accounted for less than 45% of 
the catch. During the first quarter, the average halibut bycatch 
rate for the fishery as a whole was 1.31% (i.e., 1.31 mt of 
halibut per 100 mt of groundfish). However, about 80% of the 
catch was taken in the set of vessel month observations that had 
an average bycatch rate of 0.94%. The other (higher bycatch 
rate) observations accounted for 20% of the groundfish catch but 
for almost 42% of the halibut bycatch. If the bycatch rate 
standard had been 0.94%, it is estimated that the average bycatch 
rate would have been 0.92% and about 42% more groundfish catch 
could have been taken with the same amount of halibut bycatch. 

Second quarter BSAI flatfish fishery Due to the PSC limit 
induced closures, there is not sufficient data from the 1990 OAP 
fishery to establish standard rates or estimate the effects of 
such standards. Both will be done, to the extent possible, using 
data from the 1986-89 joint venture fisheries. 

Third quarter BSAI flatfish fisher:y During the third quarter, 
the average halibut bycatch rate for the fishery as a whole was 
0.17%. However, about 85% of the catch was taken in the set of 
vessel month observations that had an average bycatch rate of 
0.08%. The other (higher bycatch rate) observations accounted 
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for 15% of the groundfish catch but for 59% of the halibut 
bycatch. If the bycatch rate standard had been 0.08%, it is 
estimated that the average bycatch rate also would have been 
0.08% and about 125% more groundfish catch could have been taken 
with the same amount of halibut bycatch. 

The average rate that was achieved during the third quarter was 
primarily the effect of a voluntary industry program to reduce 
halibut bycatch rates. Further reductions or even the 
maintenance of this low rate may be difficult. Therefore, the 
tentative standard is set at 0.17%. 

Fourth quarter BSA! flatfish fishe~ During the first part of 
the fourth quarter, the average halibut bycatch rate for the 
fishery as a whole was 0.19%. However, about 77% of the catch . 
was taken in the set of vessel month observations that had an 
average bycatch rate of 0.11%. The other (higher bycatch rate) 
observations accounted for 23% of the groundf ish catch but for 
54% of the halibut bycatch. If the bycatch rate standard had 
been 0.11%, it is estimated that the average bycatch rate also 
would have been 0.11% and about 73% more groundfish catch could 
have been taken with the same amount of halibut bycatch. 

The average rate that was achieved during the first part of the 
fourth quarter was primarily the effect of a voluntary industry 
program to reduce halibut bycatch rates. Further reductions or 
even the maintenance .of this low rate may be difficult. 
Therefore, the tentative standard is set at 0.19%. 

First quarter GOA rockfish fishery The data used for the 
rockfish fishery consists of all vessel week observations ·for 
which rockfish accounted for at least 30% of a vessel's weekly 
groundfish catch excluding arrowtooth flounder and for which 
Pacific cod accounted for less than 45% of the catch. During the 
first quarter, the average halibut bycatch rate for the fishery 
as a whole was 2.91% (i.e., 2.91 mt of halibut per 100 mt of 
groundfish). · However, .about 64% of the catch was taken in the 
set of vessel month observations that had an average bycatch rate 
of 1.17%. The other (higher bycatch rate) observations accounted 
for 36% of the groundfish catch but for 74% of the halibut 
bycatcn. If the bycatch rate standard had been 1.17%, it is 
estimated that the average bycatch rate would have been 1.12% and 
about · l60% more groundfish catch could have been .taken with the 
same amount of halibut bycatch. 

Second quarter GOA rockfish fishecy During the second quarter, 
the average halibut bycatch rate for the fishery as a whole was 
3.31%. However, about 81% of the catch was taken in the set of 
vessel month observations that had an average bycatch rate of 
1.89%. The other (higher bycatch rate) observations accounted 
for 19% of the groundfish catch but for 54% of the halibut 
bycatch. If the bycatch rate standard had heen 1.89%, it is 
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estimated that the average bycatch rate would have been 1.65% and 
about 100% more groundfish catch could have been taken with the 
same amount of halibut bycatch. 

Third quarter GOA rockfish fishery During the third quarter, 
the average halibut bycatch rate for the fis.hery as a whole was 
1.96%. However, about 81% of the catch was taken in the set of 
vessel ,. month observations that had an average bycatch rate of 
0.94%. The other (higher bycatch rate) observations accounted 
for 19% of the groundfish catch but for 64%. of th~ halibut 
bycatch. If the bycatch rate standard had been 0.94%, it is 
estimated that the average bycatch rate would have been 0.83% and 
about 136% more groundfish catch could have been taken with the 

· same amount of halibut bycatch. 

Fourth guarter GOA rockf ish fishery During the first part of 
the fourth quarter, the average halibut bycatch rate for the 
fishery as a whole was 8.49%. About 89% of the catch was taken 
in the set of vessel month observations that had an average 
bycatch rate of 0.25%. The other (higher bycatch rate) 
observations accou~ted for 11% of the groundfish catch but for 
97% of the halibut bycatch. If the bycatch rate standard had 
been 0.25%, it is estimated that the average bycatch rate would 

. have been 0.01 and a huge amount of groundfish could have been 
taken with the same amount of halibut bycatch. 

First quarter GOA cod fishery The data used for the cod fishery 
consists of all vessel week observations for which cod accounted 
for at least 45% of a vessel's weekly groundfish catch excluding 
arrowtooth flounder. During the first quarter, the average 
halibut bycatch rate for the fishery as a whole was 3.31% (i.e., 
3.31 mt of halibut per 100 mt of groundfish). However, about 80% 
of the catch was taken in the set of vessel month observations 
that had an average bycatch rate of 0.52%. The other (higher 
bycatch rate) observations accounted for 20% of the groundfish 
catch but for · 87% of the halibut bycatch. If the bycatch rate 
standard had been 0.52%, it is estimated that the average bycatch 
rate would have been 0.33% and about 900% more groundfish catch 
could have been taken with the same amount of halibut bycatch. 

If the proposed first quarter rockfish standard of 1.17% had been 
used for the cod fishery in 1990, it is estimated that the 
average bycatch rate in the cod fishery would' have been 0.62% and 
about 434% more groundfish could have been taken with the same 
amount of halibut bycatch. 

Second quarter GOA cod fishery During the second quarter the 
average halibut bycatch rate for the fishery as a whole was 
3.06%. However, about 81% of the catch was taken in the set of 
vessel month observations that had an average bycatch rate of 
1.18%. The other (higher bycatch rate) observations accounted . 
for 19% of the groundfish catch but for 69% of the halibut 
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bycatch. If the bycatch rate standard had been 1.18%, it is 
estimated that the average bycatch .rate would have been 0.46% and 
about 565% more groundfish catch could have been taken with the 
same amount of halibut bycatch. 

If the proposed second quarter rockfish standard of 1.89% had 
been used for the cod fishery in 1990, it is estimated that the 
average bycatch rate in the cod fishery would have been 0.99% and 
about 209% more groundfish could have been taken with the same 
amount of halibut bycatch. 

Third quarter GOA cod f isher:y During the third quarter the 
average halibut bycatch rate for the fishery as a whole was 
3.29%. However, about 81% of the catch was taken in the set of 
vessel month observations that had an average bycatch rate of 
1.04%. The other (higher bycatch rate) observations accounted 
for 19% of the groundfish catch but for 74% of the halibut · 
bycatch. If the bycatch rate standard had been 1.04%, it is 
estimated that the average bycatch rate also would have been 
0.42% and about 683% more groundfish catch could have been taken 
with the same amount of halibut bycatch. 

If the proposed third quarter rockfish standard of 0.94% had been 
used for the cod fishery in 1990, it is estimated that the 
average bycatch rate in the cod fishery would have been 0.29%, 
and groundf ish catch could have .increased by a factor of 10 
without increasing the amount of halibut that was taken. 

Fourth quarter GOA cod fishery During the first part of the 
fourth quarter, the average halibut bycatch rate for the fishery 
as a whole was 5.15%. However, about 87% of the catch was taken 
in the set of vessel month observations that had an average 
bycatch rate of 1.24%. The other (higher bycatch rate) 
observations accounted for 13% of the groundfish catch but for 
79% of the halibut bycatch. If the bycatch rate standard had 
been l. 24%, it is estimated that the average bycatch rate would 
have been 0.48% and groundfish catch could have increased by a 
factor of almost 10 without increasing the amount of halibut that 
was taken. 

If the proposed fourth quarter rockfish standard of ·0.2S% had 
·been used for the cod fishery in 1990, it is estimated that the 
average bycatch rate in the cod fishery would have been 0.17%, 
and groundfish catch could have increased by ·much more than a 
factor of 10 without increasing the amount of halibut that was · 
taken. 

4.2.3.1.2 Zone 1 red king crab bycatch rates 

First quarter · BSAI flatfish fishery The data used for the 

flatfish fishery consists of all vessel week observations for 
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which flatfish accounted for at least 40% of a vessel's weekly 
groundf ish catch and for which Greenland turbot accounted for 
less than 35% of the catch and cod accounted for less than 45% of 
the catch. During the first quarter, the average red king crab 
bycatch rate for the fishery as a whole was 2.88 (i.e., 2.88 red 
king crab per mt of groundfish). However, 78% of the catch was 
taken in the set of vessel month observations that had an average 
bycatch rate of L 70.. The other (higher · bycatch rate) 
observations accounted for 22% of the groundfish catch but for 
54% of the red king crab bycatch. If the bycatch rate standard 
had been 1.70, it is estimated that the average bycatch rate 
would have been 0.56 and over 400% more groundfish catch .could 
have been taken with the same amount of red king crab bycatch. 

Second through fourth quarters BSAI flatfish fishery Due to the 
PSC limit induced closures, there is not sufficient data from the 
1990 OAP fishery to establish standard rates .or estimate the 
effects of such standards. Both will be done, to the extent 
possible, using data from the 1986-89 joint venture fisheries. 

4. 2. 4 Fishery Check Points and Penalties 

Monthly check points will be used to provide a balance between 
the benefits and costs of periods of various lengths. Within a 
month, a fishing operation would have an opportunity either. to 
bank catch with low bycatch rates against the possibility of 
having high bycatch rates for a short period or to make 
adjustments if it initially had high bycatch rates. Weekly ·check 
points would not provide such opportunities and in fact may 
provide little opportunity for corrective actions by a fishing 
operations due in part to .the time delay that can occur in 
providing the fishing operation with observer program estimates 
of bycatch rates. The objective of the· program is to reduce 
overall bycatch rates ,by having each fishing operation take 
corrective actions when its bycatch rates are too high. The 
objective is not to assure th~t high bycatch rates never occur 
for short periods of time. 

A longer period between· check points would provide a greater 
opportunity for fishing operations to make the necessary 
adjustments. However, it would both decrease the perceived 
urgency of making the appropriate corrections and decrease the 
potential timeliness of enforcement action against a vessel which 
has excessive bycatch. The effectiveness of the program is 
dependent on the potential of a quick and certain response when a 
fishing operation is imposing large costs on the fishery as a 
whole. 

The range of penalties is sufficiently broad that the penalty for 
taking excessive bycatch can be comparable to the costs that the 
excessive bycatch imposes on a specific trawl fishery. If this 
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is done, the penalties will eliminate the externalities that 
provide fishing operations an incentive to have bycatch rates 
that are too high from the perspective of a fishery as a whole. 
To the extent that this is done, the cost that a specific PSC 
limit apportionment imposes on a trawl fishery will tend to be 
minimized. 

To do this, the normal vessel penalties could be based on three 
factors: (1) the extent to which a vessel exceeds a standard 
bycatch rate during a month; (2) the vessel's total catch of 
allocated groundfish species for the month; and (3) an estimate 
of the value of the foregone groundfish catch per unit of 
excessive bycatch . . The estimate of the vessel's total groundfish 
catch would be based on product weights and discards reported 
weekly by a catcher/processor or on fish ticket data including 
discards for catcher vessels. The value of the foregone 
groundfish catch would be based on the groundfish .catch per unit 
of bycatch at the bycatch rate standard. For example, if the 
halibut bycatch standard is 1%, if the vessel has .a bycatch rate 
of 1.5%, if the vessel's groundfish catch is 1,000 mt, and if the 
net value of .groundfish catch is $400/mt, the normal penalty 
would be calculated as follows: 

estimated bycatch = 15 mt of halibut (0.015 x 1,000 mt) 

acceptable bycatch = 10 mt of halibut (0.01 x 1,000 mt) 

excessive bycatch = 5 mt of halibut (15 mt - 10 mt) 

foregone value/mt. of excess bycatch = $40,000 ($400/mt of 
groundfish x 100 mt of groundfish/mt of halibut bycatch) 

penalty = $200,000 (5 mt of halibut x $40,000/mt of 
halibut). · 

. In this example, the penalty of $200,000 would be within the 
range of permissible penalties if the vessel had exceeded the 
halibut bycatch rate standard in at least two weeks during the · 
month. If the civil penalties were not adequate to cover the 
costs imposed on the fishery, additional sanctions could be used. 
These would include permit restrictions or vessel seizure. The 
range of sanctions is expected to be sufficiently broad that they 
could be used to eliminate the externalities. 

By holding a fishing operati'on accountable for the cost its 
excess bycatch imposes on a fishery, a fishing operation with a 
high bycatch rate before the end of a month and with little 
expectation of .being able to meet the standard for the month, 
would have an incentive to voluntarily cease fishing. If instead 
a ·flat rate fine for exceeding a standard is used, the same 
fishing operation would have an incentive to continue to fish 
that month and perhaps with an even higher bycatch rate. 
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Penalties based on the amount of excess bycatch, as opposed to 
those based only on whether or not a bycatch rate standard was 
exceeded, will not ortly tend to produce a more efficient . 
solution, they will also tend to produce a more equitable one. 
It will be more equitable in three ways. First, The disparity in 
treatment of operations just under and just over the standard is 
substantially reduced. Second, penalties are reduced in direct 
proportion to the success of an operation in reducing its · 
bycatch. Finally, the operations that impose the greatest costs 
on a trawl fishery will have the largest penalties. 

In implementing an effective vessel incentive program, the 
industry has two important advantages compared to the Council and 
NMFS. The regulatory and budgetary constraints are less severe 
for industry. However, these advantages are offset by the lack 
of enforcement ·authority by industry. ·1n recognition of the . 
fact that a successful industry program can assist in both 
decreasing the cost that PSC limits impose on the trawl fisheries 
and decreasing the agency costs associated with bycatch 
management, the Council, NMFS, and GCAK will encourage and 
support industry programs to reduce bycatch rates. This will be 
done by providing bycatch rate information for such programs, to 
the extent possible given the resources that are available. GCAK 
could also consider, among other factors, any relevant 
participation in such programs when recommending penalties in 
response to a violation of seasonal bycatch rate standards. This 
level of support for voluntary industry programs could make them 
more attractive to fishing operations. There is not expected to 
be sufficient time or. resources to develop and implement a vessel 
incentive program that can support more fully the voluntary 
progr~s in 1991. 

The effectiveness of the program will also be increased by 
instituting an enforcement policy to expedite citation and . 
penalty procedures for vessels with the most flagrant apparent 
violations (those that have imposed the greatest cost on a trawl 
fishery) which are identified inseason. Once such a vessel was . 
preliminarily identified through weekly observer reports, the 
vessel could be placed on a priority list for observer 
debriefing, citation, and GCAK legal. proceedings. This will 
increase the expectation by fishing operations that they will 
indeed be held accountable for the costs they impose on a trawl 
fishery. 

. 
The ability of individual observers to accurately report catch 
and bycatch is critical to the success of any vessel incentive 

· program. Any such program will place additional burde ns on the 
observer and provide an increased incentive for a fishing 
operations to have the observers' estimates understate the actual 
bycatch rates. These problems and the need to protect the 
ability of the observers to collect accurate data for a variety 
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of purposes other than bycatch management are recognized and are 
being considered by the Observer Program. 

Although these problems cannot be eliminated, they can be 
reduced. One method of doing this is to distance an observer 
from the action that will be taken against a vessel which exceeds 
a bycatch rate standard. This will be accomplished to some 
degree by both the use of monthly check points, as opposed to 
more frequent check points, and the use of delayed civil 
penalties, as opposed to the immediate sanctions envisioned in 
the initial vessel incentive program that was disapproved. 

5.0 BIOLOGICAL AND PHYSICAL IMPACTS 

The expected differential effects of the two alternatives on 
bycatch, groundfish catch, marine mammals and birds, and the 
physical environment are discussed below. 

5.1 Bycatch 

Compared to Alternative 1 (i.e., the status quo), Alternative 2 
will tend to decrease bycatch. However, its prima.ry effect is 
expected to be reduced bycatch rates that will permit more 
groundfish to be taken by the trawl fisheries before the PSC 
limits are reached. The reduction in bycatch could occur for one 
of two reasons. First, the bycatch in the trawl fisheries is 
constrained by the PSC limits under either alternative; however, 
with Alternative 1, groundfish catch and bycatch will be greater 
in the fixed gear fisheries than with Alternative 2. Second, 
Alternative 2 may reduce bycatch rates sufficiently that 
groundfish TACs are reached and fisheries are closed before the 
PSC limits are fully utilized. 

The vessel incentive program is expected to increase the 
differences in bycatch rates between observed and unobserved 
fishing operations. This will make it more difficult to estimate 
the bycatch of unobserved operations and, therefore, total 
bycatch. This will be more of a problem in the GOA than in the 
BSAI because a much larger percentage of total qroundfish catch 
will be .accounted for by vessels in the length categories that 
have either no observer coverage or only 30% coverage. To date, 
approximately 54.7 percent of the bottom trawl catch in the BSAI 
has been observed compared to about 39.6 percent in the GOA. The 
differences in bycatch rates could certainly be great enough that 
it would be inappropriate to use unadjusted observed bycatch 
rates to estimate total bycatch. 

The difference in bycatch rates will increase the difficulty and 
cost of estimating total bycatch. It will not necessarily 
increase the probability that actual bycatch will be 
un~erestimated, that the PSC limits will be exceeded, or that 
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bycatch will increase. 

5.2 Groundfish Catch 

Compared to Alternative 1, Alternative 2 is expected to result in 
increased groundfish catch in the trawl fishery. The flatfish 
TACs are expected to be more fully utilized with Alternative 2. 
The Pacific cod TAC will also be more fully utilized with 
Alternative 2 unless the fixed gear fisheries would increas~ 
their cod catch under Alternative l enough to fully offset the 
lower trawl cod catch that would occur with Alternative 1. With 
either alternative, groundfish catch would .be limited by existing 
TACs; therefore, neither alternative is expected to adversely 
affect the biological productivity of the groundfish resources in 
the BSA! or GAO. 

5.3 Marine Mammals and Birds 

The difference between the alternatives in terms of their effects 
on marine mammals and sea birds is not expected to be measurable. 

5.4 Physical Environment 

The increased bottom trawl effort that is expected to occur with 
Alternative 2 is within the levels of effort that have occurred 
in recent years . and is . not expected to affect the physical 
environment in a way that will have a measurable effect on the 
biological productivity of the BSA! or GOA ecosystem. 

6.0 SOCIOECONOMIC IMPACTS 

6.1 Reporting Costs 

Existing reporting practices by industry would not need to be 
augmented to implement Alternative 2. 

6.2 Administrative, Enforcement, and Information Costs 

Alternative 2 will result in increased agency costs of up to 
$400,000. .Violation of a bycatch rate standard implemented under 
Alternative 2 would be prosecuted under the Magnuson Act and 
other applicable law. The Magnuson Act describes prohibited 
acts, civil penalties, criminal offenses, and civil forfeitures 
in sections 307-310 (16 USC 1857-1860). A specific schedule of 
penalties for violation of bycatch rates standards would be 
developed by NOAA, General Counsel in consultation with NMFS. 
The penalty schedule would be designed in such a manner that a 
economic incentive would exist to comply with the bycatch rate 
standards established under Alternative 2. 

6.2.l NMFS, Office of Enforcement. 
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Enf~rcement of bycatch rate standards would occur after observers 
have been debriefed and their data checked and corrected; Once a 
vessel's bycatch rate has been preliminarily determined to be in 
violation of a bycatch rate standard, additional work would be 
necessary to develop a case history to support prosecution of the 
vessel's operator/owner. The work load necessary to prosecute 10 
to 15 cases per year would require an additional full time 
enforcement agent ·at the GS-11 level ($43,000). Due to the 
remote nature of Alaska fishing. communities, travel of 
enforcement agents to ob~ain initial interviews of observers, 
crew, vessel operators/owners, and others necessary for case 
documentation is estimated at about $1,000 per case. Expenses 
for observer travel necessary for additional case documentation 
is estimated at another $1,000 per case. Given a case load of 10 
to 15 ·Violations per year, therefore, travel costs necessary .to 
develop supporting evidence could reach $30;000 per year. This 
value would increase to the extent that NMFS would incur the 
salary costs of observers dur~ng the period they are being 
interviewed and away from their contracted duties as an observer. 

6.2.2 General Counsel, Alaska Region (GCAK). 

Under Alternative 2, additional legal work involving prosecution 
of violations of bycatch rate standards would require one 
additional staff attorney for GCAK. Assuming the staff attorney 
would be hired at the GS-13 level, salary and benefits for 
additional staff are estimated at about $61,000. 

6.2.3 Administrative Costs 

Under ·Alternative 2, up to 120 vessels could receive additional 
monitoring for halibut and/or red king crab bycatch rates. This 
estimate is based on the number of vessels that participated in 
the 1990 Pacific cod and flatfish fisheries in the BSAI and the 
Pacific cod and bottom rockfish fisheries in the GOA. This level 
of monitoring would require an additional part-time computer 
systems analyst/programmer (.S FTE at the GS-13 level) and up to 
two additional staff for processing of observer reports, 
verifying information, key punching data, and responding to 
industry requests for updated information on vessel and fleet 
bycatch rates. Given that different fisheries are prosecuted at 
different times of the year, staff needs may be irregularly 
spaced throughout the year. A portion of the ·additional 
positions, therefore, could be filled by short-term reassignments 
of personnel from other programs or agencies. Full funding of 
2.5 additional personnel would cost about $94,000 annually. 

6.2 . 4 Enhancement of the NMFS .observer program 

The bycatch reduction program proposed under Alternative 2 is 
dependent on verified observer data. As such, additional 
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personnel would need to be hired to conduct observer debriefings 
and other verification of observer data. The augmented program 
would require 2 to 3 persons to debrief observers in Dutch 
Harbor, 1 to 2 persons in Kodiak, and 1 person that would cover 
Southeast Alaska. ADF&G personnel may help out with some of the 
debriefing process, but NMFS will need to hire 2 to 3 additional 
persons for timely debriefing of observers and provide funds for 
appropriate office space at remote sites. The estimated costs of 
the enhancements of the observer program is $150,000. 

6.3 Distribution of Costs and Benefits 

Table 1 provides estimates of the reductions in bycatch rates 
that would result from the implementation of the vessel incentive 
program of Alternative 2. The estimated reductions in bycatch 
rates would allow substantial increases in groundfish catch in 
the trawl fisheries. The resulting increase in first wholesale 
value of the associated groundfish products could exceed $100 
million and the increase in wholesale value net of variable costs 
could approach $50 million. These estimates are based on the 
bycatch model that was used to evaluate Amendment 16a and exclude 
the potential benefits in the GOA. 

The benefits to the trawl fishery from increased cod catch will 
be offset to some extent by decreased cod catch in the fixed gear 
fisheries and increased competition in cod markets. The benefits 
to the trawl fishery from increased flatfish catch are not 
expected to have similar offsets for the fixed gear fishery. 

Alternative 2 will impose costs on the trawl fishery. They 
include the cost of the adjustments necessary to keep bycatch 
rates below the standards, paying the penalties when such 
adjustments are not made, or voluntarily not fishing. Having 
these choices usually will be preferable to not being able to 
fish because a PSC limit has been reached. 

With the exception of the increased agency costs, the differences 
in the distribution of benefits and cost will be focussed on 
those directly involved in the groundfish fisheries. The 
alternatives are not expected to have me~surably different 
effects on consumers. 

The net benefits to those who are directly involved in the 
groundf ish fisheries are expected to substantially exceed the 
agency costs associated with Alternative 2. Alternative 2 will 
decrease the costs that the PSC limits will impose on the trawl 
fishery and it will decrease some of the inequities associated 
with the distribution of those costs among fishing operations. 
It does this through the use of civil penalties that will reduce 
the externalities associate with decreasing bycatch rates. Thi s 
is an administratively cumbersome method of reducing the 
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externalities. However, a more effective method is not available 
in a timely manner. Therefore, Alternative 2 is expected to 
provide a cost effective solution for 1991 and to provide 
information that can be used in the development of a more 
comprehensive, effective, equitable, and efficient long-term 
bycatch management regime. 

IMPACT OF THE AMENDMENTS RELATIVE TO THE REGULATORY FLEXIBILITY 
ACT 

The Regulatory Flexibility Act (RFA) requires that impacts of 
regulatory measures imposed on small entities (i.e., small 
business, small organizations, and small governmental 
jurisdictions with limited resources) be ·examined to determine 
whether a substantial number of such small entities will be 
significantly impacted by the measures. Fishing vessels are 
considered to be small business. A total of 1,500 vessels may 
fish for groundfish off Alaska in 1991, based on the anticipated 
number of Federal groundfish permits that will be issued for the 
1991 fishing year. While these numbers of vessels are considered 
substantial, regulatory measures considered under Alternative 2 
(the . vessel incentive program) ·would only affect a small 
proportion of the fleet (150 - 200 trawl vessels). 

FINDINGS OF NO SIGNIFICANT IMPACT 

For the reas9ns discussed above, implementation of neither 
- Alternative 1 nor 2 would significantly affect the quality of 'the 

human environment, and the preparation of an environmental impact 
statement on the final action is not required by Section 
102(2)(c) of the National Environmental Policy Act or its 
implementing regulations. 

IVWtU~ '+r?-~;,,,
Assistant Administrator for Fisheries Date 
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Table 1--1990 bycatch rates, the tentative standards, and 
estimates of the resulting average bycatch rates by 
fishery and quarter. 

Halibut bycatch as a percentage of groundfish catch 

Fishery 1990 bycatch bycatch resulting 
and quarter rate standard bycatch 

rate 
BSAI Pacific cod 
Qt l 1. 35 0.89 0.89 
Qt 2 1. 85 1. 05 0.96 
Qt 3 no fishery in 1990 
Qt 4 no fishery in 1990 

BSAI flatfish 
Qt l 1. 31 0.94 0.92 
Qt 2 no fishery in 1990 
Qt 3 0.17 0 .17 0.17 
Qt 4 0.19 0.19 0.19 

GOA rockf ish 
Qt 1 2.91 1.17 1.12 
Qt 2 3.31 1. 89 1. 65 
Qt 3 1. 96 0.94 0.83 
Qt 4 8.49 0.25 0.01 

GOA Pacific cod 
(with standard based on cod fishery bycatch rates) 

Qt 1 3.31 0.52 0.33 
Qt 2 3.06 1.18 0.46 
Qt 3 3.29 1. 04 0.42 
Qt 4 5.15 1. 24 0.48 

(with standard based on rockf ish fishery bycatch rates) 
Qt 1 3.31 1.17 0.62 
Qt 2 3.06 1. 89 0.99 
Qt 3 3.29 0.94 0.29 
Qt 4 5.15 0.25 0.17 
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Table !--(continued) 

Zone 1 red king crab bycatch rates 
(crab/mt of groundfish) 

' 

Fishery 
and quarter 

1990 bycatch 
rate 

bycatch 
standard 

resulting 
byc~tch 
rate 

BSAI flatfish 
Qt 1 2.88 1. 70 0.56 
Qt 2-4 no f ishecy in Zone 1 in 1990 

Note the follo•iilg: 

1. 	 T~e estimates of the resulting average bycatch rates were generated by 
eliminating vessel month observations which exceeded a standard by more 
than 100%. 

2. 	 For the BSAI, bycatch rates are calculated using the sum of the catch of 
the major groundfish species. 

3. 	 For the GOA, bycatch rates are calculated using the sum of the catch of 
all groundfish species excluding non-allocated species. 

4. 	 Observer Program data from the 1986-89 joint venture fisheries will be 
used, to the extent possible, to estimate bycatch rates, establish 
standards, and estimate the effects .of those standards on average 
bycatch rates for the fisheries and quarters for which there was no 
fishing in 1990. 
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TEXT TO AMEND THE GROUNDFISH FISHERY MANAGEMENT PLANS 

BERING SEA/ALEUTIAN ISLANDS GROUNDFISH FMP 

Section 14.4.2.4 Incentive program to reduce bycatch rates of 
prohibited species. 

This new section is added as follows: 

The Secretary of Commerce, after consultation with the 
Council, may implement by regulation measures that provide 
incentives to individual vessels to reduce bycatch rates oi 
prohibited species for which PSC limits are established 
under section 14.4.2.2. The intended ·effect of such 
measures are to increase the opportunity to harvest 
groundfish TACs before established PSC limits are reached. 

GULF OF ALASKA 	 GROUNDFISH FMP 

Section 4.2.2 Inseason adjustment of time and area, is 
redesignated as section 4.2.5, And a new section 4.2.4 is added 
to read as follows: 

Section 4.2.4 	 Incentive programs to reduce bycatch rates of 
halibut. 

The Secretary of Commerce, after consultation with the 
Council, may implement by regulation measures that provide 
incentives to individual vessels to reduce bycatch rates of 
prohibited species for which PSC limits are established 
under Section 4.2.3.1. The intended effect of such measures 
are to increase the opportunity to harvest groundfish TACs 
before established PSC limits are reached. 

revincen.amd 



UNITEC STATES CEPARTMENT OF COMMERCE 
National Oceanic and Atmaapheric Adminletratlan 
The Chief Scientist 
Washingcon. D .C. 20230 

To All Interested Government Agencies and Public Groups: 

Pursuant to the National Environmental Policy Act, an 
environmental review has been performed on the following action: 

TITLE: 	 Environmental Assessment of Amendment 16 to the 
Fishery Management Plan for the Bering Sea/Aleutian 
Islands Groundfish (BSAI FMP) and Amendment 21 to 
the Fishery Management Plan for Groundfish of the 
Gulf of Alaska (GOA FMP) 

LOCATION: 	 Exclusive Economic Zone of the Bering Sea and 
Aleutian Islands and the Gulf of Alaska · 

SUMMARY: 	 Management measures for Amend~ents 16 and 21 address 
the following issues: (1) prohibited species bycatch 
management, (2) procedures for specifying total 
allowable catch, and (3) gear restrictions. 
Regulations spec.ific to Amendment 21 address 
management of demersal shelf rockfish. Definitions 
of overfishing for groundfish are included in both 
amendments. 

RESPONSIBLE William W. Fox, Jr. 
OFFICIAL: Assistant Administrator 

for Fisheries 
National Marine Fisheries Service 
Silver Spring Metro Center #1 
1335 East-West Higbway 
Silver Spring, MD 20910 
Phone: 301-427-2239 

The environmental ~eview process led us to conclude that this 
action will not have a significant. effect on the human . 
environment. Therefore, an environmental impact statement will 
not be prepared. · A copy of the environmental assessment, 
including the finding of no significant impact, is enclosed for 
your information. Also, please send one copy of your comments to 
me in Room 6222, 
D.C. 20230. 

CS/EC, U.S. Department of Commerce, Washington, 

Sincerely, 

1Jav1d ~/.--
David Cottingham 
Director 
Ecology and Environment~! 

Conservation Office 

Enclosure 
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SUMMARY OF AMENDMEN"I'S 16 AND 21 

TO TIIB 


GROUNDFISH FISHERY MANAGEMENT PLANS 

FOR Tiffi BERING SENALEUTIAN ISLANDS 


AND TIIB GULF OF ALASKA 


As part of the annual plan amendment cycle for the Bering Sea/Aleutian Islands (BSAI) and Gulf 
of Alaska (GOA) groundfish fishery management plans (FMPs), the North Pacific Fishery 
Management Council reviews proposed changes submitted by the public and management agencies. 
Upon recommendations of the Plan Amendment Advisory Group, the Advisory Panel, and the 
Scientific and Statistical Committee, the Council forwards those proposals of merit to the Plan Teams 
for analyses in January, and reviews the initial analyses in April. Soon after the April Council 
meeting, a draft amendment package, including a draft environmental assessment/regulatory impact 
review/initial regulatory flexibility analysis (ENRIR/IRFA) is released for public comment. In June, · 
the Council reviews the public comments and decides which amendment issues should go forward for 
approval and implementation by the Secretary of Commerce. 

At its meeting on June 25-30, 1990, the Council considered four amendment proposals for the Bering 
Sea/Aleutian Islands groundfish FMP and five amendment proposals for the Gulf of ·Alaska 
groundfish FMP. These amendment proposals, with synopses for the rationale for their selection, 

. 	 ­. :·, 	 . . . are: 	 _, ..1 •• : .. ~ 
' .. 

(1) 	 ... Revise crab and halibut bycatch manaiement measures for the Benni Sea/Aleutian Islands 
(BSAI FMP) ·- . - · ­

Substantial amounts of crab and halibut are taken in the groundflsh bottom trawl fISheries in the 
BSA!. Crab and halibut bycatch management measures, implemented under Amendment 12a to the 
BSAI FMP, expire at the end of 1990. This proposal would extend the basic structure of Amendment 
12a regulations for an indefinite period of time. Faed caps for Pacific halibut, C. bairdi Tanner crab, 
and red king crab would be apportioned among competing fisheries. Attainment of a PSC 
apportionment by a defined fishery would close that fishery in the affected zone for the balance of 
the year . . This proposal modifies the Amendment 12a · bycatch management structure by .(1) 
apportioning PSC caps to two additional fisheries: DAP rock sole and DAP dccpwater sablefish and 
turbot; (2) allows for seasonal apportionment of PSC caps; and (3) provides for the imposition of 
sanctions on vessels with excessively high bycatch rates. ' . ··~. . , .·?;.. : : · • :~ :.r-{~- . _ -~~ 

The Council preferred this alternative over (1) no action (the expiration of bycatch management 
measures on December 31, 1990) and (2) a simple continuation of Amendment 12a provisions. The 
Council felt it important that bycatch management measures remain in place to limit the impact of 
bottom trawl fisheries on directed fisheries for crab and halibut. At the same time, it felt that 
modifications to the Amendment 12a structure were necessary for fairer and fuller utilization of the 
groundfish optimum yield These measures are intended to be interim in nature: the Council expects 
to use data from the newly instituted domestic observer program to design and implement more 
comprehensive bycatch management measures in future amendments. · ·· · 

(2) 	 Define Overfishini (BSA! and GOA FMPs) 

Guidelines for Fishery Management Plans prepared by the National Oceanic and Atmospheric 
Administration require each FMP to include an objective and measurable definition of overfishing 
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for each stock or stock complex under management. The Council considered several alternatives 
which defined overfishing on the basis of minimum biomass levels, maximum fishing mortality levels, 
or both. It chose an alternative which defines overfishing as a variable fishing mortality rate (F) 
dependent on stock biomass (B). For all stock biomass levels above that corresponding to maximum 
sustained yield (Bnuy), the maximum fishing mortality rate would be F For stock sizes less than 
B the maximum allowable fishing mortality rate would decrease line~with biomass. In general, 
a~ation of the Fmsy fishing mortality rate will allow stocks to increase in size and its application 
is not expected to result in decreases in stock biomass due to fishing mortality. The Council felt that 
this alternative provided the best safeguard to the groundfish stocks under management combined 
with flexibility of management and stability of harvest . _ 

.­
(3) Interim Groundfish Specifications (BSAI and GOA FMPs) 

Annual specifications of groundfish total allowable catches (TACs) and apportionments among user 
groups are based on the January 1 - December 31 calendar year. Insuffi~ient time is available during 
the period between the end of the December Council meeting and January 1 of the new fishing year 
for the NMFS, Alaska Region, to prepare, and the Secretary of Commerce to review and implement 
final TACs by publishing them in the Federal Register. Without annual specifications having been 
filed with the Office of the Federal Register, authority does not exist to allow enforcement of 
regulations, e.g. fishing area closures or directed fishing prohibitions. ... ___ . __ 

- - . ... . . . .. . -.. 
To close this gap in management authority, the Council chose an alternative which would extend one­
fourth (25%) of the proposed TAC specifications, made at its September meeting, into the new 
fishing year until superseded by publication of the final specifications. It preferred this alternative 
to both the status quo and another alternative which would extend 100% of the proposed September 
TAC specification into the new fishing year until superseded. It found the preferred alternative to 
be superior to the extent that it reduces the risk of overharvesting a species' TAC and thereby 
promotes stability in both the rcsou.rce and the industry. . . 

(4) Modify the Authorization Language for Demersal Shelf Rockfish Management in the Gulf 
. of Alaska (GOA FMP) .. · 

•\ I • - . ' 
Amendment 14 to the GOA groundfish FMP provided limited authority to the State of Alaska to 
manage demersal shelf reddish in Federal waters. Since that time, the State has adopted measures 
to provide for conservation of the resource and to maximize the value of this fishery. These measures 
extend beyond the specific provisions of the FMP. ":'. r '· :: • - .. . . ... -• _ • _ • .-:..... :cc.:..~; ., 

The Council chose to modify the authorization language of the GOA FMP to allow the State of 
Alaska to manage demersal shelf roclcfish more effectively in the Eastern Gulf. State regulations will 
apply oniy to ~ls registered in the State of Alaska. The Council will provide oversight and will 
continue to set the annual TAC for demersal shelf rockfish. · 

(5) Fishing Gear Restrictions (BSAI and GOA FMPs) 

The Council approved a general measure to allow legal fishing gear to be defined by regulatory 
amendment In addition the Council approved four specific measures to be included in the 
regulations: (1) a requirement for groundfish pots to have biodegradable panels; (2) a requirement 
for groundfish pots to have halibut excluder devices; (3) a new definition of pelagic trawl gear; and 
(4) a requirement that owner identification be on groundfish pots, as well as buoys. These four 
measures are intended to decrease lost gear, deadl~ due to ghost fishing by lost gear, crab and 
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halJbut bycatch, and gear conflicts. In general, the ability to define legal fishing gear by regulatory 
amendment will help management to keep pace with rapidly evolving fisheries. 

(6) Expand Halibut Bycatch Management Measures for the Gulf of Alaska (GOA FMP) 

Incidental catch of halibut in the ·groundfish fisheries of the GOA is a major bycatch ·management 
issue. The.existing framework for managing halibut bycatch in the Gulf provides substantial flexibility, 
but is unclear with respect to whether PSC limits may be established for distinct DAP fisheries, 
whether PSC limits may be divided into seasonal allowances, or whether vessel incentives to fish with 
reduced bycatch rates may be implemented. The Council voted . to expand and clarify the halibut 
bycatch management framework. Specifically, it approved measures to apportion the halibut PSC 
limits by season and to set levels of fixed gear halibut PSC limits by (a) longline, and (b) pot gear 
groups. In addition, the Council voted to adopt an incentive program to im~ sanctions on vessels 
which fish with excessively high bycatch rates. 

The attached EA/RIR/IRFA presents a detailed ~ment of the likely impacts resulting from the 
implementation of the various proposed alternatives to amend the Bering Sea/Aleutian Islands 
groundfish FMP (Amendment 16) and the Gulf of Alaska groundfish FMP (amendment 21). 
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1.0 INTRODUCTION 

The domestic and joint venture groundfish fisheries in the exclusive economic zone (3-200 miles 
offshore) of the Gulf of Alaska and Bering Sea/Aleutian Islands are managed under the Fishery 
Management Plan (FMP) for Groundfish of the Gulf of Alaska (GOA) and the FMP for the 
Groundfish Fishery of the Bering Sea/Aleutian Islands (BSA!). Both FMPs were developed by the 
North Pacific Fishery Management Cou_ncil (Council) under the Magnuson Fishery Conservation and 
Management Act (Magnuson Act). 

The GOA FMP was approved by the Assistant Administrator for Fisheries, NOAA (Assistant 
Administrator), and became effective December 11, 1978 (43 FR 52709, November 14, 1978). It is 
implemented by Federal regulations appearing at 50 CFR Parts 611, 620, and 672. Seventeen 
amendments to the GOA FMP have been approved by the Assistant Administrator. An additional 
amendment (Amendment 12) was adopted initially by the Council at its July.and .December 1982 
meetings but was later rescinded by the Council at its September 1984 meeting without havirig been 
submitted formally for Secretarial review. Amendments 19 (a ban on pollock roe stripping), 20 
(sablefish effort limitation measures), and 22 (inshore-offshore allocations) are currently being 
prepared by the Council. · 

The BSAI Groundfish FMP was approved by the Assistant Administrator and became effective on 
January 1, 1982 (46 FR 63295, December 31, 1981). This FMP is implemented by Federal 
regulations appearing at 50 CFR Parts 611, 620, and 675. Fourteen amendments to the BSAI FMP 
have been approved by the Assistant Administrator. An additional amendment (Amendment 6) was 
adopted by the Council but was disapproved by the Assistant Administrator. Amendments 14 (a ban 
on pollock roe stripping), 15 (sablefish effort limitation measures), 16a (herring. crab and halibut 
bycatch management measures), and 17 (inshore-offshore allocations) are currently being prepared 
by the Council. · 

The Council solicits public recommendations for amending the GOA or the BSA! groundfish FMPs 
on an annual basis. Amendment proposals · are then reviewed by the Council's GOA and BSAI 
groundfish FMP Plan Teams (PTs ), Plan Amendment Advisory Group (PAAG), Advisory Panel (AP), 
and Scientific and Statistical Committee (SSC). These advisOry bodies make recommendations to the 
Council on which proposals merit consideration for plan amendment. ._ • . .··... : _ . 

Amendment proposals and appropriate alternatives accepted by the Council are then analyzed by the 
PTs for their efficacy and for their potential biological and socioeconomic impacts. After revieWing 
this analysis the AP and SSC make· recommendations as to whether the amendment alternatives 
should be rejected or changed in any way, whether and bow the analysis should be refined, and 
whether to release the analysis for general public review and comment. If an amendment proposal 
and accompanying analysis is released for public review, then the AP, SSC, ·and the Council will 
consider subsequent public comments before deciding whether to submit the proposals to the 
Secretary of Commerce for approval and implementation. · 
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1.1 List of Amendment Proposals 

Chapter 
2. Revise Crab and Halibut Bycatch Management Measures in the BSA! 
3. Define Overfishing in the GOA and BSA! 
4. Establish Procedures For Interim TAC Specifications in the BSA! & GOA 
5. Modify Demersal Shelf Rockfish Management in the GOA 
6. Change Fishing Gear Restrictions in the BSA! & GOA 
7. Expand Halibut Bycatch Management Measures in the GOA 

1.2 Purpose of the Document 

This document provides background information and asseMrrients necessary for the Secretary of 
Commerce to determine that the FMP amendments are consistent with the Magnuson Act and other 
applicable law. 

1.2.1 EnVironmental Asses.sment · 

One part of the package is the environmental assessment (EA) .that is required by NOAA in 
compliance with the National Environmental Policy Act of 1969 (NEPA). The pu~ of the EA 
is to analyze the impacts of major federal actions on the quality of the human environment. The EA 
serves as a means of determining if significant environmental impacts could result from a proposed 
action. Uthe action is determined not to be significant, the EA and resulting finding of no significant 
impact (FONSI) would be the final environmental documents required by NEPA. An EIS must be 
prepared if the proposed action may be reasonably expected: (1) to jeopardize the productive 
capability of the target resource species or any related stocks that may be affected by the action; (2) 
to allow substantial damage to the ocean and coastal habitats; (3) to have a substantial adverse impact 
on public health or safety; (4) to affect adversely an endangered or threatened species or a marine 
mammal population; or (5) to result in cumulative effects that could have a substantial adverse effect 
on the target resource species or any related stocks that may be affected by the action. Following 
the end of the public review period the Council could determine that Amendment 21 to the GOA 
FMP or Amendment 16 to the BSAI FMP will have significant impacts on the human environment, 
and proceed directly with preparation of an EIS required by NEPA. This EA is prepared to analyze 
the possible impacts of management measures and their alternatives that are contained in these 
amendments. · - - · · 

Certain management measures are expected to have some impact on the environment Such 
measures. arc those directed at harvests of stocks and may occur either directly from the actual 
harvests (e.g. removals of fish from the ~tern) or indirectly as a result of harvest operations (e.g. 

·effects of bottom trawling on the ben~hos-animals and plants living on, or in, t~e bottom substrate). 
Environmental impacts of management measures may be beneficial when they accomplish their 
intended effects (e.g. prevention of ovcrharvt;Sting stocks as a result of quota management). 
C.Onversely, of course, such impacts may be harmful when management measures do not accomplish 
their intended effects (e.g. overharvesting may occur if quotas are incorrectly specified). The extent 
of the harm is dependent on the risk of overfishing that has occurred. For purposes· of this EA. the 
term "overfishing" is that which is described in the "Guidelines to Fishery Management Plans" ( 48 FR 
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7402, February 18, 1983). It is a level of fishing mortality that jeopardizes the capacity of a stock(s) 
. to recover to a level at which it can produce maximum biological yield or economic value on a long­

term basis under prevailing biological and environmental conditions. Environmental impacts that may 
occur as a result of fishery management practices are categorized as changes in predator-prey 
relations among invertebrates and vertebrates, including marine mammals and birds, physical changes 
as a direct result of fishing practices, and nutrient changes due to processing and dumping of fish 
wastes. If more or less groundfish biomass is removed from the ecosystem, then oscillations occur 
in the ecosystem until equilibrium is again achieved. 

1.2.2 	 Reiulatory Impact Review 

Another part of the package is the Regulatory Impact Review (RIR) that is required by National 
Marine Fisheries Service (NMFS) for all regulatory actions or for significant Department of 
Commerce or NOAA policy changes that are of significant public interest. The RIR: (1) provides 
a comprehensive review of the level and incidence of impacts aswciated with a proposed or final 
regulatory action; (2) provides a review of the problems and policy objectives prompting the 
regulatory proposals and an ~valuation of the major alternatives that could be used to solve the 
problems; and (3) ensures that the regulatory agency systematically and comprehensively considers 
all available alternatives so that the public welfare can be enhanced in the most efficient and cost 
effective way. · 

- :'..;...... l ; 

The RIR also serves as the basis for determining whether any proposed regulations are major under 
criteria provided in Executive Order 12291 and whether or not proposed regulations will have a 
signifkant economic impact on a substantial number of small entities in compliance with the 
Regulatory Flexibility Act (P.L 96-354, RFA). The primary purpose of the RFA is to relieve small 
businesses, small organizations, and small governmental jurisdictions (collectively, "small entities") of 
burdensome regulatory and recordkeeping requirements. This Act requires that if regulatory and 
recordkeeping requirements are not burdensome, then the head of an agency must certify that the 
requirement, if promulgated, will not have a significant effect on a substantial number of small 
entities. 

. ... -	 . ...~ 

... ..... 	 . .. . f'--"J. : - •..•• 

This RIR analyzes the impacts that Amendment 21and16 alternatives would have on the groundfish 
fisheries of the Gulf of Alaska and Bering Sea/Aleutian Islands, respectively. It also provides a 
description of and an estimate of the number of vessels (small entities) to which regulations 
implementing these amendments would apply. . . 

1.3 	 Catch and Value of Qroundfish in the Gulf of AJaska and in the Bering Sea/Aleutian Islands 
Area 

In the Bering Sea, domestic harvests . increased from about 75,000 mt in 1988 to slightly over 1.2 
million mt in 1989, which is an increase of 84 percent Domestic (domestic annual proccssing=DAP) 
catches of pollock increased by 90 perc-.ent, from 533,000 mt to about 1,016,000 mt OAP catches of 
Atka mackerel ats<? increased markedly, from 2,066 mt to over 18,000 mt, which is an increase of 793 
percent 
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In the Gulf of Alaska, domestic harvests increased from about 147,000 mt in 1988 to over 179,000 mt 
in 1989, which is an increase of 22 percent. Pacific cod showed a strong 36 percent increase, from 
about 30,500 mt in 1988 to over 41,500 nit in 1989. Although absolute tonnages are small, the catch 
of pelagic rockfish showed astrong increase, from 883 mt in 1988 to over 1,700 mt in 1989. 

1.4 	 Description of the 1990 Domestic Fishing Fleet Ooerating in the Gulf of Alaska and in the 
Bering Sea/Aleutians Islands Area 

The NMFS vessel permit database has been examined to determine the current composition of the 

domestic groundfish fishing fleet. A total of 1,348 vessels may fish for groundfish in the Bering Sea 


· and Gulf of Alaska in 1990 (Table 1.2). This number is based on 1990 Federal groundfJSh permits 

that have been issued to domestic vesSels as of March 29, 1990. 

Fishing ·operations in which these vessels participate include: harvesting · only,- harvesting and 
processing, processing only, and support. The latter type of operation includes transporting 
fishermen, fuel, groceries, and other supplies to other vessels. 

Of the total 1,740 vessels, 95%, or 1,655, are five net tons or larger. Five percent, or 85 vessels, are 
less than five net tons. ·· 

Vessels Five Net Tons or Larger 

The larger vessels, i.e., those that are S net tons or larger, are based in Seattle, Sitka, ·Kodiak, and 
Dutch Harbor, and other ports. Most of these larger v~els come from Alaska, based on telephone 

. area codes given with permit applications. The numbers of vessels that come from Alaska is 1,026, 
the number from the Seattle area is 453, and the number from other areas is 169. These numbers 
are summarized in Table 13 by processing mode. 

', 

The total number of catcher vessels (harvesting only) and catch~r/proccsso; vessels (harvesting/ 
processing) is 1,446 and 140, respectively (Tables 1.4 and 1.5). Net tonnages of catcher VCMC:ls and 
catcher/processor vessels vary widely. The total net tonnage of the catcher vessels is 56,333 tons, and 
the total net tonnage of the catcher/processor vessels is 61,236 tons . . . · · ... 

- . .~J ·-· \ ., ,, ' . 
Vessels involved in harvesting only (catcher vessels) employ mostly three types of gear: hook-and-line, 
trawls, or pots. Most of the catcher vessels are hook-and-line vessels and number 1,158 (Table 1.4). 
They are the smallest vessels fishing groundfJSh, having average net tonnage capacities equal to 30 
tons and average lengths of 49 feel Pot vessels number 39 and trawl vCMCls number 243. Their 
respective average net tonnage capacities are 139 and 112 tons. Their respective average lengths are 
99 and 88 feel 

Vessels involved in harvesting and processing (catcher/processor vessels) also employ mostly 
hook-and-line, trawls, or pots. The number of catcher/processor vessels using hook-and-line gear is 
63 (Table 1.S). These ~essels are the smal~est of the catcher/proccswr vCMCls, having average net 
tonnage capacities equal to 161 tons and average lengths of 93 feet, but are larger than the catcher 
vessels using hook-and-line gear . . Pot vessels number 7 and trawl vessels number 70. Their respective 
average net tonnage capacities are 343 and 860 tons. Their respective average lengths are 144 and 
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194 feet Twenty-three vessels are involved in processing only (motberships). These vessels average 
2,330 net tons and lengths of 251 feet. 

The number of vessels by length, by gear type, and by operating mode varies. Table 1.6 summarizes 
these parameters. 

. '• 
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Table 1.1 Comparison of 1988 and 1989 DAP Groundfish catches
(metric tons) in the Bering Sea/Aleutians and the Gulf of Alaska. 

BERING SEA/ALEUTIANS 
% 

ARROWTOOTH FLOUNDER 
1988 
2735 

1989 
4964 

change
94 

ATKA MACKEREL 2066 18457 793 
GREENLAND TURBOT 6713 8948 33 
OTHER FLATFISHES 25932 . 9922 -62 
OTHER ROCKFISH 544 791 45 
OTHER SPECIES 1019 4140 306 
PACIFIC COD 86733 126505 46 
PACIFIC OCEAN PERCH 2195 6891 214 
POLLOCK 533053 1015968 90 
ROCK SOLE 
SABLEFISH 

N/A 33582 
6588 4401 

N/A
-33 

SQUID 
YELLOWFIN SOLE 

279 329 
7771 5320 

18 
-31 

Total 675628 1240218 84 

GULF OF ALASKA 
% 

DEMERSAL SHELF ROCKFISH 
1988 

883 
1282 

412 
change

-53 
FLOUNDERS 11910 11652 2 
OTHER ROCKFISH 14507 19002 31 
OTHER SPECIES 765 1675 118 
PACIFIC COD 30542 41544 36 
PELAGIC ROCKFISH 883 1736 96 
POLLOCK 56634 72393 28 
SABLEFISH 28725 28052 -2 
THORNYHEADS 2482 3056 23 

Total 147331 179522 22 

Table 1.2 Numbers of groundfish vessels that are less 
than 5 net tons or 5 net tons and larger that are Federally
permitted .in 1990 to fish off Alaska. 

Number of Vessels 
Mode < 5 net tons >= 5 net tons 
HARVESTING ONLY 84 1446 
HARVESTING/PROCESSING
PROCESSING ONLY 

0 
0 

140 
23 

SUPPORT ONLY 0 39 
OTHER 1 7 
TOTAL VESSELS = 85 1655= 1740 
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Table 1.3 Numbers of groundfish vessels that are Federally
permitted to fish off Alaska in ..J...990 from the Seattle 

.area, Alaska, and from other areas. All vessels _5 net tons 
or larger. 

Number 
Mode Seattle . Other 

Area Alaska Areas 
HARVESTING ONLY 314 974 158 
HARVESTING/PROCESSING 92 40 8 
PROCESSING ONLY 20 3 0 
SUPPORT ONLY 27 . 9 3 

TOTAL 453 . 1026 169 

Table 1.4 Numbers and statistics of CATCHER VESSELS ~y gear
tITe - th~t - are Federally permitted to fish off Alaska in 1990 
A vessels 5 net tons or larger. 

Mode Number · Avg. Net Tons Avg. length (ft) 

HOOK-AND-LINE 1158 30 49 
POTS 39 139 9.9 
TRAWL 243 112 88 
OTHER GEAR l/

TOTAL 
6 

1446 
37 48 

1/ Other gear includes combinations of hook-and-line, 
trawls, jigsj troll gea~~ ~nd gillnets. 

pots

Table 1.5 Numbers and statistics of CATCHER/PROCESSOR and 
MOTHERSHIP (processing only) VESSELS by gear type that are 
Federally permitted to fish off Alaska in 1990. All vessels 
5 net tons or larger. 

Mode Number Avg. Net Tons Avg. length (ft) 

HOOK-AND-LINE 63 161 93 
POTS 7 343 144 
TRAWL 70 860 194 
OTHER GEAR 1/

TOTAL 
0 

140 
0 0 

MOTHERSHIPS 23 2330 251 

1/ Other gear includes combinations of hook-and-line, pots,
trawls, jigs, troll gear, and gillnets. 
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Table 1.6 Numbers of vessels Federally permitted to fish off
Alaska in 1990 by 25-foot length increments, by gear tXPe and by
operating mode. Support vessels are excluded. M* = multiple gear. 

Catcher Catcher/Processor Mothership
Length (ft) Trawl Pot LL M* Trawl Pot LL M* 

<= 24 2 0 34 1 0 0 0 0 0 
25 - 49 
50 - 74 
75 - 99 
100-124 

26 
59 
87 
48 

8 
. 3 

5 
14 

773 
352 

55 
14 

6 
l 
l 
0 

3 
0 
5 
2 

1 
0 
0 
0 

19 
9 
9 

· 4 

0 
0 
0 - :: .. -

-0 -
~- - ' 

0 
- 0 .

0 _. 0 ·. 
125-149 11 2 2 0 8 1 9 0 ­ - ~ .- 1 
150-174 10 8 3 0 8 4 8 . ·­ 0 5 
>= 175 5 0 0 - 0 44 1 5 0 17 

---~ ---­·- --·· 
SUBTOTALS 248 40 1233 9 70 7 63 0 23 

TOTAL CATCHER & PROCESSORS VESSELS 1693 

TOTAL SUPPORT VESSELS 39 .TOTAL OTHER MODES 8 

TOTAL VESSELS 1740 -. - ­

,. - r•' .. ... •-.... t - - ­

.. .......,J 

-- . 
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2.0 Revise Crab and Halibut Bycatch Management Measures for the BSAI 

2.1 Need for Action 

Trawl, hook and longline, and pot groundfish fisheries use partially non.selective harvesting 
techniques in that incidental (bycatch) species, including crab and halibut, are taken in addition to 
targeted species. A conflict occurs when bycatch in one fishery measurably impacts the level of 
resource available to another fishery. Bycatch management is an attempt to balance the effects of 
various fisheries on each other. It is a particularly contentious allocation issue because compared fo 
crab or halibut fishermen, groundfish fishermen value the use of crab o~ halibut very differently. The 
incidental catch of red king crab, C. bairdi T~nner crab, and Pacific halib~t in trawl fisheries targeting 
groundfish has been of particular concern and is addressed in this chapter. 

. . 

With the exception of the prohibition on the retention of crab and halibut taken as bycatch in the 
groundfish fisheries, the management measures that control the bycatch of crab and halibut in the 
domestic and joint venture groundfish fisheries in the Bering Sea/Aleutian Islands Area (BSAI) were 
implemented as the result of Amendment 12a. These management measures expire at the end of 
1990. 

The prohibition on retention eliminates the incentive that the groundfish fleets might otherwise have 
to target on crab and halibut, but _it does not provide a substantial incentive for them to avoid or 
control bycatch. Therefore, the North Pacific Fishery Management Council (Council) has determined 
that' in the absence of additional management measures to control bycatch, the levels of red king crab, 

. C bairdi Tanner crab, and Pacific halibut bycatch would be too high. At its January 1990 meeting, 
the Council instructed the Plan Team to develop, by the April 1990 meeting, a bycatch management 

· amendment package evaluating three alternatives. 

The amendment package was reviewed by the Council in April. Based on recommendations from the 
Ad Hoc Bycatch Committee, the Alaska Regional Office, and the Advisory Pane~ the Council took 
three actions with respect to controlling the bycatch of crab and halibut in the groundfish bottom 
trawl _fisheries. First, it instructed the Plan Team to substantially change the third alterl!ative and to 
prepare a r~ amendment package to be released ~or public comment in May. · This woul~ allow 
the Council to take final action on this amendment in June and allow the preferred alternative to be 
in place at the beginning of the 1991 fishing year. The t~ee aitemativc:s included in Ame~dment 
16 are: 

(1) the status quo which allows the 12a provisions to expire at the end of 1990; 

(2) .a one year extension of the 12a provisions; and 

(3) a one year or indefinite extension of Amendment 12a provisions modified to: 

add PSC cap apportionments for the DAP rock sole and deep-water trawl 
(Greenland turbot/sablefish) fisheries, 

permit seasonal allowances of PSC limits, and 
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provide for sanctions against vessels whose bycatch rates for red king crab, C. 
bairdi Tanner crab or halibut significantly exceed a fishery average. 

These alternatives were analyzed in Chapter 2 of the Amendment 21/16 ENRIRJIRFA that was 
made available to the public on May 16, 1990. The bycatch model used to analyze these alternatives 
was revised i~ early June. The analysis based on the revised model was presented to the Council at 
the June meeting and are included in this chapter. 

... 
The Council also instructed the Plan Team to prepare a second amendment package that ·the Council 
reviewed for the first time in June and will take final action on in September. This action was taken 
because ·there wa5 insufficient time to consider ·additional bycatch management measures for 
Amendment 16. The preferred alternative from Amendment 16a could be in place by the second 
quarter of the 1991 fishing year. Amendment 16a includes alternatives that would: 

. 	 . 

(1) 	~ provide the Regional Director the authority to temporarily close limited area5 in-
season due to high bycatch rates; · 

(2) 	 permit the Regional Director to set a limit on the amount of the pollock TACs that 
can be taken in other than the mid-water pollock fisheries; and 

. . 	 . - ­ ·-· ..	 . 

(3) 	~: .. set PSC caps for· red king· crab, C. bairdi Tanner crab and haltbut at 50%, 100% and 
_: · ··. 150% of current levels. · · · - · -· · 

Finally, the Council also instructed its Ad Hoc Bycatch Committee and the Plan Team to develop 
more effective and comprehensive solutions to the bycatch problem. This work would begin after 
the June Council meeting. The approaches to be considered include incentives. for individual vessels 
and vessel pools and other fu_ndamental changes to the existing management measures to control 
bycatch. The preferred alternative among such solutions could possibly be in place for the beginning 
of the 1992 fishing year. · · - - · J • 

. . .. 	 . ­
When A.nlendment 123 ·was·recommended, appro~. and usCd to apportion the prohibited species 
catch (PSq caps for the 1990 fisheries,'it was generally assumed that the groundfish fleets .would 

. . reduce their bycatch rates sufficiently in response to the caps to be able to fully utilize the groundfish 
TACs. Since the January Council mec.tirig, it has become clear that this assumption was not valid. 

To date the 1990 closures have been as follows: . . 	 ;.-·. ' ...... 

1. 	 NP flatfish in Zone 1 - January 25 due to red king crab bycatch; 

2 NP flatfish in Zones 1 and 2H - February 27 due to 'halibut bycatch; 

3. 	 NP flatfish in all of BSA! - March 5 due to haltbut bycatch; 

4. 	 DAP flatfish in Zones 1 and 2H - March 14 due to halibut bycatch; 

5. 	 DAP flatfish in all of BSA! - March 19 due to halibut bycatch; 
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6. 	 DAP Pacific cod and p0llock bottom trawl in Zones 1 and 2H - May 30 due to 
halibut bycatch; 

7. 	 DAP Pacific cod and pollock bottom trawl in all of BSA! -- June 30; and 

8. 	 NP flatfish in all of BSA! - July 1 due to halibut bycatch (this NP fishery had 
reopened on June 24 as 22 mt of its halibut PSC apportionment had not been taken). 

Through June 30, 1990, the unused DAP groundfish apportionments are about 71,000 mt for Pacific 
cod and 48,~ mt for all flatfish species. At the time of t~e final cod and pollock bottom trawl 
closures, the unused OAP pollock apportionment was about 464,000 mt; however, much of that will · 
probably be taken with off-bottom gear. It·is not known how much additional catch will be taken 
when the OAP flatfish fishery is reopened on August 4 to allow it to take the 44 mt remainder of 
its halibut PSC apportionment nor is it known how much of the remaining cod TAC will be taken . 
with fixed gear or by other than on-bottom trawl gear. In addition to the OAP apportionments that 
may be foregone, approximately 122,000 mt of NP sole and other flatfish apportionments were left 
after the final closure of the NP. flatfish fishery on July 1. 

The first wholesale value of the foregone catch could exceed SlOO million. Such ·a loss could impose 
severe financial hardships on those involved in harvesting, processing, and marketing groundfish and 
on others whose inc:Ome and well being are dependent on the BSA! groundfish industry. The 
closures in the BSA! will also adversely affect those who are dependent on the Gulf of Alaska or 
other west coast groundfish fisheries. This is because some of the vessels displaced from the BSA! 
will enter these other fisheries and decrease the catch that otherwise would have been available to 
other fishermen and processors. 

It is not known to what extent the closures of the bottom-trawl fisheries will benefit the fixed gear 
fisheries that are developing or to what extent trawl gear will be modified so that it can continue to 
be used in the cod fishery despite the ban on bottom trawling. It is possible that trawl gear other 
than bottom trawls could be used in the cod fishery and it is not known whether the halibut bycatch 
rates for such trawl gear will be higher or lower than that of the bottom trawl gear that is prohibited 
by the closures. 

2.2 	 Nature and Source of the Problem 

The ground.fish &hcry results in incidental fishing mortality for crab, hahbut. and other prolubited 
species. Th.is use of crab and halibut is one of several competing uses of the crab and halibut 
resources. Crab and halibut can also be used in the crab and halibut fisheries, respectively, as current 
or future catch. This future use as catch necessarily requires that the crab and halibut are left in the 
sea to contribute to the productivity of the crab and halibut stocks. Crab and halibut can also be left 
in the sea to contnbute to other components of the ecosystem, or they can be used as incidental 
fishing mortalit}' in non-groundfish fisheries. 

The analysis of bycatch management in the groundfish fishery focuses on two uses of crab and halibut. 
They are (1) the use as bycatch in the groundfish fJShery and (2) the use as present or future retained 
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catch in the crab and halibut fisheri~. The use of crab and halibut as contributors to the rest of the 
ecosystem is not germane if, out of consideration of the future productivity of the crab and halibut 
fisheries, the crab and halibut stocks are maintained at levels that do not adversely affect the 
ecosystem as a whole. The use of crab and halibut as incidental fishing mortality in non-groundfish 
fisheries is probably more important in determining the appropriate combined total removals by the 
groundfish, crab, and halibut fisheries than in determining the appropriate distribution of these 
removals between thc:Se two uses. · 

With respect to these two competing uses of crab and halibut resources, fishery managers are faced 
with the task of providing for the appropriate allocation between these two uses. This consists of 
both .wuring that an acceptable level of total removals (i.e., fishing mortality) is not exceeded for any 
stock and .wuring that an appropriate use of crab and halibut as bycatch in the groundfish fisheries 
may occur. 

The optimal allocation of the crab and halibut resources among these two competing uses depends 
· 	on the relative values of these uses, where value is as broadly defined as in the MFCMA, Executive 

Order 12291, other applicable Federal regulations, and the goals and objectives of the Council. The 
values of competing uses would include their effects on biological conservation. the maintenance of 
traditional fisheries and dependent communities, and the maintenance of international treaty 
obligations, as well as on components of the value of a use that are more readily measured in 
monetary terms. - ~ . ·~. . ': . 

From a National perspective, the optimal allocation of crab or halibut between the crab or halibut 
fishery and the groundfish fishery is the one that provides the greatest value to the Nation. With one 
exception. this is the allocation for which the values of an additional unit of crab or halibut for both 
uses are equal. For example, if the value to the Nation of 100,000 more crab for bycatch in the 
groundfish fishery is Sl million and if the value to the Nation of 100,000 more comparable crab le.ft 
at sea for the crab fishery is Sl.5 million, the benefit to the Nation would be greater if the 100,000 
crab were used for the crab fishery. In this case, the total value of the use of crab could be increased 
by reallocating crab from the groundfish fishery to the crab fishery until the marginal values of both 
uses arc equal.. · .. :_ ; 1.; - .-•. - · . 	 .., ..... ~· ... -. • ; 

The exception to the rule of equal marginal values occurs when the marginal value of one use is 
greater than that of another regardless of how a resource is allocated among the two uses. In this 
case, the optimal allocation would result in none of the re.Source going to the lower valued use. 

Within a given general type of use, such as bycatch, the value of additional crab or halibut depends 
on how it is used. For example, the value o(an additional 100,000 crab for bycatch depends in part 
on whether those crab are used in such a way that the amount of additional cod that can be harvested 
is 100,000 mt or 10,000 mt To maximize the value of the 100,000 crab for bycatch, it is necessary 
that the marginal values of the alternative bycatch uses of crab are equal, except in the case noted 
above. This means that the appropriate levels of halibut and crab to be used in the groundfish fishery 
depend on how they will be used. Therefore, the appropriate decisions about PSC caps and how the 
caps will be used are interdependent and should be made simultaneously. 
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The appropriate levels of bycatch (i.e., use in the groundfish fishery) also can be thought of as the 
levels that minimire the cost of bycatch, where that cost has three components: (1) the present and 
future costs impooed on those who benefit from the crab and halibut fisheries or the existence of crab 
and halibut stocks; (2) the costs imposed on those who benefit from the groundfish fisheries; and (3) 
management costs associated with regulating bycatch. These thfee types of costs will be referred to 
as impact costs, control costs, and agency costs, respectively. 

. .. .. . 
The impact costs are those associated with changes in catch in the crab and halibut fisheries or 
changes in stock conditions due to. incidental fishing mortality of halibut and crab in the groundfish 
fisheries. This mortality will be generally referred to simply as bycatch. The control costs ~re those 
imposed on the groundfish fleet to limit bycatch. Th.e agency costs are those borne by agencies (e.g., 
the . Council, NMFS, etc.) and the general public to select, implement, administer, and· enforce the 
bycatch program. . · . : ., 

.. . 
There is a need for regulatory intervention, because there arc competing uses of crab and halibut and 
because there is no mechanism in place to assure an allocation of these· resources that will minimize 
the cost of bycatch or, equivalently, produce an efficient allocation of crab and halibut among 
alternative uses. In making decisions concerning bycatch, a groundfish fisherman considers his 
bycatch control costs because he bears them but he principally ignores the impact costs beca~ they 
are borne by others. Because he ignores impact c:Osts, he will tend to take too much bycatch from 
a National perspective . . Therefore, the root of the problem is that impact costs are an exte.f?al cost 
to the business of fishing for groundfish. . ... . . . . .. >-.. __ 

. - ..... -.. ... - ~ r..~ . • .. .. - , . ... .. .,,. ....... . ·- .-. ;. 


It ha5 been argtied that the PSC caps provide fishermen an incentive to reduce bycatch rates because 
the bycatch rates and the caps jointly determine whether the TAC.S can be utilized fully• . That is, by 
reducing bycatch rates, fishermen would be able to catch more fish. This argument fails to recognize 
tha~. although it is in the best interest of the groundfish fleet as a whole to increase the amount of 
groundfish that could .be harvested by reducing bycatch rates, it is in the best interest of each 
individual operation to ignore bycatch and harvest groundfish as r!!pidly as possible. This is a "tragedy 
·of the commons" (Hardin, 1968) and is similar to the situation in an open access fishery in which each 
operation has_an incentive to incur the costs necessary to increase the rate at which it can harvest 
fish even though for the fleet as a whole this will increase costs without increasing catch.. ·:.. - . : 

Instead of having a mechanism that rewards each individual operation for its_succcSs in r~ucing 
bycatch, there is a mechanism that penalizes those who attempted to reduce bycatch rates and 

. rewards those who did not ~ perverse mechanism is in part the result of the race for fish which 
was intensified by the PSC caps. The intensified race substantially increased the opportunity cost. to 
individual operations of controlling bycatch rates. Therefore, fewer actions were taken to control 
bycatch and bycatch rates were higher than they would have otherwise been. 

. . 
If the fisherman did bear this cost, he would tend to make different decisions concerning his own 
. actions to control bycatch. His decisions would tend to be the correct ones from both his perspective 
and society's. Therefore .. the bycatch problem would be eliminated, that~. the cost of bycatch would 
be minimired. · 
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The alternative to eliminating the root of the problem by internalizing the impact costs is to find 
some other way to influence each fisherman's decisions concerning bycatch. This has been the 
traditional management response to the bycatch problem. It has included the use of time/area 
closures, gear restrictions, PSC caps, reduced groundfish TACs, and the designation of prohibited 
species. One problem with th~ approaches is that they require a substantial amount of information 
that typically is not available. In the absence of that information, it is highly unlikely that the use of 
these measures will result in the cost of bycatch being minimized. The potential for the cost of 
bycatch being substantially higher than necessary is great. This problem would exist if there were only 
one bycatch species. It is greatly increased because there are multiple bycatch species and because 
the traditional management measures that are imposed to reduce the bycatch of one species often 
increase that of other species. · - · · :... -' .. : ' 

:, : : _... ~- .. :. :.~ ~. } -.. . , ·: :·· -~ • • - lo •• 

: ·" - .·. .. - t ... 

One difficulty in determining the appropriate allocation of crab and halibut between the two 
competing uses is determining the marginal (incremental) value of each use. Although there is some 
disagreement about the marginal value of crab and halibut left on the grounds for the crab and 
halibut fisheries, the issue of the marginal value of bycatch to the groundfish fishery is probably much 
more contentious. . · · · 

p. • • .. - • , ... 

• - .., .• 1' ..... ­

. . 
The valuation of the use of crab or halibut is confounded by the fact that crab and halibut fisheries 
take different segments of the population than are taken as bycatch in groundfish fisheries. ·: For 
example,"crab taken as bycatch in the trawl fisheries consist of juverules, and adult females; as well 
as adult male crabs. Although other crab may be taken, only adult males can be retained in. the crab 
fishery. Consequently, the estimation of the impact cost of crab bycatch in the groundfish fishery 
must attempt to -account for the impacts on stock reprcxfuctive potential from the bycatch mortality 
of females, and the natural mortality ofjuvenile male crab in the intervening time betw~n incidental 
catch and when they would have been recruited to the crab fishery. A method of estimating the 
impact cost of crab bycatch in the groundfish fisheries is presented in Appendix 21. · · 

;1· 

Similar adjmtmcn.ts must be performed for bahbut The International Pacific Halibut Commission 
(IPHC) ·currently estimates annual halibut bycatch mortality in the combined BSAI and GOA 
management ·areas, calculates the adult equivalents of the bycatch mortality, and decreases future 
halibut fis.hcry quotas based on this calculation. ._;· · " · ·· · ·r·: ·; ' :·•.: : · 

In addition to the difficulty of estimating the extent to which leaving additional crab or halibut' in the 
sea will oontnbute to future catch in the crab or halibut fishery, the non-monetary benefits of 
increases in the future harvest of crab or halibut, such as the maintenance of traditional fisheries and 
dependent ·communities, and the maintenance of international treaty obligations arc difficult to 
estimate and may not be estimable in monetary terms. 

There are other reasons why it is difficult to estimate the value of bycatch to the groundfish fisheries. 
If the groundfish fishery is constrained by its bycatch allocation, the marginal value of bycatch equals 
the cost to the groundfish fleet of reducing bycatch by one unit Naturally, if it is not constrained 
by its allocation, the marginal value is zero. Bycatch mortality can be reduced by: (1) reducing the 
bycatch rate (i.e., the amount of bycatch per unit of groundfish); (2) reducing discard mortality rates 
(i.e., the percentage ·of bycatch that does not survive being captured and discarded); or (3) reducing 
groundfish catch. Bycatch and discard mortality rates can be reduced by changing fishing strategies 
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or techniques. Crab and halibut fishennen argue that bycatch and discard mortality rates can be 
significantly reduced at little cost to the groundfish fishery. However, groundfish fishennen argue that 
the cost of reducing bycatch and discard mortality rates can be high and at some point .it is less costly 
to forego target catch than to further reduce bycatch or discard mortality rates. 

It should be noted that the cost of some of the techniques available to the groundfish fishery to 
reduce these rates are affected by the groundfish fishery management plan (FMP). For example, the 
cost of fishing either later in the year or at a slower pace to reduce bycatch or discard mortality rates 
may be prohibitively high due to the race for fish resulting with the existing groundfish management 
regime. _ 

. . .... • ,.11.. . 
If the PSC caps cause closure of a groundfish fishery before the target TACs are taken, the marginal 
value of bycatch to the groundfish fishery can be estimated using the bycatch rate, the discard 
mortality rate, and an estimate of product value per metric ton of groundfish catch net of variable 
costs. For example, if (1) only the halibut PSC cap is constraining groundfish catch, (2) the bycatch 
rate is 1 % (i.e., 1 mt of hahbut per 100 mt of groundfish, (3) the discard mortality rate is 50%, and 
(4) the value of groundfish catch net of variable costs is SlOO per mt. then the fishing operation 
would be able to haryest an additional 200 mt of groundfish with 1 mt of additional halib~t bycatch 
mortality. As a result. the fishing operation should be willing to pay up to S20,000 (200 mt x SlOO/mt) 
to do so. Therefore, in this hypothetical example, the short-run marginal value of the additional mt 
of hahbut bycatch mortality is S20,000. ·;: . - :i ·- · : •. ~ . : • . ; • • : .:. • • . 

In genera~ if the price of the groundfis~ product of the fishing operation is not very responsive to 
the amount supplied by the BSA! groundfish fisheries or if the products are principally supplied to 
foreign markets, the foregone product value net of variable costs will tend to provide a reasonable 
estimate of the marginal bycatch control cost when groundfish catch is constrained by PSC caps. It 
also tends to indicate what the groundfish fishery would be willing to pay in the short-run to be able 
to take an additional unit of bycatch. If the groundfish fishery changes its fishing practices to keep 
from exceeding PSC caps and does not decrease its ta'rget catch as a result, the marginal bycatch 
control cost or the marginal value of bycatch to the groundfish fishery would tend to be less than if 
catch is reduced by the caps. 

. .. . . ... . . :.... ,.., ' : - :._ ·.. _ . . · . - :·J. !.. • ~..:. • t. :.: ' ; ; • ,,. 

In the absence of either accurate information on the effectiveness and costs of alternative techniques 
for reducing bycatch and discard mortality rates or a market mechanism that will provide good 
estimates of the cost to the groundfish fishery, the marginal value of bycatch will remain a contentious 
issue. As a result, the bycatch management decision process potentially will ~ less objective, more 
political, less equitable, and more likely to make the wrong decisions. 

. ~ 

In recognition of the econoinic origin of the 'bycatch problem, the Council is expected to consider 
market-oriented solutions. However, due to the desire to have bycatch control measures in place on 
January 1, 1991 when the management measures implemented under Amendment 12a expire, the 
Council is currently considering only limited use of such solution5. Specifically it is considering 
extending the provisions of Amendment 12a in combination with economic incentives to decrease 
bycatch rates. .' The more extensive use of market oriented solutions will be considered in a separate 
amendment that will address more effective and comprehensive intennediate to long-term solutions 
to the bycatch problem- · 

AM: 21/16 2-7 7f31/'¥J 



2.3 The Alternatives 

There are three alternatives for Amendment 16. 

2.3.1 Alternative 1: Do Nothing. 

Adoption of this alternative would allow bycatch control measures to expire. Existing domestic and 
joint venture bycatch cap provisions and cl~ areas under Amendment 12a expire on December 
31, 1990. Bycatch control regulations for the dopiestic and joint venture groundfish fisheries would 
be limited to the prohibited species classification that prevents retention. This would remain a 
deterrent to targeting ·on crab, Pacific halibut, Pacific herring (addressed in a separate amendment 
package), and salmonids, but it would provide only a minimal incentive to control bycatcli rates. 

· 2.3.2 . Alternative 2: Extend the Amendment 12a provisions for one year. 

Adoption of this alternative would extend the bycatch provisions of Amendment 12a for one year. 
These provisions are limited to controlling the bottom trawl bycatch of C. bairdi Tanner crab, red 
king crab, and Pacific halibut in the DAP and 1VP groundfish fisheries. The bycatcb of these 
prohibited species with longline or pot gear does not count against the PSC ca~ and only the use 
of bottom trawl gear is prohibited once a PSC cap is taken. - r ·- - _; · · 

Aggregate prohibited species catch (PSC) limits for C bairdi Tanner crab, red Icing crab, and Pacific 
halibut, to be apportioned among DAP and NP flatfish and other bottom trawl groundfish fisheries, 
would remain: · . _....: -~ :: 

~ . . ~ 

C. bairdi 1,000,000 crabs in Zone 1 for Zone 1 closure 

Tanner crab: 3,000,000 crabs in Zone 2 for Zone 2 closure 


.r : .; ·:.;;. _-:; ::.:/.:.: 
Red king crab: 200,000 crabs in Zone 1 for Zone 1 closure -· ·· · . : ··:.. .. -~- ; ., ­

Halibut: 4,400 mt catch in BSAI for Zones 1 and 2H closure 

-.... ~· ·..:· -- .. ·... ..:. ..... : .:: .. 
 S,333 mt catch in BSAI for BSAI closure •.- : · 1

• ~-~:";<.:i;: ~: :-: 
- ~ - . . -''-· - . 

.. ... .. t • ............. 

Figure 21 presents bycatch protection zones in relation to statistical areas. Zone 1 includes statistical 
areas 511, 512, and 516. The Crab and Halibut Protection Zone (statistical area 512, and statistical 
area 516 from March.IS to June 15) would be retained. A discretionary provision to allow trawling 
for Pacific cod shoreward of the line approximating the 2S fathom depth contour would also continue. 
Existing requirements for approved data gathering programs and a 12,000 crab PSC limit for red king 
crab in this cod fishery will also continu~ Zone 2 includes areas 513, 517 and 521. ·Zone 2H 
includes area 517 only. Statistical areas 514, S1S, 522, 530 and S40 make up Zone 3. . ·. - -: 

• .. .. r. -- ... . -·· ... . . 
Bycatch limits will be apportioned to the following four bottom trawl fisheries in proportion to their 
anticipated bycatch "need": (1) U.S. processed (DAP) flatfish fisheries (including ycllowfin sole, roclc 
sole, and other flatfish); (2) other DAP groundfish fisheries; (3) joint venture (NP) flatfish fisheries; 
and (4) other JVp groundfish fisheries. If a flatfish fishery attains one of its bycatch apportionments, 
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then bottom trawling f<?r .flatfish (yellowfin sole, rock sole, and other flatfish) will be closed in the 
associated areas (woe). If other fisheries attain one of their bycatch apportionments, then bottom 
trawling for only pollack and Pacific cod will be closed in the associated zone. As under Amendment 
12a, the Regional Director of NMFS is expected to·reapportion the respective bycatch caps among 
fisheries as necessary to minimi:re foregone groundfish catch if the closure of one fishery results in 
.unused caps for other species. 

2.3.3 	 Alternative 3: (Preferred) Modify and add to the Amendment 12a provisions and extend 
.- ; · - · · : them for o~c year or an indefinite period. ~ · · · ·­

•' ·' 

The Council preferred this alternative, and adopted it for an indefinite time period. The overall PSC 
caps shall be reviewed annually, and ~ibly adjusted based on changes in population numl?er or 
biomass of PSC and target species. This alternative modi.fies and adds to the bycatch provisions of 
Amendment 12a. These provisions arc similar to those of Amendment 12a or Alternative 2 in that 
they are limited to controlling the bottom trawl bycatch of C. bairdi Tanner crab, red king crab, and 
Paci.fie halibut in the OAP and NP groundfish fisheries. Similarly, the bycatch of these prohibited 
species with longline or pot gear does not count against the PSC caps and only the use of bottom 
trawl gear is prohibited once a PSC cap is taken. . : . ,. _ _ 

. . ' 
Aggregate prohibited species catch (PSC) limits for C. bairdi Tanner crab, red Icing crab, and Paci.fie 
halibut would be the same as those of Amendment 12a or Alternative 2 The same is true for the 
definitions of Zones 1, 2, 2H, 3, and the Crab and Halibut Protection Zone. The restrictions on the 
trawl fishery for Pacific cod that could occur in the last zone would also be the same as under 
Amendment 12a. 

The Regional Director in consultation with the Council will apportion the caps based on an 
assessment of bycatch needs with an evaluation of the best available information, to achieve optimal 
distnbution for the purpose of maximizing groundfish harvest in order to achieve OY. Th~ 
apportionments may be divided into seasonal allowances. Target fisheries receiving apportionments 
of PSC caps will be implemented by regulations ·and may be changed by regulatory amendment Until 
changed by regulatory amendment, the apportionment of the halibut, king crab, and C. bairdi Tanner 
crab caps will be among the following five trawl fisheries: 

--·-~ ·-·-· 

(1) JV flatfish 
... • • ~ : - • • , -:i··.1 r. 

(2) ,.., OAP rock sole 
-.... .. .. .: j. -... 

(3) OAP flatfish (ycllowfin sole/other flatfish) 

(4) OAP turbot (deep water turbot/sablefish) 

. (S) DAP other (bottom trawl pollock,-cod, rockfish, Atka mackerel) 
. . . 

• .,> 

In comparison to 12a or Alternative 2 cap apportionments, the differences are (1) the addition of the 
OAP rock sole fishery and the OAP turbot fishery, (2) the deletion of the JVP •other• fishery, and 
(3) the addition of the ability to make seasonal allowances of PSC limits. 
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If one of the four flatfish fisheries attains one of its bycatch apportionments, then bottom trawling 
in that fishery will be closed in the associated zone until an additional apportionment is available. 
If the other fishery attains one of its bycatch apportionments, then bottom trawling for only pollock 
and Paci.fie cod will be closed in the associated zone until an additional apportionment is available. 
As under Amendment 12a and Alternative 2, the Regional Director of NMFS is expected to 
reapportion the respective bycatch caps among fisheries as necessary to minimize foregone groundfJSh 
catch when the closure of one fishery results in unused caps for other species. 

A major addition with Alternative 3 is that if provides for a program to identify and penalize bottom 
trawl vessels with excessive bycatch rates of halibut, red king crab, or C. bairdi Tanner crab. Each 
vessel participating in the bottom trawl fishery will be placed in one fishery each week based on its 
total BSAI catch (not retained catch) during that fishing w~k. The rules for identifying the fJShery 
for each vessel and fishing week are as follows (N.B. the percentage figure following the fishery 
refers to the minimum proportion of the specified species in the overall groundfish catch): 

(1) 	 rock sole: 35% 

(2) 	 deep water turbot/sablefJSh: 35% (only Greenland turbot and arrowtooth flounder 
catch would be used to identify this fishery) 

.·,. l ­

. (3) Pacific cod: 45% --- . 

(4) : Atka mackerel: 20% 

(5) 	 roclcfish: 20% 

(6) 	 bottom trawl pollock: 50% 

(7) sablefish: 20% .. .-..,. 

. . =· · " · .: ... : 
~ 

__(8) ycllowfin sole/other flatfish: 20% - : - .- . 
-. .-, ~· :4!: . . , ­

(9) all other bottom trawl fisheries. 

A vessel will be asaigncd to the first fishery for which it meets the minimum catch requirement; 
therefore, both the minimum catch compo5ition rule and the order of the rules arc important in 
identifying the fishery for a vessel each week. A distinction will be made between DAP and NP 

fisheries. 

This program would be based on bycatch rates observed on ~cssels such that: . 

(a) 	 Weekly monitoring of each vessel's observed bycatch rates would be conducted to 
determine the vessel's average -bycatch rates for each evaluation period. The · 
evaluation period would be one week building up to the preceding four week period. 
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(b) 	 All ves.$Cls with at least 2 days observer coverage during a fishing week will be 
included in the program for that week. · . 

(c) 	 Observed bycatch rates would be based on total catch rather than retained catch. 

(d) 	 If a vessel's average rate for any of the three bycatch species exceeds 2 times the 
fishery average for the evaluation period, that Ves.$Cl will be suspended from further 
groundfish fishing in the exclusive economic zone off Alaska. The Council . 
considered, but did not adopt, an option that no vessel would be penalized if it meets 
the historic industry average based on an update (1986-1989) of the rates in the 
NOAA Technical Memorandum NMFS F/NWC-155. · ·· · -· · ~ t • : · ­

. ,... ­. . ·.. ­
( e). . Suspension periods would be five ·da}'s for the first offense, tWo weeks for the -second 

offense, and six weeks for the third offense . . Multiple offenses would be cc>unted 
"within PSC species" only. The period for accruing multiple offenses would be the . 
most recent twelve month period. · · .i . · 

.. . 	 . 

(f) 	 ; Unless otherwise requirCd to do so by the domestic obsCrver program; vessels 
returning to the fishery after suspension for a seCond offense would be required to 
carry an observer for the· following two weeks. vessels returning after a third offense 

.. -- . .. ,. -· --	 would be required to carry an obscr./er for the following four weeks. - ; - ; ; •. - ... 
"":"_ ..... ; ::: 	 ·~ .... · .· ,. . . :.. •_:. ~ . · -

. (g) 	 This pro"iram-assumes that various fisheries can be adequately defined based on the 

definitions listed above. Revisions to these definitions will be baSed on the best 

information available. 


(h) 	 The number of target fishery cells to which the program will be applied will be 
determined by the Regional Director, in consultation with Council, based on optimal 
utilization of resources available to him. · -- -- -J-·­

.. · ""-. - . . ­,.. - .. .....~ 

. . 
-:. ; :.J&-. n;.,-: .:::·...> ~ :·.. .. - r:~ :. . .. :.~- :; ... . . ,. 

This pro~am asiumes lbai th~ o~~gof flatfish fisheri~. other thari rock sole, will bC:delayed until 

· May 1. It is also a.sSumed ·that · the directed fishing · definition will be changed bf reg\ilatory 


amendment to auow greater 'retention of yellowfin sole/other flatfish in the rock sole fishery . . The 

Council bas requested the NMFS to prepare. regulatory amendments to unplement these changes. 


24 	 : Bioloeical Bac:kuound 

-· 


2.4.1 	 Terms of Reference 

To understand the proposed alternatives for byc3tch management it is. nCCCMary to define and 
descnbc several terms. 

Target fishini is defined as planned, del.tbcrate operations designed to harvest certain animals within 
a species or a group of species. Fishing pots for hard shell male crab over a certain size, longlines 
for halibut over the minimum size limit, and trawls for a mixture of marketable flounder species are 
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all examples of targeting. All major regulatory restrictions which are applied to a fishery will limit 
the options available to fishermen to some degree. However, controls specific to a target species 
(such as protection of female crab) are intended to increase sustained yields from the resource (in 
this case male crab). Similarly, minimum size limits are used in the halibut fishery since it is believed 
that the estimated hooking mortality on small fish (plus additional natural mortality) will be more 
than o~t by weight gains in the survivors. 

. . 

Bycatch is any incidental catch of nontarget species. Examples include crab and halibut taken in 
groundfish trawl fisheries. An important variable detennining amount of bycatch is the density of that 
part of the population susceptible to the gear. Because portions of a population taken as bycatch 
in the groundfish fishery may not be the same as those targeted on in the crab and halibut fisheries, 
a large trawl bycatch of small crab might bC taken in the same year that the crab pot fishery · was 
completely shut down due to a low abundance of legal-sized males. However, size of the susceptible 
bycatch biom~ i.s not the only important variable. The magnitude of the target fishery (both amount 
and rate of fishing) is important along with harvesting areas and times and fishing strategy and 
technique. · 

Substantial modifications in bycatch can also occur due to specific bycatch regulatory controls. In this 
case, regulations are intended to benefit sustained yields in fisheries directed at the bycatch species 
and not the target fishery being ~egulated for bycatch. Whenever this latter group's ability to harvest 
from the greatest concentrations of fish is impaired, then greater total effort will be required to take 
the same level of target hai:vest Under such controls, costs. of target fishing invariably go up. In 
addition, catches of .other_bycatch species, which perhaps were not covered under the original 
regulations, may increase markedly due to forced changes in fishing operations._ 

Bycatch rates in groundfish fisheries are generally expressed ~ numbers of crabs or metric tons of 
halibut (or other fish species) per metric ton of groundfish.. . - : 

. . 
Fishini and bycatch exploitation rates are expressed in a number of different ways that sometimes 
add confusion to the bycatch issue. For example, a 40% annual exploitation rate on crab normally 
means that, on the average, 40% of the available male crab over a Certain minimum size are taken 
each year by the directed pot fishery. The situation i.s similar for the halJout longline fishery since 
quotas and rates of harvest are generally computed for the exploitable or legal-sized biom~. 
However, the population effects of bycatch are normally evall:lated as the ~pact on the -~~tire 
population that i.1 vulnerable to the groundfish·gear. · . . • . . . 

Incidental mortality is comprised of all animals of non-target species that die as a result of encounters 
with fishing opcratiom. It is the sum of (1) bycatch retained, (2) non-retained bycatch that dies as 
a result of capture and handling. and (3) individuals that are killed by the gear but are not observed 
as bycatch taken on board_ Generally, only the first two elements are estimated in "efforts to quantify 
incidental mortality. These two elements, representing mortality of incidental catch, are termed 
bycatch mortality. There can be a great deal of variability in mortality depending upon gear and 
mode of operation as well as size and condition of the individual.S present An example at the "low 
end" of the pc:>Mible mortality range is the 1.2% mortality rate observed by ADF&G personnel during 
1978-1981 for trawl-caught hard shell king crab in the Kodiak area (this estimate did not include 
mortality caused by deck ti.me or delayed mortality caused by injuries once the crab were returned 
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to the sea). At the high end of the range . is the common cwumption of 100% crab and halibut 
mortality in trawl fisheries with codend transfers or long towing and sorting times. Examples of 
intermediate values would be rates of halibut mortality of 65% for short trawl tows with rapid sorting 
and 13% from longline gear. ·The latter rates are currently used by the IPHC and the Gulf of Alaska 
Plan Team in assessing halibut bycatch. However, there are no similar estimates available for crab 
bycatch mortality rates. 

Adult equivalents is a term that expresses catch of different age groups in standardized units and 
requires use of growth estimates as well as fishing and natural mortality rates. This allows for a direct 
comparison of the incidental take of bycatch species, generally juveniles in the case of halibut and 
crab, to the harvest of adults taken by directed fisheries. For example, the IPHC staff has developed 
a method of accounting for halibut bycatch mortality that determines the short-term yield loss to the 
directed halibut fishery. In this case, bycatch mortality is multiplied by 1.6 to estimate the amount 
of lost yield (mortality and yield are expressed in metric tons). This factor incorporates lost growth 
of juvenile halibut and natural mortality from the average age of bycatch to harvest in the halibut 
longline fishery. The information provided in Appendix 21 can be used to generate estimates of 
adult equivalents for C. bairdi Tanner crab and red king crab. 

2.4.2 Biolo&ical Back~ound 

Basic data on historical population status and the bycatch of C. bairdi. red king crab, and halibut in 
foreign and joint venture groundfish fisheries are presented in Tables 21 - 24. Crab data are for the 
Bering Sea only but the data for Pacific:; halibut arc, by necessity, presented in a broader context due 
to significant stock interchanges between management areas. These tables report only foreign and 
joint venture bycatch derived from the foreign fisheries observer program. The levels of crab and 
halibut bycatch in the DAP groundfish fisheries have not been monitored with an observer program; 
therefore, only rough estimates of this bycatch are available. The same is true for crab and halibut 
bycatch in other fisheries, including the crab fisheries. · . . · :' 

It is apparent from these data (Table 21) that numbers of C. bairdi legal males were depressCd in 
the mid-1980s relative to their status in the late 197<h, but have recovered partially in recent years. 
The Bering Sea harvest of C. bairdi fell from 42.5 million pounds in 1979 to 1.2 million pounds in 
1984 and 3.3 million pounds in 1985. The fishery was closed in 1986 and 1987, but reopened in 1988. 
In 1989, 6.9 million pounds were harvested. Foreign and joint venture trawl fishery bycatcb of C. 
bairdi has fluctuated, not necessarily in direct proportion to crab population size, from a high of 7..5 . 
million animals in 1979 to values less than one million since 1982. Under various control programs 
since 1980, including no limits on joint ventures in early years, bycatch of C. bairdi other than DAP 
has been well below 1% of the concurrent population estimate. Current estimates of total population 
(summer 1989) indicated 949.9 million C. bairdi in the Bering Sea east of 173° E. 

The abundance of legal male red Icing crab also declined sharply since the late 197<h, and is still 
depressed with only a limited recovery by 1989 {Table 22). From a high of 130 million pounds in 
1980, the red Icing crab fishery in Bristol Bay took ari average of only 28 million pounds during 1982­
85, including no fishing in 1983. Harvests increased to 11.4 million pounds in 1986, and 12.3 million 
pounds in 1987, but declined to 10.2 million pounds in 1989. Foreign and joint venture trawl bycatch 
has remained below 1% of the conc1:1rrcnt population estimate of Bering Sea red Icing crab, except 
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during 1985 after which emergency bycatch controls preceding Amendment 10 were implemented. 

The estimated coast-wide exploitable biomass of Pacific halibut peaked in 1986 at approximately 259 
million pounds and has declined to approximately 232 million pounds in 1988. The overall biomass, 
however, has remained near historically high levels and the decline in the exploitable biomass of 
Pacific halibut is consistent With the long-term cycles in abundance that have been observed for this 
population. Stock assessments for the Bering Sea/Aleutian Islands area indicate that biomass more 
than doubled from 1974 to 1986 and estimated abundance for that area is near the biomass that 
produces MSY (IPHC 1988, 1989). 

.. ' 

Foreign and joint venture tr~wl and longline bycatch has resulted in an estimated 2,000-5,000 mt of 
annual halibut bycatch mortality since 1982. Coast-wide, halibut bycatch mortality decreased from 
1980 to 1985, but increased sharply in 1988 (Table 2.3 and .Figure 2.2). Adult equivalents of this 
bycatch mortality accounted for approximately 22.5% of total estimated halibut removals in 1989 
(Table 24 and Figure 2.3). The IPHC uses a factor of 1.6 to expand from bycatch weight to adult 
equivalent weight This accounts for growth and natural mortality between the age halibut are 
typically taken as bycatch and the age at which they are taken in the halibut fishery. _ ·; ' · 

The groundfish fishery takes incidentally crabs of smaller sizes and younger ages than the crab 
fisheries. It also takes females crab that are not retained in the crab fisheries. The average age of 
male C. bairdi taken as bycatch is tour years less than the average age of males in the pot fishery 
(Figure 24). The percentage decline in the exploitable population resulting from bycatch that 
annually removes a given percentage of the estimated total male population can be approximated by 
assuming that the size distnbutions of crabs taken as trawl fishery bycatch and of crabs sampled in 
population trawl surveys arc the $3me. Note that the effect of the bycatch of female crab on future 
exploitable populations is not being addressed; however, it is elsewhere in this document 

The following example shows what would happen to 1,000 small male C. bairdi subject to four years 
of bycatch at 1% before the expected crab fishery harvest, under an assumption of 0.45 annual 
average natural mortality (J. Reeves, pers. comm.) and under the assumption that the size 
distnbutioas are the same. · :. ~.. ~ · · .. ·w . .....:.. ; .i. ~- .. ~ ;.. _:~~ 

. Auume 45% Annual Loss Auume 46% Annual Loss 
(no bycatch) 55% Survival (1 % bycatch) 54% Survival 

1.000 Crabs 1.000 Crabs 

Year 1 X 0.55 = 550 crabs Year 1 X 0.54 = 540 crabs 
Year 2 X 0.55 = 303 crabs Year 2 X 0.54 = 292 crabs 
Year 3 X 0.55 = 166 crabs Year 3 X 0.54 = 157 crabs 

Ycar 4 X 0.55 = 92 crabs . Year 4 X 0.54 = 85 crabs 

One percent bycatch would have reduced the exploitable population by 7 crabs (92-85), a . 7.6% 
reduction (7S2) from that which would have been available had no bycatch occurred. Note that this 
is only an approximation of the effect because the size distnbutions are not identical (Figure 2.5). 
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Depending on how these size distributions actually differ, this approximation could overstate or 
understate the actual effecL 

There are approximately two years between average age of bycatch and catch of male red king crab 
in the crab fishery (Figures 26 and 2 7). An exercise similar to that developed above for C. bairdi 
would predict a 3.2% impact on exploitable populations of red king crab resulting from a 1 % annual 
bycatch rate. · 

AMume 36% Aniiual ~ J\Mumc 37% Annual ~ 
(no bycatch) 64% Survival (1% bycatch) 63% Survival 

. 1.000 Crabs · 1.000 Crabs 
. . 

Year 1 X 0.64 = 640 crabs Year 1 X 0.63 = 630 crabs 
Year 2 X 0.64 = 410 crabs Year 2 X 0.63 .= 397 crabs 

Again, this 3.2% impact [(410-397)/410) is only an approximation of the effect of bycatch that 
annually removes 1 % of the estimated total population of male crab. 

Less than 10% of the bycatch of halibut, by num~r, in joint venture trawl fisheries is of animals of 
size (80 cm) and age that occur in the halibut longline fishery. On average, there is a difference of 
five years between age of trawl bycatch and catch in the. halibut longline fJShery (Figure 28). · . - . .... . 

- ... . --.. . . . . . . . 
The situation for Pacific halibut needs to be examined in a broader context than that used for crab . 
since there is a major migration of fJSh between management areas. There is a general eastward 
migration from the Bering Sea to the Gulf of Alaska and a southward shift from Alaskan waters to 
areas off British Columbia, Washington and Oregon (Figure 29). The impact of Bering Sea bycatch . 
on yield los.s in other areas depends _on migration rates from the Bering Sea; these rates are currently 
unknown. · 

'· . . . . . .. - ... 


Gene~al ~vcats for Biologi~~ !mp·a~~ :. ~ , : __ . ~ . - .. . _...

1 ... ,,,,# .' ! 

Bycatch is prl~arily an issue_~f all~tfug ;u°i-Plus p~odu~~io~ a~ong different resour~ ~n. _When 
· abundant crab and halibut resources arc involved there is essentially no biological risk aswciated with 

anticipated levels of bycatch as long as catch in the crab and halibut fisherie:S are adjusted accordingly. 
However, when any population .is reduced to a low level, potential for risk appears and accelerates 
rapidly as the population declin~ further, particularly ifbycatch is restricted with numerical limits that 
do not reflect current stock conditions of the bycatch species. In some recent years: there have been 
no fisheries for C bairdi and red king crab in the Bering Sea; thus only bycatch and natural mortality 
took place. With any population, a realistic assessment of risk requires an understanding of types of 
mortality and relationships between spawners and recruits. Unfortunately, these types of relationships 
are poorly defined for Bering Sea bycatch species. The absence of this information requires that 
management of bycatch be particularly conservative when stocks are at such low levels that the 
fisheries that target on them arc not allowed to ~ur. This was the case twice for C. bairdi and once 

. for red king crab during the mid 1980s. 
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Another reason for caution is the relative imprecision of population estimates for C. bairdi. red Icing 
crab, and possibly halibut. Crab surveys conducted since 1976 have a stated average confidence of 
plus or minus 31% for C. bairdi and plus or minus 39% for red king crab (Stevens and Macintosh, 
1989). Such wide confidence limits discount tho relative importance of low percentage rates of 
bycatch because bycatch mortality is essentially masked by this variability. Assumptions of average 
annual mortality, such as 45% for C. bairdi and 36% for red king crab, and the 1.6 adult equivalent 
conversion for halibut, are also imprecise. Moreover, ADF&G reports errors of 6.6% to 19.9% in 
managing actual harvests of red king crab (1985-1988) to match inseason target levels (D. Schmidt, 
pers. comm.). Although the impact of bycatch is real, it is difficult to estimate its impact on eventual 
crab or halibut fishery harvests with a high degree of confidence. 

Another important data gap is the rate and amount of bycatch encountered in DAP groundfish 
fisheries. Beginning in 1990, the domestic vessel observer program authorized under Amendments 
18 and 13 to the GOA and BSAI groundfish FMPs will provide observer coverage for much of the 
BSAI groundfish catch. Previously, observer coverage was required only on foreign fishing vessels 
and processors. The latter provided bycatch information in joint venture catches. There was no 
comprehensive· program to obtain similar information from wholly domestic fisheries. This lack of 
information on DAP fisheries impacts the evaluation of bycatch control alternatives and is 
increasingly important as DAP operators now capture the majority of the total groundfish harvest. 
In lieu of a domestic observer program, accounting of past DAP bycatcb bad to rely upon discarded­
catcb reports filed by DAP fishermen or on assumptions equating DAP bycatcb rates to some 
proportion of those identified for NP fisheries. In the past, the reporting of discards has not been 
uniformly complied with, and it ~difficult to validate such reports. However, the IPHC has estimated 
halibut bycatch by fishery, including those for which few direct measures of bycatch exist. · ~ 

2.5 Analysis of the Alternatives 

To project the possible consequences of the alternatives being considered, it is necessary to .Predict 
the bycatch that might occur under each. This is difficult to do because bycatch will be determined 
by three factors, each of which can be highly variable. The three factors are: (1) future bycatch rates 
by fishery, area, and season; (2) future TACs; and (3) the future distribution of those TACs among 
fisheries, areas, and seasons. The annual variability in bycatch rates is demonstrated by the estimates 
of current (1987 • 1989) bycatch rates and total bycatch by fishery and zone presented in Tables 2.5 
and 2.6. · · · · · · 

... - .. 

The first analytical i.uue is the choice of appropriate bycatch rates. · Future bycatch rates are 
unknown; only historically observed rates are available. This means that the rates used will be up to 
two years out of d,ate (1989 and 1990 vs. 1991). However, bycatch rates are extremely variable, 
particularly for crab, and it is already evident that bycatch rates experienced in the 1990 fishery 
exceed those of recent experience. Further, with the exception of first quarter 1990 bycatch estimates 
for the DAP fisheries, the estimates of bycatch rates in the DAP fishery are assumed to equal the 
rates observed in the joint venture fisheries in 1989. This can be a source of error because DAP 
fishing patterns are not identical to NP fishing patterns. 

Another potential source of error is the assumption that the bycatch rates for an area, quarter, and 
fishery will be the same regardless of the levels of groundfisb effort and catch. If catch per unit of 
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effort decreases in an area and quarter as catch increases, bycatch rates would tend to increase as 
effort and catch increase. To the extent that this happens, the model projections of bycatch will be 
too low. 

As the fishery has undergone a rapid evolution over the past several years with OAP operations 
displacing JVP operations, confidence in the implied OAP bycatch rates diminishes. The approach 
taken here uses the most recent bycatch data; second through fourth quarter 1989 and first quarter 
1990 bycatch rates used in evaluating impacts under the 3 alternatives. It is less appropriate to. use 
those rates for examination of the impacts of AJternative 1 because the observed rates occurred in 
a f1Shery operating under ~ycatch controls. However, the alternative of using fishery performance 
data from 1985, the last year of the uncontrolled fishery, wou~d not neCCMarily be better because 
other factors have also caused bycatch rates to change since 1985. · 

The sum of total allowable catches in the BSAI management area is limited by the 20 million metric 
ton optimum yield cap. While the distribution of species' TACs within this overall cap is subject to . 
fluctuations due to stock assessments and market conditions, the set of TACs adopted by the Council 
for the 1~ fishing year provides an appropriate set of TACs on which to base analyses for 1991. 

~ ._ .. ~ 

-: The dis~nbutions of TACs among fisheries, areas:· and seasons are .difficult to estimate because the 
domestic fishery has been growing and changing rapidly in the last few years and because random 
factors, such as water temperatures, ice coverage, and market conditions, affect the distnbutions. In 
the absence of adequate historical data on which to base projections of the distnbutions of TACs, 
estimates provided by the groundfish industry are used. These estimates were provided to the NMFS 
during a meeting with industry representatives in March. · 

.. · . 
. . ­

The bycatch rates by fishery, area, and quarter used in the model are in Tables 27a and 27b. The 
TACs and their apportionments between OAP and NP fisheries as used in the model are in Table 
28. Finally, the estimates of the area and seasonal distnbutions of TACs used in the model are in 
Tables 29 and 210. -

. ~· . . '· ... 
' - -· · • • • " • - • • • • . - • • f ••• 

· 	The bycatch model developed for Amendment 12a was modified to provide estimates of how each 
alternative would affect groundfish catch, bycatch, the gr~ and net values of the groundfish.catch, 
and the impact cost of t~e bycatch. The main modifications include the use of the input variable 
values· presented in Tables 2 7 through 210, the addition of an economic compo~ent, the use of a 
different aggregation of fisheries for AJternative 3, the elimination of the matrix inversion that ~as 
used to allocate the OAP apportionments of the TACs among four aggregate fisheries, and the use 
of three iden_tical periods each quarter to approximate monthly time steps. · 

The model is run twice for each alternative. The first run is used to estimate what bycatch ~ould be 
in each of the aggregate fisheries if there were not PSC limitS. Those estimates of unconstrained 
bycatch by area and fishery are used to apportion each PSC limit among the aggregate fisheries. For 
example, if it is estimated that the total unconstrained bycatch of red Icing crab in Zone 1 would be 
300,000 crab and the unconstrained bycatch in the OAP rock sole fishery would be 150,000 crab, the 
OAP rock sole fishery would be apportioned 50% of the 200,000 crab PSC limit for Zone 1. The 
PSC caps would have been _"used" more effectively had additional model ru~ been made with the 
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surplus caps reapportioned to the fisheries that were constrained by their apportionments. There was 
not sufficient time to do this. 

The second run provides estimates of catch, bycatch, and economic performance of the fisheries when 
they are constrained by the t.otal PSC limits and the apportionments of those limits determined from 
the unconstrained run. In the second run, a fishery is closed in an area once it takes its 
apportionment of a PSC limit. When a fishery is closed, the catch that would have been taken from 
the closed area in each future period is proportionately redistributed. among the areas that remain 
open. For example, if it was assumed that the third quarter catch for a fishery will be 50,000 mt, 
60,000 mt, and 90,000 mt, respectively, in Zones l, 2, and 3, and if Zone 1 is estimated to be closed 
at the end of the second quarter, the third quarter catches would be 0 mt, 80,000 mt, and 120,000 
mt for the three zones. 

The estimates of the gross and net values of the·groundfish catch for each alternative are based on: 
(1) estimates of catch by fishery, area, and quarter; (2) estimates of catch per unit of effort (CPUE) 
by fishery, area, and quarter, in terms of groundfish catch per hour of trawling time (Table 2.11 ); (3) 
estimates of fixed costs, variable costs that are dependent on CPUE, and variable costs that are only 
dependent on catch (Table 2.12); and (4) estimates of the gross value per metric ton of groundfish 
catch (Table 2.13). For the joint venture fisheries, the exvessel price received by domestic fishermen 
was used to estimate the value of catch. For the domestic fi.Sheries, the first wholesale value of the 
resulting processed products was used. · · · 

The estimates of the bycatch impact costs are the products of estimated bycatch and estimates of the 
impact Cost per crab or per metric ton of halibut taken as bycatch. It is assumed that bycatch 
mortality is 100%. The impact costs can be adjusted to reflect alternative mortality assumptions by 
multiplying the impact costs presented in this report by alternative mortality rates. The estimated 
impact costs are in terms of the present discounted value of foregone gross exvessel_value. A real 
discount rate of 5% is used. The estimates for crab are based on the expected growth and natural 
mortality that would occur between the typical ages of capture as bycatch in the groundfish fishery 
and retention in the crab fishery~ The estimation procedure and this measure of impact cost are more 
fully discussed in Appendix 2.1. . . . . . . . , . 

. : 

A different method is used to estimate the impact cost of halibut bycatch because the quotas in the 
halibut fisheries are adjusted based on estimated bycatch mortality. In the past, the IPHC reduced 
the total quota for the hahbut fishery by about 1.6 mt for each 1 mt of estimated bycatch mortality 
in the groundfish fishery. The policy of the IPHC is now to maintain reproductive output (egg 
production) at the same level it would be in the absence of bycatch. This results in bycatch in one 
year affecting halibut quotas over a 9-year period. Based on IPHC estimates of the effect by year 
for each of the nine years (Will Oark, IPHC, personal communication), the discounted present value 
of the resulting change in quotas is approximately 1.32 mt of halibut for each 1 ·mt of halibut bycatch 
mortality. This means that if the dressed weight exvessel price of halibut is $1.51 per pound, as it was 
on average in 1989, if the dressed weight recovery factor is 0.75, and if the cxvessel price is not 
affected by the decrease in halibut catch, each 1 mt of halibut bycatch mortality will decrease the 
discounted present value of halibut fishery gross exvessel value by about S3,300 (2,205 lbs x 1.32 x 
0.75 x Sl.51). 
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2.5.1 Summary of Bycatch Model Results 

Four sets of model runs were made to estimate the effects of the alternatives being considered in 
Amendment 16. The cases considered for each alternative are as follows: 

Alternative 1: · 12a provisions expire 
JVP flatfish fisheries begin the first quarter and 75% of the pollack TAC is taken 
in the mid-water fishery 

·­
Alternative 2: 12a provisions extended . 

Case A:. JVP flatfish fisheries begin the first quarter and 75% of the Pollock TAC 
·is taken in the mid-water fishery ~ ·· · ·· ·· 

:. 

Case B: ·JVP flatfish fisheries begin May 15 and 75% of the pollack TAC is taken 

·_ . i.n the mid-water fishc::ry ~.. . · . :.-~ . 

. . 
Alternative 3: · 	 12a provisions extended and modified, and the use of vessel incentives 

changes bycatch rates · ; ·: 

JVP flatfish fisheries begin ·May 15 and 75% of the pollack TAC is taken in the 
- mid-water fishery. - · · · ~ ..!::! _ _: ... 

.. ~ .. . :
... 

,,;~, ' 

. The results are summarized in Tables ·214 through 218. Table 2.14 contains the projected 
apportionments of the individual PSC caps. 

2.5.1.1 Alternative 1 

The results suggest that, in the absence of the 12a regulations, bycatch for all of the BSA! would 
include about 760,000 red king crab, 3.7 million C. bairdi Tanner crab, and 5,900 mt of halibut and 
the total bycatch impact ~t would bC about S31.5 million (Table 215). With Alternative 1, it is 
projected that four of the expked PSC caps would be exceeded. They are the red king crab and C. 
bairdi Tanner crab PSC caps in Zone 1 and the primary and secondary BSA! area-wide halibut· caps. 
The expired crab caps would be exceeded by about 546,000 red king crab (273% ), 1.5 million Tanner 
~crab (150%) (Table 216). . The expired prlniary and secondary halibut caps would bC exeeeded by 
1,5~ mt of.hahoui (34%) .and 576 mt of bailout (11:0). respectively. · • 

.... . .;......· 

2.5.1.2 A]ternative 2 

Case A 

The results suggest that, if the 12a regulations are extended, if the JVP flatfish fishery begins early 
in the year, and if 75% of the pollack TAC is taken with mid-water trawls, bycatch would be 
substantially less thari if the regulations were not extended. For all of the BSA!, bycatch would 
include about 270,000 red king crab, 21 million C. bairdi Tanner crab, and 4,900 mt of halibut and 
the total bycatch impact cost would be about $20.7 million (Table 2.15). It is projected that both the 
Zone 1 red Icing crab PSC cap and the primary halibut PSC cap would be exceeded. The 200,000 
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king crab cap would be exceeded by 55,300 crab (28%) and the 4,400 mt halibut cap would be 
exceeded by 465 mt of halibut (10.6% ). · 

The attainment of the king crab cap in January would close the Zone 1 DAP rock sole fishery, the 
DAP other fishery (Pacific cod and bottom trawl pollock), and the JVP flatfish fishery (Table 2.17). 
The other projected closures are the DAP other fishery in Zones 1 ·and 2H and then in the BSAJ 
as a whole a1_1d the DAP t~rbot fishery in the BSAI. 

Case B 

If the JVP flatfish fishery is delayed until May 15 and 75% of the pollock TAC is taken in the mid­
. water fishery, the projections ar:e quite different than if the JVP fishery is not delayed: (1) there are 


no closures due to the crab caps; (2) the primary and BSAl area-wide halibut cap apportionments 

would be taken and cl~ the DAP turbot and other fisheries and the JVP flatfish fishery, but the 

5,333 mt cap would not be exceeded; (3) halibut bycatch would increase with the primary halibut cap 

being exceeded by 800 mt (24% ); ( 4) no other cap is attained; (5) projected bycatches for all of the 

BSAI are about 155,000 red king crab, 2.0 million C. bairdi Tanner crab, and 5,200 mt of halibut; and 

(6) the total b~tch impact cost would be about ~20.3 million. · · 

The delay of the JVP flatfish fishery is projected to reduce red king crab bycatch substantially, have 
little effect on C. bairdi Tanner crab bycatch, increase halibut bycatch, and have little effect on total 
bycatch impact costs, but allow increases in groundfish catch and revenue. Therefore, the delay of 
the .JVP flatfish fishery is projected to provide net benefits. 

2.5.13 Alternative 3: (Preferred) 

There are three major differences between Alternative 3 and Case B of Alternative 2. First, with 
Alternative 3, there are two additional DAP fisheries which receive PSC cap apportionments. They 
are the deep water turbot fishery and the rock sole fishery. Second, the PSC caps can be divided into 
seasonal allowances in addition to being apportioned by fishery. · Third, there is. a provision for 
sanctions against vesselS with excessive bycatch "rates. The merits of each of these three differences 

4 are discUMed below. · - - · · · · · · · · 
... . . .. ... . .. :...: ~~ .. . .. :.. -. ..... -..""' ";: 

· 

... .. . . ... .. ... 
The turbot fishery took a disproportionately large share of the other DAP fishery halibut PSC 
apportionment in 1990 because there was not a separate PSC apportionments for turbot: The 
bycatch rate in the turbot fishery was about 8.2 mt of halibut per 100 mt of groundfish. ·· The 
comparable rates for the pollock and cod bottom trawl fisheries are 03 and 1.2, respectively . . The · 
high bycatch rates in the turbot fishery mean that less groundfish can be taken before the halibut PSC 
closures for Zones 1 and 2H and the BSAI as a whole. This adversely affects the bottom trawl 
pollock and cod fisheries because they are the only fisheries that are closed once the other DAP 
fishery PSC apportionment is taken. Therefore, the absence of separate PSC apportionments for the 
turbot fishery resulted in both equity and efficiency problems. The ability to establish separate PSC 
apportionments for the turbot fishery provides managers with greater flexibility in controlling bycatch 
in an equitable and efficient manner. This is a benefit if it is used to enable a greater proportion of 
groundfish TACs to be harvested within a PSC apportionment · 
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The lack of separate PSC apportionments for the rock sole fishery in 1990 precluded the possibility 
of a DAP flatfish fishery after March 19 because the DAP rock sole fishery took the BSAl wide DAP 
flatfish apportionment by that date. The roe rock sole fishery is currently the most profitable DAP 
flatfish fishery and most flatfish fishermen would probably prefer to be able to use the caps to take 
roe rock sole than less valuable flatfish. The iestablishment of separate rock sole apportionments 
could be used to limit the bycatch of crab and halibut in that fishery. Therefore. it could be used to 
allow for larger PSC apportionments to the DAP flatfish and other bottom trawl fisheries: This could 
have postponed the expected closures of the bottom trawl pollock and cod fisheries in the BSAJ. As 
noted above, this additional flCXJbility in managing bycatch equitably and efficiently is a benefit if it 
results in increased proportions of groundfish T ~Cs harvest~d for a given PSC apportionment. . 

.. ..... - .. - . . ... .. . . - .. . 

The ability to divide PSC apportionmentS into Season~! allowances ca~ mitigate equity and efficiency 
problems. With respect to equity, seasonal allowances can be used to assure that a fishery is not 
precluded from occurring just because it occurs late in the year after other fisheries, including some 
with much higher bycatch rates, have exhausted t?e PSC caps. Similarly with respect to efficiency, 
seasonal allowances can be used to provide an opportunity for a very profitable fishery that occurs 
late in the year and perhaps ~th relatively low bycatch rates. The ability to establish an allowance 
for a fishery when its bycatch·rates are lower, could be used to li~it a fishery to such a season· and 
allow more groundfish to be harvested for a given set of PSC caps. This is an example of an action 
that those participating in a fishery, such as the do~estic turbot or joint venture flatfish fishery, may 
choose to take but would be unable to take and enforce by themselves. ·· · · _- .· · 

. . ....• ·- • : . .. • ... '. - t ... - • • . • : .. ,, ~ . .... _-... 

'" • ... ' - - • • • .. - ' fll,o. 

Seasonal allowacceis, once· set for a year, will reduce one source of uncertainty for those planning 
fishing . operations.: This is beCause, the potential for an earlier fishery to take all of a PSC 
apportionment to preclude a later fishery can be reduced or eliminated. 

The seasonal allowances wbuld be determined ~ing the same process that has been used under 
Amendment 12a to apportion the overall PSC caps among fisheries. However, because these 
allowances can determine the magnitude of the fisheries during the first part of the year, it may be 
desirable to have the final allowances set well before the beginning of the fishing year. For example, 

, waitin{until the"Dccember Council 'meeting';could impose heavy costs on those scheduling fishing 

. operati_o~ f?J. ~~~-~gi~~~ of_the year. : -;_;;. ; ·. -·:··~ .:·. .·_ ·:.. ~: : . H . ,.. 

""' ; •• - ••-:. -'" - - •• ~·~ .. • ... t ~ " - • • • ..... ~ 

Seasonal all0wances provide additional flexibility for managing bycatch equitably and efficiently. The 
way that this flexibility is ·used will determine the benefits of this flexibility. The bycatch prediction 
model was . not used to ev~luate alternative seasonal allowances~ However, it can be Used in 
determining these allowances just as it can be used in determining the apportionments of individual 
PSC caps among &heries. . . 

The third major difference with Alternative 3 is that it includes sanctions on vessels with excessive 
bycatch rates. Specifically, a vessel with a bycatch rate substantially above a fishery average would 
be prohibited from further fishing for a specified period of time. The specifics of this program are 
more fully discussed in Section 2.3.3. Thls program is intended to discourage· vessels from having 
excessive bycatch rates an~ at least temporarily, to remove vessels that do have such rates. This is 
intended to reduce both equity and efficiency problems. 
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An equity problem currently exists ~ause a small number of vessels with-high bycatch rates can 
close a fishery well before its TACs have been taken. By so doing, these vessels can inflict very high 
costs on the fleet as a whole. For-example, in the 1990 DAP rock sole fishery, the 4 observed vessel 
with the highest king crab bycatch rates took about 50% of the observed catch but 88% of the 
observed red king crab bycatch in that fishery. In the 1990 DAP Pacific cod fishery, the 5 vessels 
with the highest red king crab bycatch rates took about 15% of the catch but 93% of the red king 
crab bycatc_h in that fishery. 

- . . 
An efficiency problem exists for two reasons. Without an incentive for each vessel to consider the 
costs of an excessive bycatch rate on the rest of the fleet, the benefits that can be derived from a 
given PSC apportionment will be reduced. Second, the marginal value of bycatch to vessels with 
uncommonly high bycatch rates may not justify the use of crab and halibut as bycatch . . That is, there 
will be the wrong distnbution of the apportionment among groundfish vessels and the wrong 
apportionment of crab or halibut to bycatch. 

. . 

By providing sanctions against vessels with exceptionally high bycatch rates, this program holds 
fishermen individually accountable for their bycatch if it is too high. This will provide fishermen with 
an incentive not to have excessive bycatch rates. It may have little effect on fishermen who already 
have bycatch rates that are close to fishery averages. _ 

. . . 
The periods for which bycatcb rates would be measured against the fishery average will be from one 
week building up to the prCceding four week period. With a shorter period, a · vessel ·that has 
exces.sive bycatch rates will be penalized more quickly. Therefore, such vessels would have a smaller 
adverse effect on the rest of the fleet With a shorter period, there would be less damage caused by 
a vessel completely ignoring bycatch and having an even higher bycatch rates once it becomes obvious 
that the vessel cannot reduce its rates to acceptable levels. However, with a short period, a vessel 
has less of an opportunity to correct its fishing strategy and reduce its bycatch rates to acceptable 
levels. The management cost would also tend to be higher for shorter and therefore rriore frequent 
pe~ . . 

Another iMue is the duration of penalties. The foregone gross earnings per day can ~ about S50,000 
for a small factory/trawler to· significantly more for a large ·factory/trawler -or mothership. _ It is 
assumed that a mothership would be held accountable for the bycatch it receives· because · it can 

_influence the bycatch rates of the catcher boats from which it receives fish. Although the cost to a 
vessel would be Jess than the foregone gross earnings because some costs would also be reduced, 
foregone earnings per day is probably not a bad proxy for the cost to the operation as a whole 
including lost income to the crew. This means that a penalty of a few days for the first offence w<?uld 
provide a substantial incentive not to have excessive bycatch rates. The provisions for increasing 
penalties for multiple offenses would provide substantial incentive for a vessel operator to take 
remedial measures to reduce excessively high bycatch rates. 

To provide a rough approximation of the effect of imposing sanctions on each vessel with a bycatch 
rate greater than twice the fishery mean, the bycatch rates of vessels that had bycatch rates below this 
level were estimated on a weekly basis using NMFS Observer Program data for the 1989 and 1990 
joint venture fisheries and the 1990 domestic fisheries. One surprising result is that, when this rule 
is applied to each of the three bycatch species, the average b~catch rates for the vessels without 
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excessive bycatch were typically but not always below the average rates for all vessels. The reason 
why the average bycatch rate can be higher for the vessels without excessive rates than for all vessels 
is that some vessels that have excessive rates for one bycatch species may have lower than average 
rates for another species. This points out the importance of remembering that bycatch is a 
multispecies problem and that an action taken to reduce the bycatch of one species can increase that 

of another. 

The bycatch rates for Alternative 3 are based on estimated average bycatch rates of vessels that on 
a weekly basis did not exceed twice the weekly average bycatch rate for any of the three bycatch 
species. This was done for each of the nine fisheries defined in Section 23.3. The catch and bycatch 
of each vessel with an excessive bycatch rate in a week was excluded before the new weekly total 
catch and bycatch were calculated. The sums 9f the new weekly catches and bycatches were than 
used to· calculate new average bycatch rates for the five fisheries that receive PSC apportionments. 
The bycatch rates for these five fISheries for Alternative 3 are presented in Table 2 7b. Note that, 
for some of the f15heries some bycatch rates are higher with the sanctions than without them. 

As with Case B of Alternative 2, the NP flatfish fishery is delayed until May 15 and 75% of the 
pollock TAC is taken in the mid-water fishery. The differe~ces are due to the estimated effects of 
the vessel incentive program. The projections and comparisons to Alternative 2 Case B are as 
follows: (1) there are no closures (\'S. primary or secondary halibut closures); (2) no PSC cap is 

~ attained (\'S. the primary halibut cap is exceeded); (3) projected bycatches for all of the BSAI are 
about 206,000 red king crab (vs. 155,000), 1.8 million C. bairdi Tanner crab (vs. 20 million), and 4,400 
mt of halibut (vs. 5,200 mt); (4) the total bycatch impact cost would be about $18.2 million (vs. S24.9 
million); and ·(5) there are insignificant reductions in groundfISh catch and gross or net revenue 
compared to Alternative 1 (\'S. a 13% reduction in catch and a smaller reduction in revenue). This 
suggests that Alternative 3 is preferable to Alternative 2 in terms of reducing total bycatch impact . 
costs, increasing groundfISh catch, and increasing the gross and net revenue associated with that catch. 

The benefits of decreased bycatch rates resulting from a vessel incentive program tend to be greater 
when the PSC caps are expected to be met and constrain groundfish catch. Such incentives provide 
what may be a critical margin for error in the estimates of bycatch. That is the additional constraints 
placed on the groundfish fishery by the vessel incentive program of Alternative 3 will increase the 
probability that the TACs can be utilized fully. However, these constraints will also impose costs on 
the groundfish fishery. It is difficult to estimate what the costs will be. , 

The cost of responding to the vessel incentive program is not known. If the penalties for excessive 
bycatch rates are substantial, the cost of actions taken by groundfish fIShermen to reduce bycatch 

·rates could cxcccd the benefits in terms of reduced bycatch or increased groundfish catch. The 
disparity between the benefits and costs may be substantial for some fIShing operations even if it is 
not for the groundfish fishery as a whole. 

25.2 Reporting costs 

Current regulations require industry representatives to submit weekly reports to NMFS that 
summarize each groundfish processor's weekly groundfish production and discard amounts. This 
information is used by NMFS to extrapolate weekly catch amounts for purposes of groundfish quota 
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monitoring. Observers onboard groundfish vessels and at shoreside processing plants also submit 
weekly reports on groundfish catch by species and prohibited species bycatch. This information is 
used to· calculate prohibited species bycatch rates J.Qr halibut and crab, that are. then applied against 
extrapolated weekly catch amounts to derive weekly bycatch amounts of halibut, C. bairdi, and red 
king crab for purposes of monitoring fishery apportionments of established PSC caps. 

Weekly monitoring of bycatch has proven inadequate for precise monitoring of PSC limits, 
particularly in short-term fisheries where apportionments of PSC caps are sometimes exceeded. 
Timely inseason management of PSC limits, particularly under Alternative 3, will require considerable 
improvement to current communication and information processU:ig systems. A regulatory 
amendment should be developed to provide the Regional Director with the authority to require 
groundfish processors to submit daily catch reports as PSC limits or groundfish quotas are 
approached. More frequent catch reports will provide inseason managers with updated information 
on which to monitor PSC amounts and enhance their ability to maintain bycatch within specified PSC 
limits. Prompt processing of daily observer messages and/or processor catch reports will require full 
implementation of a satellite communication system, e.g., COMSAT Standard C, for direct two-way 
communication of data and information between vessel operators and/or observers and Regional 
managers. Costs of this system are estimated at between SS,000 and S 10,000 per unit. the burden of 
which would be borne by participating vessels and processors. The specific costs to the industry . to 
submit daily reports when requested to do so by the Regional Director will be analyzed under the 
regulatory amendment that is developed to implement this requirement and are not addressed further 
within the context of the bycatch alternatives considered above. Additional administrative costs may 
be incurred by NMFS staff if the number of observer reports are increased and additional time and/or 
personnel are needed to compile, edit, and enter daily observer reports. Computer to computer 
communication of reports would minimize some of these costs. 

25.3 Administrative, Enforcement, and Information Costs 

Under Alternative 1, administrative, enforcement, and information costs would decrease because 
monitoring PSC amounts inscason would no longer be necessary. 

Under Alternative 2, administrative and enforcement costs would remain at existing levels, or about 
Sl00,000 per year. Current administrative costs associated with bycatch management include staff 
time developing analyses to predict the bycatch needs of four different categories of groundfish 
fisheries (JVP and DAP flatfish and RotherR fisheries); weekly (sometimes daily) analyses of observer 
reports and reported catch to . determine red king crab, C. bairdi. and halibut bycatch amounts 
occurring in dilferent management areas for each fishery; the development and maintenance of a 
system that provides for timely inscason monitoring of PSC limits; deriving appropriate control of 
each fishery as it approaches its specific bycatch allowance; frequent communication with the industry 
on the status of PSC allowances; and drafting and publishing Federal Register closure notices once 
a fishery has attained its apportionment of a PSC limit 

Under Alternative 2, a total of 20 separate PSC apportionments would be monitored on at least a 
weekly basis (daily for fa.St-paced fisheries or as fisheries approach their apportionment of a PSC 
limit). NMFS estimates that personnel and administrative costs associated with inseasoo monitoring 
of prob.Ibited species bycatch under Alternative 2 will approach Sl00,000 by 1991. This amount 
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includes personnel costs associated with three statisticians working between 10 and 40 hours a week 
on PSC monitoring, and one part-time programmer (total personnel costs of about S75,000 per year). 

Administrative and enforcement costs under Alternative 3 would be substantially higher than those 
estimated for Alternative 2 due to additional personnel and computer hardware necessary for 
individual vessel monitoring and enforcement. Appendix 22 to this chapter contains a summary of 
NMFS' experience with individual vessel/company monitoring, the administrative burden to implement 
these programs, and risks associated with vessel incentive programs. 

The NMFS' experience with vessel incentive programs over recent years indicates that one staff 
person working a 40-hour week would be required to monitor up to 20 separate vessels or operations 
if daily monitoring were required. In those situations where weekly monitoring of bycatch were 
appropriate, a single person working about 20 hours a week could monitor about 40 vessels or 
operations if the receipt of weekly reports from vessels and observers were spread throughout the 
week. Assuming the number ofobserver reports would increase with daily or even weekly monitoring 
of individual operations, an additional part-time position would be required within the NMFS 
observ"er program to receive and verify additional observer reports. The number of vessels requiring 
individual monitoring would be a function of the usual number of boats participating in a fishery. 

Given the number of JVP and DAP vessels fishing in the "flatfish", [rock sole], and/or "other" 
fisheries, NMFS estimates that a full-time programmer and up to four additional s'taff would be 
required for inseason monitoring ofindividual vessel bycatch rates under Alternative 3 (approximately 
S150,000 to S170,000 per year). Given that different fisheries are prosecuted at different times of 
the year, staff needs would lilc:ely be irreg\ilarly spaced throughout the year, which suggests that some 
of the additional positi?ns could be filled by short-term assignments of personnel from other regions 
or agencies. . • · 

Additional enforcement costs would also be incurred under Alternative 3. Individual vessels may 
choose to challenge information used to estimate their bycatch rates and the fishery average rates and 
may request an adjudicative hearing. How often individual vessels or operations would challenge 
actions taken against individual vessels as the result of estimated bycatch rates is unknown. However, 
actions of this sort would be administratively time consuming and costly. Frequent hearings 
procedures would, at a minimum, require another staff position with the Region's Office of General 
Counsel (approximately $50,000 per year). 

In summary, additional administrative costs for development, implementation., and maintenance of a 
reliable vessel incentive program under Alternative 3 could be as high as $434,000 during the 1990­
1991 development and implementation period and about $355,000 annually thereafter. . ­

Another cost that should be considered is that of the additional burden that may be placed on 
observers. With any vessel incentive program, there will be substantial pressure to have the observer 
observe or ·report less bycatch. The intensity of this pressure may be greater with individual vessel 
incentive programs than with fleet-wide caps. 
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2.5.4 Redistribution of Costs and Benefits . 

The management of incidental catch attempts to minimize losses to those who target on the species 
and to minimize the cost of i!VOiding the bycatch species to those who harvest groundfish. Bycatch 
management is therefore, above all, an allocation of Certain amounts of bycatch species to those who 
target on the species and to those who catch it incidentally while prosecuting other fisheries. The 
projected effects of each alternative on bycatch, groundfish catch, bycatch impact costs, and both 
gross an~ net earnings in the groundfish fishery (Table 215) provide estimates of the redistribution 
of a variety costs and benefits. In using these estimates, it should be realized that the estimates are 
highly speculative because the variables that determine what the effects will be are subject to large 
fluctuations that cannot predicted accurately. 

25.5 Cost/Benefit Conclusions 

The bycatch of crabs and halibut in groundfish fJSheries results in a reduction in future harvestable 
populations of crab and halibut Some of the crab and halibut taken as bycatch would, over time, 
have grown and become available to their respective target fisheries while others would have died 
due to natural mortality. By accounting for natural mortality rates, an estimate can be made of the 
percentage of bycatch that would otherwise have been available to directed crab and halibut fisheries. 

The analyses examine the effect on the bycatch species, crab and halibut It is also apparent that the 
alternatives would each have a different effect on groundfish harvesters by forcing them to fish in 
areas of (potentially) lower catch per unit efforL When the harvesters move due to bycatch 
constraints, their costs would increase for the same amount of catch, resulting in decreased profits 
of some unknown magnitude. These increased costs have been estimated. However, there are a 
variety of reasons why. the estimates may not be accurate. These costs need to be balanced against 
the gains to crab and halibut fishermen. Alternatives 2 and 3 may actually restrict groundfish 
·harvests. Although the bycatch mo:ctel p·rojections indicate that the groundfJSh TACs will be fully 
harvested under Alternatives 1 or 3, the current ability to accurately predict bycatch is severely limited 
due to the potential fluctuations in the determinants of bycatch. Therefore, an alternative that will 
tend to result in lower bycatch rates can help provide a margin for error that could be critical if the 
actual bycatches arc greater than th~ projected by the model. 
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Table 2.1 Bering Sea population estimates of Bairdi~· 
Tanner crab, estimated foreign and joint venture 
bycatch and bycatch expressed as a percentage of 
the population, 1978-89. 

·PoeulatiQD !m.i.llJ,0011l Bycatch 
Legal Other Total Total Number % of 

Year Males Males Males Females Crabs (millions) Pop. 

1978 45.6 205.4 251. 0 189.4 440.4 4.1 0.93 
1979 31. 5 . 180.8 212.3 164.7 377.0 7.5 1. 99 
1980 31.0 518.3 549.3 433.7 983.0 3.7 0.38 

.- 1981 14.0 327.8 341.8 40.3.3 745.1 1. 6 0.21 

. 1982 10.l 135.7 145.8 - 210. 0 355.8 0.4 0.11 
1983 6.7 178.3 185. 0 225.5 410.5 0.6 0.15 
1984 5.8 106.3 112.1 140.4 252. 5 , 0.7 0.28 
1985 4.4 40.5 44.9 39.8 84.7 0.9 1. 06 

- 1986 3.1 123.3 126.4 81. 9 208.3 0.6 0.29 
: 1987 8.3 249.8 258.l 228.8 : 486.9 0.5 0.10 

1988 17.4 347.0 364.4 265.8 630.2 a.a 0.13 
1989 42.3 505.1 547.4 402.4 949.8 0.9 0.01 
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Table 2.2 	 Bering Sea population estimates of red king crab,
estimated foreign and joint venture bycatch and 
bycatch expressed as a percentage of the 
population, 1978-89. 

· ·eoa11lati2n (million§} §y:catch 
Legal Other Total Total Number % of 

Ye.ar Males Males Males Females Crabs Cmillionsl Pop. 

1978 37.6 144.l 181.7 183.6 365.3 
1979 46.6 110.8 157.4 166.6 324.0 0.32 0.10 
1980 43.9 85.3 129.2 156.0 ' 285.2 0.08 0.03 
1981 36.l 80.7 116.8 112.5 229.3 - 0. 34 0.15 
1982 4.7 124.6 129.3 132.0 261. 3 0.27 0.10 
1983 1.5 53.7 55.2 34.0 89.2 0. 81 0.91 
1984 3.1 94.5 97.6 75.l 172.7 0.49 0.28 

. 1985 2.5 23.8 26.3 13.7 40.0 l.17 2.92 
1986 5.9 24.l 30.0 9.8 39.8 0.26 0.65 
1987 7.9 32.7 40.6 35.l 75.7 0.13 0.17 
1988 6.4 14.9 21. 3 18.4 39.7 0.08 0. 21 
1989 11.9 18.0 29.9 21.2 . 51. l 0.20 0.39 
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Table 2.3 Bering Sea Pacific halibut bycatch mortality 
from all fisheries, 1977-89. 

Year 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989. 

Round Wt. Ctl 

1,758 · 

3,029 

3,269 

5,570 

3,865 

2,869 

2,137 

2,830 

2,538 

3,363 

3,461 

5,343 

4,332 

• Preliminary. 

Source: . IPHC, G • . Williams, per~onal communication. 
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Table 2.4 Coast-wide removals of Pacific halibut, 1977-89,
in thousands of metric tons, round weight. 

Bycatch 

CAdult Eguiv. l 


10;9 
11.4 
14.3 
17.6 
13.9 
ll.5 
10.0 
9.4 
6.9 
0.0 

· 10.4 
13.8 
13.l 

Year 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
i.985 
1986 
1987 
1988 
1989 

Source: ·IPHC, G. Williams, personal communication. 

Directed 

Catch 


13.2 
13.3 
13.6 
13.2 
15.5 
17.5 
23.2 
29.l 
33.8 
42.0 
41.9 
44.8 
40.2 

Sport 

Catch 


0.2 
0.2 
0.3 
0.5 
0.7 
0.8 
1. 0 
l. l 
1. 6 
2.l 
2.5 
3.l 
3.5 

Total 
Waste Removals 

o.o 24.3 
o.o 24.9 
o.o 28.2 
o.o 31. 3 
0.0 30.1 
0.0 29.8 
0.0 34.2 
0.0 39.6 
0.9 43.2 
1.9 54.0 
2.5 57.3 
2.1 63.8 
2.0 58.B 
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Table 2.5 Joint venture bycatch and bycatch. rates by target
fishery in the Bering Sea for 1987 through 1989. 

In~igental catcha Bycatch ratebc 
Prohibited 	 Target

-Species 	 Fisnerv 1987 1988 1989 . 1987 1988 1989 

~. ~ai1::di 	 JV, flounder 216 512 735 0.88 1.20 3.31 
JV, other 161 239 181 . 0 .15 0.27 0.58 
Foreign _jQ JU: Ji[ .L.ll JiL -1!L 
TOTAL 	 467 751 916 0.33 0.57 1. 72 

other Tanner 	 JV, · flounder 6, 146 2,179 1,529 25.04 5.lJ 6.89 
Crab 	 JV, other 341 191 1,329 0. 31 0.22 4.27 

Foreign 26~ Hr Hf: ~.83 _NL _fil_ 
TOTAL 6,752 2,370 2,858 4.78 1. 84 5.36 

Red King Crab 	 JV, flounder 76 73 202 0.31 0.17 0.91 
JV, other 48 10 <l 0.04 0.01 <0.01 
Foreign. _l. _u -1:!1: Q.:.Q2. JiL NF 
TOTAL 125 83 202 0.09 0.06 0.38 

Halibut 	 JV, flounder - 586 1,359 337 2.38 3.20 - 1. 52 
JV, other 899 1,221 537 0.81 1. 39 1. 72 
Foreign l,077 Hr _u 12-~7 JiL JiL.
TOTAL 2,562 2,580 874 1. 79 1. 98 1. 64 

. -·-- -­

Source: Berger 	and Weikart, 1988 and 1989. 


a Numbers represent 1000s of animals, except for halibut, which is in tons. 

b Bycatch rate represents numbers of animals per ton of groundfish, . except

for halibut which is kg of halibut per ton of groundfish. 

c Totals are overall weighted average of bycatch rates. 


­
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Table 2.6 Joint venture bycatch and bycatch rates by zone 
in the Bering Sea for 1987 through 1989. 

Incidental Catcha Bycatch rateb 

Prohibited 
Species ~ 1987 lill .l.il...2. 1987 ~ 1989 

~. Bairdi 	 1 121 232 150 0.61 0.86 0.88 
2 281 458 610 0.43 0.61 1. 87 
3 65 61 156 0.11 0.22 4.21 

Other Tanner Crab 	 1 45 29 7 0.23 0.11 0.04 
2 3,139 1,071 3,180 4.84 1.42 6.69 
3 3,567 1,270 671 6.32 4.57 18.09 

Red King Crab 	 1 104 61 179 0.52 0.23 1. 05 
2 10 10 22 0.02 0.01 0.07 
3 12 12 1 0.02 0.04 0.02 

Halibut 	 1 297 404 176 1. 45 1.50 1. 04 
2 595 1779 662 0.59 2.36 2 ;OJ 
3 595 397 36 1.07 1.43 Q.95 

Source: Berger and Weikart, 1988 and 1989. 

a Numbers represent lOOOs of animals, except halibut, which is in tons. 

b Bycatch rate represents numbers of animals per ton of groundfish, except 

for halibut, which is kg of halibut per ton of groundfish. 
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Table 2.7a - Bycatch rates used In the analysh1. 


(Use estimated functional relationship for DAP halibut, C. bairdi; historical performance for all JVP and all red king crab) 

. . 

JV 1st Otr uses 1990, 2nd Otr uaca 1988, 3rd and 4th Otrs use 1989. 
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0 
0 
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c. Obacl'WI' Data, ll-11 llcrrlac 
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Table 2.7b - Modified bycakb rates used lo Alternative 3, Cue 2. 

Bycatcb rates adjusted for estimated effect 'of penalizing vessels with excessively high bycatcb rates. 
,, 1· ' 

•I• ,. 
r , ,. ~ " ' ~ kly t[!b 

' JVP IW4dt r , II DAr Deep 
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0 
0 
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0 
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0.0091014 

3.6718 

6.9403826 

0.5690492 
4.6]96018 
5.3146644 

2.0749SSI 

3.461J7'J3 
l2.7ll87S 

um101 

0 
0 
0 
0 
0 

0 

0 

0 .. 

0 
0 
0 
0 
0 

0 

0 

0 

0 
0 
0 
0 
0 

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 

0 

0 
0 
0 

0 
0 

0 

0 

0 
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Arca Q.aner I 
JVP Ralfuh 

Quarter l Quarter l Quarter '4 Aaaual Quarter I Quarter l 
DAr Deep 

Qyaner l Quarter '4 Aanual 

Sil 

Sll 
Sl-4 
SIS 
Sl7 

S2l 
S22 

DSA.1-widc 

0.00087 
0.006438 

0.0034153 
0 

0.00)!8.53 

0.0007S 
o.oous 

0.001115 

0.0081 
o.oosm 
0.002SS 

0.0007725 
0 

0.0057"82 

O.Ol37S84 
0.0007696 

0.0023.B.C 
0 

0.0012931 
o.oos 

0.0016812 

0.0006313 

0.0014-438 
0 

0.00l0616 
0.004-4671 
o.on12n 
O.OOC&4(M 

0 
0 
0 

0.0949 
0.2366 
0.0398 
0.1'417 
0.0791 

0 

0 
0 
0 
0 

0 

0 

0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 

0 
0 
0 

a. DAr ....,...u*i ._.._..en. Im ltM DAr OBSt-.:RVED RATES USt-.:D IN hf QTR 

Q-&1n I 
C.N~! 

Qyann 1 Qyancr l Qyaner 4 ~· Quarter I 
tlalibul 

Qyaner l Qyaner l Quarter 4 A..ual 

N 

~ 
bl- pollack 

b2 - cod 
b3 - y. wk 

b'4 - o. n.c. 

• 0 
l.623739 
1'4.12925 
12.4137'4 

0 
S.48304 

1.00 
l.5194 

O.ll'>48 

0 
6.MS 

2..3976 

0.'45288 
0 

1.6668 
S.8105 

bl- pollack 

b2 - cod 
b3 - y. wk 

b'4 - o. n.1. 

0.67S27 

S.1'49661 
13.226367 
11.3m2 

1.811628 
IS.116228 

0.'4108 

6.391 

2.'432976 
6.338124 

'4.6134 

I 

1.78721'4 
19.0S01.S2 

7.2488 
2.2 

c. ~DMa,ll-18 llm!.!!& 

Arca Q-a1cr I 
DAP Otw a.ct- Tnwl 

Q-a1n 1 Qyaner l Q.aner 4 AA-al Quancr I 
DAr Mlctwuer Tnwl 

Quancr 1 Quarter l Quarter 4 Anaual 

Sil 
Sll 
Sl-4 
Sl5 
Sl7 

S2l 
S22 

0.00% 
0.01% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 

0.10'% 
0.15% 
0.01% 
0.03% 
Q.IS% 

0.00% 
0.06% 

1.71% 
0.15% 
0.00% 
S.01% 
2.00% 
0.'43% 
0.00% 

0.00% 
0.19% 
0.00% 
0.00% 
0.0"2% 
0.02% 
0.00% 

0.22% 
0.(M'J(, 

0.01% 
1.36% 

0.'41% 
0.07% 
0.06% 

0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 

0.0l'J(, 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 

0.09')(, 

0.00% 
0.00% 
0.08'}(. 
0.09')(, 

0.06% 
0.0"2% 

0.00% 
0.00% 
0.00'Y.. 
0.00'Y.. 
0.00% 
0.02% 
0.01% 

0.01% 
0.00% 
0.0)% 
0.ol'fci 
0.03% 
0.05% 
0.01% 



Table 2.8-- ANTICIPATED ANNUAL GROUNDFISH APPORTIONMENTS 

Species Area 

Pollock BS 
AI 

Pacific cod 

Yellowfin sole 

Greenland turbot 

Arrowtooth flounder 

Rock sole 

Other flatfish 

Sablefish BS 
AI · · 

POP BS 
··~ AI . 

Other rockfish . BS 
AI 

Atka mackerel 

Squid 

Other species __ 

BS/AI TOTAL 

ABC 

1,450,000 
153,600 

417,000 

278,900 

7,000 

. _106, 500 

216,300 

18,800 

3,800 
9,600 

6,300 
-- ·-· 16, 600 

500 
1,100 

24,000 

10, 000 

55,500 

2,944,700 

TAC-

1,280,000 

100,000 

227,000 

207,650 

7,000 

.. 10,000 

60,000 

60,150 

2,700 
4,500 

6,300 
6,600 

500 
1,100 

21,000 

. 500 

5,000 

- 2,000,000 

OAP JVP 

1,280,000 0 
100,000 0 

221;000 0 

14,663 192,987 

7,000 0 

10,000 0 

60,000 0 

11,730 48,420 

2,700 0 
4,500 0 

·6,300 0 
6,600 0 

425 0 
1,100 0 

17,850 0 

425 0 

4,250 0 

1,758,593 241,407 
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Table 2.9--Quarterly catch (t) by the OAP deep fishery from all 
alternatives. 

1st Quarter 2nd Qua
Catch (t) 

3rd Quarterrter 4th Quarter 

515 1,092 420 1,056 738 
522 894 342 864 604 

Quarterl¥ catch (t) by the JVP flatfish fishery from 
Alternative 1. 

catch Ctl 
1st Quarter 2nd Quarter 3rd Quarter 4th Quarter 

511 274,563 0 0 0 

Quarterl¥ catch (t) by the JVP flatfish fishery from 
Alternative 2 case A. 

Catch Ctl 
1st Quarter 2nd Quarter 3rd Quarter 4th Quarter 

91,521 0 0 0 

Quarter!¥ catch (t) of the JVP flatfish fishery from 
Alternative 2 Case B and Alternative 3 Case A. 

Catch (t} 

Area 1st Quarter 2nd Quarter Jrd Quarter 4th Quarter 

511 0 22,880 45,812 0 
513 0 22,880 45,812 0 
514 0 45,760 45,760 0 

A.\{ 21/16 2-48 7/31/ 9-0 



Quarter1¥ catch ·(t) by the OAP flatfish fishery from 
Alternative 2 case B and Alternative 3 Case A. 

1st Quarter 
<;atch 

2nd Quarter 
(tl
3rd Quarter 4th Quarter 

511 
513 
514 
517 

61,298 
0 
0 

6,810 

3,444 
3,444 
6,886 

0 

6,906 
6,906 

13,812 
0 

0 
0 
0 
0 

. -. 

Table 2.9 Continued 

Quarterl¥ catch (t) by the OAP flatfish fishery from 
Alternative 1 and Alternative 2 Case A. 

Area 1st Quarter 
~At~D (tl

2nd Quarter 3rd Quarter 4th Quarter 

511 
513 
514 
517 

76,134 
0 
0 

8,460 

2,046 
2,046 
4,089 

0 

2,046 
2,046 
4,089 

0 

4,686 
4,686 

0 
0 
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Table 2.10--Area Distributions of Groundfish Catch by quarter. 

JVP flatfish 

Area Quarter 1 

511 100.0% 

513 0.0% 

514 0.0% 

515 0.0% 

517 0.0% 

521 0.0% 

522 0.0% 


JVP other 

Area Quarter 1 

511 25.0% 

513 15.2% 

514 0.0% 

515 0.0% 

517 59.8% 

521 0.0% 

522 0.0% 


OAP flatfish 

Area Quarter 1 

511 90.0% 

513 0.0% 

514 0.0% 

515 0.0% 

517 10.0% 

521 0.0% 

522 0.0% 


OAP other 

Area Quarter 1 

511 10.0% 

513 10.0% 

514 0.0% 

515 50.0% 

517 30.0% 

521 0.0% 

522 0.0% 


Quarter 2 
25.0% 
25.0% 
50.0% 

0.0% 
0.0% 
0.0% 
0.0% 

Quarter 2 
33.3% 
19.5% 

0.0% 
33.3% 
13.9% 

0.0% 
0.0% 

Quarter 2 
25.0% 
25.0% 
50.0% 

0.0% 
0.0% 
0.0% 
0.0% 

Quarter 2 
5.0% 

15.0% 
0.0% 

10.0% 
35.0% 
35.0% 

0.0% 

Quarter 3 
25.0% 
25.0% 
50.0% 

0.0% 
0.0% 
0.0% 
0.0% 

Quarter 3 
20.0% 
11.8% 

0.0% 
0.0% 

28.2% 
40.0% 

0.0% 

Quarter 3 
25.0% 
25.0% 
50.0% 

0.0% 
0.0% 
0.0% 
0.0% 

Quarter 3 
5.0% 

15.0% 
0.0% 

15.0% 
15.0% 
50.0% 

0.0% 

Quarter 4 
50.0% 
50.0% 

0.0% 
0.0% 
0.0% 
0.0% 
0.0% 

Quarter 4 
20.0% 

5.6% 
0.0% 
0.0% 

34.4% 
40.0% 

0.0% 

Quarter 4 
50.0% 
50.0% 

0.0% 
0.0% 
0.0% 
0.0% 
0.0% 

Quarter 4 
5.0% 

10.0% 
0.0% 

20.0% 
40.0% 
25.0% 

0.0% 
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Table 2.11--Estimated catch per unit effort by area, fishery, and 
quarter. 

Metric tons per hour 
Areas 

Fishery/ 
Qual;'.tet: 	 :ill ~l3 51~ ~15 :217 2~1 52~ :2~0 

JVP Flatfisha 
1 
2 
3 
4 

30.3 
6~3 

10.1 
4.0 
4.1 
3.0 

6.7 
7.5 

. 3. 7 . 
3.3 

8.9 
9.2 
4. 0 -
7.8 
4.5 

2.8 
3.9 
3.8 

2.3 
4.6 

DAP Other_ 
Bottom Trawl 

1 
2 
3 
4 

--
6.5 
0.4 
3.8 
3.4 

9.6 
5.0 
8.2 
3.4 

9.1 
7.5 
1.1 

6.5 
7.8 
5.5 
3.9 

6.2 · 
5.0 12.4 
6. 6 . 8.6 
3.2 8.4 

1.0 
12.5 
11.2 

-

1.2 
2.3 

DAP Rock Sole 
1 9.6 12.0 6.7 9.2 

DAP 
1 

Deep 
2.6 5.1 1.4 

DAP Midwater Trawl 
1 
2 
3 
4 

23.l 
0.4 
7.8 
3.1 

12.0 
0.4 
6.6 
5.4 

5.4 
5.4 

3.1 
7.8 . 
6.2 
6.2 

15.2 
7.8 
6.0 
6.0 

3.3 
7.8 

12.1 
12.1 

7.8 
12.4 
12.4 

3.3 
7.8 

19.8 
19.8 

a 	 DAP flatfish CPUE for the second through fourth quarters are 
asssumed the same as JVP flatfish. 

Notes: Measures of catch per unit of effort were ~enerated usirig NMFS 
Observer Program data for the joint venture fisheries. 1989 data was used, 
supplemented by earlier years' data where observations were missing. Zone 
517 was estimated from DAP observation for Qtr 1 and from JVP data from 
nearby . zone 513 for the remainder of the year.
catch per unit of effort for the first quarter DAP rock sole and OAP deep
(Greenland turbot/sablefish) fisheries were calculated from 1990 DAP 
observer information. 	 · 

­ ­
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Table 2.12--Representative Vessel Cost Structures (in millions of 
dollars) used in the unconstrained model. 

Annual catch 

DAP 

11,400 mt 

JVP 

10,600 mt 

OAP "deep" 

7,000 mt 

Fixed Costs $2.59 $0.55 $1. 5 

Variable Costs Associated with 

Harvest 
Effort 

$2.98 
$1. 59 

$0.63 
$0.40 

$1. 8 
$1. 2 

Total Costs $7.16 $1. 58 $4.5 

Notes: A 200 1 -250' factory trawler is used to characterize the OAP 
fisheries, except for the deep-water sablefish/turbot fishery, where a 
150'- 200 1 factory trawler (H&G) is used. A l00'-150 1 catcher boat 
represents the JVP fisheries~ 

Source: Personal communication with Northern Economics, Pat 
Burden, 1/90. 
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Table 2.13--Prices, converted to round weight, used to value crab 
and halibut. bycatch, and groundfish catch. 

Bairdi Tanner crab $514/l~OOO crabs 

· Red King Crab $13,300/l,aoo crabs 

Halibut $3,3000/mt 

Blended Groundfish 

JVP 
OAP 
OAP "deep". 

$ 152/mt
$ 774/mt
$1,639/mt 

Notes: JVP groundfish price reflects· exvessel level; OAP price assumes a 
finished product price of $1.17/lb and an average yield rate of 30%, except
for OAP deep · (turbot/sablefish) which assumes an average finished price of 
$1.18/lb and a yield of 63% for the head-and-gutted product. 

I . 


.. . ..~ 
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Table 2.14--Distribution of overall PSC limits of crab (animals) and 
halibut (metric tons) by fishery and area from Alternative 2 Case A. 

PSC species/ 
fishery 

c. 	bairdi 
DAP--flatfish 
DAP--other 
JVP--flatfish 
OAP--Deep 

Total 

Red king crab 
DAP--flatfish 
DAP--other 
JVP--flatfish 
OAP--Deep 

Total 

Halibut 
DAP--flatfish 
DAP--other 
JVP--flatfish 
DAP--deep 

Total 

172,624 
26,085 

801,291 
. 0 

1,000,000 

42,536 
111 

157,353 
0 

200,000 

1,476 
2,505 

419 
0 

4,400 mt 

Zone 2 

274,882 
2,725,118 

0 
0 

3,000,000 

BSAI-wide 

1,517 
3,326 

419 
71 

5,333 mt 

a. Halibut entry under Zone 1 includes Zone 2H also. 
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Table 2.14 Continued 

Distribution of overall PSC limits of crab (animals) and halibut (metric
tons) by fishery and area from Alternative 2 Case B. 

Zone 	1a Zone 2 BSAI-wide 

PSC Species/
fishery 

. ·. 
c. 	bairdi 

DAP--flatfish 768,081 169,016 
DAP--other 140,081 1,967,812 
JVP--flatfish 91,838 .. 863,172 
DAP--Deep 0 0 

Total 1,000,000 3,000,000 

Red king crab 
DAP--flatfish 139,316 
DAP--other 439 
JVP--flatfish 60,245 
DAP--Deep 0 

Total 200,000 

Halibut 
DAP--flatfish 1,301 1,340 
DAP--other 2,988 3,746 ..... , ­
JVP--flatfish 110 181 
DAP--deep 0 65 

Total 4,400 mt 	 5,333 mt 

.. 
: ~ .. 	 .• 

AM 21/16 2-55 	 7/Jl/'¥l 



Table 2.15.··A c~rison of bycatch model si111Jlation results 

Alternative 1a Alternative 2b 

Bycatdt .Moults 
Red king crab (no.) 759, 748 269,718 
£. bai rdi (no.) 3,690,518 2, 121,425 
Hal ib.Jt ( t) 5,909 4,865 

Cn:udfi~ C.tdt (t) 
OAP Deep 6,008 6,008 
OAP rocksole 84,588 84,588 
OAP flatfish 25, 740 25, 740 
OAP other 553,732 498,802 
OAP sl..btotale 670,068 615, 138 
JVP flatfish 274,563 ~ 
DAH total 944,631 706,659 

Byc.atdt l~t Costs (S1,000.) 
Red king crab 10, 105 3,587 
£. bairdi 1,897 1,090 
Hal ib.Jt 19 499 16,054 
Total 31,501 20,731 

Cl"'O&a I~ (S1,000.) 
OAP 523,704 481, 197 
JVP 41, 734 13,911 
OAH 565,438 495,108 

Cl"'O&a lewrue-Variable Cost (S1,000.) 
OAP 292, 156 270, 058 
JVP 16,646 8,028 
OAH 308,802 278,086 

Cl"'O&a •~Total Cost (S1,000.) 
OAP 139,998 130,317 
JVP 2,399 3, 27'9 
OAH 142,397 133,596 

Alternative 2 

155,112 
1,957,881 

5,220 

6,008 
68, 106 
41,400 

526,267 
641, 781 
183.146 
824,927 

2,063 
1,006 

17,225 
20,294 

501,815 
27,8.38 

529,653 

281,831 
10,718 

292,549 

136, 100 
1,215 

137,315 

Alternative 3C 

205,581 
1,8.38, 108 

4,415 

6,008 
68, 106 
41,400 

553,732 
669,246 
274.n1 
944,017 

2,734 
945 

14. 571 
18,250 

523,068 
41. 765 

564,833 

291 ,517 
15,852 

307,369 

139. 546 
1, 595 

141. 141 

a Truly u-iconstrained case with projections provided by industry. 
b 	All Alt. 2 cases use observed bycatch r1t.s; Case A has JV flatfish fishery 

st1rting 1st quarter; re.-.!ning cases all start JVP wld OAP (except rocksole> 
flatfish fisheries on May 15th; Case A wld B ire 75X •idw.ter for pol lock. 

c Use re<iJced incentive rates for bycatch predication; still 75X •idwater ass'-""tion. 
d Neo.i fishery designation which include Creenlwld turbot, sablefish, wld slope rockfish. 
e These totals do not include grOU'ldflsh catch taken In the •idwater pol lock fishery. 
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Table 2.16.--A comparison of bycatch from simulation results with Amendment 12A 
PSC caps by zone. 

Alternative la Alternative 2b Alternative · Jc 

l.'A Ca:gs 	 ~A§§ A Case B 

Red Kinq Crab 


Area 


Zone 1 200,000 745,764 255,308 134,726 • ' 168 t 579 


~. Baird! 

Zone 1 1,000,000 2,504,358 840,172 388,942 410,351 

· Zone 2 3,000,000 1,031,780 883,907 803,653 685,760 

Halibutd 


BS wide 5,333 t 5,909 t 4,865 t 5,220 t 4,415 t 


a 	Truly unconstrained case with projections provided by industry . 

b 	All these cases use observed bycatch rates; Alt 2. Case A has JVP .flatfish 
startinq lst quarter; Case B starts JVP and OAP (except rocksole) flatfish 
fisheries on May 15th; Alt. 2 . cases A and B assume 75% of pollock catch by
midwater trawl. 

c 	This case used reduced bycatch rates due to incentives for bycatch 
· prediction; it assumes 75% of pollock catch is by midwater trawl. JVP and 

OAP flatfish (except rock sole) coml!lence on May 15th. 

d 	When BS-wide halibut catch exceeds 4,400 mt then Zone 1, 2H (Areas 511 and 
517) are closed to further fishing; the remaining areas remain open until the 
5,333 mt cap is exceeded. 
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T~bte 2.17-·Projeeted fishery closures as 	11 result of exceeding bycatch aeoortionnents. 

Apportionnent Amcx.nt 
~ Closure llill of PSC Cae Exceeded By 

Alt. 2, Case Ab 	 JVP flatfish IUC:C. a , JaRJary 157,353 crabs 38,227 crabs 
Zone 1 

Alt. 2, Case A 	 OAP roclc soLe IUC:C, January 42,536 crabs 6,973 crabs 
Zone 1 

Alt. 2, Case A 	 OAP other IUC:C, January 111 crabs 27 crabs 
Zone 1 

Alt. 2, Case A 	 OAP other Halibut, August 2,702 mt 116 mt 
Zones 1, 2H 
BSAl·wide Hal Ibut, Oc:tober 3,274 lllt 169 mt 

· Alt. 2, Case AC	 OAP deep Hal I but., March 75 lllt 155 mt 
BSAl·wide 

Alt. 2, Case B 	 JVP flatfish Halibut, "Ji.ne 207 mt 17 •t 
Zones 1, 2H 
BSAl·wide Halibut, July 	 250 mt 6 lllt 

Alt. 2, Case B OAP deep 	 Halibut, March 186 mt 230 mt ~ 

BSA! ·wide 

Alt. 2, Case B 	 OAP other Hal fbut, Oc:tober 3,503 lllt 368 •t 
Zones 1, 2H 

a Red Icing crab. 
b Under this alternative, the OAP fisheries are .tile to shift their fishing effort out of Zone 1 

and continue to catch grOU"ldf ish without 1r1y loss of total harvest. The JVP fishery is presuned 
to be a 1st q.Jarter fishery that operates only in Zone 1 and thus forll9QeS catch dJe to exceeding 
its red Icing crab apportfonnent. 

c Although the OAP deep fishery is closed for halibut in March, it is able to fish April·Oeeent>er 
because of the ass~tion of no bycatch of halibut. 
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Table 2.18··A c~rison of differences between i.nc:onstrained ard 
vari0us constrained bycatch lllOdel sinJlation results. 
Si111.1latlon results are fOU'ld in Table 2.15 

Oiffer~e Difference Difference 
between Alt. 1 betWffn Alt . 1 bbetWffn A tt . 
'Alt.2 caae Aa 'Alt. 2 Case a 'Alt. 3 

lycatch Amu"ltl 

Red king crab (no,) 490,030 604,636 554, 167 

,. 2!i!sli (no.) 1,569,093 1,732,637 1,852,410 

Halibut (t) 1,044 689 1,494 

'1'Unff i lf' C..tch ( t) 

OAP Deep 0 0 Q 


OAP rocksole 0 16,482 16,482 

OAP flatfish 0 (15,660) (15,660) 

OAP other 54,930 27,465 0 

OAP s~tota le 54,930 28,287 822 

JVP flatfish 183,04~ 91,417 (208) 

DAH total n1,9n 119,704 614 


lycatch 1-.:-=t Costa (S1,000s) 

Red king crab 6,518 8,042 7,371 

,.~ 807 891 952 

Halibut 3.445 2.274 
 ~ 
Total 10,no 11,207 13,251 

Cirou 1...,... .CS1,000s) 

OAP 42,507 21,889 636 

JVP 27,82.l 13,896 (31) 

DAH 70,330 35,785 605 


~ 1..,......varfabl• eo.t cs1,000s> 

OAP 22,098 10,325 639 

JVP 8,618 5,928 794 

OAH 30,716 16,253 1,433 


Cirou •~Total C.0.t (S1 ,000.) 

OAP 9,681 3,898 452 

JVP (880) 1, 1&4 804 


-OAH 8,801 5,082 1,256 

a TNly uic:onstrained case with projections provided by ird.atry. 
b All Alt •. 2 cases use observed bycatch rates; Case A has JV flatfish fishery 


starting 1st quarter; re-.ining cases all start JVP and OAP (except rocksole) 

flatfish fiSheries on May 15th; Caae A and 8 are 7'5X •ldwater for polloclc. 


c Use reOJc:ed Incentive · rates for bycatdl predication; still 7'5X •idwater HSl."'Ption. 
d llN fishery designation ""fch Include Greenland turbot, sableflsh, . and slope roclcf!sh. 
e These totals do not Include grOU'ldffsh catch taken In. the •ldwater pollack fishery. 
f Differences noted are M91tfve 111les1 fn pmrentheaes. 
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APPENDIX 2.1 

A METHOD OF ES1™ATING rnE POTENTIAL IMPACT COSTS OF BYCATCH 

IN TIIE GROUND FISH FISHERY 


This appendix presents a method of estimating the effect of crab and halibut bycatch mortality in the 
groundfish fisheries on the gross exvessel values of catch in the crab and halibut fisheries. It also 
addresses the use of such estimates as a measure of the bycatch impact costs imposed on those who 
benefit from catch in the crab and halibut fisheries.1 . .. . ... ' .~ . . 	

The method described below was used in generating the crab bycatch inipact cost estimates wed in 
Section 25.1. A different method was used to estimate the impact costs of halibut bycatch because 
of the IPHC adjusts halibut quotas based on estimated bycatch. That method was described in 
Section 2.4. 

Estimating the Effect on Future Gross Exvessel Value 

The following variables are used to estimate the potential impact cost of bycatch in the groundfish 
fishery: ·· 

1. the num~r of halibut_~~ crab taken as bycatc~ 
"'I 

2. ha~but and crab han_dling/discard mortality rates, 

3. the average w~ight of halibu~ and crab taken as bycatch, 

4. weight at_a_ge__for halibut and ~rab, 

5. natural mortality rates for halibut and crab, . . 
- . 

6. halibut and crab target catch ages, 

·-­,.. 
•\ . -· · .. . . .. 	 . 

8. 	 round ~~igh~t to p~~uct weight recovery rates, and . .... ...... 
 .. ., . ~ 	

·' . . . .
9. the·discolint .rate. ; 

,,

The method used is a,; follows. The ·initial removals of red king crab, for example, by the groundfish . 
fishery equal the product of the estimated number of crab taken as bycatch and the estimated discard 
mortality rate. The number of crab taken as bycatch includes the number of crab the groundfish gear 
came in contac_t with, not just the niimber of crab that are brought aboard the vessel However, it 

1. Any method used to estimate the effects on· the crab and halibut fisheries of crab and halibut 
bycatch mortality in the groundtish fishery will have some deficiencies because there is uncertainty 
concerning the values of biological and economic parameters of the crab and halibut fisheries. The 
uncertainty is in part due to the variability of many of these values. The method described below is 
a relatively simple one; the uncertainty concerning parameter values may negate the benefits of a 
more complex method. The nature of the potential biases of this method are discussed. 

2Al-1 . 



is difficult to estimate the number of crab and discard mortality rates for crab that come in contact 
with, but are not captured by, the gear. 

The subsequent estimated reduction in the number of crab made available to the crab fishery is equal 
to the initial removals reduced by natural mortality. The number of years of natural mortality is set 
equal to the target catch age minus the bycatch age. The bycatch age is assumed to equal the age 
of a crab that has a weight equal to that of the average bycatch weight. Two target catch ages are 
considered; one is the youngest age at which large numbers of crab are retained in the crab fishery, 
the other is the age corresponding to the average weight of crab retained in the crab fishery. In 
many cases, the former age is determined by a minimum legal size regulations. For red king crab in 
Bristol Bay, these ages were 8 and 10 in 1988. The estimated potential reduction in the crab catch, 
in pounds, is the product of the reduction in the number of crab made available to the crab fishery 
and the weight of a target catch age crab. · 

The estimated potential reductions in the exvessel value of the crab fishery is the product of the 
exvessel price and the estimated reduction in catch. The estimated potential reduction in the exvesse! 
value of the crab fishery is discounted over the number of years between the estimated bycatch and 
target catch ages to provide an estimate of the present discounted value of the potential decrease in 
gross exvessel value of catch in the crab fishery. 

If, for example. the average weight of red king crab taken as bycatch is 3.4 pounds (lbs), the bycatch 
age is estimated to be 7 (Table A2.1.1) and the crab would have been subject to 1 and 3 years of 
natural mortality for target catch ages of 8 and 10, respectively. Assuming annual natural mortality 
of 40%, a bycatch mortality of 1,000 crab reduces potential catch by 600 crab with 1 year of natural 
mortality or by 216 crab with 3 years of natural mortality. In the former case, the weight per crab 
is 4.27 lbs and the reduction in potential catch is about 2,562 lbs. In the latter case, the weight per 
crab is 6.24 lbs and about 1,348 lbs of potential crab catch are foregone. Using the 1988 exvessel 
price of S5.10 per pound round weight (Table A2.1.2), the estimated reductions in gross exvessel 
value are Sl3,066 and S6,874, respectively (Table A2.13), for the two cases. With a discount rate 
greater than zero, the discounted value of the foregone reduction in value is necessarily less. 
Estimates of the reduction in value for discount rates of 5% and 10% are presented in Tables A2.1.3 
and A2.1.4, respectively, for two species of crab and halibut 

One problem in estimating the effect of bycatch is determining how bycatch mortality will affect 
future crab and halibut catch. The method described above is based on one of several feasible sets 
of assumptions concerning the effect on catch. Two critical assumptions of this method are that: 1) 
the effect of bycatch mortality on the crab and halibut stoclcs will be detected and result in modified 
quotas and catches; and 2) the per unit value of crab and halibut that are taken in crab and halibut 
fisheries are equal to tho.se of crab and halibut that are left on the grounds to contribute to future 
a~~ .. 

The first assumption may be more tenuous for crab than for halibut The effect of bycatch on stock 
size relative to the confidence intervals for the estimates of stock size is quite low for crab. Typically 
the crab bycatch has been less than 1% of the estimated crab population; however, as noted in 
Section 24.2, crab surveys conducted since 1976 have a stated average confidence interval of plus or 
minus 31% for C. bairdi Tanner crab and plus or minus 39% for red king crab. If the effect of 
bycatch on crab stocks is not fully accounted for in the future estimates of crab populations, the 
reductions in future crab catch due to bycatch may be less than estimated or further in the future 
than estimated and the decrease in the discounted present value of future gross exvessel value of crab 
catch would then tend to be overestimated. 
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The direction of the bias introduced by the latter assumption is not known. However. the validity 
of this assumption, at least at the margin. is implicit in the management decision that establishes the 
exploitation rate and that limit retention to males above a specific size. In the case of red king crab 
with an exploitation rate of less than 40% and a..J?.rohibition on retaining female crab or small male 
crab, much of the estimated effect of bycatch is associated with the value of leaving additional crab 
on the grounds. nie validity of that part of the estimate is quite speculative. 

If the stocks are expected to be so depressed that no crab fIShery would be permitted when. the crab 
taken as bycatch would have been available to the crab fJShery, the implication is that the marginal 
value of crab left on the grounds is greater than the marginal value of crab for commercial harvest. 
In this case, the effect of bycatch on future catch in the crab fishery should be estimated in terms of 
foregone reproductive potential (Reeves and Terry, 1986). If this is not done, the bycatch induced 
potential decrease in the gross exvcssel value of the crab f15hery will tend to be under estimated. 

. . . 

The importance of the growth and natural mortality assumptions increases as the difference between 
the average weights of crab and halibut taken as bycatch and as target catch differ. There is 
considerable uncertainty concerning the appropriate natural monality rate for crab, this is in part due 
to the variability of these rates during the 1980s. -

Auctuations in exvcssel prices are an additional potential source of error in the estimates of the 
effects of bycatch on the exvesscl value of the crab and halibut f15heries because bycatch tends to 
reduce crab or halibut fishery catch one or more years after the bycatch occurs. 

Decreases in Gross Exvcssel Value and Bvcatch Impact Costs 

The last issue to be addressed is whether the decrease in gross exvessel value of catch in the crab and 
halibut fisheries provides a useful measure of the impact cost of bycatch. The decreases in gross 
exvesscl value due to bycatch tend to overstate the effects on the crab and halibut fishermen for two 
reasons. First, the decrease in fishing costs that would typically accompany a decrease in catch is 
ignored. Second, the positive price effect of a decrease in catch is also ignored. However, this · 
upward bias is at least panially offset because the decrease in gross exvcssel value does not capture 
impact cost beyond the harvesting sector. 

Although the net effect of these opposing biases cannot be precisely. determined without more 

detailed knowledge of the actual demand and supply relationships than is available, some conclusions 

can be drawn concerning the usefulness of th.is measure of impact costs. ' The decrease in benefits 


. associated with a decrease in catch in the crab or halibut fishery tends to be captured by the change 

in producer and consumer surplus. Therefore, the evaluation of the decrease in gross exvessel value 

as a measure of bycatch impact costs is made by comparing the change in gross value to the change 

in producer and consumer surplus. · · 


Producer and comumer surplus for a given level of catch equals the area between the demand and 
supply curves up to that level of catch. If the quota is set at Ql and if the quota is a binding 
constraint, catch equals Ql, the exvessel price equals Pl, and producer and consumer surplus equals 
the area of abed in Figure A2.1.l. If the quota and catch are reduced to Q2, the price would 
increase to P2. and the producer and consumer surplus would be equal to the area of acfd. The 
decrease. in the surplus equals the area of ebcf and the decrease in exvesscl value, ignoring the 
increase in price, equals Pl x (Ql - 02) or the area of ghci. The difference between the decrease 
in producer and consumer surplus and the decrease in exvessel value unadjusted for the price 
increase, is equal to the difference between the areas of icf and ghbe. If the absolute values of the 
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slopes of the demand and supply curves were equal, the areas of icf and ejb would be equal and the 
decrease in unadjusted exvessel value would be greater than the decrease in the surplus by an amount 
equal to the area of ghje. But there is no reason to assume that the slopes meet that condition. 

If the slope of the supply curve approaches 0 (MC2), the area of ejb also approaches O, and the 
comparison can be made between the areas of icf and ghje. The former area equals 0.5 x (P2 • Pl) 
x (01 . 02) and the latter area equals MC2 x (01 · 02). Therefore, if 0.5 x (P2 . Pl) is less than 
MC2, the decrease in producer and consumer surplus is less than the decrease in exvessel value 
unadjusted for the price increase. There is not sufficient information available to estimate what the 
marginal cost is or what the change in price would be; however, upper bounds on the expected price 
increase and lower bounds on the level of the marginal cost can be used to determine whether the 
unadjusted decrease in exvessel value would probably be greater or less than the decrease in producer 
and consumer surplus. 

It is unlikely that the decrease in catch caused by bycatch has increased the price of crab or halibut 
by as much as 50% and it is also unlikely that the marginal cost of landing crab or halibut, including 
the opportunity cost of labor and other variable costs, is less than 25% of the exvessel price. With 
these outer bounds, the decreases in producer and consumer surplus would equal the decrease in 
exvessel value unadjusted for the price increase. With what are probably more reasonable estimates 
of the increase in price and the level of the marginal cost in relation to the price, the decrease in the 
surplus would be less than the decrease in unadjusted exvesscl value. Therefore, when the decrease 
in the exvessel value of crab and halibut catch is used to estimate the impact cost of crab and halibut 
bycatch in the groundfish fisheries, the actual decrease in net benefits as measured by the decrease 
in producer and consumer surplus will tend to be overestimated. 

Although uncertainty concerning the values of both biological and economic variables limits our 
ability to successfully estimate the impact costs of crab and halibut bycatch in the groundfish fisheries, 
such estimates are implicit in each management decision made concerning bycatch. Efforts to 
produce generally defensible estimates are essential for an objective and otherwise successful solution 
to the bycatch problem. 

2Al-4 



------------

I I 
I I 
I I 
I I 

· 1 I 
I 
I -
I 

I I 

I I 

I I 
II 

I 
I 

I 
I 
I 
I 

-----,-------­
I ~ . -· 
I - -- J I - - - - ·­ I 

I I I 

I I I 

I I I 

I I I 

I I I 
I I 
I I 
I I 

-
-

.. 

••••k 

•
g 

"CS 

A..• 
A..-• 
... ~ •• 0. 0.. ..
i::r a.• 
•k II... 
~ •• 
a• ••..
0 
g 

..• 
II 
0 

"CS -

~..=• ..

0 0:s 
-a 

~ 

0 "'d 
k • 
~ ~ 

:I-II • 
• 

~• 
•~ = _,• 
,,•0 
k ..d 

A.. ...• .... - i 

II 
• 
• i 

~ 

= iAi 

II
a• ...c N ' 
I,.. Cl. Cl. 

..4
• 

I 
I . 

I 

1. 

;::1­---.-----------­
I 

I 

1· 
I 

• Qjl 

N 
u 
~ 

~~OfZd~ 
• 
...! 

411• 
~,, 0 

-a 

N a 
­

­

­

rs. 

2Al-5 



Table A2.l.l Biological parameters used in estimating the 
potential impact cost of bycatch. 

Red King Crab 

weight per crab 
age kg· lbs M 

3 0. 32 0.70 0.36 
4 0.49 1. 07 0.36 
5 0.83 1.82 0.36 
6 1.18 2.61 0.36 
7 1. 54 3.39 0.36 
8 1. 94 4.27 0.36 
9 2. 41 5.32 0.36 

10 2.83 6.24 0.36 

c. bairdi Tanner crab 

weight per crab 
age kg . lbs M 

3 ' 0.06 0.14 0.45 
4 0.14 0.31 0.45 
5 0.26 0.57 0.45 
6 0.43 0.95 0.45 
7 0.59 1.31 0.45 
8 0.75 1.66 0.45 
9 0.94 2.08 0.45 

10 1.12 2.46 0.45 

Halibut 

weight per halibut 
age kg lbs M 

4 1.03 2.27 0 .18. 
' . 5 3 ~ 99 a.so 0.18 

6 7.32 16.13 0.18 
7 9.07 20.00 0.18 
8 10.70 23.60 0.18 
9 13.30 29.33 0.18 

10 .16.08 35.47 0.18 
' 11 19.23 42.40 0.18 

"M" is the annual natural mortality rate. 
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Table A2. 1. 2 Exvessel prices used in estimating the potential
impact cost 	of bycatch. 

1988 Exvessel Prices 
($/lb.) 

king crab 5.10 

bairdi · 2.17 
..... "" 

- -halibut 0.92* 

-
* The.. average exvessel price in 1988 was $1.23 per pound dressed 

weight; with· a round to dressed recovery rate of 75%, this is 
comparable to ~ round weight exvessel price of $0.92. 

Note: The estimates in this appendix were adjusted using 1990 
prices .of $5 for king crab and $2.20 for bairdi prior to 
being used · to compare the effects of the three 
alternatives. If this method were used for halibut, the 
~stimates could be adjusted using a 1990 price of $1.51. 
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Table A2. 1. 3 Estimated potential reduction in crab catch and discounted 
e~essel value per 1,000 cr?b of bycatch mortality for 
d~fferent 	average bycatch weights, target catch ages, and 
discount rates. 

Red King Crab with a Target Catch Age of 8 

Im~act 
Catch Discounted Exvessel Value { $)

kg/crab age years (lbs) {0%) {5%) (10%)
0.32 3 5 332 1693 1327 1051
0.49 4 4 553 2822 2322 1928 
0.83 5 3 922 4704 4063 3534 
1.18 6 2 1537 7840 7111 6479 
1. 54 7 1 2562 13066 12444 11878 
1. 94 8 0 4270 21777 21777 21777 

Red King Crab with a Target Catch Age of 10 

Im~act 
Catch Discounted Exvessel Value {$)

kg/crab age years {lbs) {0%) {5%) {10%)
0.32 3 7 175 891 633 457 
0.49 4 6 291 1485 1108 838 
0.83 5 5 485 2475 1939 1537 
1.18 6 4 809 4124 3393 2817 
1. 54 7 3 1348 6874 5938 5165 
1. 94 8 2 2246 11457 10392 9468 
2.41 9 1 3744 19094 18185 17359 
2.83 10 0 6240 31824 31824 31824 

"Years" is the number of years between bycatch age and target catch age. 

In 1988 the average weight of male red king crab taken as bycatch in the 
BSAI joint venture fishery was 1.60 kg. A crab of that weight is about 
7 years old. 

Notes: 	 The estimates in this appendix were adjusted using 1990 prices
of $5 for king crab and ~2.20 for bairdi prior to being used to 
compare the effects of the three alternatives. 

The estimate of natural mortality of red king crab used in 
generating this table was somewhat higher (0.4) than presented
in Table A2.l.l. Consequently, the impact costs will increase 
upon revision. 
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Table A2.l.3 continued 

Bairdi with a Target Catch Age of 8 

lm~act 
Catch Discounted Exvessel Value ($)

kg/crab age years (lbs) (0%) (5%) (10%)
.0. 06 3 --.. 5 17 37 29 23 
0.14 4 4 43 92 76 63 
0.26 5 3 106 231 199 173 

: 0. 4 3 · 6 2 266 577 . 523 477 . . 0.59 7 l 665 1443 1374 1311 .. 0.75 . . 8 - 0 1662 3607 3607 3607 
.. - .. 

Bairdi with a Target catch Age ot 10 

I:m~SlSCt
catch Discounted Exvessel Value ( $)

-kg/crab - ·-.~ -age .... -(lbs) (0%) (5%) (10%)'ear_~ ·- 0.06 __ , --· 3 4 9 6 4
0 .14 .. 4 6 10 22 16 :. 12 

~ __ 70.26 5 5 25 55 .. 43 34 
0.43 6 4 63 137 112 93. 

- 0. 59 . - - 7 3 157 342 . - . 295 257 
0.75 8 2 393 854 ~· 774 706 

., , ... 1"' :"' 
~ ..... ­: "7 0. 94 9 l 984 2134 : .. 2033 1940 

.: l.12 ·... ~~ 10 0 2459 5336 ··: - 5336 5336.. . - ;. - . 
.': " ·~ 

"Years" is the number ot years between bycatch age and target catch age . 

. · -=- rn 1988 the average weight of male bairdi Tanner crab taken ·as bycatch in 
the BSAI joint venture fishery was 0.29 kg. A crab ot that weight is 
ab?ut 5 years . ?ld. 

·Notes: ... The estimates in this appendix were adjusted using 1990 prices
of $5 for king crab and s2.20 for bairdi prior to being used to 
compare the effects of the three alternatives. . 

4 • - : ~ : ·.: .:_..:.. :_· .... -· .......~ ~ -- - · ... • ...• • - • - .. - ., , - - - • : ~ - ::. • 


The estimate of ·natural mortality ot c. bairdi Tanner crab used 
in generating this table was higher (0.6) than presented in 
Table A2.l.l. Consequently, impact costs will increase upon
revision. 



Table A2. 1. 4 	 Estimated potential reductiqn in halibut catch and 
discounted exvessel value per metric ton of halibut 
bycatch mortality for di~ferent average bycatch weights, 
target catch ages, and discount ·rates. 

Halibut with a Target Catch Age of 8 

kg/halibut 
1. 03 
3.99 

age
4 
5 

Catch 
years

4 
3 

J;maact 
Discounted Exvessel 

(lbs) (0%) (5%)
10316 9490 

3245 2986 

Value ($) 

7808 
(10%) 

2579 
6482 
2243 

7.32 6 2 2162 1989 1804 1644 
9.07 7 1 2130 1960 1867 1782 

10.70 8 0 2205 2029 2029 2029 

Halibut with · a 	 Target Catch Age of 11 

Imgact · 
Catch Discounted Exvessel Value ($)

kg/halibut age years (lbs) (0%) (5%) (10%)
1. 03 4 7 10171 9358 6650 4802 
3.99 5 6 3200 2944 2197 1662 
7.32 6 5 2132 1961 1537 1218 
9.07 7 4 2100 · 1932 1590 1320 

10.70 8 3 2174 2000 1728 1503 
13.30 9 2 2136 1966 1783 1624 
16.08 10 1 2158 1986 1891 1805 
19.23 11 0 2205 2029 2029 2029 

"Years" is the number of years between bycatch age and target catch age
and "Catch" is in round weight. 

In 1988 the average weight of halibut taken as bycatch -in the BSAI joint 
venture fishery was 1.62 kg. A halibut ·of that weight is about 4 years 
old. 

Note: 	 If this method were used for halibut, the estimates could be 
adjusted using a 1~90 price of $1.51. 
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· APPENDIX 2.2 


Overview of Bycatch Monitoring Programs 

in Alaskan Greundfish Fisheries 


1988 - 1989 


This paper summarizes Alaska Region NMFS' experience with special bycatch monitoring p'rograms. 
Its purpose is to give insight into administrative, operational and statistical aspects of proposals for 
future bycatch monitoring programs. It includes the 1988 Industry/NMFS Joint Venture Bycatch 
monitoring program; the 1989 Port Moller Scientific Data Collection Program; and the 1989 Gulf of 
Alaska Halibut Bycatch monitoring program. · · 

. . ...... ":~ 

1988 Industry/NMFS Crab Bvcatch Monitorini Program · ' .. 

Background: Under Amendment 10 of the Bering Sea and Aleutian Islands Fisheries Management 
- Plan, caps were established for bycatches of red king crab and ~- bairdi tanner crab in certain areas 

of the Bering Sea. These caps applied to both joint venture (JV) groundfish fisheries and domestic 
. (DAP) fisheries. - , · · · 
N fisheries were monitored using bycatch data collected by observers, whereas until 1990 DAP 
f1Sheries' bycatches were estimated using historical N rates. · . - · · 

The N indus.try· as a whole was concerned that "dirty fishing" (i.e. excessive· crab bycatch) by a 
relatively few individual boats would prematurely close key groundfish areas when crab caps were 
reached. The industry devised a program by which individual N companies would be monitored and 
closed out of an area if dirty fishing occurred. NMFS implemented it by attaching the program as 
a permit condition on all foreign processing vessels which participated in the 1988 N fisheries . . 

- • • " " " .. . .. • • '! *' ~ • - • .. _·... •~ • ·- .. L.. , .......... ­

Program Elements: The program established, for each crab cap, checkpoints of 20%,'40%, 60% and 
80% of the cap. At each checkpoint, each company was evaluated against both a fixed a~d an 
industry average rate. Any operation whose rate exceeded both the fixed rate and 150% of the 
industry average rate was forced to leave the zone. A grace period was instituted for the first 
checkpoint that any operation encountered; if the rate was more than 200% of the industry average, 
it was forced to leave, but if the rate was between 151% and 200% it only had to leave for 10 days. 

· Closure was accomplished by notice from RD to company representative. · . ; ; ·-"' ~ ::... 
- ~:. ;: - • • : .. : .. • .: -io: .....; - ........ ' ) . ... ~-· :."'.., ::.:. ~- ~· ,_ .• • • .f.... • .. • - . • - ..: ..\ 


-: .Scoi)c.and duration: The.program affected 34 companies, and was in effect from January 15 to May 
14, when the last cap was reached. Daily monitoring of two different crab caps was in effect for most 

· of that period. ..;~· · · ' · · · · 
! • ., .... -- . .... _....... 


Personnel: NMFS Regional Office had a full-time staffer assigned to the project, but she put in up 
to 60-hour work weeks and worked weekends for most of the duration of the ·program . .NMFS 
Observer Program had two staffers each spending 20 hours per week in daily· data editing/control, as 
well as one in data entry (10 hours/week) and one providfog programming support (10 hours total). 
At-sea observers took an additional half-hour to formulate and send messages (a total of 2,000 hours 
which would have otherwise been spent sampl~~g). 

In addition, the ind!-lStry hired a full-time coordinator to collect data independently. This 
accomplished two things; cross-checking of NMFS data, and providing comprehensive releasable data 
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to industry (NMFS-collected company data is confidential to all but the company itself). 
Results: In the Zone 1 fishery, the 20% checkpoint was reached rapidly because of high bycatches 
in rock sole operations, but because the industry average itself was so high, no company was excluded. 
Later, 3 companies were excluded at the 40% checkpoint and 2 at the 60%. In the Zone 2 fishery, 
2 were excluded at each of th~ 20%, 40% and 60%, and one at the 80% checkpoint. The overall 
rate of red king crab in Zone 1 was .5 crab per mt, as compared to .87 the prior year and 1.17 the 
following year. However, the 80,000 crab cap was overshot by 10,000 crab, which was mostly taken 
in the last 3 days of fishing. A total of 99,800 mt of groundfish were taken in Zone 1 before it 
closed, compared to only 74,000 mt in 1987. 

There were several complaints from companies that they had been unfairly excluded. In o.ne case. 
the exclusion was based on a single tow - the first one of that p~rticular operation - which happened 
to encounter a crab ba11. Because the operation had begun shortly before a checkpoint, it did not 
have time to make additional tows which might have lowered its rates, but was evaluated and 
excluded nonetheless. Similarly, several companies were narrowly excluded which, if the checkpoint 
had fallen a day earlier or later, would have "passed" the criteria; ·basically, these companies had the 
bad luck to have tows with high crab bycatches just prior to checkpoints. The checkpoints, due to 
considerable fluctuations in the daily crab data, were not anticipatable by either NMFS or industry 

· more than two days in advance. . 

Conclusions: The program was successful in increasing groundfish catch in Zone 1 and lowering crab 
bycatch rates. It was not successful in preventing the crab cap from being exceeded, due to lack of 
constraints after the 80% check.point The fairness of the exclusion procedure, although agreed upon 
by industry, . was questionable given the large, unanticipatable, and apparently random nature of 
fluctuations in crab catches. The industry data coordinator position was important in providing data 
on occasions when NMFS observer messages were garbled or missing, and serving as provider of 
detailed information to the fleet 

PORT MOLLER PROGRAM. 1989 

Background: Under Amendments 10 and 12a, area 512 was closed to trawling with the exception of 
domestic trawling for Pacific cod in an area generally referred to as the Port Moller area. Vessels 
in this fishery were required to fish in accordance with a data-gathering program designed to provide 
data about and prevent overfishing of prohibited species. There was also a cap of 12,000 red Icing 
crab applicable to that area. ~conducted in 1987 and 1988 the program provided useful biological 
information but not until 1989 was the program design modified in a way (required area check-ins, 
reports and 100% observer coverage) which permitted in-season monitoring of the cap. 

Program elements: Each vessel had to apply to the program through the Regional Director, and 
agree to the conditions of the Program. These included carrying an observer, notifying the R.D. of 
starting and stopping times, and making all data public. Closures were accomplished by notification 

. of R.D. to applicant 

Scope and duration: Eght vessels applied, although only six vessels participated in the program. the 
first beginning on June 5. The area was closed and the program terminated on July 14. Weekly 
monitoring of catch was in effect. 
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Personnel: A Regional staffer was responsible for final design of the data collection program. 
managing applications, and closing the fishery. Estimated time spent in these activities was 40 hours. 
An observer program staffer collected, edited and extrapolated the weekly observer data; estimated 
time spent in chese activities was 20 hours per we_ek or about 120 hours. · 

Results: A total of 5,600 mt.of groundfish was taken during the program, including 2,800 mt of 
Pacific cod. Over 400 mt was unobserved or incompletely sampled because of problems with observer 
logistics (for example. airline lost sampling gear going to Dutch Harbor). The red king crab catch 
was 13,940, exceeding the cap by almost 2,000 crabs. 

Conclusions: Monitoring even a small fishery can be very labor-intensive. Theoretical "100%" 
observer coverage never really is achieved, which requires some level of extrapolation by 
knowledgeable statisticians. Weekly monitoring is inadequate for precise monitoring of quotas in 
short-term fisheries, even with few participants. 

1989 Gulf of Alaska Special Bottom Trawl FiSherv 

Background: Under Gulf of Alaska regulations, a cap was set on bycatch of Pacific halibut caught 
by trawls. When this cap was reached, bottom trawling was closed except for vessels participating in 
a special observer program, which was in effect until an additional 36 mt of halibut mortality was 
reached. · · 

Program Elements: The observer plan required 100% coverage. All vessels were eligible to 
participate. The required target species was flounder. If a vessel's halibut bycatch rate reached or 
exceeded 4.5 percent during the first week, or 3.0 percent during any subsequent week, it was 
excluded from the fishery for the remainder of the year. Oosures were accomplished by notice from 
RD. to vessel captain. 

Scope and duration of program: Only three vessels participated in the program, which began 
November 12. Two vcsse!S experienced bycatch rates in excess of 4.5 percent in the first week each 
fIShed, and were excluded from the fishery. The other vessel kept its ·rates low for three weeks and 
remained in the fJShery until it voluntarily ceased in early December. There was a two-day period 
required for data receipt/analysis before a closure notice could be sent. Weekly monitoring was in 
effect. 

Personnel: A Regional staffer was responsible for design of the observer plan and informing each 
vessel of its cl~ure; estimated time spent 6 hours. An observer program staffer was responsible for 
data collection/verification; estimated time, 10 hours. 

Results: A total of 178 mt of.groundfish was taken during the program, with an estimated halibut 
mortality ·of 5.7 mt · 

Conclusions: Sample size is too small to be conclusive, but suggests that one week may be too short 
a period for many boats to adjust fishing in order to lower bycatch. 
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Administrative and Personnel Aspects of Bvcatch Control Options 

Options include PSC caps, incentive programs, and time/area closures, or some combination of the 
three. Any variation of PSC caps and time/afea closures, or combination thereof, WITHOUT 
incentive programs or individ~al monitoring of any kind, can probably be handled by Regional staff 
levels expected by the end of 1990. During short intensive fisheries or periods of daily monitoring, 
one individual must be dedicated to each fishery or quota being monitored, and be prepared to work 
weekends. 

Any kind of individual monitoring or incentive program changes the picture radically. Experience 
suggests that one person working full time can be responsible for 20 entities if daily monitoring is 
required; this would be a 40 hour a week job. It does NOT follow that the same person could handle 
100 entities under weekly monitoring. If weekly data comes in all at once, and for the sake of equity 
all data must be analyzed/edited and closure decisions made within the. same short time frame, the 
limit is still 20 entities per staffer. If the time frame were extended to two days, and half the data 
came in on each of two days, the limit would be 40 entities. This would be about a 20 hour a week 
job. 

Staffing and logistics of observer program personnel present further difficulties. In order to provide 
scheduled training for observers, a minimum of two month's lead time and an accurate count of 
observers is required. This will be impossible to meet given the unpredictability associated with 
individual boat monitoring. 

Furthermore, such monitoring puts tremendous pressure on individual observers. Under checkpoint 
schemes, it is possible that an observer's predetermined decision whether or not to sample an 
individual haul may dictate the future fishing ability, and perhaps economic viability, of the vessel. 
That in turn may affect the continued employment of that observer. The observer program works 
only because observers are trusted to be independent and unbiased, and not subject to outside 
influence; programs that could put this trust at risk could undermine the entire observer program. 

Staff needs would depend on the scope, complexity and duration of each incentive program, and 
whether one or more programs might be in effect simultaneously. 

The scope, or number of vessels affected, would be . a function of the usual number of boats 
participating in a fishery as modified by any limitation imposed by a reserve system. For example, if 
20 vessels usually fish for rock sole, but only 10 met the criteria to fish in a reserve system, one staff 
person would be needed during a rock sole reserve fishery with daily monitoring. 

The complexity of the program is related to the natural irregularity of the data. (randomness and 
variability) and the observer coverage levels. At less than 100% coverage levels, considerable time 
is devoted to ensuring data arc extrapolated correctly. At even ·100%• coverage levels, some data 
will have to be esti.inated; irregular data, such as red king crab data. are more complicated to estimate. 

The duration of the program affects whether daily or weekly monitoring is required. As a rule of 
thumb, at least four data points are required for accurate projections, so any season that is·apt to be 
less than six weeks requires more-frequent-than weekly monitoring. This, practically, means daily 
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monitoring, since weeks are riot amenable to breaking into other increments. 

Another factor that must be considered is the legal requirement of closing individual operations. Past 
programs required immediate closure on contact by the R.D. However, if closure requirements 
became more formal, (for example receipt by registered mail) or demanded a cooling-off period and 
a chance for individual to contest data, the process would be considerably more time-consuming. 

Given the uncertainty about number and possible overlap of programs, and the design of any one 
program, it is impossible to estimate the number of additional Regional staff needed. It is at least 

·clear that staff needs will be irregularly spaced throughout the year, which suggests that these jobs 
should be filled by short-term assignments. These could be persons on IP A's from other regions or 
even organizations. For example, the IPHC could provide a staff person for monitoring the Pacific 
halibut bycatch in the Gulf of Alaska, and a person from ADF&G's crab staff could be assigned red 
king crab catch in the rock sole fishery. 

STATISTICAL ASPECTS 
. . 

Monitoring of PSC caps is inherently different from monitoring groundfish quotas, and to date we 
have not developed a reliable methodology for doing the former. Th.is means that schemes that 
require closure of a fishery at a precise percent of a PSC quota are unlikely to succeed. 

While groundfish quota monitoring cannot be characterized as simple, given the large number of 
species/area quotas, variety of gear types, and ability of vessels to switch target species· without 
notification, the basic procedures of using catch and effort data to make quota projections have been 
used succc::ssfully for a decade in foreign, then joint venture and domestic fJSheries. Using this system 
managers are usually able to "call" groundfish quotas within plus or minus a few percent These same 
procedures cannot be effectively used for PSC quotas, because catch and effort data lose meaning 
in the latter context. Managers can assume that groundfish catch rates for each vessel class in a 
certain area will ·fall within a certain fairly narrow range; there is a maximum amount of groundfish 
that an individual trawler will be able to catch in one week in area 515. Groundfish rates do not vary 
much throughout a season for any individual vessel Factors that can affect the magnitude of 
groundfish catches, mainly weather and movement of target species, affect all vessels proportionately. 
These assumptions go out the window with bycatch species; bycatch amounts can and do vary by 
orders of magnitude from vessel to vessel in the same area and in one vessel over time. Furthermore, 
the variation is unpredictable and to date we have not been able to establish a reliable connection 
with external factors. 

Similarly, managers can safely assume fishermen arc attempting to maximize their groundfish catch. 
However, reduction of PSC catch is at best a secondary goal to fishermen and one not consistently 
applied (if at all) aCI'C>S$ the fleet at any one time or by an individual boat throughout the season. 
~a result, there is a not a reliable relationship between groundfish and PSC catch. ~an example, 
managers assume that a doubling of effort (number of vessels) in a an area by vessels targeting on 
a certain species will result in an approximate doubling of catch, and reaching that species quota by 
a readily calculable earlier date. The manager cannot assume, however, that bycatch catch will . 
similarly double. The amount of increase will be related to such intangibles as the experience of the 
new vessels in avoiding bycatch and their commitment to bycatch avoidance as a goal The manager 
can assume some trends - that bycatch rates of new vessels will be higher (perhaps only for a short 
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period until gear is tuned) and that increased competition will cause vessels to "go for the groundfish" 
rather than minimize bycatch - but these are not quantifiable trends. The manager must therefore 
wait for hard information before making a decision. In a daily monitoring mode, there is currently 
a two day minimum period for receipt and analysis of observer data; verification of questioned data 
requires another two days. Given that several points (days) are needed to firmly establish a trend, 
the likelihood of the quota being overshot is high. 

Individual vessel monitoring has been proposed as a panacea for .both overshooting quotas and 
avoiding "dirty fishing." However, there are some aspects that should be thoroughly investigated 
before committing to any such a system. A major problem is that the effects of sampling error are 
magnified when the basic data unit is an individual vessel. Given that our information system will 
never be perfect or real time, errors that might have no effect over a fleet or an entire season are 
critical in the context of one vessel and a short time frame. This is illustrated in attached tables 
which illustrate the type of data that would be received in a daily individual vessel monitoring scheme. 
The data closely resemble real crab bycatch data. 

Table 1 shows data from two vessels, the first a "clean" vessel with a season's catch of .8 crab/mt, the 
second a "dirty" vessel with a rate 25% higher. Assume the monitoring program evaluates vessels at 
certain checkpoints and eliminates vessels whose cumulative rates fall above .8 crab/mt. Checkpoints 
happen to fall on days 5, 10 and 18. Table 1 illustrates that the "clean" vessel, or vessel 1, is 
eliminated on day 5, whereas the "dirty vessel" is not eliminated until day 18, partly because it 
happened to start right after a checkpoint. 

Table 2 shows the effect of incorrect or incomplete sampling. On day 9, vessel l's observer was sick. 
The cumulative catch rate through day 8 was .7 crab/mt, and this rate was substituted in that cell. 
However, that put the cumulative rate on checkpoint day 10 at .9, and the vessel would be "unfairly" 
eliminated . . Similarly, on day 17, the observer data from vessel 2 was scrambled and a message sent 
for clarification. The cumulative catch rate through day 16 was .8, which was temporarily substituted 
in that cell. On checkpoint day 18, vessel 2 was allowed to continue fishing. Not until a corrected 
observer message was received could vessel 2 be eliminated. Note that if the incorrect message had 
been a wrong number within the range of .4 to 24, rather than obviously scrambled, the data 
manager would not have identified it and the error would have remained in the data base until the 
return of the observer to Seattle. - · 

It is imperative that any proposed incentive scheme be tested with real data from the fishery. 
However, the test should go further than using data that has been "cleaned up" and finalized but 
attempt to create a realistic data set, one that at any one time will include missing and incorrect cells. 

Date: March 29, 1990 

Prepared by: Janet Smoker, Alaska Regional Office 
Consulted : Ron Berg, Alaska Regional Office 

Janet Wall, Jerald Berger, Alaska Fisheries Science Center 
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TABLE 1. 

VESSEL 1 VESS&L 2 
CUM. CUM. 

CUM. CRAB CUM. CRAB CUM. CRAB CL'M. CRAB 
D6Y 
1 

GF 

10 
QFSH 

10 
MIE 

0.5 
!;;RAB 

5 
s;RAB 

5 
Mll 

0.5 
QF 
0 

Q~H 

0 
Mll !;;RAB 

0 0 
s;RAB 

0 
Mll
ERR 

2 · 12 22 0.4 5 10 0.4 0 0 0 0 0 ERR 
3 14 36 0.3 4 14 0.4 0 0 0 0 0 ERR 
4 16 52 0.8 ' 13 27 0.5 0 0 0 0 0 ERR 
5 15 67 2.1 32 58 0.9 0 0 0 0 0 ERR 
6 13 80 0.6 8 66 0.8 9 9 1.6 14 14 1.6 
7 12 92 0.4 5 71 0.8 14 23 1.1 15 30 1.3 
8 14 106 0.6 8 79 ' 0.7 12 35 0.6 7 37 1.1 
9 16 122 0.5 8 87 0.7 13 48 0.5 7 44 0.9 
10 15 137 1.8 27 114 0.8 10 58 0.4 4 48 0.8 
11 13 150 0.8 10 125 0.8 9 67 0.7 6 54 0.8 
12 7 157 0.2 1 126 0.8 8 75 0.9 7 61 0.8 
13 0 157 0.0 0 126 0.8 0 75 1.0 0 61 0.8 
14 0 157 0.0 0 126 0.8 7 82 1.1 8 69 0.8 
15 12 169 1.3 16 142 0.8 9 91 0.7 6 75 0.8 
16 14 183 0.8 11 153 0.8 15 106 0.5 ' ' 8 83 0.8 
17 16 199 0.7 11 164 0.8 16 122 1.8 29 111 0.9 
18 15 214 0.6 9 173 0.8 13 135 0.8 10 122 0.9 
19 13 227 0.8 10 184 0.8 12 147 1.6 19 141 1.0 
20 12 239 0.6 7 191 0.8 14 161 0.9 13 154 1.0 

TABLE 2. 

VESSEL 1 VESS&J.: 2 
CUM. CUM. 

CUM. CRAB CUM. CRAB CUM. CRAB CUM. CRAB 

QoYGE 
1 10 

QFSH 
10 

UTE 
0.5 

CRAB 
5 

CB.Aa 
5 

RATE 
0.5 

GE 
0 

GESH 
0 

RATECRAil 
0 0 

CM a 
0 

Mil: 
ERR 

2 12 22 0.4 5 10 0.4 0 0 0 0 0 ERR 
3 14 36 03 4 14 0.4 0 0 0 0 0 ERR 
4 16 52 0.8 13 27 0.5 0 0 0 0 0 ERR 
5 15 67 2.1 32 58 0.9 0 0 ·0 0 0 ERR 
6 13 80 0.6 8 66 0.8 9 9 1.6 14 14 1.6 
7 12 92 0.4 5 71 0.8 14 23 1.1 '15 30 13 
8 14 106 0.6 ' 8 79 0.7 12 35 0.6 7 37 1.1 
9 16 122 0.7 11 91 . 0.7 13 48 0.5 7 44 0.9 
10 15 137 1.8 27 118 ' 0.9 10 58 0.4 4 48 0.8 
11 13 150 0.8 10 128 0.9 9 67 0.7 6 54 0.8 
12 7 157 0.2 1 129 0.8 8 75 0.9 7 61 0.8 
13 0 157 0.0 0 129 0.8 0 75 1.0 0 61 0.8 
14 0 157 0.0 0 129 0.8 7 82 1.1 8 69 0.8 
15 12 169 1.3 16 145 0.9 9 91 0.7 6 75 . 0.8 
16 14 183 0.8 11 156 0.9 15 106 0.5 8 83 0.8 
17 16 199 0.7 11 167 0.8 16 122 0.8 13 95 0.8 
18 15 214 0.6 9 176 0.8 13 135 0.8 10 106 0.8 
19 13 227 0.8 10 187 0.8 12 147 1.6 19 125 0.8 
20 12 239 0.6 7 194 ' 0.8 14 161 0.9 13 138 0.9 



3.0 OVERFISHING DEFINITIONS FOR THE GOA AND BSAI 

(Author's note: This chapter employs a number of technical concepts and analytical methods. 
Because of the complexity of the material, an overview is provided to help the nontechnical reader. 
It should be noted that small amounts of accuracy and precision have been sacrificed in the overview 
for the sake of simplicity.) 

3.1 Nontechnical Overview 

In 50 CFR Part 602, the National Oceanic and Atmospheric Administration (NOAA) presented its 
Guidelines for Ftshery Management Plans (the "602 Guidelines"), which require each FMP to include 
an objective and measurable definition of overfishing for each stock or stock complex under 
management. 

The 602 Guidelines make a clear distinction between the prevention of overfishing and the 
achievement of optimum yield. Thus, the task of specifying an overfishing definition should not be 
confused with an attempt to articulate an optimal harvest policy. The overftshing definition is to be 
used as a constraint, not as a target (This does not mean that the two can never coincide in practice; 
it does mean, however, that the purposes of an overfishing definition and an optimal harvest policy 
are distinctly different) 

3.1.1 Overview of Terminolo~ 

Stock A population of fish. When "population" is used in a biological sense, it refers to a group of 
individuals, all of whom are members of the same species. Sometimes several stocks are grouped 
together to form a "stock complex" (often referred to as a "species complex"). 

Management category Any stock or stock complex for which the Council sets an ABC. 

Biomass (Bl The combined weight of a group (usually a stock) of fish. Sometimes a stock is 
measured in terms of the number of individuals it contains, and other times it is measured in terms 
of their combined weight 

Pristine biomass The long-term average biomass that would . be observed (under current 
environmental conditions) if there were no fishing. This value may be different than the earliest 
recorded bioma.M level if environmental conditions have changed, or if a significant fishery had 
already developed by the time the earliest biomass level was recorded. 

Threshold The biomass level below which the Secretary will close. the ftshery. If the Council sets 
a threshold for a particular stock, all fishing on that stock must cease if its biomass falls below the 
threshold level. 

Recruitment The portion of a stock that becomes available to the fishery during the course of a year. 
Usually, the very youngest age groups are not recruited to the fishery. Older age groups may be 
either partially or fully recruited, though most simple fishery models assume that all ftsh become 
recruited at a single age (e.g., age 3 in the case of Pacific cod in the GOA).· 
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Age Numbers Weight Biomass 
3 1000 0.5 500 
4 670 0.6 402 
5 449 0.7 314 
6 301 0.8 241 
7 202 : 0.9 182 
8 135 1.0 135 
9 91 1.1 100 

10 61 . 1.2 73 
11 41 1.3 53 
Total 2950 2000 

Age Numbers Weight Biomass 
.. 3 1000 0.5 500 
· 4 • J • 449 0.6 269 

5 202 0.7 141 
6 91 0.8 73 
7 41 0.9 37 
8 18 1.0 18 
9 8 1.1 9 

· 10 
. ­ - 4 1.2 5 

11 2 1.3 3 
Total 1815 1055 

Biomass-per-recruit ratio The ratio of biomass to recruitment. This ratio can take on different 
values, depending on the level of fishing mortality. For example, suppose that there were no fishing 
at all on a particular.stock, and that fish in this stock recruit at age 3. Suppose further that 1000 
recruits in this stock would survive and grow according to the following (purely hypothetical) table, 
where biomass is the product of numbers and weight: 

In this example, the biomass-per-recruit ratio is 2.0, obtained by dividing total biomass (2000) by the 
number of recruits (1000). Now, suppo.se that when the stock: is fished at ·a rate equal to the natural 
mortality rate, the above table changes to the following: 

.~. 

Now th~ biomass-per-rccniit ratio is 1.055 (1055 divided by 1000). In other words, the biomass-per­
recruit ratio has been reduced to afraction of its pristine (unfished) value. This fraction is 1.055/2.0 
= 0.5275. Other levels o( fishing mortality We>uld result in other °values for this fraction; the higher 
the level of fishing mortality, the smaller the fraction. 

Stock-recruitment relationship The relationship between stock size and future recruitment level. To 
know the stock-recruitment relationship means to know the recruitment levels that are most likely 
to be generated by each stock: size within a wide range .of stock sizes. The most common types of 
stock-recruitment relationships u.seQ in fishery models are called "Beverton-Holt," "Cushing," and 
"Ricker" curves (named .after the scientists who developed them). 
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Yield The same as catch or harvest. Yield is usually measured as the combined weight of the fish 
that are caught during a year. 

Maximum sustainable yield CMSY) The largest catch which the stock can withstand, on average, over 
a long period of time (given current environmental conditions). Estimation of this quantity is often 

·difficult, since it requires having an estimate of the stock-recruitment relationship. 

Yield variability The percentage by which a given catch might deviate from the long-term average, 
plus or minus. For example, if yield variability were 10%, most catches would be within plus or minus 
ten percent of the long-term average. ­

Catch per unit effort CCPUE) The ratio between catch and fishing effort. It is usually expected that 
CPUE will be highest when biomass is h~ghest If a stock is fished hard, biomass may be driven down, 
thereby causing CPUE to fall as well. 

IiMSY The long-temi average biomass level that would be observed (under current environmental 
conditions) if the annual catch were set consistently at the MSY level. · 

Natural mortality rate CM) A te·rin that describes the proportio·n of the stock that is removed (per 
unit time) as a result of non-fishery 'Causes (e.g., predation, disease, old age). The natural mortality 
rate is usually · expressed as an "instantaneous" rate, which is analogous to the "continuous 

· - compounding of interest" concept sometimes used in financial computations (mortality can be thought 
of as negative interest). · - · · - · · 

Fishin& mortality rate CF) A term that describes the proportion of the stock that is removed (per unit 
time) by the fishery. Ll~e the natural mortality rate, the fishing mortality rate is usually expres.Sed 
as an instantaneous rate. 

fMsY The fishing mortality rate that would yield MSY if stock biomass had been at the BMSY level 
for a long time: · · · - · - - - - · - - · -· 1· 

.. -- ..... .,. .. " __ .,_4, ... . ...: ___,,.. . .::-·:.. 

fu.tX The fishing mortality rate-that oiaximizCs yield per recruit This quantity is casier 'to calculate 
than F MSY\ bCcause it does not require an estimate of the stock-recruitment relationship. However, 
using F MAJfas-a management strategy is sometimes considered dangerous, since it does not consider 
the ~ibility th-at recruitment could be reduced at low stock sizes. Usually, F MSY ~ less than 
FM4X (exceptions to this rule can occur when a "Ricker" type of stock-recruitment relationship is 
used to calculate F MSY)· · · - · ' 

'f.o.l The fishing mortality rate where an addit~onal unit of effort provides a catch equal to one-tenth 
of the CPUE that would be observed if stock biomass were at its pristine level (i.e., the highest 
pc>Mible CPUE). The FO.l rate is usually calculated under the wumption that future recruitment 
does not depend on stock size. The FO.l rate is 'always I~ than F MAX· Since F MSY is also usually 

I~ than FMAX• FO.l is sometimes close to F MSY" 

Objective function A mathematical formulation of what the Council is trying to accomplish. The 
Council may wish to make management decisions (e.g., setting ABC or TAC levels) on the basis of 
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Management Average Yield 
strate~ ~ variability 

A 100 10.0% . 

B 98 8.8% 
c 92 7.6% 
D 82 6.4% 

a formally stated objective. This objective might take a relatively simple form, for example 

maximization of a single quantity such as long-term average yield. On the other hand, the Council 

might have several objectives it wishes to accomplish simultaneously. For example, the Council might 

wish to maximize long-term average yield and minimize yield variability. Unfortunately, it is 


. sometimes impossible to accomplish competing objectives simultaneously. To illustrate, consider the 

following (purely hypothetical) situation: 

The column labeled "management strategy" lists four strategies (A, B, C, and D). Each strategy is 
expected to result in a particular long-term average yield (e.g., Strategy A is expected to result in a 
long-term average yield of 100). At the same time, each strategy is expected to result in a particular 
level of yiCld variability (e.g., Strategy A is expected to result in ayield variability of 10%). Notice 
that if the Council's management strategy were simply to maximize average yield, it would choose 
Strategy A, since the average yield _for all other strategies is I~. On the other hand, if the Council's 
management strategy were simply to minimize yield variability, it would choose Strategy D, since the 
yield. variability for all other strategies is greater. However, it is impossible for the Council to 
accomplish both objectives simultaneously, since the Council cannot choose both Strategy A and 
Strategy D. 

This is where the idea of an objective function comes into play. In order to get around the problem 
of accomplishing competing objectives, the Council could "weight" its. various objectives, thereby 
providing an indication of which objectives are most important Returning to the above example, the 
Council might decide that it is much more important to maximize long-term average yield than to 
minimize yield variability. Suppose the Council decided that the importance of maximizing long-term 
average yield is three times as great as the importance of minimizing yield variability. In other words, 
the Council's weighting factor for long-term . average yield is. 3, and its ~eighting factor for yield 
variability is 1. Here, then, is how the Council could go about making its decision: First, it could 
"standardize" the expected results of the management strategies, so that average yield and field 
variability are measured in comparable terms (otherwise the Council would be adding apples and 
oranges). This could be done by dividing the result in each column by the result co~esponding to 
Strategy A, as follows: 

Management Average Yield 
strate~ xield variability 

A 100 + 100 = 1.00 10.0 + 10.0 = 1.00 

B 98 + 100 = 0.98 8.8 + 10.0 = 0.88 

c 92 + 100 = 0.92 7.6 + 10.0 = 0.76 


D 82 + 100 = 0.82 6.4 + 10.0 = 0.64 


Next, the Council could determine the "total benefit" of each strategy by applying the weights (3 and 
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Management Average Yield Total 
stratei:Y rield variabili!J: Benefit 

. A 1.00 x 3 1.00 x 1 = 2.00 

B 0.98 x 3 0.88 x 1 = 206 
c 0.92 x 3 0.76 x 1 = 2.00 

- D . .. .. 0.82 x 3 0.64 x 1 . = 1.82 

Stock Pristine · 
biomass 

.. .. . 
Current 
biomass 

_BMs/ _FMSY 
. - F . r-

. MAX 

A 100,000 10,000 25,000 0.20 0.35 
B 100,000 22,500 25,000 0.20 . 0.35 
c 100,000 100,000 25,000 0.20 0.35 

1, respectively) to the second and third columns, then taking the difference (the term for yield 
variability is subtracted--not added--because the Council wishes to minimize--not maximize--this 
quantity): 

The above table indicates that the Council would choose Strategy B, since it gives ·the greatest total 
benefit (as computed by the Council's objective function). Of course, other outcomes could be 
achieved if the Council were to assign different weights to the two variables. Also, long-term average 
yield and yield variability are not the only variables that the Council might wish to incorporate in its 
objective function. Other possible variables might include CPUE, average size of fish in the catch, 
stock biomass, and tot~I industry profit The number of possible objective functions is infinite. 

3.1.2 	 Overview of the Alternatives 

. . , .. ~ ~ .. . . . 
A number of different options are available to the Council under the 602 Guidelines. However, all 
of them involve two basic concepts: thresholds and maximum fishing mortality rates (these are two 
different concepts: a threshold corresponds to a biomass level that the Council does not want to go 
below, and a maximum fishing mortality rate corresponds to a harvest level that the Council does not 
want to ·go above). 

To aid in the description of the alternatives, suppose that the Council is required to manage three 
stocks: Stock A is severely depressed. Stock B is slightly depressed, and Stock C is high in 
abundance. Specifically, sup~ that these stocks exhibit the following characteristics (to make 
things easy, it has .been assumed that all stocks exhibit the same .values for all quantities except 
current biomass): . .. ". .. ...... _. . • 

. -·

The following discussion descnbes each of the seven alternatives, and shows how overfishing would 
be defined for each of the three· stocks in the above table. Figure 3.1 can· also be Used to examine 
how management of these stocks would be constrained by the various alternatives. (Note: the 
following discussion of the alternatives is considerably simplified relative to the discussion in the main 
text In the main text, each of the alternatives is shown to incorporate a number of suboptions. 
Different suboptions are used depending on ~vailability of data. The suboptions will not be discUMCd 
in this overview, except in the context of the description of Table 3.1 in Section 3.1.4.1). 
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Alternative 1 Status quo. The FMPs currently do not satisfy the 602 Guidelines' requirement for 
an objective and measurable definition of overfishing. All three stocks in the above example could 
be exploited at any level without being classified as overfished. · 

Alternative 2 Threshold biomass level. Under this alternative, fishing would not be allowed on any 
stock whose biomass is below its threshold level. One way (though not the oniy wa:y) to define a 
threshold is to set it at 20% of pristine biomass. In the above example, this would result in the 
threshold being set at 20% x 100,000 = 20,000. Using this threshold, Stock A would be classified as 
overfished under any level of fishing, since the current biomass level of 10,000 is less than the 
threshold value of 20,000. However, since the current biomass levels for Stocks B and C are both 
above 20,000, they would not be classified as overfished under any level of fishing that kept them 
above the threshold. · 

Alternative 3 Constant fishing mortality rate--no threshold. Under this alternative, the fishing 
mortality rate on any stock would never be allowed to exceed F MSY· In this case, none of the stocks 
in the above example would be classified as overfished so long as the Council did not allow the~ to 
be harvested at fishing mortality rates greater than 0.20. 

Alternative 4 (Preferred) Variable fishing mortality rate--no threshold. Under this alternative, the 
fishing mortality rate on any stock would never bC allowed to exceed a specified maximum level, but 
this maximum level.would be different at different stock sizes (though it would have an upper limit 
equal to FMSY)· In this case, none of the stocks in the above example would be classified as 
overfished so long as the Council did not allow them to be harvested at fishing mortality rates greater 
than the following: 

Stock Maximum 
rate 

A 0.08 
B 0.18 
c 0.20 

Note that Stocks A and B could still be exploited, but not at the full FMSY rate. Since Stock A is 
severely depressed, its maximum fishing mortality rate is lower than the maximum rate for Stock B 
(which is only slightly depressed). Stock C, which is at a high level of abundance, could be exploited 

at the full F MSY rate. 

Alternative 5 Constant fishing mortality rate with threshold. This alternative combines Alternatives 
2 and 3. Under this alternative, Stock A would be classified as overtished under any level of fishing, 
since its current biomass (10,000) is below the threshold (20,000). Stocks B and C would ·not be 

classified as overfished so long as the Council did not allow them to be harvested at fishing mortality 
rates greater than 0.20. 

Alternative 6 Variable . fishing mortality rate with threshold-FMSY version. This alternative 
combines Alternatives 2 and 4. Under this alternative, Stock A would be clasSified as overfished 
under any level of fishing, since its current biomass (10,000) is b<,:low the threshold (20,000). Stocks 
B and C would not be classified as overfished so long as the Council did not allow them to be 
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harvested at fishing mortality rates greater than the following: 

Stock Maximum 

~ 
B . 0.10 


c 0.20 


Note that Stock B oould still be exploited (because it is only slightly depressed), but not at the full 
FMSY rate. Stock C, which is at a high level of abundance, co_uld be exploited at the full F MSY rate. 

- . . 
·Alternative 7 Variable fJShing _inortality rate with threshold...:.FMAX version. This ·alternative is like 
Alternative 6, except that the upper limit on the maximum fishing mortality rate would be 
FJ\.£4.X instead of FMSY" Uoder this alternative, Stock A would be classified as overfished under any 
level of fishing, since its current biomass (10,000) is below the threshold (20,000). · Stocks B and C 
would not be classified as overfished so long as the Council did not allow them to be harvested at 
fJShing mortality rates greater than the following: - · 

.J • ' 
Stock -Maximum 

rate 

. B ,.. . 0.10 -:-: 

c .. 035 . 

. ... 

- :.:.~ ...

In t~rms .of the example, the o~iy. difference between Alternatives 6 and 7 is that Stock C ~uld be 
. exploited at the_ F J\.£4.X level under Alternative 7 (since it is at such a high level of abundance), 
whereas F MSY is the maximum -fishing mortality rate allowed under Alternative 6. · ~ .. 

... - . : . . .. . . 

.. , . .. 


3.13 Overview of Biolo~cal and Phvsical Impacts 

•- - I. ,4 ... • 

Since the reason for developing an objective and measurable definition 'of overfishing is to protect 
the groundfish stocks, it is anticipated that adoption of any o~ the alternatives (except Alternative 1) 
would result in positive impacts on these stocks and on their predators. - The relative merits' of 

' . .. 
Alternatives 2-7, however, arc difficult to evaluate on biological grounds alone. · Pe"rhaps the most 

· that can be ~id is th~t Alternative S (constant fishing mortality rate with threshold) .should provide 
more protection than Alternatives 2 (threshold) or 3 (constant fishing mortality rate-no threshold}, 
and Alternative 6 (vanablc fishing mortality rate with threshold-FMSY version) should provide the 
most protection of all. Still, it is impossible to guarantee that any of the alternatives will provide an 
absolute safeguard against stock collapse. If the Council's only objective were to minimize this risk, 
overfishing would probably have to be defined as any fishing at all. In considering the relative merits 
of the various alternatives, "the benefits gained by reducing the risk of true overfishing must be 
weighed against any costs incurred by placing additional constraints on the fJShcry. In other words, 
the socioeconomic impacts must be considered as well as the biological impacts. 
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3~1.4 Overview of Socioeconomic Impacts 

The choice of alternatives will be made easier if it turns out that the additional constraints imposed 
by the overfishing definition tum out to be nonbinding in practice. In fact, since the overfishing 
definition is intended to provide a failsafe rather than a target, it is quite conceivable that properly 
managed fisheries will never be impacted by the overfJShing definition. Alternative 3 (constant fishing 
mortality rate--no threshold) can be considered as an example: Given that the Council already treats 
FMSY or Fo.1 as an upper limit to fishing mortality, the analysis contained in this chapter indicates 
that Alternative 3 should not place any n~w constraints on the fJShery. 

More specifically, the impacts of each of the alternatives can be examined in the context of curre.nt 
stock conditions and management strategies by examining Tables 3.1, 3.2, and 3.3. - ·-- ·· · 

3.1.4.1 Overview of Tables Summarizin2 Current Conditions 

Table 3.1 (Note: the legend for Table 3.1 defines all symbols used therein.) Table 3.1 examines the 
different suboptions of Alternative 3 (constant fJShing mortality rate--no threshold) as they relate to 
all of the management categories used by the Council. Alt_ernative 3 contains three main suboptions. 
In order of preference, these suboptions would set the maximum fJShing mortality rate at the 
following levels: a) at FMSY• b) at the level that sets the biomass-per-recruit level at 30% of its 

· pristine value, and d) at the natural mortality rate (actually, there are four suboptions, but (b) and 
(c) are very similar). Table 3.1 contains six columns. The first column lists the management 
categories used by the Council in each management area. The second column lists the Council's 
apparent management strategy for each category. The third column lists the fishing mortality rate 
corresponding to ABC for each management category. The fourth column lists F MSY for each 
management category. The fifth column lists the fJShing mortality rate that sets the biomass-per­
recruit level at 30% of its pristine value for each management category. The sixth column listS the 
natural mortality rate for each management category. When available data are insufficient to_estim~te 
any of the quantities in this table, the symbol "n/a" (for "not available") appears. . . _ _ ... _ 

~ . 

As an example, consider the Bering Sea (BS) poll~k management category (this is .the . first 
management category listed in Column 1 under the "Bering Sea and Aleutian Islands" heading): The 
Council is currently managing the pollack stock according to an Fo.l . management strategy; _as shown 
in Column 2 The fishing mortality rate corresponding to this management strategy is 0.31, ~ shown 
in Column 3. If Alternative 3 were in place, suboption (a) would set FMSY- as the upper limit on 
fJShing mortality. The value of FMSY also happens to be 0.31, as shown in Column 4 (recall that 
FMSY and Fo.J are sometimes cl~; here, they are identical). Alternative 3's suboption (b) U.Ses 
the fishing mortality rate that sets the biomass-per-recruit level at 30% of its pristine value. This is 
the suboption that would come into play if the Council decided that the FMSY estimate of 0.31 was 
not reliable. The fishing mortality rate under thiS suboption is 0.49, as shown in Column 5. 
Alternative 3's suboption (d) sets the maximum fishing mortality rate equal to the natural mortality 
rate. This suboption would come into play if the only data available to the Council were current 
biomass and the natural mortality rate. The natural mortality rate for BS pollack is 0.3, as shown in 
Column 6. 
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Of the 27 groundfish stocks or stock complexes currently under Council management, the Council 
sets F ABC values for 24. Table 3.1 shows that Alternative 3 would constrain F ABC in only one o[ 
these cases. This is the case of GOA Pacific cod, where the Council's F ABC exceeds F MSY by about 
58%. . 

Table 3.2 For each management category (Column 1 ), Table 3.2 compares the fJShing mortality rate 
used to obtain ABC (Column 2) with the maximum fJShing mortality rates resulting from each 

alternative except status quo (Columns 3-8). Since som~ of the alternatives require more data than 
others, and since these additional data are sometimes unavailable, the entries for certain management 
categories are blank under certain alternatives. _. ·. ..­

. - ­
A5 an example, consider again the case of BS pollock (the first entry in Column 1 under •&ring Sea 
and Aleutian Islands•). The fJShing mortality rate currently used to compute ABC is 0.31, as shown 
in Column 2 A threshold can be computed for this stock under Alternative 2 (threshold), but the 
maximum allowable fishing mortality rate is unknown, as indicated by the question mark (?) in 
Column 3. Under Alternative 3 (cons~ant fishing mortality rate-no threshold), overfishing would be 
defined as exceeding a fishing mortality rate .of 0.31, as shown in Column 4. Under Alternative 4 
(variable fishing mortality rate-no threshold), overfishing would be defined as exceeding a fishing 
mortality rate of 0.30, as shown in Column 5. Under Alternative 5 (constant fishing mortality rate 

. with threshold), overfishing would be defined in the same . way -as under Alternative 3, namely as 
exceeding a fishing mortality rate of 0.31, as shown in Column 6. Under Alternative 6 (variable 
fishing mortality rate with threshold-FMSY- version), overfishing would be defined as exceeding a 
fishing mortality rate of 0.28, as shown in Column 7. Under Alternative 7 (variable fishing mortality 
rate with threshold-F.M4X version), overfishing would be defined in the same way as under 
Alternative 6, namely as exceeding a fishing mortality rate of 0.28, as shown in Column 8. ;-· ­.. 

Note that overfishing cannot be definCd for most management categories except under Alternative 
3 (constant fishing mortality. rate-no threshold). - This does not mean that alternatives other than 
Alternative 3 cannot be chosen (since all of the other alternatives eventually default to Alternative 
3 when data are scarce enough); it just means that the relative meriu of most of the alternativeiare 
currently of little practical importance for most management categoric$. However~ it is anticipated 
that future research inight improve this situation. That is, as more data become available, other 
alternatives might be applicable to a broader range of management categories. :- · · - ::;··· 

Table 3.2 also indicates that none of the alternatives is particularly constraining when applied to 
current stock conditions using parameter estimates presently available. A5 in Table 3.1, GOA Pacific 
cod provides an exception (though not under every alternative; note that the current harvest strategy 
for this stock would not be constrained under Alternative 7). Also, BSAI pollock and BSAI Pacific 
ocean perch would be constrained slightly under Alternatives 4, 6, and 7. 

Table 3.3 (Note: the legend for Table 3.3 defines all symbols used therein.) For each management 
category (Column 1), Table 3.3 summariz.es the available data, including F MSY (Column 2), the 
natural mortality rate (Column 3), pristine biomass (Column 4), BMSY (Column 5), current biomass 
(Column 6), the ratio of BMSY to pristine biomass (Column 7), and the ratio of current biomass to 
pristine biomass (Column 8). When the available data for a management category are insufficient 
to estimate certain quantities in this table, the symbol "n/a" (for "not available1 appears. When the 
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available data for a management category are insufficient to estimate either FMSY• BMSY• or 
pristine biomass, the phrase "data are insufficient to estimate main parameters" appears. Note that 
of the 27 categories currently managed by the Council, there are only 12 for which data are currently 
sufficient to estimate at least one of the main parameters (FMSY• BMSY• or pristine biomass). 

Once again, BS pollock (the first entry in Column 1 under "Bering Sea and Aleutian Islands") can 
be considered as an example. The value of FMSY for this management category is 031, as shown 
in Column 2. The natural mortality rate is 03, as shown in Column 3. Pristine biomass is 13.830 
million metric tons, as shown in Column 4. The value of BMSYis 6.120 million metric tons, as ~hown 
in Column 5. Current biomass is 5.844 million metric tons, as shown in Column 6. The ratio of 
BMSY to pristine biomass is 0.44, as shown in Column 7, and the ratio of current biomass to pristine 
biomass is 0.42, as shown in Column 8. This last figure (0.42) is particularly helpful in that it allows 
the reader to determine the extent to which current biomass exceeds a threshold set at 20% of 
pristine biomass. In the case of BS pollock, current biomass would have to be reduced by about half 
(20% is about half of 42%) to reach a threshold so defined. 

3.1.4.2 Overview of Possible Future Socioeconomic Impacts 

None of the alternatives seem to present immediate potential for severely constraining the fishery. 
This is because, as shown in Tables 3.1-33, current harvest strategies tend to be at or below 
FMSY and current biomass levels tend to be near or above BM~ However, it is also important to 
look at possible future impacts, since even a well managed stock can occasionally fall below B MSY if 
recruitment fails. _This fact has important implications for Alternatives 2 (threshold), 4 (variable 
fishing mortality rate-no threshold), and 5 (constant fishing mortality rate with threshold), and 
particularly for Alternatives 6 (variable fishing mortality rate with threshold-FMSY version) and 7 
(variable fishing mortality rate with threshold--F MAX version). 

It should be emphasized that it is extremely difficult either to analyze or to estimate the likelihood 
of each possible scenario within the full range of futures that might be imagined for each of the 
Council's 27 management categories. Nevertheless, to get at least a glimpse of how recruitment 
variability might impact fishery management under the various alternatives, two sunulation studies are 
described in th.is chapter. The first simulation ex.amines a hypothetical stock exhibiting parameters 
thought to be typical of groundfish in general. The second simulation examines sablefish in particular. 
Both incorporate random variability in recruitment 

Unfortunately, it was difficult to analyze Alternatives 1, 2, and 7 in these simulations, because the 
Council's apparent policy of not exceeding FMSY means that Alternative 1 (status quo) is 
indistinguishable from Alternative 3 (constant fishing mortality rate-no threshold), Alternative 2 
(threshold) is indistinguishable from Alternative 5 (constant fishing mortality ratewith threshold), and 
Alternative 7 (variable fishing mortality rate with threshold--F MAX version) is indistinguishable from 
Alternative 6 (variable fishing mortality rate with tbreshold-FMSY version. 

Both simulation studies found that the various alternatives should result in very similar long-term 
average yields, with Alternative 3 faring the best, followed in order by Alternatives 5, 4, and 6. Both 
studies also concluded that the differences in yield variability were more significant than the 
differences in average yield, with the ranking of the alternatives remaining roughly the same as above. 
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One difference, however, is that the sablefish simulation also addressed the direct performance of the 
stock. instead of focusing all of its attention on average yield and yield variability. The reason for 
addressing this issue is that the Council might feel that low biomass levels are undesirable in their 
own right, not just because they result. in low catches. When examined in terms of average biomass 
and biomass variability, the performance of the alternatives in the sablefish simulation was generally 
the opposite of their performance when measured in terms of average yield and yield variability: 
Alternative 6 ~rformed the best, followed in order by Alternatives 4, 5, ~nd 3. - ·- - ·· · ·:.~ 

-. 
If the Council decides to incorporate biomass as well as catch considerations into its objective 
function, the results of the sablefish simulation imply that the relative merits of the alternatives 
depend completely on the weights the Council assigns to the different factor$. Whether the increased 
protection provided by the m9re conservative alternatives outweighs the gains in average yield and 
decreased yield variability obtainable under some of the others_is impossible to evaluate in a general 

. . . .. .. .... . 

sense. · ----·- - ----:--- -- - · : 


3.1.5 · Overview of Commonly Asked Questions 

Is the · Council limited to the overfishine; definitions contained in the alternatives. or may it choose 
a more conservative definition? The Council may choose a more conservative definition. The main 
requirement of the 602 Guidelines is that the definition must protect the stock's long-tenn capacity 

- to produce ·MsY. - -The 602 Guidelines thus establish a minimum, not a maximum, level of. 
conservatism. · · · - · · · ; · · ·- - ~~ , - · -· - ..__.- - --­

. -~ . 

If the &oal is to protect the stock's productive caoacity, why not just choose the most conservative 
definition ~ible? The most conservative definition possible would be to prohibit fishing altogether. 
However, such a definition would clearly require the Council to abdicate its responsibility for 
achieving optimum yield. In backing off from this extreme ·case, the Council must weigh the ·costs 
of reduced conservatism against the benefits of increased (or less variable) har\.ests. · - · 

What would happen if the Council chose to define overfishine; in tenns of a threshold.· and the ;tock 
happened to fall below the threshold level? Generally, fishing on that stock (including bycatch 
mortality) Would have to cease. There are only two cases where continued fishing would bc..allowed. 
The first is- the case where the Council is able to demonstrate that the stock's low abundance level · 
cannot be alleviated by a reduction in fJShing mortality. The second is the case where. the stock in 
question constitutes a minor component of a multispecies fishery, and the Council is able to 
demonstrate that a net loss of benefits to the nation would result if any fishery taking that stock were 
eliminated. ·· · · · · · -- ·- . · . ·- . _: --·- -­

What definitions of overfishine; have been approved by NMFS so far? Only one overfJShing definition 
has been approved by NMFS so far. the definition for red drum in the· Gulf of Mexico. The. red 
drum definition requires that the biomass-per-recruit ratio be mai~tained at a value no lower than 
20% of the pristine value. This is less conservative than the minimum 30% figure contained in some 
of the alternatives here. 

Why should the Council fish a stock so hard that it falls to 20% of its pristine biomass. or so hard 
that its biomass-per-recruit ratio falls to 30% of its pristine level? Nothing in the chapter indicates 
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that the Council should fish a stock in this manner. It is important to remember that overfishing is 
something to avoid, not something to achieve. It is quite possible that the Council's responsibility 
to achieve optimal yield will require a more conservative harvest policy (though not necessarily a 
more conservative overfishing definition) than those addressed here. 

When the alternatives talk about settin& a threshold at 20% of pristine biomass or settin& a maximum 
fishini mortality rate at the value that reduces the biomass-per-recruit ratio to 30% of its pristine 
value, are these fiiUres arbitraiy, or do they have some objective basis? These figures are not 
arbitrary. They have an objective basis, as discussed in the chapter. However, it should be 
remembered that other values may be more appropriate in specific cases. The values mentio~ed ~~re 
are "safety net" values to be used when data are insufficient to identify more appropriate values; . 

. . ..; -. . ·.. . 
Will adoption of any of the alternatives (except status quo) guarantee that no stock will ever 
collapse? No. The phenomenon of stock collapse is highly complex, and scientists are still struggling 
to understand it One thing that does seem clear, however, is that recruitment is dependent not O!JIY 
on stock size, but on a number of other factors ·as well, many of which (e.g., currents, weather 
patterns) are completely out of the Council's control. Thus, no definition of overfishing can provide 
an absolute guarantee against stock collapse. . ·. .. ·:: ···' · · - ­

. . .. ~ 

If the biomass-per-recruit ratio is maintained at 30% of its pristine value, will this keep the stock's 
biomass above the threshold? Not necessarily. It is always possible for a sufficiently long series of 
recruitment failures to drive a stock below any threshold that might be set 

Is it possible for a stock to recover to BMSY after Callin& to a level less than 20% of pristine biomass, 
and if so. why should the threshold be set at the 20% level? First of all, the Council does not have 
to set a threshold level. It may, for example, choose Alternative 3 (constant fishing mortality rate--rio 
threshold) or Alternative 4 (variable fishing mortality rate--no threshold). Second, even if the Council 
chooses an alternative that makes use of a threshold, the threshold would be set at the 20% level 
only when the best available scientific information is inadequate to identify a more appropriate level. 
Third, it may indeed be ~ible for a particular stock to recover to BMSY after falling below·the 20% 
level, but that is not the point The point is to protect those stocks that may rull be able -to recover 
from such a low level In other words, the overfishing definition should protect all of the stc~dcs, not 

. just most resilient ones. ~he ·' : . .. .: :· :: . . .~ 
• v ­

If the Council adopts any of the alternatives su22ested in the chapter. will the subject of overf1Shin& 
be closed once and for all? Probably not As noted above, this is an area where scientific 
understanding is far from complete. As advancements in understanding continue, it is conceivable 
that future refinements in the overfishing definition will be nCCCMary. 

3.2 Description of the Problem and Need for Action 

The Magnuson Fishery Conservation and Management Act (MFCMA) contains a set of "national 
standards" with which all fishery management plans (FMPs) and implementing regulations must be 
consistent The first national standard states, 
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"Conservation and management measures shall prevent overfishing while achieving, 
on a continuing basis, the optimum yield from each fishery for the United States 
fishing industry." · 

Thus, the MFCMA places a high priority on the prevention of overfishing. However, nowhere in the 
MFCMA is overfishing defined. In 50 CFR Part 602, the National Oceanic and Atmospheric 
Administration (NOAA) presented its Guidelines for Fishery Management Plans (the . "602 
Guidelines"), ~hicb contain the following general definition: ... : ­

"Overfishing is a level or rate of fishing mortality that jeopardizes the long-term 
capacity of a stock or stock complex to produce maximum sustainable yi~ld (MSY) - ·. 
on a continuing basis." 

Because of the generality of this definition, NOAA. felt that it would be difficult to apply 
unambiguously. Therefore, the 602 Guidelines also contain the following directive: · 

- ·: "Each FMP must specify, to the maximum extent possible, an objective and 
measurable definition of overfishing for each stock or stock complex covered by that _ 
FMP, and provide an analysis of bow the definition was determined and bow it relates 

_ to_reproductive potential." ~· . . _, .... 
• 

The .. objective and measurable definition" mentioned here is not intended to take the place of the 
general definition given earlier, but is to constitute a specific method of implementing that general 
definition. . Whereas the general definition is qualitative, the implementing definitions are to be 
quantitative. Since the GOA and BSAI Groundfish FMPs contain no such definitions, the plans must 
be amended • . The deadline for submiMion of these amendments is November 23, 1990. · 

~ . • .~ ... • j 

As the above quotation indicates, the 602 Guidelines require overfishing definitions to be objective 
and measurable, and they require the method for arriving at those definitions to be objective a:s well. 
However, some latitude is granted in extreme cases: · .~ ,. . · ... • .,._ 

··:· '1n cases where scientific data are severely limited, the Councils' informed judgment -:·· 
·must be used, and effort should be directed to identifying and gathering the needed . : 
data." 

' . ­
:~· 

Also, the 602 Guidelines allow certain limited exceptions to the requirement to prevent 0verfisbing: 

. ·. ­
~ere arc certain limited exceptions to the requirement of preventing overfishing. 
Harvesting the major component of a mixed &hery at its optimum level may result 
in the overfishing of a minor (smaller or less valuable) stock component in the fishery. 
A Council may decide to permit this type of overfishing if it is demonstrated by 
analysis ..• that it will result in net benefits to the Nation, and if the Council's action 
will not cause any stock to require protection unde~ the Endangered Species Act 
(ESA): 

Note that this exception is not automatic; it requires an analysis demonstrating that positive net 
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benefits to the Nation will result and that protection under the ESA will not result. Therefore, this 
exception clause should not be viewed as a means of circumventing the intent of the 602 Guidelines' 
requirements regarding the prevention of overfishing. · 

Another factor to keep in mind is tha.t the 602 Guidelines make a clear distinction between the 
prevention of overfishing and the achievement .of optimum yield. Thus, the task of specifying an 
overfishing definition should not be confused with an attempt to articulate an optimal harvest policy. 
The overfishing definition is to be used as a constraint, not as a target (This does not mean that the 
two can never coincide in practice; it does mean, however, that the purposes of an overfishing 
defmition and an optimal harvest policy are distinctly different.) 

3.3 The Alternatives 

The 602 Guidelines provide a wide range of possibilities for defining overfishing. For example, the 
602 Guidelines allow, but do not require,' the specification of a minimum spawning biomass level 
("threshold"). A threshold can be used to define overfishing by requiring that fishing cease whenever 
a stock falls below its threshold. The 602 Guidelines also allow, but do not require, the specification 
of a maximum fishing mortality rate (F), which can be formulated in a variety of ways. Thresholds 
and maximum F policies can be used either individually or in combination. · 

Seven alternatives have been identified for this amendment proposal, and are described below. With 
most of these alternatives, suboptions need to be specified because of discrepancies in the amounts 
of information available for the various stocks. Suboptions are listed here in order of preference 
(most to least), which is also the approximate order of data requirements (most to least). For each 
alternative except "status quo," the minimum information requirement is an estimate of current stock 
biomass and the natural monality rate. In the event that even these minimal data requirements 
cannot be satisfied for a panicular stock (the "extreme cases" referred to in Section 3.2), it is 
anticipated that the Council will define overfishing as exceeding the average catch for that stock 
calculated over the years since implementation of the MFCMA Whatever alternative is chosen, it 
is assumed that the suboption used to define ov~rfishing for any panicular stock will be upgra~ed as 
data availability improves. · ~ · · · · ·­

Not only do suboptions vary in terms of their data requirements, but the alternatives themselves vary 
in the same respect. Therefore, the alternatives have been designed so that when scarcity of data 
precludes implementation of a particular alternative, that alternative defaults to another (related) 
alternative with less stringent data requirements. 

To aid in the description of the alternatives, one suboption for each (except status quo) is illustrated 
in Figure 3.1. Along with illustrating the alternatives, this figure depicts reference points at 
BMSY and at the ratio between F M4X and F MSY· Because Figure 3.1 is intended only. as an 
illustration, the values indicated for these reference points are purely arbitrary (they happen to 
correspond to parameter values K"=4.932 and q=0.201 in a model described by Thompson (1990)). 
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3.3.1 Alternative 1: Status Quo 

The only overfishing definition currently contained in the FMPs is a qualitative one similar to the 
general definition found in the 602 Guidelines, _ The FMPs contain no objective or measurable 
criteria for implementing this definition. 

3.3.2 Alternative 2: Threshold Biomcw Level 

Under this alternative, fishing would not be allowed on any stock wh~c biomcw is below its threshold 
level, where the threshold is computed as follows (suboptions are listed in order of preference): 

. a) 	 Data available: Objective function coefficients. along with stock-recruitment. 
fecundity. maturity. uowth. and mortality parameters. The threshold will be set at the 
value that maximizes a Council-specified objective function, where any such objective 
function will cwign at least 50% of its total weight to long-term average yield. 

b) 	 Data available: Pristine spawning biomass. The threshold will be set at 20% of 
pristine spawning biomcw (Figure 3.ta). 

c) 	 Data available: Pristine exploitable biomass. The threshold will be set at 20% of 
. . 	pristine exploitable biomcw. 

d) 	 Default to Alternative 3. 

3.3.3 A]temative 3: Constant Fishing Mortality Rate-No Threshold 

Under this alternative, the fishing mortality rate on any stock would not be allowed to exceed a 
density-independent maximum level, where this level is computed as follows (suboptions are listed 
in order of preference): 

a) 	 Data available: Stock-recruitment, fecunditv. maturity. growth. and mortality · 
parameters. ; The maximum _allowable fishing mortality rate will be set at 
FMSY (Figure 3.ta). · 

b) 	 Data available: Fecundity. maturity. uowth. and mortality parameters. The maximum . 
allowable fishing mortality rate will be set at the value that results in the biomcw-pcr· 
recruit ratio (measured in terms of spawning biomcw) falling to 30% of its pristine 
level (Figure 3.2 shows an example based on a model presented by Thompson (1990) 
and an assumption that F0.1 equals the natural mortality rate, where Fo.l is defined 
as the fishing mortality rate at which the slope of the yield-per-recruit curve is 10% 
of the slope at the origin.) · 

c) 	 Data available: Growth and mortality parameters. The maximum allowable fishing . 
mortality rate will be set at the value that results in the biomcw-per-recruit ratio 
(measured in terms of exploitable biomcw) falling to 30% of its pristine level. 
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d) 	 Data available: Natural mortality rate. The maximum allowable fishing mortality rate 
will be set equal to the natural mortality rate. 

3.3.4 Alternative 4: (Preferred) .Variable Fishing Mortality Rate--No Threshold 

U oder this alternative, the fishing mortality rate on any stock would not be allowed to exceed a 
biomass-dependent maximum level, where this level is computed as follows (suboptions are listed in 
order of preference): - • . .. , ... -· 

·- ­
a) Data available: Stock-recruitment. fecundity. maturity. growth. and mortality 
. . : _ parameters. _The maximum allowable fishing mortality rate will be set at F MSY for 
.- all biomass levels in excess _of Burr·· For lower biomass. levels, the maximum 

allowable fishing mortality rate will vary linearly with biomass, starting from a value 
of iero at the origin and increasing to a value of FMSY at BMSY (Figure 3.lb)• . . 

: b) Default to Alternative (3), suboption (b), and following . . 
.... . . ..... . 

3.3.5 Alternative 5: Constant Fishing Mortality Rate with Threshold 

This alternative combines Alternatives 2 and 3, where thresholds and maximum fishing mortality rates 
are computed as follows (suboptions are listed in order of preference): 

a) 	 Data available: Objective function coefficients, along · with stock-recruitment. 
fecundity. maturity, growth, and mortality parameters. The threshold will be set at the 
value that maximizes a Council-specified objective function, where any such objective 
function will assign at least 50% of its total weight to long-term average yield. In 
addition, for all values of B above the threshold, the maximum allowable fishing 
mortality rate will be set at F MSY· 

__ -· 	 b) : Data available: Pristine spawnini biomass, along with stock-recruitment, fecundity. 
~ maturity. &J'OW!h. and mortality parameters. The threshold will be set at 20% of 

pristine spawning biomass. In addition, for all values of B above the threshold, the 
maximum allowable fishing mortality rate will be set at F MSY (Figure 3.lc). 

. 	 .••. :r•.......... -. 


·· c) · Data available: Pristine spawning biomass, along with fecundity. maturity. ~owth. and 
mortality parameters. The threshold will be set at 20% of pristine spawning biomass. 
In addition, for all values of B above the threshold, the maximum allowable fishing 

·- mortality rate will be set at the value that results in the biomass-per-recruit ratio 
(measured in terms of spawning biomass) falling to 30% of its pristine level. 

d) 	 Data available: Pristine exploitable biomass, along with growth and mortality 
parameters. The threshold will be set at 20% of pristine exploitable biomass. In 
addition. for all values of B above the threshold, the maximum allowable fishing 

· mortality rate will be set at the value that results in the biomass-per-recruit ratio 
(measured in terms of exploitable biomass) falling to 30% of its pristine level. 

3-16 	 7{31/90AM 21/16 



e) 	 Default to Alternative (3), suboptions (c) and following. 

3.3.6 Alternative 6: Variable Fishing Mortality Rate with Threshold--F MSY Version 

This alternative combines Alternatives 2 and 4, where thresholds and biomass-dependent maximum 
fishing mortality rates are computed as follows (suboptions arc listed in order of preference): 

a) 	 Data available: Objective function coefficients. along with stock-recruitment, 
fecunditv. maturity. growth. and mortality parameters (also reguires that BMSY exceed 
the threshold). The threshold will be set at the value that maximizes a Council­
specified objective function, where any such objective function will assign at least 50% 
of its total weight to long-term average yield. In addition, the maximum allowable 
fishing mortality rate will be set at F MSY for all biomass levels in excess of BMSY· 
For lower biomass levels, the maximum allowable fishing mortality rate will vary 
linearly with biomass, starting from a value of zero at the threshold and increasing to 

a value of FMSY at BMSl'" 

b) 	 Data available: Pristine spawning biomass. along with stock-recruitment, fecundity. 
maturity. growth. and mortality parameters (also rcguires that BMSY exceed the 
threshold). The threshold will be set at 20% of pristine spawning biomass. In 
addition, the maximum allowable fishing mortality rate will be set at FMSY for all 
biomass levels in excess of BMSl'" For lower biomass levels, the maximum allowable 
fishing mortality rate will vary linearly with biomass, starting from a value of zero at . 	 '' 

the threshold and increasing to a value of FMSY at BMSY (Figure 3.ld). 

-
c) 	 Default to Alternative (5), suboptions (c) and following. 

3.3.7 Alternative 7: Variable Fishing Mortality Rate with Threshold--F MAX Version 

Th.is alternative combines the protection of Alternative 6 at low and intermediate stock ·levels with 
a less conservative fishing mortality constraint at high stock levels, where thresholds and biomass­
dependcnt maximum fishing mortality rates arc computed as follows (suboptions are listed in order 
of preferenee): 

a) 	 Data available: Objective function coefficients. along with stock-recruitment. 
fecundity. maturity. grOwth. and mortality parameters (also rcguires that BMSY exceed 
the threshold). The threshold will be set at the value that maximizes a Council­
spccificd objective function, where any such objective function will assign at least 50% 
of its total weight to long-term average yiCld. ·In addition, the maximum allowable 
fishing mortality rate will vary linearly with spawning biomass as follows: for biomass 
levels below BMSY• the maximum allowable fishing mortality rate will increase from 
a value of zero at the threshold to a value of FMSYat BMSY; for biomass levels above 
BMSYt the maximum allowable fishing mortality rate will increase from a value of 
FMSY at BMSY through a value of FU4X at pristine biomass. 
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b) 	 Data available: Pristine spawning biomass. along with stock-recruitment. fecunditv. 
maturity. ifOwth, and mortality parameters (also requires that BMsy. exceed the 
threshold). The threshold will be set at 20% of pristine spawning biomass. In 
addition, the maximum allowable fishing mortality rate will vary linearly with spawning 
biomass as follows: for biomass levels below B MSY• the maximum allowable fishing 
mortality rate will increase from a value of zero at the threshold to a value of 

. F MSY at BMsf. for biomass levels above BMSY• the maximum allowable fishing 
mortality rate will increase from a value of FMSY at BMSY through a value of 
_FMAX at pristine biomass. (Figure 3.ld). 

c) . Default to Alternative (5), suboptions (c) and following . 
. 1··. ' . •. 

3.4 Biological and Physical Impacts 
" . t. ". - • 

The task of providing an objective and measurable definition of overfishing has been a major field 
of research within the discipline of fisheries science. Usually, attempted solutions have implicitly 
defined overfishing as any harvest above the optimal level. The optimal rate of fishing bas usually . 
been specified as the rate corresponding to maximum sustainable yield, maximum sustainable rent, 

. _ maximum discounted rent, or other value that maximizes some specified objective function. 

This approach is very different from the one contemplated in the 602 Guidelines. Implicitly, at least, 
the 602 Guidelines deal with the overfishirig question not in terms of deviating from some optimum 
point (such as the MSY level), but in tenns of jeopardizing a stock's long-term capacity to return to 
the MSY level. As noted in Section 3.2, the overfishing definition is to provide a constraint that 
keeps the stock from falling below a point of no return; it is not intended to substitute for an optimal 
harvest policy. However, the overfishing definition may be a component of such a policy, or the two 
may happen to coincide. Along these lines, the Council always bas the option of specifying a more 
conservative standard than the one required by the 602 Guidelines. All the Council bas to do is 
demonstrate that its overfishing definition is at least as conservative as the one contemplated by the 
602 Guidelines. 

Since the 602 Guidelines define overfishing in terms of the stock's long-term capacity to achieve 
MSY, one way to implement the definition in an objective and measurable way would be to require 
that the fishing mortality rate never exceed F MSY (as in Alternative 3). However, estimation of 
FMSY requires information that is often unavailable, e.g., stock-recruitment parameters. 

. . .. .. . 	 . 

· 	Even when sufficient information is available to calculate FM~ constraining F by this value may 
not be adequate to prevent a collapse when the stock is sufficiently depressed. (This assertion is 
purely theoretical; it has proven difficult to find an example of a stock that has collapsed when 
consistently exploited at its F MSY rate.) Ao additional degree of safety can be obtained by specifying 
a stock-specific threshold level below which fishing (on that stock) would cease altogether. Ideally, 
determination of such a threshold would be based on detailed knowledge of stock and ecosystem 
dynamics, along with some Council-specified objective function that allocates most of its weight to 
long-term average yield (e.g., Quinn et al. in press). However, the Council has not yet specified such 
an objective function. Furthermore, determining a threshold in this manner would undoubtedly al.so 
require the same type of information needed to calculate F MSY, which, as has already been noted, 
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is often unavailable. 

Thus, the problem of specifying an objective and measurable means of implementing the general 
overfishing definition found in the 602 Guidelines becomes, at least in part, one of justifying a 
second- or third-best standard when the best standard cannot be calculated. It is important to 
remember in this context that the 602 Guidelines require a demon5tration that the Council's 
overfishing definition will insure the preservation of a stock's long-term reproductive capacity. 
Therefore, every reasonable effort should be made to avoid definitions that are arbitrary or that do 
not address the problem. 

Appendix I descnbcs a pair of constraints that can be used to define overfishing when data are 
unavailable to define F MSY or a stock-specific threshold. Importantly, these constraints relate 
directly to the problem of long-term reproductive capacity, and they are scientifically defensible. The 
constraints, which are built into the alternatives listed in Section 3.3, are as follow: 

For a definition based on a threshold biomass level: When an estimate of pristine 
biomass is available, fishing should cease whenever the stock falls to a level less than 
about 20% of this estimate. · ... 

; . 

For a definition based on a constant fishing mortality rate: When estimates of the 
relevant life history parameters are available, the fishing mortality rate should be set 
so as to maintain the biomass-per-recruit ratio at a level no less than ~bout · 30% of • 
the pristine level. 

.. 
The above constraints are mathematically derivable from three plausible assumptions (explained more 
precisely in Appendix I): First, it is assumed that the stock-recruitment relationship can be described 
by a particular generalization of the curve presented by Beverton and Holt (1957). Second, it is 
assumed that natural selection acts to keep the most productive part of the stock-recruitment curve 
above the threshold Finally, it is assumed that growth and mortality parameters are independent of 
stock size. It should be emphasized that the constraints are dependent only on these assumptions; 
they do not depend on particular parameter values. -~ . .. . 

Because they are explicitly derivable from a small number of qualitative assumptions regarding 
population dynamics, the above constraints pose two significant advantages over same other measures 
that have been suggested: 1) they avoid the problem of requiring types or amounts of data that are 
often unavailable, and 2) they avoid the problem of being critically dependent on arbitrarily chosen 
parameter values. _ 

1n·addition, it is significant that the above constraints compare favorably to management measures 
that have been suggested by a number of authors. For example, the 20% figure used to define a 
threshold corresponds exactly to the figure employed by Beddington and Cooke (1983). It is within 
the range of 20%-30% derived by Quinn et al (in press) for BS polloclc, and the 20%-50% range 
derived by Carle (1990). The 30% figure used to define a maximum fishing mortality rate is close 
to the 35% figure derived by Qark. The robustness of these results is augmented by the fact that 
the authors were using different models and objectives: Beddington and Cooke used a stochastic 
yield-per-recruit model to maximize yield without entering the domain where recruitment was thought 
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to depend on stock size, Quinn et al. used an age-structured model with two stock-recruitment 
assumptions to maximize an objective function involving average yield and yield variability, and Clark 
used an . age-structured model to maximize catch (relative to MSY) across a wide range of stock­
recruitment assumptions. · 

In cases where scientific information is severely limited, the baseline suboption for all of the 
alternatives (except status quo) is to set the maximum allowable fJShing mortality rate equal to the 
natural mortality rate. This can be justified in a number of ways. First, Appendix I indicates that 
setting the fishing mortality rate at 80% of the natural mortality rate should keep the fJShing mortality 
rate below the value that sets the biomass-per-recruit ratio equal to 30% of the pristine value, even 
in extreme situations. Since the 30% figure is already a conservative value (i.e., designed to protect 
stocks even in extreme situations), it might be appropriate to relax the 80% figure somewhat, e.g., 
by rounding to 100%. Second, several studies have suggested that the natural mortality rate is a 
reasonable approximation of either F MSY or FO.l in the absen~ of m~re detailed information (e.g., 
Alverson and Pereyra 1969, Shepherd 1982, Deriso 1987, Kimura 1988, Clark 1990). Third, the 602 
Guidelines state that ABC may safely be calculated by setting the fishing mortality rate equal to the 
natural mortality rate. Given that an appropriately specified ABC can never result in overfishing (see 
response to Comment 22 in the "Comments and Response" section of the 602 Guidelines), this lends 

· some official support to the idea· of using the nat~ral mortality rate to defin_e overfishing. 
. ,. . . 

Since the reason for developing an objective. and measurable definition of overfishing is to protect 
the groundfJSh stocks, it is anticipated that adoption of any of the alternatives (except Alternative 1) 
would result in positive impacts on these stocks and on their predators. The relative merits of 
Alternatives 2-7, however, are difficult to evaluate on biological grounds alone. Perhaps the most 
that could be said is that Alternative Sshould provide more protection than Alternatives 2 or 3, and 
Alternative 6 should provide the most protection of all. Still, it is impossible to guarantee that any 
of the alternatives will provide an absolute safeguard against stock collapse. · If the Council's ~nly 
objective were to minimize this risk, overfishing would probably have to be defined as any fishing at 
all. In considering the relative merits of the various alternatives, the benefits gained by reducing the 
risk of true overfishing must be weighed against any costs incurred by placing additional constraints 
on the fishery. · · ··- · ~- · 

- .. .. ... . . 
:3.5 . SoC:ioeconomic Impacts 

The choice of alternatives will be made easier if it turns out that the additional constraints ·imposed 
by the overfishing definition tum out to be nonbinding in practice. In fact, since the overfishing 
definition is intended to provide a failsafe rather than a target, it is quite conceivable that properly 
managed · fisheries will never be impacted by the overfishing definition. Alternative 3 can be 
considered as an exam.pie: Given that the Council already tends to treat F MSY as ·an upper limit to 
fishing mortality, Alternative 3 would not place any new constraint.Son fisheries for which an estimate 
of FMSY is available. In cases where estimates of FMSY are unavailable, Alternative 3 (suboption 
(b)) sets the maximum fishing mortality rate at the value that results in the biomass.;,per~recruit ratio 
falling to 30% of its pristine level. However, in such cases the Council already tends to treat Fo.J as 
an upper limit to fishing mortality, and according to a model descnbed in Appendix I, an upper limit 
set according to Alternative 3's suboption (b) can never constrain an F0.1 harvest strategy. Thus, 
on theoretical grounds at least, it appears that Alternative 3 would be unlikely to impose any new 
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(binding) constraints on the fishery. 

3.5.1 Impacts Under Current Stock Conditions 

The possible impacts of the alternatives can be explored further by examining them in the context 
of current stock conditions. Continuing to use Alternative 3 as an example, Table 3.1 lists the fJShing 
mortality rate corresponding to the Council's 1990 acceptable biological catch (FABC) for each 
groundfish stock or stock complex managed in the BSAI and GOA, along with maximum allowable 
fishing mortality rates under the various suboptions. To compute the fJShing mortality rate at which 

· the biomw-per-recruit ratio is reduced to 30% of its pristine value, the following approaches were 
used (square brackets enclose the list o~ management categories to which each approach was applied): 

1) Age-specific schedules of maturity, weight, and selectivity [BSAI--pollock. GOA-pollock]. 
2) Beverton and Holt's (1957) "simple" model [BSAI-yellowfin sole, arrowtooth flounder, other 

flatfish (using male Alaska plaice parameters), and Atka mackerel; GOA-deep flatfish (using 
. flathead sole parameters), shallow flatfish (using rock sole parameters), arrowtooth flounder, 

demersal shelf rockfish (using male yelloweye roclcfish parameters), and thornybead). · 
3) Deriso's (1980, generalized by Schnute 1985) delay-difference model [BSAI-Grccnland 

turbot, sablefish, and Pacific ocean perch; GOA-Paci.fie cod, sablefish, and slope roclcfish 
(using Pacific ocean perch parameters)]. 

4) Thompson's (1990) dynamic pool model [BSAI-Pacific cod and rock sole]. 

Of the 27 groundfish stocks or stocks complexes currently under Council management (not counting 
those with separate Aleutian Islands quotas), the Council sets FA.Be values for 24. Table 3.1 shows 
that Alternative 3 would constrain FABC in only one case: GOA Pacific cod, where the Council's 
FABc exceeds FMSY (suboption (a)) by about 58%. 

Table 3.2 generalizes Table 3.1 to include all of the alternatives (except status quo). Although Table 
3.2 indicates that none of the alternatives except Alternative 3 can be applied to more than 35% of 
the stocks under management (without defaulting to suboptions of other alternatives), it is important 
to realize that this table was constructed entirely from information contained in the Council's Stock 
Assessment and Fishery Evaluation Reports (except for Bering Sea pollock, where results from Quinn 
et.al. (in press) were also used). As new information becomes available, any given alternat~e's range 
of applicability could increase. · _ . · 

Table 3.2 indicates that none of the alternatives is particularly constraining when applied to current 
stock conditions using parameter estimates presently available. As in Table 3.1, GOA Pacific cod 
provides an exception (though not under every alternative; note that the current harvest strategy for 
this stock would not be constrained under Alternative 7). Also, BSAI pollock and BSAI Pacific 
ocean perch would be constrained slightly under Alternatives 4, 6, and 7. 

. While none of the alternatives seem to present immediate potential for severely constraining the 
fishery, it is also important to look at possible future. impacts. There are two principal means by 
which the proposed alternatives might have future impacts on the fishery: 1) Depending an 
parameter values, it is possible for a threshold set at 20% of pristine biomass to exceed BMSY; this 
is important for Alternatives 2, 5, 6, and 7. 2) Because the population dynamics of fish stocks usually 
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~ntain a major stoch~tic component, even ~ well managed stock can fall below B,\lSY; this is 
important for Alternatives 2, 4, and 5, and particularly for Alternatives 6 and 7. 

3.5.2 Impacts Resulting from the Threshold Exceeding BMSY 

The 1989 SAFE documents for BSAI and GOA groundfish contain F MSY or pristine biomass 

estimates for twelve stocks, as shown in Table 3.3. Of the nine stocks for which estimates of pristine 

biomass are available, Table 3.3 indicates that a threshold set at 20% of pristine biomass poses no 

obvious constraint on the fishery, either in terms of current biomass levels or biomass at MSY. The 


· stocks with the greatest potential for falling beneath the suggested threshold appear to be the Pacific 

ocean perch stocks. Current biomass and B MSY for these two stocks are estimated to fall betWeen 

24% and 29% of pristine biomass (it should be noted that the figures for Pacific ocean perch· are 

based on subjective estimates of stock-recruitment parameters). 

,..;. . . 
Appendix I evaluates the conditions under which a threshold set at 20% of pristine biomass might 
exceed BMSY· Basically, the analysis shows that the threshold will exceed BMSY only when 
FMSY exceeds the natural mortality rate by more than about 50%. According to Table 3.3, of the 
three stocks for which estimates of pristine biomass are unavailable but estimates of FMSY are 
available, the ratios of FMSY to M range from 0.62 to 1.00, well below the 1.5 figure that would 
place BMSY close to the suggested threshold. · · ­

Appendix I also evaluates some of the consequences that might be suffered should BMSY fall below 
the suggested threshold. The main conclusion is that the amount of yield forgone by constraining the 
fishery in this manner is likely to be very small, and in no case should exceed 20% of MSY. 

3.5.3 Impacts Resulting from Stochasticity in Stock Dvnamics 

In Appendix I, a model is described in which BMSY is about 23% of pristine biomass if the 
conventional wisdom equating FMSY• F0_1, and the natural mortality rate holds. While this is higher 
than the 20% threshold suggested in suboptions of several of the proposed alternatives, it is close 
enough that a reasonable degree of stochasticity in population dynamics could cause the stock to fall 
below the threshold even if an FMSY harvest policy were faithfully followed. 

To investigate this possibility more fully, a stochastic model was developed and used to simulate the 
stock and harvest dynamics of a "typical" groundfish under the various alternatives (Appendix II). 
The results of this simulation showed that long-term average yield would be expected to differ only 
slightly between the various alternatives. Alternative 3 performed best in this regard, followed in 
order by Alternatives 5, 4, and 6. (Alternatives l, 2, and 7 were not included because the Council's 
de facto policy of not exceeding F MSY means that Alternative 1 is indistinguishable from Alternative 
3, Alternative 2 is indistinguishable from Alternative 5, and Alternative 7 is indistinguishable from 
Alternative 6.) The fact that all of the alternatives performed similarly in terms of long-term average 
yield indicates that the threshold suggested in. Alternatives 5 and 6 had little effect in this regard. 

The simulation also examined the performance of the various alternatives in terms of yield variability. 
Here, the order of preference between the alternatives remained the same, except that Alternative 
4 equaled or outperformed Alternative 5 when recruitment variability was extremely high. However, 
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the relative differences were much greater than those observed in regard to average yield. The fact 
that Alternative 3 outperformed the three alternatives that incorp0rate some sort of reduction in 
fishing mortality at low stock sizes (AlternativesA, 5, and 6) indicates that harvests were being 
constrained in the latter. The relative performances of Alternatives 4 and 5 indicate that the 
proportionate reduction in fishing mortality suggested in the former was more constraining than the 
threshold suggested in the latter, at least until recruitment variability reached a very high level. 
Finally, the fact that Alternative 6 fared the worst indicates that the combination of a threshold with 
reduced fishing mortality at intermediate stock sizes was the most constraining, as would be expected. 

It sh~uld be noted that these results are somewhat different from those obtained by Quinn et al. (in 
p·ress), who conducted a simulation experiment to determine the optimal combination of threshold 
level and fishing mortality rate for Bering Sea poUock. Quinn et al concluded. that Alternative 5 
should result in greatly increased average yield relative to Alternative 3, while yield variability should 
increase only slightly. One explanation for the difference in results is that Quinn et al. assumed.that 
the population had been reduced to 5-15% of pristine biomass at the start of each simulation. In 
contrast, the model in Appendix II assumed that the population was at BMSY (29% of pristine 
biomass) at the start of each simulation, which seems to reflect more accurately the current status of 
most groundfish stocks under management by the Council (Table 3~). 

Of course, all of the results in Appendix II are ccintingent on the assumptions of the model and the 
parameter values employed Since the parameter values used in Appendix II were chosen only to 
reflect those of a •typical" groundfish, there is no guarantee that the results will correspond exactly 
to those obtained for any given groundfish stock managed by the Council. To help determine the 
generality of these results, it is useful to draw on results of a second simulation that employed 
parameter values for sablefish (Appendix Ill). Although this simulation used slightly different 
methods and harvest strategies, for purposes ofdiscussion the following equivalencies will be assu~ed: 

Appendix IIl Stratea Alternative 

"constant rate" = Alternative 3 

"variable rate" = Alternative 4 

"constant rate with threshold" = Alternative 5 

"variable rate1 with threshold• = Alternative 6 

"variable rate2 with threshold" = ' Alternative 7 


The sablefisb study dcscnbed in Appendix ill generated many of the same conclusions contained in 
the generic study dcscnbed in Appendix II. Both studies found that the various alternatives should 
result in very similar long-term average yields, with Alternative 3 faring the best, followed in order 
by Alternatives S, 4, and 6 (Appendix ill also showed Alternative 7 outperforming Alternative 6 in 
this category). Both studies also concluded that. the differences ~n yield variability were more 
significant than the differences in average yield, with the ranking of the alternatives remaining roughly 
the same as above (the exception being that. Appendix ill showed Alternative 4 consistently 
outperforming Alternative 5 in this category, with Alternative 7 faring the worst). 

A significant difference, however, is that the sablefish simulation also addressed the direct 
performance of the stock, instead of focusing all of its attention on average yield and yield variability. 
The implication. is that low biomass levels might be undesirable in their own right, not just because 
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they result in low catches. When examined in terms of average biomass, biomass variability, lowest 
biomass, and frequency of sub-threshold biomass, the performance of the alternatives ill Appendix 
ill was as follows: Alternative 6 performed the ~t, followed in order by Alternatives 7, 4, 5, and 
3 (the one exception was biomass variability, where Alternative 7 outperformed Alternative 6). 

It should be emphasized that both Appendices II and ill assume that the Council will fish at the 
maximum allowable rate under each alternative. (This assumption was made because each 
alternative-except Alternatives 1 and 7-is at least as conservative as the Council's de facto target . . 

strategy of harvesting at FMSY• not because the alternatives themselves s~pply a target harvest 
strategy.) However, if the Council adopts an alternative that involves a threshold (i.e., Alternatives 
2, 5, 6, or 7), it is possible that the Council will also want to modify its existing target strategy so as 
to reduce the possibility that random recruitment failure might cause a stock to fall below its 
threshold. Since it is difficult to predict what form (if any) this modification would take, it is also 
difficult to predict how such a modification would affect the results given in Appendices II and Ill. 

Given this caveat, it is possible to summarize the results of the simulation studies as follows: 
Alternative 3 performed the best in terms of long-term average yield and yield variability, and 
Alternative 6 performed the worsL The rankings of Alternatives 4 and 5 were ambiguous in this 
regard, with Alternative 5 outperforming Alternative 4 in Appendix II (except when recruitment 
variability was extremely high), and the order reversed in Appendix ill. When biomass-related 
performances were considered, the rankings were generally the opposite of those based on yield­
related performances. Alternative 6 (or 7) performed the best, and Alternative 3 performed the 
worst, with Alternative 4 and 5 intermediate. If the Council decides to incorporate biomass as well 
as catch considerations into its objective function, these results imply that the relative merits of the 

·alternatives depend completely on the weights the Council assigns to the different factors. As noted 
at the conclusion of Section 3.4, Alternative 5 should provide more protection than 'Alternatives 2 
or 3, and Alternative 6 should provide the most protection of all. Whether the increased protection 
provided by Alternative 6 (or perhaps Alternative 7) outweighs the gains in average yield and 
decreased yield variability under Alternatives 3, 4, or 5 is impossible to evaluate in a general sense. 

3.5.4 Reporting Costs 

No additional reporting costs are anticipated under any of the alternatives. 

3.5.5 Administrative. Enforcement. and Information Costs 

No additional ad"1ini$trative or enforcement costs are anticipated under any of the alternatives. 
However, for a few stocks (e.g., BSAI "other" rockfisb, BSAI squid and "other" species, GOA 
demersal shelf rock.fish, and GOA "other" species) it appears that information is currently insufficient 
to satisfy the data requirements of the alternatives. For these stocks, the 602 Guidelines require that 
effort be directed to identifying and gathering the needed data. It is anticipated that the ~ts of 
gathering such information will be small in comparison to the benefits obtained by protecting these 
stocks against overfishing. 
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3.5.6 Distnbutioa of Costs and Benefits 


No significant redistribution of costs and benefits is anticipated under any of the alternatives. 
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Table 3.1. Current ABC harvest strategies and fishing mortality 
rates compared with three overfishing criteria. 

Bering Sea CBS) and Aleutian Islands (AI) 

Management category Strategy FABC MFo.3 

Pollock (BS) 

Pollock (AI) 

Pacific cod 

Yellowfin sole 

Greenland turbot• 

Arrowtooth flounder 

Rock sole 

Other flatfish 

Sablefish• (BS) 

Sablefish* (AI) 

Pacific ocean perch• (BS) 

Pacific ocean perch* (AI) 

Other roclcflSh (BS) 

Other rocldish (AI) 

Atka mackerel 

Squid & other species . 


Gulf of Alaska 

Management category Strategy FABC 

0.31 
0.31 
0.18 
0.17 
0.02 
0.18 
0.18 
0.18 
0.13 
0.13 
0.06 
0.06 
0.06 . 
0.06 
0.27 
o/a 

0.31 
o/a 
0.18 
Ola 
0.07 
n/a 

. 0.18 
n/a 
0.27 
0.27 
0.06 
0.06 
n/a 
n/a 
o/.a 
n/a 

0.49 
0.49 
0.31 
0.17 
0.19 
0.25 . 
0.21 
0.23 
0.18 
0.18 
0.08 
0.08 
n/a 
n/a 
0.33 
n/a 

M 

0.30 
0.30 
0.29 
0.12 
0.18 
0.20 
0.20 
0.20 
0.10 
0.10 
0.05 
0.05 
n/a . 
o/a 
0.20 

. n/a 

Pollock ? 0.10 o/a 0.45 0.40 
Pacific cod ? 0.19 0.12 0.31 0.29 
Deep flatfish Fo.1 0.20 n/a 0:26 0.20 
Shallow flatfish Fo.1 0.20 n/a .Q.26 0.20 
Arrowtooth flounder Fo.1 0.17 o/a 0.22 0.22 
Sablef15h* Fo.1 0.13 0.27 0.18 0.10 . 
Slope rock.fish• 
Pelagic shelf rock.fish · 

M/2
M 

0.03 
0.05 

0.08 
n/a 

0.10 
n/a 

. 0.05 
0.05 

Demersal shelf rocldish ? o/a o/a 0.07 0.04 
Thornyheads• 
Other species 

FH/S 
? 

0.04 
o/a 

0.07 
o/a 

0.08 
o/a 

0.08 .· 
o/a ·,__ 

le-gend (f • ffshfnq 	mortality rate): 

f velue at which the yield·per•recruft curve's slope is 10X of the slope at the origin ·Fo.1 • 
Fo.3. 	 f value at which the bi01Mss•per·recruft ratio h red.Jced to JOX of Its pristine value 

f value 1.aed to calculate acceptable biological catchFABC' 
f value that allows 	for bycatch onlyFBYC­
f value that sets ASC equal to the historic averageFHIS" 
f value corresponding to ..xl111..111 s1.atainable yieldFMsY" 
proxy target f adopted frOll the precedfng spec IesfpRJ(" 

M • natural mortality rate 
Nott: for species •rked with an asterisk c•>, FMS'f' based on slbjectlve esti11111tes of 1tock·recruitment 
per-ter1 or 'MSY· 
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Table 3.2. Maximum fishing mortality rates under the various 
alternatives, compared to current ABC rates 

Bering Sea CBSl and Aleutian Islands CAI) 

Management category FABC Alternative· 
2 3 4 5 6 7 

Pollock (BS) 0.31 ? 0.31 0.30 0.31 0.28 0.28 
Pollock (AI) 0.31 0.31 
Pacific cod 0.18 0.18 0.18 
Yellowfin sole 0.17 0.17 
Greenland turbot* 0.02 ? 0.07 0.06 ·0.01 o.o5 · o.os 
Arrowtooth flounder 0.18 0.25 
Rock sole 0.18 0.18 
Other flatfish 0.18 0.23 
Sablefish* (BS) 0.13 ? 0.27 0.27 0.27 . 0.27 0.33 
Sablefish* (AI) . 0.13 ? 0.27 0.27 0.27 0.27 0.35 
P. ocean perch* (BS) 0.06 ? 0.06 0.05 0.06 0.04 0.04 
P. ocean perch* (AI) 0.06 ? 0.06 0.05 0.06 0.04 -.. 0.04 
Other rockfish (BS) ·o. 06 
Other rockfish (AI) 0.06 
Atka mackerel 0.27 0.33 
Squid & other species n/a 

Subtotal (no. species) 15 6 13 7 6 6 6 

Gulf of Alaska 

Management category FABC Alternative 
2 3 4 5 6 7 

Pollock 0.10 0.45 
Pacific cod 0.19 ? 0.12 0. 12 0. 12 :: 0 ~ 12 0. 3 3 . 
Deep flatfish 0.20 0.26 
Shallow flatfish 0.20 0.26 
Arrowtooth flounder 0.17 0.22 
sablefish* 0.13 ? 0.27 0.27 0.27 0.27 0.33 
Slope rockfish* 0.03 ? 0.08 0.07 0.08 0.04 · · 0.04 
Pelagic shelf rockfish 0.05 0.05 
Demersal shelf ro6kfish n/a 0.07 
Thornyheads* 0.04 0.07 
Other species n/a 

Subtotal {no. species) 9 3 10 3 3 3 3 
Grand total 24 9 23 10 9 9 . . - 9 
Percent applicability 89 33 85 37 33 - 3 3 . 33 

- ... .
Notff: 

' ·... . -"'(-.. -:'" 

1) Art aaterfak (•) tndfcetff thet aetfafactfon of soine alter-natives' data req.iirements ~ndaon al.bjectlve 
Hti•tff of atock·rec:Ni~t F19r-tera or 'MSY· 

2> A (fJHtlon •rk (7) lndfcetn that Alternative 2 can be epplied, but the •ul- F fa currently 11\know\, 

3-28 




Table 3.3. Statistics relating to maximum sustainable yield and 
pristine biomass for various groundfish stocks. 

Bering Sea CBS) and Aleutian Islands CAI) 

Management Category 
131 132 

Pollock (ABSI)
Pollock ( )
Pacific cod 
Yellowfin sole 

·Greenland turbot• 
Arrowtooth flounder 
Rock sole 

· Other flatfish 
Sablefish* (BS)
Sablefish* (AI)
P. ocean perch• (BS)
P. ocean perch* (AI)
Other rockfish (BS)
Other rockfish (AI)
Atka mackerel 
Squid & other spp. 

Gulf of Alaska 

Management category 
131 ._ 132 

Pollock 
Pacific cod 
Deep flatfish 
Shallow flatfish 
Arrowtooth flounder 
Sablef ish* · 
Slope rockf ish* 
Pelagic shelf rock. 
Demersal shelf rock. 
Thornyhead•
Other species 

FMSY M 

0.31 0.30 13.830 6.120 5.844 0.44 0.42 
············dat1 are insufficient to esti11111te main perameters············ 
0.18 0.29 n/a 0.879 1.335 n/a n/a 
•···········dat1 ire insufficient to estimate main perameters············ 
0.07 0.18 1.073 0.399 0.357 ·0.37 0.33 
············dat1 ire insuff fcf ent to estill8te 11111in perameters············ 
0.18 0.20 n/a n/a 1.194 n/a n/a 
············data ire insufficient to est i1Mte 11111in per...ters···· •• •••••• 
0.27 0.10 0.083 0.018 0.033 0.21 0.39 
0.27 0.10 0.186 0.040 0.082 0.21 0.44 
0.06 0.05 0.267 0.076 0.068 0.29 0.26 
0.06 0.05 0.600 0.173 0.158 0.29 0.26 
············dat1 ire insufficient to estimate 11111in peremeters············ 
·············data ire insufficient to esti11111te 11111in perameters············ 
············dat1 ire insufficient to estill8te 11111in peremeters············ 
············data ire insufficient to esti11111te 11111in p.remeters············ 

FMSY M 

············dat1 ire insufficient to esti..te .. in per ...ter•············ 
0.12 0.29 0.695 0.272 0.505 0.39 0.73 
············dat1 ire insufficient to esti11111te 11111in p.r...ters············ 
············dat1 ire insufficient to estl118te .. in p.r...ters············ 
············data are insufficient to esti11111te main peremeters···~········ 

·- 0.21 0.10 0.675 0.145 0.311 0.·21 0.46 
0.00· o.o5 1.391 o.383 o.329 0.20 0.24 
············dat1 are insufficient to esti11111t1 11111in p.r...ters············ 
············data ire insufficient to esti,..te 11111in perameters············
O. 07 o. 07 . n/a n/a . O. 080 n/a n/a 
············dat1 ere insufficient to estiinete .. in p.r1111eters············ 

~: 'M~ MST fishing 1110rt1lfty rite, M • 1"11tur1l 1110rt1lity rite, a0 •pristine bi01N1ss, . 
IMSY'" biClll8ss 1t MST, 8(90) • projected bi01111111 In 1990, 61 • 'MSY''P''2 • 1(90)/lp 

!!21!1: 1)-A('\ bioiMss esti..tes ire fn •ill ions of •tric tons. 
2> An asterisk (•) by 1 species indic1tes th1t the corresponding figures are besed on slbjective (as 

opposed to 111Piric1l) esti.. tes of atoclt·recn.litllltl'lt per-ters or 'MSY· 
3> All fnfo,...tion wu taken fro. the ffl"lll 1989 Stoclt Asaes.-nt end fishery Evaluation (SAFE) 

reports, except for IS pol lock. For this 1tock, 8(90) wu taken fro. the SAFE doc~t Ind all other 
lnfo,...tfon .... ta«en fro. Clulm et 1l. (1990). 

4) fOf" Mme stocks, the doc~u provide estl11111tes besed on aeveral different model versions. In such 
cases, single v.l~ were choeen as follow: ·as pollock··leverton·Holt stock·recruft~t version; ISAI Ind COA 
sableflah··verafon t~ to point .Sti•tes fro. surveys; ISAI POP, COA slope rockflsll, end C04 thornyttead·· 
versions thac gfw 90X of pristine rec:ruitinent at 50% of pristine biClll8sa. 

5> _If~ figures for ISAI POP and C04 slope rockfish refer to Sebastes alytua only. 
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Abstract 

Overfishing can be defined as any harvest policy that causes a stock to collapse. A generalized form of 
the Beverton-Holt stock-recruitment relationship is used here to develop a set of three constraints that 
can be employed to safeguard against overfishing. Given the assumptions of the model. the ability of 
these three constraints to prevent stock collapse is independent of the parameter values used in the stock· 
recruitment relationship. A general theoretical evaluation indicates that the constraints are unlikely to 
impose new restrictions on fisheries that are already managed for maximum sustainable yield. However, 
the constraints should insure against pursuit of overly aggressive harvest strategies when detailed biological 
information is lacking. 

Introduction 
.. 

Throughout the history of fisheries science, one of the central questions bas been the question of 
overfishing: How much fishing is too much? Typically, attempted answers have defined "too much 
fishing" (at least implicitly) as any fishing above the optimal level The optimal rate of fishing has usually 
been specified as the rate corresponding to maximum sustainable yield (MSY, e.g., Graham 1935), 
maximum sustainable rent (e.g., Gordon 1954), maximum discounted yield (e.g., Plourde 1970), maximum 
discounted rent (e.g., Oark 1973), or other value that maYimius some specified objective functiori. 
(Strategies associated with the first four objectives mentioned are compared by Thompson 1989.) 

An alternative though more complicated approach deal.s with the overfishing question in terms of multiple 
equilibria, or bifurcations in stock dynamics. The theory be~ this approach is outlined by Lewontin 
(1969), Holling (1973), and May (1977). In the multiple equilibrium approach, "too much fishing" could 
be defined as any fishing that causes the stock to fall below an undesirable point of oo return. Although 
it is difficult to provide conclusive proo( o( the existence of multiple equilibria in natural systems (Connell 
and Sousa 1983), Table 11.ists some stocks that have been suggested to exhibit such behavior, in the sense 
of experiencing a seYCre decline and subsequently failing to recover despite a reduction in the fishing 
mortality rate. 

In the simpl~ ca1e, the multiple equilibrium approach defines oYCrfishing as any harvest policy that 
causes the stock to collapse. Implicitly, at least, this is the approach endorsed by the National Oceanic 
and Atmospheric Administration, whose Guidelines for Fishery Management Plans (NOAA Guidelines, 
50 CFR Part (i()2) contain the following general definition: 

"Overfishing is a level or rate of fishing mortality that jeopardizes the long-term capacity 
of a stock or stock complex to produce MSY on a continuing basis." 

In other words, an optimal level of production (in this case, MSY) is not the object of concern. Rather, 
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. the object of concern is the stock's long-term productive capacity (Warren et al. 1979). 

One problem with this approach to the overfishing question is that none of the models commonly used 
for quantitative stock assessment e:duoit the requisite behavior, namely a critical point ("threshold") at 
which the stock moves from a favorable domain (such as the one containing the MSY point) to an 
unfavorable one (such as a domain of inevitable extinction). The plll"pOOes of this paper are to develop 
a model that does exhibit this behavior, to derive from this model a set of constraints that can be used 
to prevent overfishing, and to evaluate some of the likely impacts of imposing these constraints on a 
fishery insofar as such impacts can be assessed using deterministic models of stock dynamics. 

Approach 

A Generalized Beverton-Holt Stock-Recruitment Relatjonshio 

Typical stock-recruitment curves, such as~ of Ricker (1954), Beverton and Holt (1957), and Cushing 
(1971), generate only two equilioria (one of which ~ at the origin) if growth and mortality parameters are 
independent of stock size. However, Ricker (1954) also pointed out that an appropriately drawn stock· 
recruitment curve can generate multiple (i.e., more than two) equili'bria. The key annoute of such curves 
is an ability to account for depematory mortality, in which relative lOMCS decrease with stock size (Neave 
1953). Basically, this means that the second derivative of the stock-recruitment curve must be positive 
over some range of stock sizes below the point (if any) where the curve reaches its peak. 

Much of the work in the analysis of such curves has been qualitative (e.g., Ricker 1954, Paulik 1973, Clark 
1974, Gulland 19n). However, a few formal equations descnoing such curves have been developed. 
These include three-equilibrium forms of the Ricker curve developed by Southwood and Comins (1976) 
and Parrish and MacCall (1978), four-equilibrium forms of the Ricker curve developed by May (19n) 
and Peterman (19n), an original three~quili'brium curve developed by DeAngelis et al. (19n), and a 
three-equilibrium form of the Cushing curve developed by Parrish and MacCall (1978). 

Unfortunately, these studies have mostly been used to demonstrate the fact that stock collapse is at least 
a theoretical posstoility, without generating much in the way of quantitative management advice. This may 
largely be due to the fact that the depematory stock-recruitment curves suggested to date have been fairly 
complex (e.g .. in nooe of the curves listed above is it passiole to solve for stock size~ an explicit function 
of recruitment). However, it is passiole to specify a particular stock-recruitment relationship that is both 
sufficiently complex to allow for multiple equilioria and sufficiently simple to permit quantitative 
assessment- To begin development of such a curve. note that the Beverton-Holt stock-recruitment 
relatiomhip can be written · 

(1) 

where B • stock biomcw., R • recruitment (lagged appropriately), and r1 and r2 are positive constant3. 
The parameter r1 gives the value of the recruitment asymptote a.! biomass approaches infinity, and r2 is 
a shape parameter governing the degree of curvature in the relationship. 

Equation (1) can be viewed as a special case of the following three-parameter function: 
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R(B) " 	--'
1
--, (2) 

1 + '1B 
-r 

> 

wpere r is a positive constant. Figure 1 shows the behavior of Equation (2) for several values of 3 r , 3
including the special case of Beverton-Holt reci-u.itment (r • l). ·3  

The first and seeond derivatives of Equation (2) are 

dR - . 
dB 

(3)

and 

(4) 


Equations (2-4) are plotted in Figure 2 for particular values of r2 and r3• 

Equations (2-4) anain their respectivt: maxima at the critical points B1, B2, and 83' which can be wrinen 

(5) . 

where 

(6) 

(7) 

and 
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(8) 


Note that a positive value of B2 exists only for r > 1, while a positive value of B exists only for r > 2. 3 3 3
Critical points are indicated in Figure 2 by vertical dashed lines. 

The recruitment levels corresponding to the critical points Bi are given by 

'1 
~ • ...,..1_+_/;..,...i(.,...,3-) (9)

The Relationship Between Threshold and Pristine Biomass 

A common assumption is that growth and mortality are density independent. If this is the case, then 
equilibrium stock biomass will be proportionate to recruitment, or 

(10)R • u(F)B, 

where F is the instantaneous rate of fishing mortality and u(F) descn"bes the equilibrium ratio of 
recruitment to stock biomass. 

Equilibrium stock biomass and reCruitment will be determined by the intersection of Equations (2) and 
(10), as shown for various hypothetical values of u(F) in Figure 3. Note that for values of r > 1 and. 3
sufficiently low values of u(F), two intersections will exist. When F • O, the upper intersection corresponds 
to pristine biomass (BP)' while the lower one corresponds to threshold biomass (B ). Setting F•O and1
solving Equations (2) and (10) simultaneously gives 

(11) 

where up•u/0). 

Unfortunately, Equation (11) cannot be solved explicitly ex~pt in the special cases where r • l or r ·2 3 3
However, Equation (11) can be simplified somewhat for another important special case. flrst, assume 
that B can be written in the form of Equation (5), in which case 1 

(U) 

Second, substitute B for BP and Equation (U) for r in Equation (11), giving 1 2 
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(13) 

Third, solve Equation (13) for the ratio r1/u~: 

(14) 

Fourth, substitute Equations (ll) and (14) into Equation (11): 

(15) 

Fifth, define 

... •r • 
,_, .. ' (16) 

.... . . 

for any value of B (e.g., ~l would represent B/Bp). 


Sixth, use Equation (16) to substitute B/~ 1 for BP in Equation (15), giving


(17) 

Finally, eliminate Bl in Equation (17) and rearrange terms to yield ,. .:. -· 
.." • ! '•I• 

(18) 


Like the general ~ of Equation (11), Equation (18) bas the difficulty of not being explicitly solvable, 
but it does have the advantages of eliminating all but one parameter (r ) and employing the useful ratio 3
~ 1 as the only variable. In other words, it indicates that in the special ~ described by Equation (12),
the ratio of 8 to 1 BP is dependent only on r • 3

A Hypothesis Concerning Threshold Biomass 

Equation (ll) constitutes the critical assumption in deriving Equation (18). Is there any reason to think 
that Bl can be described in the form of Equation (5)? One p<>Mible rationale can be ~awn by 
considering the problem in the context of life history theory. Equation (3) describes the instantaneous . 
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rate at which recruitment changes with respect to biomass. The area around B2 (lhe peak of Equation 
(3)) is the region of greatest recruitment productivity, i.e., the region in which lhe greatest gains in 
recruitment are realized. It might be reasonable to assume that natural selection would tend to act in a 
manner that keeps the most productive portion of the stock-recruitment curve available for the stock's 
use. In other words, natural selection would not tend to generate a value of B

1 
so high that the most 

productive portion of the stock-recruitment curve is sacrifi~d (i.e., encountered only enroute to 
extinction). 

U this is the case, the question then becomes one of defining the lower bound of the highly productive 
region that surrounds B1. A natural choi~ in this regard is B3 (the peak of Equation [4]). This biomass 
level defines the point at which the stock-recruitment curve begins to decelerate. Put another way, B3 
marks the place where recruitment productivity (Equation (3)) begins to level off. Assuming that B3 does 
constitute the lower bound of the highly productive region surrounding B1, and assuming that natural 
selection will tend to act so as to keep this region available for the stock's use, the following constraint 
will hold: 

(19) 

Given Equation (19), Equation (18) be made more specific by setting/(r )-IJ(r ), in which case 3 3 13 1 
now describes the upper limit to the ratio B/Bp. When this specification is made, the solution to 
Equation (18) takes the form shown in Figure 4, where the asymptote corresponds to the limit 

can 

(20) 

Equation (20) indicates that so long as a stock's biomass is kept above about 20% of its pristine leveL 
collapse is unlikely. While this result is dependent on Equatiom (2), (10), and (19), it is independent of 
all parameter values. 

Minimum Safe Biomass-oer-Reguit Ratio , • .. . 

As mentioned earlier, two equilibria exist in this model so long a.s r3> 1 and u(F) is sufficiently low. As 
u(F) incre~ from its pristine value, BP and B1 become increasingly close, ultimately converging when 
u.(FJ reaches a limiting value (Ile). For all values of u.(F) higher than "e• the stock will go extinct. The 
stock biom:m corresponding to "e (Be) is the value at which the tangent to the recruitment curve passes 
through the origin, or · 

(21) 

The recruitment at Be (Re) is given by 
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(22) 

(Note that R is exactly twice R1, regardless of parameter values). The ratio of Re to Be gives the value e . 
of "e: 

'1Crrl)"e "' _____..,...,..... 
r3[r2(r3-l)]l/r> 

(23) 

In cases where estimates of BP are unavailable, Equation (18) does not provide much useful information, 
and specifying a value for B, becomes highly problematic. ~an alternative (or in addition to specifying 
a threshold biomass), it may be desirable to specify a limit to the amount by which the pristine biomass­
per-recruit ratio (l/up) can be reduced without causing the stock to collapse (which occurs whenever 
llu/F) is stlstained at a value less than l/ue>· Io general, define 

"P Cl"'--·u(F) 
(24)

so that the goal is to specify a maximum value for "e (·~/ue>· . • ­
This can be done by using Equation (19) to set the ratio R3!B3 as an upper limit to "p• giving 

(25) 


as an upper limit to «e· Equation (25) i.1 plotted in Figure S. Unlike ~t• «e exfu'bits a maximum at a finite 
value of r • The "e-maximizing value of r3 3 is the solution to the following equation: 

(26) 

where 

. (27) 

The value of r3 th.al solve.s Equation (26) is about 3.n6, which results in an "e value of about 0.294. Thus, 
if the biomass-per-recruit ratio is kept above 30% of the pristine leve~ stock collapse would appear to be 



1 +Ji+4cxK11(1+K11
) F' • - 1. 

. 2«(1+K11
) 

(29)
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unlikely. Strictly speaking. this result bolds necessarily only for stocks with biomass levels greater than 
Be· For severely depressed stocks. a more conservative policy (i.e., higher biomass-per-recruit ratio) might 
be appropriate. 

Maximum Safe fishing Mortality Rate 

The preceding section descnbes a minimum safe value for the biomass-per-recruit ratio. To convert this 
ratio into a measure or the maximum safe fJShing mortality rate, it is necessary to assume some functional 
form for the ratio u.(F). 

-
Thompson (in press) developed a dynamic pool model than can serve as a simple example. In terms of 
biomass per recruit, the model is basically the same as that oC Hulme et al. (1947), where body weight 
is assumed to be a linear function or age. A3 configured by Thompson, 

., 1 ·][1 + . K 
11 

} (F) • -­[M(l+F1) l+F1 
(28)u

where M is the instantaneous rate oC natural mortality, F • F/M, and K9 is the . ratio oC growth to 
recruitment in the pristine stock (which is determined in this model as the ratio or the weight-at-age slope 
to the product oC M and size at recruitment). 

Equation (28) can be used to compute the F level that results in "P being reduced proportionately by the 
factor ex: . · · 

Equation (29) attaim an upper limit oC (1/«)-1 whenK9•0. It also exhibits the following lower limit: 
. .... . 

li.m F' • _1_ - 1. 
,,,, . r::- .
" -oo . .. v« . 

(30) 

If « is set at the level oC 03 recommended in the previous section. this model indicates that F should 
range between about 0.826 and 2.333 times the natural mortality rate. Thus, if Mis the only life history 
parameter for which an estimate is available.. a fishing mortality rate set at or below about 80% of that 
estimate should keep the stock from collapsing. 

Impacts on the Flsbery. Tbeoretica.I Considerations 

Threshold Biomass 

It seems unlikely that any short-term economic benefits to be derived from overfJShing (as defined here) 
would outweigh the corresponding cosu of irreversiole damage to the stock's productive capacity. In other 
words, the long-term economic impacts from avoiding overfishing should be pcmtive. However, since the 



--· M
FMSY -(q+l)IC'1 -(lq-1)+ ./(q+l°fK111 +2(3q-l)K11 +1 

 1.q 
(34)
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constraints listed in the preceding sections are limiting values derived from a particular mode~ it is not 
so clear that their long term economic .impacts will be positive. For example, the biomass level associated 
with MSY (BMSY) could conceivably fall well below the suggested threshold set at 20% of B . U fishing 
is halted whenever the stock falls below its threshold (as is required by the NOAA Guidelines), the 
threshold rule could result in some cost to the fishery, even in the case of a stock managed for MSY. 
Likewise, the fishing mortality rate that maximizeS sustainable yield (FMSY) could also be higher than the 
rate that sets « equal to 0.3. 

Another way to approach the problem (using the model descn'bed in the preceding section) is to solve 
for those parameter combinations that result in a ~MSY value of 0.2 To facilitate estimation of MSY­
related quantities, Thompson (in press) extended the model described in Equation (28) by incorporating 
the stock-recruitment relationship descn'bed by Cushing (1971): 

(31) 

where B(F) is the equilibrium stock biomass obtained under a fishing mortality rate of F, and p and q are 
constants, with 0$q$ l. In the limiting case of q•O, recruitment is constant, while in the other limiting 
case of q • l, recruitment is proportional to biomass. 

The central results of Thompson's (in press) treatment of Equatio~ (28) and (31) can be summarized 
by deriving equations for equilibrium stock biomass, equilibrium yield, and FMSY· Substituting Equation 
(31) into Equation (28) and rearranging terms gives the following equation for equili'brium stock biomass: 

1 
. . . . K" r:q 

B(F) • p 1 + - • 
M(l+F') ][ l +F' 

(32)~ ~ 
· Multiplying both sides of Equation (32) by F then gives the equation for equili'brium yield l1F) shown 
be~ · . 

(33) 


-.­
Di!Terentiating Equation (33) with respect to F and setting the resulting expression equal to zero gives 
the following equation for FMSY: 

Equations (32-34) can be used to ex.amine the pos.u'ble impacts of setting a threshold at 203 of B . Here, 
the ratio of BMSY to BP can range anywhere from 0 to l/e (11110..368). While it is difficult to predict what 
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percentage of stocks might have a BMSY value less than 20% of BP' one option is to assume the 
conventional wisdom (Clark in press) that equates FMSY, M, and Fo.i (Gulland and Boerema 1973). In 
the above model. th.is assumption holds only when K""= 1.5 and qa2/7 (giving approximately 82% of 
pristine recruitment at 50% of BP). Under these parameter values, BMSY is approximately 23% of BP. 

Equation (32) can be manipulated to show that a: and ~ are related as follows: 

~ • a;l/(1-q), (35) 

Substituting Equation (35) into Equation (29) and solving the resulting expression simultaneously with 
Equation (34) yields the following polynomial in/\: 

[ 4~l-2q - ( ql+ 2q+l)~l-q JK'/5 +
MSY MSY 

]K114[16~~ - (3q2+10q+3)~~ + 


[24~~ - (3q2+18q+2)~~ - q]K113
+ 

[16~~ - ( q2+14q-2)~~ - 3q]K1n. · 

[ 4~~ - ( 4q-3)~~ - 3q]K111 

+ 


[ ~~ - ~]Kiil • 0. 


(36) 


Equation (36) has at most one positive root. This solution is plotted for ~MSY .. 0.2 in Figure 6, along with 
the loci at which the FMSY/M ratio takes on various constant values. Note that the curve corresponding 
to ~MSY·0.2 is almost identical to the curve corresponding to FMSYIM· I.5. Thus, so long as FMSY does 
not exceed M by more than about 50%, BMSY should not violate a threshold set at 20% of BP. 

Still another way to approach the problem is to look at the yield tha.t might be forgone under a threshold 
set at 20% of BP. The ratio of yield at F~ (Y~) to MSY is given by . · 

(37) 

For a given w1ue of/\, Equation (37) reaches its lower bound at q•O, while for a ~n value of q, the 
lower bound i.1 reached at I\•0. These two worst-case sceoari~ (/\• 0 with q variable, q • 0 with I\ 
variable) arc shown for b • 0.2 in Figure 7. Note tha.t only those values to the left of the vertical dashed 
lines (q • 0.353 and /(" • 5, respectively) are rcleYillll, since the threshold does not constrain the fishery at 
values to the right. The main conclusion to be drawn from Figure 7 is that even when a threshold set at 

. 0.2BP does constrain the fishery, the lOM in yield is probably very small (in no case exceeding 20%). 



K" • 2a:(a:-q) + /a:(q-t1.)[4t1(q-t1.)-(q+l'f + 4il) 

t1[(q+l'f - 4il) 

(38) 
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Minimum Sa[e Bjomass-oer-Reguit Ratio 

The other problem to be considered here is whether con.straining F by the value that sets IX ·0.3 might 
place undue hardship on the fishery. Equating the right-band sides of Equations (29) and (34) gives the 
parameter values that set FMSY equal to the F level corresponding to a given value of a:: 

Equation (38) is illustrated in Figure 8 for three different values of IX. For (q,}(j combinations above and · 
to the right of a given curve, an FMSY harvest strategy will not be constrained by setting a: at the 
associated value. Note that for a: >0.25, a vertical asymptote exists at q•2(il112}1. Thus, for IX ·0.3 and 
.q<0.095, an FMSY harvest strategy will always be constrained, regardless of the value of K". At higher 
values of q, the impact on the fishery will depead on the value of K". For example, using the 
·conventional wisdom· parameters K"· 1.5 and q•2n, the biomass-per-recruit ratio under an FMSY 
harvest strategy is exactly 35% of the pristine value, so the constraint imposed by setting IX equal to 0.3 
would not be binding. ­

Of course, stocks are not always managed ao:ormng to FMSY· Another common strategy is to harvest 
the stock at the F0.1 rate. The F0.1 rate is the value at which the slope of the yield-per-recruit ..-s. F cun:e 
is one tenth of the value at the origin. 1bompson (1989) showed that this rate could be computed as a . 
special case of the following polynomial in F: · · 

11
KPF13 + 3PF/l +JP+~ / +P-1 • 0, 

[ K 11+1 

(39) lr -­
where Pis the slope of the yield-per-reauit curve relative to the slope at the origin (P•0.1 in the case 

of Fo.1>· 
. . 

As noted earlier, theF value corresponding to a: is.bounded above by (l/a:}l and below by Equation (30). 
Inserting these limiting values into Equation (39) aad solving for ii gi~ the following lower and upper 
bounds, respectively: · · - •· . 

.. > 

(40)
ii • .fP, 

and 

(41) 

For the special case of P•O.l, Equatiom (40) and (41) ~limits of a: •0.316 and a: ·0.393, respectively. 
Thus, comtraining F by the value that sets ii •0.3 should aot impact a fishery managed at the F . rate 0 1 
(a P value o.r 0.09 wouJ~ be required to obsem! an ii value as low as 0.3). 
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Discussion 

The above sections developed a set of three constraints designed to insure against overfishing, where 
overfishing is defined as any harvest policy that causes a stock to collapse. These constraints (which can 
be used separately or in combination) are as follow: 

A) When an estimate of pristine biomass is available, fishing should cease whenever the 
stock falls to a level less than about 20% of this estimate. 

. ­
B) When estimates of the relevant life history parameters are available, the fishing 
mortality rate should be set so as to maintain the 
biomass-per-recruit ratio at a level no less than about 30% of the pristine level. 

C) When the natural mortality rate is the only life history parameter for which an 
estimate is available, the fishing mortality rate should be set at a level no higher than 
about 80% of this estimate. 

It should be emphasized that Constraints (A) and (B) are dependent only on Equations (2), (10), and 
(19). In addition to these three equations, Constraint (C) is dependent on Equation (28). The constraints 
are totally independent of the parameter values used in these equations. Because they are explicitly 
derivable from a small number of qualitative assumptions regarding pepulation dynamics, the constraints 
pose two significant advantages over some other overfishing criteria that have been proposed: 1) they 
avoid the problem of requiring types or amounts of data that are often unavailable (e.g., stock-recruitment 
parameters required to compute FMSY), and 2) they avoid the problem of being critically dependent on 
arbitrarily ch<l.$en parameter values (e.g., the "0.1" in F0.1). 

Perhaps the most tenuous of the assumptions used to deri'Ye the suggested constraints is Equation (19), 
which states that the threshold will never exceed the third critical point of the stock-recruitment 
relationship. Although it is not tmas.sailable, Equation (19) does find support in the foUowi.rig arguments: 
1) it is defensible in terms of life history theory, as discussed earlier; 2) ecological theory is beginning to 
find significance in analogous critical points (e.g.. Fowler 1988); and 3) the resulting management 
implications are re~nable. 

Expanding on this last point, it is interesting to note how well Constraints (A·C) conform to standards 
with which fishery scientists already seem to feel comfortable. As shown above, Constraints (A·C) are 
unlikely to impinge severely on some of the more common management measures recommended by 
fishery scientists, at least insofar a.1 such impingements can be assessed using deterministic models of stock 
cfynamics. 

Other exam~ of concordance can be cited as well. For example, the 20% figure used to define a 
threshold couespoods exactly to the figure employed by Beddington and Cooke (1983). It is within the 
range of ~30% deriYed by Quinn et al. (in press) for BS pollack, and the 20%-50% range derived by 
Clark (in press). The 30'% figure used to define a maximum fishing mortality rate is identical to the result 
obtained by Gabriel et al. (1989) for Georges Bank haddock (Melanogrammus aeglefmus), and it is close 
to the 35% figure derived by Clark. The robustness of these results is augmented by the fact that the 
authors were using different models and objectives: Beddington and Cooke used a stoclwtic yield-per· 
recruit model to maximize yield without entering the domain where recruitment was thought to depend 
on stock si7.e, Quinn et al. used an age-structured model with two stock-recuitment assumptions to 
maximiu an objective function invoM.ng average yield and yield variability, Gabriel et al. used an age· 

http:invoM.ng
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structured model to determine conditions necessary to maintain present stock size, and Clark used an age­
structured model to marimiz.e catch (relative to MSY) across a wide range of stock-recruitment 
assumptions. 

The 80% figure in Constraint (C) is not far fro~ the 100% value suggested in several studies as a . 
reasonable approximation of either FMSY or Fo.i in the absence of more detailed inform~tion (e.g., 
Alverson and Pereyra 1969, Shepherd 1982, Deriso 1987, Kimura 1988, Clark in pre3S). 

Although anal~ presented here have shown that Constraints (A) and (B) should impose few additional 
costs on fisheries that are already managed for MSY, such fisheries are not really the constraints' intended 
target. Rather, it is anticipated that the constraints' main benefit would accrue from applying them to 
fisheries where good estimates of FMSY are not available. There, the suggested constraints should provide 
a relatively painless, objective, and scientifically defensible means of safeguarding against overly aggressive 
harvest strategies. 
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Table 1. 	 A sampling of stocks suggested to exhibit multiple 
equilibria. 

Stock 	 Scientific name Citation(s) 

Great Lakes Acipenser fulvescens Smith 1968, 
lake sturgeon Hollill'J 1973 

Antarctic fin whale Balaenoptera . phvsalus · 	 Jones and 
Walters 1976 

California Cancer magister Botsford 1981 
Oungeness crab 

North Sea 	herring Clupea harengus Ulltang 1980 

Norwegian spring- Clupea harengus Ulltang 1980 
spawning herring 

Georges Bank herring Clupea harengus · Beddington 1986 

Lake 	Huron Coregonus clupeaformis Smith 1968, 
lake whitefish . Holling 1973 

Lake 	Erie LeUcichthys artedi Smith 1968, 
lake herring Holling 1973 

British Columbia Oncorhynchus gorbuscha Neave 1953, 
pink salmon Ricker 1954, 

Peterman 1977 

Lake 	Michigan Perea flavescens Wells 1977, 
yellow perch Botsford 1981 

Lake Windermere Perea fluviatilis Le Cren et al. 
(England) perch 1972, Holling 

1973 

Pacific sardine Sardinops caerulea 	 Murphy 1977, 
Beddington 1986 
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Figure Captions 

1) A generalized Beverton-Holt stock-recruitment curve, shown for various values of the parameter r3• 

Limiting cases corresponding to ,.3 = 0 and ,.3 =- are shown, along with six intermediate cases 
corresponding to r3 =0.5, 1, 2, 4, 8, and 16. The parameter r2 has been fixed at a value of 1.0. 

2) An example of the stock-recruitment curve R{B) along with its first and second derivatives [R'(B) and 
R•(B), respectively]. Values of the stock-recruitment parameters r2 and ,.3 used to generate the curves 
were r =8.932 and ,.3 • 4.204. Maxima are indicated by the vertical dashed lines.2 

3) Multiple cquili"bria as defmed by different values of the biomass-per-recruit ratio u(F). As the value 
of u(F) increases, the threshold and pristine biomass levels bec0me closer, finally converging when 
u(F) =-0.343. Values of the stock-recruitment parameters r1 and ,.3 used to generate the curves were 
r2• 8.932 and ,.3 ,.. 4.204. 

4) Ratio of threshold to pristine biomass, plotted as a function of the stock-recruitment parameter r3• 
The curve corresponds to the solution of Equation {18) when the threshold is set equal to the third 
criti~ point of the stock-recruitment curve. The horizontal dashed line denotes the asymptote of the 
curve as ,.3 approaches infinity. 

5) Critical biomass-per-recruit ratio as a proportion of the pristine biomass-per-recruit ·ratio, plotted as 
a function of the stock-recruitment parameter r3• By setting the threshold equal to the third critical point 
of the stock-recruitment curve, Equation (25) describes the curve shown here. The horizontal dashed 
line extending all the way across the figure denotes the asymptote of the curve as ,.3 approaches infinity. 
The horizontal dashed line extending only part way across the figure denotes the maximum value of 
Equation (25). The vertical dashed line denotes the value of ,.3 th.at maximizes Equation (25).- _ _ __ ,,_ - .. .... - - ­

6) Parameter combinations {K", the pristine ratio.of growth to recruitment, and q, the Cushing stock­
rccruitmcnt exponent) at which the ratio of biomass at maximum susta.i.na.blc yield (BMSY) to pristine 
biomass (B.) is 0.2 (solid curve). This locus is bounded by the values K"•S and q•0.353. Also shown 
arc parameter combinations at which the the fishing mortality rate (F) at maximum susta.i.na.blc yield 
corresponds to fuccd multiples (1.0, 1.5, and 2.0) of the nacural mortality rate (M). '.) 

7) The ratio between yield (Y) at the suggested threshold (20% of pristine biomass, B~ a.ad maximum 
sustainable yield (MSY). .The dashed lines indicate the parameter values at which the threshold 
corresP<>nds to the biomass level (B) at MSY. • 

a) RelatiYC yield when the pristine growth-to-recruitment ratio K" is zero a.ad the CU$hing stock­
recruitmcat apoocat q is allowed to vary. 

b) Rclativc yield when q is zero a.ad K" is allowed to vary. 

8) Parameter combinations at which the fishing mortality rate at maximum sustainable yield sets the 
biomass-per-recruit ratio equal to three constant proportions {er) of its pristine value (0.2, 0.3, and 0.4). 
The vertical dashed lines indicate asymptotes for er= 0.3 and er= 0.4. . 
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3 .A. 2 Appendix II: Simulation ot Stock and Harvest Dynam i cs 
Under Four Alternatives 

.Grant G. Thompson 


National oceanic and Atmospheric Administration 

National Marine Fisheries Service 

Alaska Fisheries Science Center 


Resource Ecology and Fisheries Management Division · 
7600 Sand Point Way NE., Seattle, WA 98115 

.: ...... - - ,.. ;. 

A stochastic fishery model was constructed to examine the : 

relative impacts of the alternatives listed in Section 3.3. 

Technical specitications ot the model were as follow: Basic 

stock dynamics were modeled according to the delay-dif terence 

equation ot Deriso (1980, generalized by Schnute 1985), with a 

Beverton-Holt stock-recruitment relationship.· Two series of 

simulations were performed, differing in t:he type ot error ' 

structure assUllled for the stock-recruitment relationship. ~. one 

series ot simulations incorporated a loqnormal error term, ~ and 

the other incorporated a uniform error term. The delay-. _ 


. ditference equation was corrected to allow tor continuous harvest 
as· suggested by Thompson _(1989): ·. Values used tor lite-history 
parameters were those ot the ~typical". groundtish described by 
Clark (1990). The stock-recruitment relationship was -~~: ~ 
parametrized to give 90% ot pristine recruitment when biomass was 
reduced to sot ot the pristine level. Under these assumptions 
and parameter values, a.sr is about 29t of pristine biomass. 

. .... .. .. . . ... : . ..- . . . 
The model was used to simulate stock and harvest dynamics under 
Alternatives 3, 4, 5, and 6. Alternatives l, 2, and .7 were not 
explicitly included in the simulations because the Council :· 
already .tends to treat F as an upper limit to fishing ~." ­
mortality, ·meaning that (In practice) Alternatives 11 2, ·:and 7 

. behave the same as Alternatives ·J, .5, and 6, respectively. ~ To 

. examine the ettects ·ot . increasing !stochasticity, the .magnitudes 
ot the error . terms were varied in .a systematic fashion. ; For the 
series o! simulations that used loqnormal error, the . standard 
deviation -ot th• :error term was increased from o to i ·:in . · 
increment. ot 0.01 units. For the series of simulations that 
used uniter. error, the m.aximwa relative error was increased in 
the -same pattern. ~ In the uniform dist~ibution, standard 
deviation of ·th• error (SOE) is related to maximum relative error 
(MRE) by th• following equation: ·- ­

·.- SOE• 


To give an idea of how the stock-recruitment relationship behaves 
under these alternative error assUlllptions, Figures la and lb show 
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the basic stock-recruitment curve along with 95t conf i dence 
intervals for three of the 101 different levels of stochasticity . 

For type of error and each level of stochasticity, the fishery 
was simulated for 100 years under each alternative, and 100 such 
simulations were conducted. The stock was assumed to be in 
equilibrium at ~Y at the start of each simulation, and the upper 
limit of. fishing mortality (as defined for each alternative) was 
applied in every year. (Note: the upper limit of fishing 
mortality was applied because each alternative examined is at 
least as conservative as the Council's~ facto target strategy 
of harvesting at FNSY' not because the alternatives themselves 
supply a target harvest strategy.) · 

In terms of long-term average yield, Figures 2a and 2b show the 
results for Alternatives 4, 5, and 6 as proportions of the 
results tor Alternative J. Figure 2a shows the results for the 
series ot simulations using lognormal error, and Figure 2b shows 
the results for the series of simulations using uniform error. 
Alternative 3, as the standard, is given a value of 1 tor each 
level of stochasticity. Alternative 5 comes. the closest to 
matching this standard, with identical results when the magnitude 
of the error term is small • . Alternative 4 tares the next best , 
actually catching up with Alternative 5 when the magnitude of the 
error term becomes large. Alternative 6 tares the worst, .­
particularly under the uniform error structure. However, it 
should be emphasized that all tour alternatives are extremely 
close, as indicated by the scaling of the vertical axes. : In no 
case does any of the alternatives give a long-term average yield 
less than 98% of the long-term average yield obtained with 
Alternative 3. 

The differences shown in Figures 3a and Jb are more significant. 
These figures show the standard deviation of yield under the four 
alternatives (aqain, scaled relative to Alternative J). ·. · As in 
Figures 2a and 2b, Alternative J performs the best. ~ When the 
magnitude of the error . term is small, .Alternative .3 is followed 
in order by Alternatives 5, .4, and 6. · However, when the · 
magnitude of the error term becomes sufficiently large, ~ :. : .. 
Alternative 4 catches up with Alternative 5 in the lognormal 
case, · and surpasses Alternative 5 in the uniform case • .-:: . · 

. . 

Considering Figures 2 and 3 together, it can be seen that if the 
Council'• objective function is a weighted combination of long­
term average yield and standard deviation of yield, and if the 
magnitude of the error term is sufficiently small, the ranking of 
the four alternative• is unambiguous in terms of the "typical" 
stock examined here (the ranking would be 3, 5, 4, 6) . On the 
other hand, it the magnitude ot the error term is large, 
Alternative 4 might be preferable to Alternative 5, depending on 
the type of error structure and the relative weights that the 
Council assigns to average yield and standard deviation of yield. 
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3. A. 3 Appendix III: A Comparison·of Five Harvest Policies 

Applied to Sablefish in Alaskan Waters 


·Jeffrey T. Fujioka 

National Marine Fisheries Service · -~ 
Alaska Fisheries Science Center · 

Auke Bay Laboratory 
=P.O •. Box 210155, Auke .Bay, Alaska 99821 .. ~- . . 

Introduction 
~ 

.. .,J ~ ., ,_ ­

Three 'variable rate harv~st policies and two constant rate 
harvest policies are compared in a simulation of the management 
of sablefish. The simulation utilizes the model .currently 
applied in the management of the sable!ish stocks o! the Gulf of 
Alaska, Bering Sea and Aleutian Islands. The model is biomass 
based and utilizes the Schnute delay di!!erence equation as 
applied by Kimura . (1985) in stock reduction analysis. : Averages 
of yield, biomass, . and fishing rate, · standard deviations o! yield 
and biomass, minimwa. biomass, and percentage o! time ·population · 
is below the all time observed low .level are the values compared. 

. .. - ; ' .. ... ·-· · ... - ·:: : _. .. 
~ Three source_s ._ .o! uncertainty are incorporated in th

-· ·.i.:::·~- ..:. 

e study. 
·Annual recruitment- is considered independent o! biomass and is 
· sampled randomly from a set o! previous recruitment ·estimates . . 
Hypothetical bias and random error in the biomass estimate .used 
to compute recommended harvest are added to the simulation. 

Methods ··- ·. 
... .. ~.. 

~ - .I ....... 


. The simulation . consi~ts o! a pop~lation model, .which . 
.represents the ~true" population, - and a _management .model which is 
the perception or estimate o! the population model. ·-Both are 
delay difference models as described by Kimura (1985) and are 
applied as in th• 1989 SAFE documents !or the . Bering Sea-Aleutian 
Islands sa.ble!ish and the Gulf o! Alaska sa.ble!ish. The 
para.meter• for growth, · natural ··mortality, -and ·age of ---recruitment 
are the aame as in th• SAFE documents·. . F and F0 •1 are o•43 and 
O.lJ r••pectively. The population model ~ projected forward 
trom 1989 a year at a . time Where recruitment tor each projected 
year is randomly chosen from the ll values calculated !or the 
years 1979 to 1989. Annual biomass from the population model is 
input with a consistent error and a random error to . the · 
management model • The management model computes, tor the · 
following year, a recommend.ad harvest, which is then ·input to the 
population model. The population model is projected another year
and the process repeat£d !or 4·00 years. - - -- - - · · · 

Yield results and population response are measured and the 
projection is repeated again with a di!!erent random seed 3 
times. The same random seeds !or the random recruitment and the 
biom~ss estimate error are used to compare the three harvest 
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policies. 

Population Model 

The population model bio~~ss is scaled to one half of the 
1984 estimate. This scale is hypothetically set low to reflect 
the possibility that the trawl doors herd fish into the survey 
nets · and that density of fish may be hiqher in trawlable areas 
than in untrawlable areas. These factors would cause the biomass 
estimate to be over ·optimistic. At this scale population biomass 
ranqed from a low of 91,000 mt in 1980 to a hiqh of 244,000 mt in 
1985, and was at 224,000 mt at the beqinning of 1989. 

The computed recruitment for 1979 to 1989 under the half 
scale averaged 29,600 mt and ranged from 3,340 mt to 87,800 mt . 
Equilibri~ yield at Fmx and at F0•1 equals 30,340 mt and 26,335 
mt respectively. 

Management Model 

In the management model, the biomass, Bt, is estimated from 
the "true" biomass from the population model with a consistent 2X 
fold error plus a uniformly distributed random error of plus or 
minus lOt. Ie, Bt ,. Bt • 2 · Et, where E is a uniformly 
distributed random variil>1'e from . 9 to 1.1. The scale of Bt is 
equivalent to the 1984 GOA trawl survey biomass and lies between 
the range of scales given in the SAFE documents. This scale 
indicates that the population increased from a low of 180,000 mt 
in 1980, peaked at 484,000 mt in 1985, and was at 437,000 mt in 
1989. 

The management model estimate of annual recruitment for · 1979 
~o 1989, ranged from 01 mt to 163,000 mt and averaged 40,540 mt. 
Equilibrium yield and biomass at Fllllll equals 41,600 mt and 124,000 
mt respectively. Equilibrium yie.la ai:d biomass at F0• 1 would 
equal 36,000 mt and 312,000 mt respectively. · · 

Harvest Policies 

~ Th• harvest policies applied here can be qeneralized from a 
formula found in Ruppert et al (1985), where the recommended 
catch equals: 

( 1) 


where Bt is the estimated exploitable biomass level, T is a 
biomass level below which C would be zero and the exponent q is 
set equal to 1.0. This study sets T at the estimated 1980 

1 A nega~ive value actually is computed on two occasions, 
however, a zero is used as the estimate and the modeled 
population does not reach as low a level for those years as the 
longline survey had indicated. 
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biomass level, the historic measured low observed for Alaskan 
sablefish stocks, and attempts to manage the population at · the 
B •0 1 level, thus substituting: 

. . 

B,csT .. B • , 0 1 and UMST ::: u0• 1 (2) 
. 

Five policies are compared (note--for convenience in . 
reference - to the overfishing Definition EA/RIR, that eqs J thru 7 
define policies approximately equivalent to Alternatives J thru 
7, respectively, in the EA/RIR): · · - · · - · 

A Constant Exploitation Rate policy, which.. is obtained by 
setting T equal to zero and G, a constant e~al _to 

- -. ....
t,. ..... 

(J) 

n Rate policy, is computed by set

-·· 

 
tio

..

.. . -

A Variable Exploitati ng 
T=O .a~d Gt equal to: 

 ~ .• - - ·. .. 
-. ..

- !
 . . .. 

­

­

for B, < ~T •. . (4a) 

(4b) Gt • . UICST . -~ - _ 
- - . ..... ' .. 

-..: ._ .... · .. ·-- ·· 
:> -::~.:

A Constant Exploitation Rate with.Tbreshold policy, is 

obtained by setting: 


(Sa) 

(Sb) 

A Variable Exploitation Rate with Threshold policy, where Gt 
-: is set .to: .. 

... 

.• :;:.;: _ ".. 

···. G • -.Um·B,.5-,/(B,m - T) 
~ . 

• .I, - • . ~ ..J .. - .. .... 

G • .:.: 0 .. - - ·: ;, - ~ - . . .. . .- . .:'- ... 
for B <T · - . : ·  ~ · ( 6b)

· .. ., : .#" ._ t

> :.: - ~  ):~:-, . for s,· (6c

-. 
~ 

A second Variable Exploitation Rate with Threshold policy is 
obtained by set~ing G,.to: 

.... ..... , ,. - -: --
- · · (7a)G • U_,.·B,.s., (C~ T) 

G • O . (7b) 

....

Recommended catch in relation to biomass is shown for these 
policies in figure 1. · At ~.the recommended catch is UMST·~T 
for all policies, while below·~ the catch decreases linearly to 
zero at B~ • O for the constant rate policy (eq. J), and linearly 
to zero a~ B, - T for the variable exploitation rate with 

­

­
­
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threshold policies (eqs. 6 and 7)z. In the constant rate with 
threshold policy (eq. 5), the catch decreases proportionately 
with B , but is set to zero when Bt < T. In the variable 
exploilation rate policy (eq. 4), the exploitation rate decreases 
linearly to zero at Bt ~ O, and remains constant at u for B 
above ~sr. The difference in the two variable rate w"Ith t 

threshold polices, is the rate at which catch increases when B > 
~sr· In eq. 7, the catch increases in a greater proportion th~n 
does the biomass, while in the first policy the catch is in 
proportion to the biomass. 

Prediction of Bt 

In practice, the Ct is decided upon during year t-1 and Bt 
must be predicted. Bt Qt"edicttd is obtained using the delay 
difference equation, given a guess of recruitment for year t . 

. 
Bt,predicted "" Xt·1 ·Bt·1 - Yt·1,t·Z ·Bt·Z - zt·1 ·~-1 + RIJUH,. (8) 

R;ues is set equal to zero to be conservative. The x, y, and z 
coe~ficients contain growth .and mortality as appropriate in the 
delay difference equations. Recruitment at time t-1 is estimated 
as the estimated biomass at time t-1 less biomass in existence 
the previous year projected to time t-1, i.e.: 

. 
~-1 ,. Bt·1 - Bt·1,pndicted + R;u.u (9) 
. 
~-1 = O if Bt·1,pt"edicttd > 8t·1 + R;u.u (10) 

Results 

The averages and standard deviations o! catch and biomass, 
the minimum biomass, the proportion of time the biomass was below 
the 1980 biomass level, average tishing mortality rate, and 
relative catch per effort are · shown !or the !ive harvest policies 
in table 1. Each comparison is repeated 4 times. Biomass is 
expressed in the assumed scale in all cases, where the "true" 
population size is equal to halt the assumed scale. 

Biomass Response 

Compared to the constant rate policies (eqs. 3 and. 5) the 
variable rate policies (eqs. 4, 6, and 7) provide greater 
protection to th• population. Under th• constant rate policy 
(eq. 3) the biomass dropped as low as 92,000 mt, barely halt of 
the all time measured low ot 180,000 mt observed in 1980. The 
lowest biomass levels reached under the variable rate policies 
were 53, 78 and 75 percent higher, respectively !or eqs. 4, 6, 
and 7, than the level reached under the constant rate policy (eq. 
J). The lowest biomass level reached under the constant rate 

2 In this analysis the F is set at .01 !or Bt < T in the 
policies with thresholds (eqs. 5,6, and 7). 
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with threshold policy (eq. 5) was 30 percent greater than under 
eq. 3. 

The probability ot bein~_below the 1980 biomass would be 
less under the variable· rate policies than under the constant 
rate policies. At .no time using .the variable rate with threshold 
policies (eqs. 6 and 7) did the population drop below that level. 
The population dropped below only l percent o! the time under the 
variable rate without threshold policy (eq. 4), and dropped below 
the 1980 level J.7 and 9.2 percent o! the time. under the constant 
rate .policies with and without a threshold, respectively .. 

The average biomass level tor the variable rate policies 
were higher than tor the constant rate polices. _Average biomass 
was 10.8, 16.5, 11.6, and 5.7 percent greater tor eqs. 4, 6, 7, 
and 5 respectively, than !or eq. J. - ­

The variability o! the population was slightly .higher under 
the constant !ishing rate policies compared to the variable rate 
policies. ;~ 

Yield ­

·..There is little measurable di!!erence in the long term yield 
. between ·all !ive harvest policies. The lowest average yield 

which occurred under a variable rate with threshold -policy (eq.
6) was only J percent less than .the highest average yield which 
occurred under the constant rate policy (eq. 3). 

Annual harvest varied least under the constant rate policy 

(eq. 3) and varied the most under the variable rate with 

threshold policy (eq. 7). · 


Fishinq Mortality/Catch perE!!ort. ­
J ~ - • 

. _- · The average o! the instantaneous fishing mortality rate 
necessary to catch · th• recommended catch, was lowest under the 
variable rat• policies and highest in the constant rate policies . 
The average· catch per average e!!ort under a variable rate· with 
threshold policy (eq. 6) was 23 per cent greater than under the 
constant rat•_policy _ ( eq.- 3) • . ·· _. _ _ 

Discussio·n 

Recruitlaen~ Uncertainty 

Little is known about the recruitlllent o! sa.ble!ish. since 
the late 70's we have estimates ot recruitlllent, which appears to 
have no relationship to stock size. We therefore estimate long 
term yield expectations as i! recruitment is independent o! stock 
size a.nd simulate future populations uainq randomly resampled 
values !rom observed recruitlllent estimates • . However, we do not 
have estimates o! recruitment !rom stock sizes less than the 
level measured in 1980, when the population index was about 38\ 
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of current values and therefore do not know if the recruitment 
assumption is valid below that level. 

Not only don't we have recruitment estimates from stock 
levels below the 1980 level, ~e don't have estimates or indices 
of stock size below that level. Nor do we even know if the 
population had ever ~een lower than the 1980 level and therefore, 
cannot say for certain whether the population had ever recovered 
from levels that low. Although we might suspect that it had, or 
could, we know nothing about the time or ecological circumstances 
necessary to recover. 

Biomass Uncertainty 

While annual longline surveys of sablefish stocks in Alaskan 
waters provide relative abundance measurements which are 
considered reliable, area swept estimates of absolute biomass 
from trawl surveys are difficult to defend. Area swept estimates 
assume that any fish that are herded into the net path by the 
trawl doors and cables are balanced by fish that escape the path 
of the net. Observations of catch rate from trawlable habitat 
are extrapolated over untrawlable habitat which may have quite 
different fish densities. The risk of overfishing is greater if 
our assumed biomass is greater than the true biomass. This 
uncertainty is reflected in the hypothetical bias in the biomass 
estimate simulated in this study. 

Prevention of overfishing 

Since we have no information of how recruitment might be 
affected or how sablefish population dynamics might be altered by 
population levels below the 1980 level, the prudent strategy is 
to reduce the occurrences and extent to which the population 
drops below that level. So long as the biomass remains above 
that level, we needn't be concerned that, at some lower level, 
the stock-recruitment relationship might be depensatory, or that 
grenadiers will take over sablefish habita~ . left_ vacan~. _ 

I suggest that to decrease the probability of overfishing of 
sa.blefiah we should decrease P, the proportion of time the 
population is below the 1980 level, and decrease the amount which 
the bioaa•• drops below the 1980 level. The results of this 
study indicate that this can done without any measurable decrease 
in lonq tera average catch by using a variable fishing rate with 
a threshold in place of a constant fishing rate policy. This 
would not only result in a smaller P and a larger minimum 
biomass, but a larger average biomass, an average catch that is 
only very slightly smaller, and greater catch per effort. The 
only possible disadvantage of· th• sliding scale policy is that 
the catch will be more variable as the fishing rate responds to 
changes in population level. 

Th• above discussion suggests reasonable strategies to avoid 
overfishing without actually defining it, or saying when it will 
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occur. Implied in th·e strategies is that overfishing could occur 
it the biomass drops below the biomass level observed in 1980. 
The 1980 biomass level is an objective and measurable value and 
could be treated as a threshold, but it is difficult to defend as 
the true threshold biomass. The absence of this parameter in the 
variable rate policy without a threshold (eq. 4), would avoid the 
question of whether any biomass level needs to be proven as a 
true threshold before it could be used in an overfishing 
definition for sablefish in Alaskan waters. · 

· The variable ·rate fishing· policies are measurable and 
objective formulae designed to ensure the maintenance of the 
stock's productive capacity. They are defined in a way to enable 
evaluation of the condition of the stock relative to the 
definition. As applied in this example some appropriate 
considerations of risk and uncertainties have been taken into 
account. The variable rate policies provide courses of action 
for a range of stock conditions. 
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Constant Rate (eq. 3) : 
CSl:tCD ~;i.Qmass 

seq ave s. Q. F CiF~ ~ min f 
1 28.4 9.62 284 84 127 0.100 0.239 118.9 
2 29.4 10.22 294 91 102 0.090 0.239 122.9 
3 31.3 9.79 313 86 92 . 0.060 0.239 13C.8 
4 27.9 10.12 278 90 114 0.118 C.239 116.5 

avg. 29.2 9.94 292 87 109 0.092 0.239 122.3 

Variable Rate (eq. 4) : 
Cat~h ~iomass 

~ ~ S101 ~ ~ min f E Cit: 
1 27.8 12.15 317 77 176 0.003 0.200 138.7 
2 28.8 12.77 325 83 167 0.013 0.202 142.4 
3 30.8 12.36 339 80 151 0.015 0.210 147.0 
4 27.2 12.58 312 82 171 0.010 0.198 · 137.3 

avg. 28.7 12.47 323 81 166 0.010 C.2C3 141. 4 

Constant Rate w/Threshold (eq. 5) : 
s;~:t~h BiQm~:.l~ 

~ ~ S10· ~ ~ min f [ ~iE 
1 28.1 12.99 301 79 148 C.038 0.216 13C.C 
2 29.l 13.60 312 84 142 0.04C C.215 134.9 
3 31.1 12.03 323 81 131 C.C30 0.226 137.9 
4 27.5 13.71 298 84 144 0 . 04C C.213 129.1 

avg. 28.9 13.08 308 82 141 C.037 C.218 133.C 

Variable Rate1 w/Threshold (eq. 6) : 
~A:t~b ~iQmA~:I 

~ UL s .1:2. ~ ~ min f [ ~i[ 
1 27.4 14.78 334 75 2C5 a.coo C.185 148.4 
·2 28.5 15.29 342 80 189 0.000 C.187 152.2 
3 30.5 14.60 353· 78 188 a.coo 0.197 154.9 
4 :.26. 8 15.18 330 79 194 a.coo C.182 147.4 

avg. 28.3 14.96 340 78 194 0.000 0.188 150.7 

Variable Rat~ w/Threshold (eq. 7) : 
~At~b ~iQmA§~ 

[~ AYL s.I2. ~ ~ min f ~LE 
1 27.6 19.40 322 71 205 0.000 0.193 142.7 
2 28.8 20.10 327 75 189 0.000 0.198 145. 2 
3 30.8 19.92 337 75 182 o.coo C.208 147.6 
4 27.0 19.49 318 74 187 o.ooo 0.190 142.5 

avg. 28.5 19.73 326 74 191 a.coo C.197 144.5 

8 

Table 1. Catch and biomass results (1, 000 mt.) of five harvest 
policies compared under four random recruitment sequences. p is 
proportion of time biomass is below all time measured low. F is 
instantaneous fishing mortality rate. 
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4.0 	 ESTABLISH PROCEDURES FOR INTERIM TAC SPECIFICATIONS IN THE GULF 
OF ALASKA AND BERING SEA/ALEUTIAN ISLANDS 

4.1 	 Description of the Problem and Need for the Action 

Annual specifications of groundfish total allowable catches (TACs) and apportionments among user 
groups 	are based on the January 1 - December 31 calendar year. User groups may include U.S. 
fishermen catching/delivering to U.S. processors (domestic annual processing= DAP), U.S. fishermen 
delivering to foreign processors Uoint venture processing = NP), and foreign fishermen 
catching/delivering to foreign processors (TALFF). Procedures for establishing annual specifications 
of TACs are found in section 4.2.1.1 of the GOA ™P and section 11.3 of the BSA! ™P· 
Procedures in the GOA FMP differ from those in the BSA! ™P-. The GOA FMP stipulates that 
annual TACs take effect for a fishing year on a date published in the FEDERAL REGISTER . . The 
BSA! FMP is silent about an effective date for establishing annual TACs. FMP requirements 
notwithstanding, regulations implementing the GOA FMP stipulate that final TACs be published in 
the FEDERAL REGISTER on or about January 1 of each year. Regulations implementing the 
BSA! FMP stipulate that final TACs be published as soon as practicable after December 15 of each 
year. 	 -~ ·- _.r _­

The fishing year is the same as the January 1 - December 31 calendar year. Each specification 
expires when the fishing year terminates. During the fishing year, inseason management measures 
are implemented on the basis of current annual specifications for a current calendar year.· Without 
annual specifications having been filed with the Office of the Federal Register, authority docs not 
exist to allow enforcement of regulations, e.g. fishing a.rea c195ures or directed fishing prohibitions. 

. 	 . 
Existing procedures require the Secretary to consider the record on which the Council has based its 
recommendations for establishing TACs, draft a final notice of initial specifications based on that 
record, obtain legal and policy review, and file the notice all during the period after the end of the 
December Council meeting, which is about 10 days. · · 

Insufficient time is available during the period between the end of the December Council meeting 
· and January 1 of a new fishing year for the NMFS, Alaska Region. to prepare, and the Secretary of 
Commerce to review and implement final TACs by publishing them in the Federal Register.~. For 
example, TACs were published in the FEDERAL REGISTER on the following dates in recent years: 

GOA - January 4, 1985 . _ . GOA - January 14, 1988 

BSA! - March 21, 1985 BSA! - January 14, 1988 

GOA - January 9, 1986 GOA - February 13, 1989 

BSA! - January 9, 1986 BSA! - January 25, 1989 

GOA - January 9, 1987 GOA - January 31, 1990 

BSA! - January 9, 1987. BSA! • January 16, 1990 


These examples show that TACs are not made effective on January 1. The number of days that lapse 
from January 1 until the specifications are filed show the number of days during which no authority 
exists _to manage the fishery. Strict interpretation of the FMPs suggests that fishing should not be 
allowed until TACs are published. The Secretary has heretofore not closed the groundfish fisheries 
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during the hiatus in management authority in consideration of the overall public interest with respect 
to fishing opportunities that might be foregone during the hiatus, which is largely the fault of the 
bureaucracy. Should closures or inseason actions be necessary during the hiatus, however, authority 
would not be available to carry them out. Should action be necessary, the Secretary would have little 
recourse except to announce officially that the GOA and BSA! are closed until the specifications are 
made effective. · 

4.2 	 The Alternatives 

4.21 	 Alternative 1: Do nothing - maintain the status quo 

Under this alternative, no changes would be made to procedur~ used for establishing TAC 
specifications for groundfish species categories and apportionments thereof. Under these procedures, 
the Council provides recommendations to the Secretary following its September meeting about TAC 
specificatiOns and apportionments among DAP, NP, TALFF, and reserves. As soon as practicable 
after October l, the Secretary publishes the proposed TAC specifications in the FEDERAL · 
REGISTER and requests comments for 30 days. The Council considers all available information 
about proposed TAC specifications at its December meeting and makes final recommendations to 
the Secretary. The Sc:cretary considers comments received and Council recommendations. The 
Secretary then makes a final decision about initial TAC specifications and publishes them in 
FEDERAL REGISTER Initial TAC specifications become effective as soon as practicable after 
January 1 of a new fishing year. The hiatus, during which no enforcement action would be 
authoriz.ed, would continue each year. -· ­

4.22 	 Alternative 2: Extend proposed TAC specifications into a new fishing year as interim 
specifications, until changed. 

Under this alternative, the proposed TAC specifications that the Council recommends to the 
Secretary following its September Council meeting would be extended into the new fJShing year as 
interim specifications until changed. The interim specifications would be based on the information 
available at the September meeting, and would remain in effect until final T ACs are approved and 
implemented by the Secretary on the basis of Council recommendations from its December meeting. 
Meanwhile, comments on the TAC specifications would be requested in the same manner as they 
would be under the status quo. . - · - -· - .·, . . - .. .;. 

To implement this alternative, existing regulations might be revised to read as follows: . 

Notices of propcd and interim harvest specifications. After consultation with the Council, 
and as soon as practicable after October 1 of each year, the Secretary will file a notice in the 
FEDERAL REGISTER proposing specifications of annual TAC, DAP, JVP, TALFF, 
reserves, and applicable PSC amounts for each target species, "other species" category, and 
species determined to be fully utilized by the DAP fisheries. These proposed amounts will 
be implemented as interim specifications on January 1 of the subsequent fishing year and will 
remain in effeet until changed. They will reflect as accurately a5 possible the projected 
changes in U.S. processing and harvesting capacity and the extent to which U.S. processing 
and harvesting will occur during the coming year. Public comment on these amounts will be 

A.'f 21/16 4-2 	 7/31/9-0 

http:authoriz.ed


accepted by the Secretary for 30 days after the notice is filed for public inspection with the 
Office of the Federal Register. 

Notices of final harvest limits. The Secretary will consider comments received on the 
pro~ specifications during the comment period and, after consultation with the Council, 

. will specify the final annual TAC for each target species and the "other species" category and 
apportionments thereof among DAP, JVP, TALFF, and reserves. These final specifications 
will be published as a notice in the FEDERAL REGISTER on or about January 1 of each 
year and will replace the interim specifications. - - · ~ · 

4.23 Alternative 3:. (Preferred) Extend one-fourth of the proposed TAC specifications into a new 
fishing year on an interim basis. 

This alternative is similar to Alternative 2, except that only one-fourth of the proposed TAC · 
specifications would be extended into the new f1Shing year. The purpose of allocating only a fraction 
of the TAC specifications is to avoid establishing an interim specification for a particular species that 
might be much larger than that which the Secretary might eventually implement as the final 
specification. 

Differences in apportionments between DAP and JVP on the basis of pro~ and final TACs could 
be significant For example, during the 1989/1990 period in which TAC speclfications for the BSAI 
were proposed and finalized under the status quo process, the proposed and final TAC.S for "rocksole" 
were 102,148 mt and 60,000, respectively. Proposed and final JVP apportionments were 36,965 mt 
and 0 mt, respectively. · The final JVP was augmented by 16,539 mt from the operational reserve as 
bycatch to.support the other JVP flatf1Sh directed fisheries. 

In 1990, the rocksole allocation to JVP was intended as bycatch only. But if all the proposed JVP 
had been available on an interim basis for purposes of allowing ~directed JVP fishery, and if final 
specifications were not filed for several weeks, the JVP fishery could reasonably have harvested all 
of the interim JyP specification of 36,965 mt, exceeding the final JVP specification for rock sole by 
20,426 mt - - ~ · - · ­

~:. "t ':""- • 

If just one-fourth of the interim JVP specification of 36,965 mt for rock sole had been specified on 
January 1, 1990, only 9,241 mt would have been available. Rock sole was intended only as bycatch 
in the JVP ycUOwfin sole fishery for 1990. A bycatch amount of 9,241 mt would have been sufficient 
to support the ycllowfin sole NP fishery until final specifications had become effective. 

Under this alternative, interim specifications of prohibited species catch (PSq l~mits should also be 
allocated in the same proportion as the groundfish interim specifications to support bycatch needs 
in the directed groundfish fisheries. PSC limits of. Pacific halibut are allocated in the Gulf of Alaska. 
An amount of Pacific halibut equal to one-fourth of the PSC by gear type would be allocated, 
therefore, on an interim basis to support GOA bycatch needs. PSC limits of Pacific halibut, red king 
crab, and Bairdi Tanner crab have also been allocated in the Bering Sea and Aleutian Islands Area 
(BSAI) under Amendment 12a to the BSAI FMP, which expires at the end of the 1990 fishing year. 
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If PSC limits in the BSA! are again authorized as a result of Council action for the beginning of the 
1991 fishing year, then one-fourth of the available PSCs would also be allocated on an interim basis 
to support bycatch needs. · 

4.3 Biolo~cal and Physical Impacts 

Un~er each alternative, the final TAC specifications would not be affected. Final TACs 
recommended by the Council would be implemented, replacing interim TACs. Total harvests during 
the fishing year could be different, however. 

Under Alternative 2, for example, overharvesting a groundfish species could potentially occur if early 
fishing toward an interim TAC resulted in a harvest amount that was higher than the intended final 
TAC. To the extent that overharvesting a species caused overfishing is a cost under this alternative. 
Any overfishing would induce changes in predatory/prey relationships, which are difficult to anticipate. 
Changes could be short term or long term, depending on the severity of overfishing. 

Under Alternative 3, potential overharvesting a groundfish species is. reduced, because only 25 
percent of the TAC would be available. The risk of overfishing would largely be removed, which 
would be a benefit under this alternative. 

4.4 Socioeconomic Impacts 

No changes in enforcement costs would be incurred ·under either alternative . . No additional 
administrative costs would be incurred under either alternative, because only two notices would be 
published in the FEDERAL REGISTER: (1) the notice resulting from Council recommendations 
made at its September meeting, which would serve as proposed and interim TAC _specifications; and 
(2) the notice resulting from Council recommendations made at its December meeting, which would 
be the basis for final T ACs. · , · 

~ discussed under the "Biological and Physical Impacts" section, Altern~tives 2 and 3 v~~ with 
respect to potential overfishing. Alternative.3 is superior economically to Alternative 2, to the extent 
that the risk of overfishing is reduced, which promotes economic stability in the industry. 

. . . . 

As a practical matter, no costs are expected to be imposed on the -industry as a result of either 
alternative, bcca~ only a few days are expected to lapse during the period that interim specifications 
are in effect, before the final TACs are implemented. 
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5.0 	 MODIFYTHEAlITHOFJf.ATIONLANGUAGEFORDEMERSALSHELFROCKFISH 
MANAGEMENT IN THE GULF OF ALASKA 

5.1 Description of the Problem and Need for the Action 

Demersal shelf rockfISh are harvested primarily in the waters of Sou~heastern Alaska by a longline 
fleet targeting on the ten species of roclcfish which make up this management assemblage. Although 
some harvest of this assemblage also occurs in the East and West Yakutat Regulatory Districts, 
demersal shelf rockfISh are currently recognized as an ™P species group only in the Southeast 
Outside District (Figure 1). In addition to the directed harvest, demersal shelf roclcfJSh are taken in 
relatively small quantities incidental to the halibut longline fJShery, salmon troll fJSheries, and offshore 
trawl fJSheries for other rockfISh species. · · · · ,. 

The Magnuson Fishery Conservation and Management Act (MFCMA) requires that conservation and 
management measures prevent overfIShing while achieving, on a continuing basis, the optimum yield 
from each fishery. The demersal shelf roclcfJSh stock is considered to be very limited and vulnerable 
to localized depletion at low harvest levels (O'Connell and Bracken, 1988). The current annual TAC 
for the Southeast Outside District of less than 500 mt is difficult to regulate and, because the 
population level of these fish is so difficult to assess, there is little assurance that the curre'nt harvest 
levels are sustainable. Management by ann_ual broad-area quotas alone is not considerCd to be 
restrictive enough to prevent localized depletion or to assure that the optimum yield can be sustained. 

. 	 .­-
To reduce the risk of exceeding the annual TAC set for demersal shelf rock.fJSh, the North Pacific 
FIShery Management Council (Council) adopted Amendment 14 to the Gulf of Alaska GroundfJSh 
F1Shery Management Plan (FMP) in September 1985. That amendment gives limited authority to the 
State of Alaska to manage demersal shelf roclcfISh in Federal waters. The purpose of this 
authorization was to allow for management by smaller quotas and management areas than could be 
practically administered by the Council and regulated by the National Marine FJSheries Service 
(NMFS). However, the current language of the authorization provision restricts State authority to 
regulating the ·demersal shelf rockfish fishery "c00sistent with specific provisions of the FMP", to 
"establishing smaller areas and quotas", and applies· only to vessels which are "registered/licensed 
under the laws of the State of Alaska". . · · - · : ·· • _ ­

1 

. 	 .... . ~ 

In 1988 the.Alaska· Department of FISh and Game (ADF&G) requested and received funding from 
the Federal Intcrjurisdictional F1Sheries Fund to develop a management strategy for demersal shelf 
rockfi.sh in the Eastern Gulf of Alaska The emphasis of that effort was to devdop regulations which 
would provide for conservation of the resource while at the same time maximizing the value of the 
fishery. With that general objective in mind, much of the regulatory review was directed at 
developing management m~ures which would lengthen the seasons to assure a consistent supply of 
high quality fresh fish to the markets over an ·extended portion of the year. Extending the harvest 
over a longer time period was also recogniz.ed as a way to reduce the risk of exceeding the small 
annual TAC limits. 

The Federal funding was used by the ADF&G staff to thoroughly analyze existing data on biology 
of demersal shelf rockfish and the history of the demersal shelf .rock.f1Sh fishery and to support a 
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Rockfish Work Group made up of fishermen and processors from all major Southeast Alaska rock.fish 
ports. The Work Group met twice during 1988 in workshops lead by ADF&G staff to consider 
management options for the demersal shelf rock.fISh fIShery. The preferred management alternatives 
selected through that process were presented to the Alaska Board of Fisheries (Board), adopted in 
February 1989, and became State law in June 1989. As a result of that action, the State regulations 
for management of demersal shelf rockfISh in Southeast Alaska are no longer consistent with the 
specific provisions of the FMP nor are they limited to establishing smaller quotas or areas . . The 
specific State regulations and differences· between them and the current Federal regulations are 
pr~~ted in section_ 5.5 .. 1 of this chapter. · · · · 

The directed longline fIShery for demersal shelf rock.fISh OCGurs in both State (internal waters of S.E 
Alaska and coastal waters out to 3 miles) and Federal waters (from 3 to 200 miles). Over half of the 
demersal shelf rockfISh harvest from the Southeast Outside District OCGurs in Federal waters of the 
area. Fishermen move freely between State and Federal waters and at times even set directly across 
that boundary. In order for the State to carry out the management responsibility conferred to it by 
Amendment 14 of the Gulf of Alaska Groundfish FMP, it is necessary ' for State and Federal 
regulations for this fIShery to be consistent. The State simply cannot manage the resource using two 
separate sets of reguiations. A modification of the FMP language is needed to · allow for full 
implement~_tion of ·the newly-adopted State regulations into the EEZ. .· · 

5.2 The Alternatives 

5.21 Alternative 1: Do nothing - maintain the status quo. 

Under this alternative, the State would retain limited authority for demersal shelf rockfish 
management under the eX:i.sting provision in the FMP, but could not legally enforce State regulations 
other than annual quota management beyond three miles. 

5.22 Alternative 2: ~referred) Modify the a·uthorizatio~ language of the FMP to allow full 
implementation of State regulations in those Federal waters of the Eastern Gulf of Alaska where 
demersal she~ rockfish are recognized by the Council as an FMP species group. 

Specific Proposal: Modify Section 3-1 on page 3-5 of the FMP pertaining to State regulation of 
demersal shelf rockfish assemblages as follows: The underlined sections are pro~ new language 
and sections [bracketed and in bold type] would be deleted from the existing language. 

'The TAC for demersal shelf rockfish in the Eastern Re~latorv Area is specified by the Council each 
year. The State of Alaska will manage State registered vessels fishing for demersal shelf rock.fISh in 
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the Eastern Rei1Jlatory Area with Council oversight. Under this oversight the State [or Alaska] 's 
management regime for demersal shelf rockfISh in the Eastern Regulatory Area will be [is] directed 
at managing these rockfish stocks within the TAC specified bv the Council. [smaller management 
units than are provided ror by the FMP.] Such state regulations are in addition to and stricter than 
Federal regulations. They are not in conflict with the FMP as long as they: (1) are consistent with 
specific provisions of the goals and objectives of the FMP, and (2) [limited to establishing smaller 
areas and quotas, wbkb would], result in a total harvest of demersal shelf rocldish in the Eastern 
Regulatory Area [each FMP regulatory area] at i level[s] no greater than provided ]2y [for in] the 
FMP. Such state regulations will [may]. apply only to those vessels registered Ulicensed] under the 
laws of the State of Alaska. ­

Regulatory changes proposed by the A}aska Board of Fisheries. which ar~ rel~tcd to the management 
of demersal shelf rockfish will be reviewed bv NOAA and the Council prior their adoption to assure 
that any ~uch proposed changes are consistent with the goals and objectives of the FMP. 

. . 
Under Council oversight. the following categories of regulations are authorized by the FMP to be 
applied by the State to vessels in the demersal shelf rockfish fishery: 

. . . 
The directed fishing standard for demersal shelf rockfish. inseason adjustments. seasons. 
seasonal apportionments ofquotas. gear specifications. trip limits. directed fishing quotas, and 
management areas. 

• .:t ...... 

. . 
The following categories of rei1Jlations will be maintained as Federal regulations. unless specificallv 
exempted. that must be complied with by Federally permitted vessels in this fishery: 

Notices establishing preliminary and final TACs. definitions (except the directed fishing 
standard for demersal shelf rockfish. relation to other laws. permits. recordkeeping and 
reporting. general prohibitions. penalties. harvest limits, prohibited species catch limits. 
measures to manage designated prohibited species, and observer requirements: .. 

..... : ..i· ., ·--~ . : :. ....~ .. 
: ~ ~ :.·::... .. .. . . • ... ! . ·. 

This alternative allows the State the greater flexibility needed to manage the demersal shelf roclcfish 
assemblage while maintaining Federal oversight for managing the assemblage. Regulatory measures 
used by the State in the Territorial waters could be implemented to manage the demersal shelf 
rocldish fishery in the EEZ, as long as the measures are consistent with the provisions of the 
MFCMA and the FMP. This modification would result in consistent management of demersal shelf 
rocldish in both State and Federal waters, minimize the risks of localized depletion and reduce the 
possibility of ~g the annual TAC, and assure that the greatest value of the product was 
realized. Virtually all v~ls engaged· in the demersal shelf rockfish fishery have obtained the 
appropriate State licenses. Therefore, the sentence referring to v~ls registered/licensed under state 
laws is being deleted as it is considered to be unnecessary. 
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5.3 Historical Data and Description of the Fishery 

5.3.1 Historical Data 

Demersal shelf rock:fish have been caught incidental to commercial fJSheries for halibut, sablefJSh, and 
salmon since the early 1900s. Very small bycatch levels of demersal shelf rock.fish were also reported 
by observers in the foreign trawl fJSheries targeting on slope rockfish in the Eastern Gulf prior to 
1982 (Table 5.4). 

In 1979 a small shore-based fishery directed at nearshore rockfish commenced in the Sitka area of 
Southeast Alaska. Since that time landings of demersal shelf roclcfish have increased dramatically 
throughout the region. The directed harvest increased from approximately 350,000 pounds (160 mt) · 
of all roclcfJSh species in 1982 to a peak of nearly 2.7 million pounds (1,225 mt) of demersal shelf 
roclcfish alone during 1987. Through more restrictive regulations, the total harvest of demersal shelf 
rock.fish was reduced to 1.5 million pounds (680 mt) in 1989. Approximately 860,000 pounds (390 
mt) of the 1989 landings were reported from the Southeast Outside District 

The demersal shelf rock.fish assemblage was first recommended as a separate management assemblage 
by ADF&G biologists in 1984 and adopted by both the Board and the Council later that year. The 
ten-species group was based on the predominant species landed by the longline fleet targeting on 
roclcfish in the Southeast Area as determined by ADF&G port samples from shore based-landings 
between 1981 and 1984. 

The history of domestic catches (mt) of demersal shelf rock.fish are shown in table S.1. 

5.3.2 Description of the Fishery 

The directed fishery for demersaJ shelf rock:fJSh is conducted primarily by smaller shore-based longline 
vessels landing the fish heavily iced after short trips. The fish are flown out of state fresh and in the 
round to exclusive markets throughout the western half of the U.S. These markets pay a premium 
pri~ for the product compared to_other rockfish markets (see section 5.5.2). 

These vessels deliver their product to a number of shore-based plants, ·with mo.st of the landings 
occurring in Sitka, Ketchikan. Craig, and Petersburg. Fi.sh are also delivered to Juneau, Wrangell, 
Hoonah, Pelican and other ports in the rc:gi~n. This fishery is conducted primarily during the •off­
season• and provides income to fisherm~n and processors during the fall, winter, and spring when 
other small-Vcs.1Cl mhing opportunities are diminished. . . 

Data from the Alaska Commercial Fl.Sheries Entry Commission (CFEC) indicate that as many as 300 
individual longliric vessels have participated in the target fishery in a single year. A total of 720 
individual longline vessels made directed landings of demersal shelf roclcfish to Southeast Alaska ports 
from 1979 through 1988 and 624 individual longline vessels reported directed landings between 1984 
and 1988 (CFEC, 1989a). A large percentage of the participants make only one or two trips per 
season and very few fishermen derive their entire fishing income from demersal shelf rock.fish. 
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Both Alaskan and. non-Alaskan fishermen participate in this fishery. CFEC data show that the 
number of non-Alaskan fishermen participating in this fishery ranged from 9% to 13% of the total 
number of participants between 1984 and 1987. The number of non-Alaskan fishermen increased 
in proportion to the increase in total fishermen during that time period (CFEC, 1989b). 

Beginning this year a separate CFEC permit is required to participate in the directed fishery for 
demersal shelf rockfisb. As of April 2, 219 permits have been ~ued. Of that total, 14 (6.4%) were 
~ued to non-Alaskan fishermen (Personal communication with Kurt Schelle, CFEC, Box KB, 
Juneau, AK 99811). The total number of permits, both to Alaskans and non-Alaskans, is_expected 
to increase as the year progresses. 

In 1989, the only year for which comprehensive harvest data are currently available for all gear types 
and species groups, longline gear accounted· for 97.2% of all demersal shelf rock.fish landed in.the 
Southeast Outside DistricL Small amounts were also reported by trawl gear (1.6%) and other book 
and line gear ( 1.2% ). Pounds and percentages of the ten species of demersal shelf. rockfish landed 
in the Southeast Outside District during 1989 are listed by gear type in Table 5.2 That table also 
shows the reported harvest of the other rock.fish management assemblages by gear type. During 1989 
demersal shelf rockfish comprised nearly 74% of all rockfish landed by longline gear in the Southeast 
Outside District and only 0.4% of all rock.fish landed by trawl gear. This suggests that demersal shelf 
rock.fish are not inherently vulnerable to trawl gear a~d that separation by gear type is a viable 
management optio~ This data is consistent with the foreign observer data (Table 5.4) which. also 
shows very low relative catches of demersal shelf rock.fish during target fisheries for other rock.fish 
species. 

Table 53 shows the species composition of rock.fish landed by longline ves.sels to shore-based 
processors in Southeast Alaska during 1988 and 1989. This table indicated that nearly 90% of all 
rockfish landed by longline vessels targeting on rockfish during those two years was from the demersal 
shelf rockfish assemblage followed by pelagic rockfish (9.4%) and three species of slope rockf1Sh 
(2.1%). - . . . . 

AD aa·mination of observer data · from trawl vCs.sels fishing for ·rockf1Sh in the Southea5t Outside 
District ~uring 1980 and 1981 also suggests a distinct separation of assemblage harvest by·gcar type 
(Table 5._4). Only 6.?% of all rockfish reported by both small trawlers and large factory trawlers 
operating during that time were species now included in the demersal shelf rock.fish assemblage. 
Nearly 92% of the small amount of demersal shelf rockfish which was landed by trawl vessels was 
from three species, redstripc rock[ish (Sebastes ~r), bocaccio (S. paucispirws), and silvcrgrey (S. 
br~ispinis) roc:kfish (fable 5.2). These three species constitute only a minute fraction of the 1989 
longline landings from the Southeast Outside Di.strict and are being considered for exclusion from 
the demeiSal shelf rocldish assemblage (sec section 5.5.1). · · 
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5.4 Bioloiical and Phvsical Impacts 

5.4.1 Biology 

Ten species of Sebastes rockfish are currently included in the demersal shelf rockfJSh management 
category. They represent the rockfish species which are most commonly taken by set line gear on 
the continental shelf in the Eastern Gulf of Alaska. The name "demersal shelf' refers to the. fact that 
they are primarily bottom-dwelling species of the continental shelf. The species are shown in 
alphabetical order by common name in Table 5.5. 

Methods used by the Canadian Department of Fisheries and Oceans for aging similar species such 
as rougheye rockfuh indicate extreme ages for yelloweye and quillback rockfJSh, the predominant 
commercial species landed. Individual yelloweye rockfuh ·have been aged in excess of 100 years and 
samples from commercial landings in some Southeast Alaska fisheries indicate an average age of over 
50 years for that species (O'Connell and Funk, 1987). Preliminary aging data suggests that yelloweye 
rockfish do not attain sexual maturity until they are 12 to 15 years of age or older and do not recruit 
fully to the fishery until even older. · 

All rockfish in the genus Sebastes are ovoviviparous, ext~ding live larva after a reproductive cycle 
which begins with internal fertilization and extends over several months. Not all species have 
concurrent cycles and so some portion of the reproductive cycle, either copulation, fertilization, 
maturation, or parturition, occurs fo~ some rockf!Sh species over much of the year (O'Connell. 1987). 
For these reasons closures to protect spawning stocks are not considered to be an effective 
management tool. 

These fish inhabit depths from 5 fathoms (9 meters) to over 100 fathoms (183 m~ters) with the 
greatest abundance between 20 and 80 fathoms (37 to 146 meters). Most ~emersal shelf species are 
closely associated with the bottom,_at least as adults. They are generally found on or near rocky 
substrate, normally in areas with high bottom relief such as pinnacles and reefs. Surveys conducted 
by ADF&G and logbook data from the commercial fishery have shown that a longlinc set 50 meters 
or less from the desired location will often result in a substantial change in number of fish caught and 
in species composition of the catch. The suggested high degree of habitat sPedficity and wumed 
lack of movement of these species may render them particularly vulnerable to localized depletion. 
The concern for localized depletion associated with limited movements of dcmersal shelf roclcfish has 
been noted for similar species of Sebastes in other areas (Mathews and Barker 1983, Love 1980). -. . . 

Risk of localized stock depletion is increased by the low survival of individuals taken as bycatch in 
other fisheries and returned to the ocean. All Sebastes have a physoclistic (closed) gasbladder. 
Because of this, Sebastes and particularly the bottom-dwelling demersal shelf rockfish are susceptible 
to extensive soft tissue damage or death from decompression when they are brought to the surface. 
For that reason, size restrictions, species selection, and PSC discard requirements are not effective 
management tools for minimizing total fishing mortality for demers~l shelf rockfJSb. 

Available data indicates that the instantaneous rate of natural mortality is less than 0.04 for yelloweye 
roclcfish (O'Connell and Bracken, 1988). For long-lived species such as rockflSh, managers normally 
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set the harvest level at an amount which does not greatly exceed the natural mortality rate to 
minimize the risk of significant population declines. The rate at which the population decreases 
depends to a large extent on the level of additional mortality induced by fishing. The demersal shelf 
rocldish resource has shown signs of dramatic reduction in some areas with only a relatively small · 
amount of directed longline harvest (Bracken, 1989). With these biological characteristics, they are 
considered to be highly susceptible to local~d depletion and possible:. long-term st~k reduction if 
not managed very conservatively. : . . .. 

There are currently no estimates of MSY, ABC, or biomass for the demersal shelf roclcfJSh 
_ assemblage in Alaskan waters. .The habitat-specific nature of the species involved makes estimation 

of those biological parameters very difficult .ADF&G biologists have drafted the demersal shdf 
rockfish chapters for the annual Gulf of Alaska status of stock and Plan Team reports_since 1984. 
For the past several years the TAC set by the Council for demersal shelf rockfJSh in the Southeast 
Outside District has been based directly upon reco.mmendations made by the ADF&G staff. . . 

. . - . . .. . . -- .. .. . .. . ­~ 

. Lacking the ~iological parameters normally used for setting TAC, the question is often asked how 
the TAC recommended by the ADF&G staff are derived. Annual harvest objectives for the directed 
hook and line fishery for demersal shelf rockfish ·.in each of the five Southeast Alaska management 
areas are set annually based upon fisheries performance and fleet distnbution data collected through 
a port sampling/skipper interview program. The annual directed harvest objective is then modified 
to include the anticipated demersal shelf rockfish bycatch levels estimated from the previous years 
reported bycatch to establish an annual total harvc;st The total annual harvest objectives for the 
three outside management areas which make up the Southeast Outside District (Figure 2) are 
combined to obtain the TAC recommendation which is made to the Council each year. _~ _ 

.. .. . . 
The State made the original recommendation to the Council to establish deme~al shelf rockfJSh as 
a separate management assemblage and have made the annual recommendations for harvest o( this 
assemblage in the Southeast Outside District since demersal shelf rockfish were first recognized as 
an FMP species group. The "current restrictive language in the FMP regarding the State's 
management authority for demersal shelf rocld"ish makes it difficult to manage the resource within 
the small annual TAC limits. This increases the risk that the annual TAC level will be excCeded and 

. that stock depletion may~- :-...... -. ·.::· ::.~·: :. . .... ...... ..... .. ...  ..:. ... .. 
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5.4.2 Alternative 1: Do Nothing - status quo 

. . 
Under this .alternative the State could not implement regulations other than annual quota 
management to vessels operating in the EEZ. With the small quotas and the vulnerability of the 
predominant species to stock reduction at low levels of harvest, this constraint is considered to pose 
an undue risk to the demersal shelf rockfish assemblage. Under existing regulations, a small number 
of vessels could conceivably take a major portion of the quota in a single trip. Any delay in reporting· 
could result in exceeding the annual TAC by a substantial amount, particularly if that harvest 
occurred late in the year. Also, under current Federal regulations, the entire quota could be taken 
from a small portion of the regulatory district potentially reducing the productivity of demersal shelf 
rocldish in that portion of the Southeast Outside District for an extended period of time. 

Managing a fishery in such a way that the risks to the resource are not adequately considered in the 
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management strategy and resulting regulations is contrary to the goals and objectives of the Council 
as outlined in the FMP. The current Federal management system precludes management of the 
demersal shelf rockfish fishery with the level of in-season intensity required to adequately protect this 
resource and maintain the annual harvest within safe biological limits. 

5.4.3 Alternative 2: (Preferred) Modify the authorization language of the FMP to allow full 
implementation of State regulations in those Federal waters of the Eastern Gulf of Alaska where 
demersal shelf rockfish are recognized as an ThfP species group. 

Under this alternative the more restrictive State regulations would also apply to all vessels taking 
demersal shelf rock.fish while operating in the EEZ portion of the Southeast Outside District. 
Current state regulations for the directed fishery which would be extended to the EEZ include: an 
annual fishing season separated into three segments, separate annual quotas for each of the three 
management areas which make up the Southeast Outside District, directed fishing restricted to hook.­
and-line gear, the directed harvest of demersal shelf rock.fish limited to no more than 7,500 pounds 
during any five day period, and bycatch of demersal shelf rock:fish in all other fJSberies and when the 
season is closed limited to no more than 10% by weight of all fish on board. The bycatch limit does 
not apply to the halibut fJShery and fishermen engaged in that f!Shery are encouraged to land all 
demersal shelf rock.fish harvested to minimize waste. 

The primary impetus behind the adoption of many of the State demersal shelf rockfish regulations 
was either economic or allocative. The specific regulations and the intent behind them are discussed 
in much greater detail in section 5.5.1 under Socioeconomic Impacts. Regardless, since a primary 
consideration of the State management objective was to spread out the harvest over as long a time 
span as ~ible, the State regulations make management within a set quota much more feasible and 
offer a much greater degree of protection to the resource than the current annual quota management 
strategy provided for in the FMP. This is particularly true given the small TAC limit and the many 
vessels currently operating in th.is fishery. 

5.5 Socioeconomic Impacts 

The Principal management goal outlined in the FMP states that "Groundfish resources of the Gulf 
of Alaska will be managed to maximize positive economic benefits to the United States, consistent 
with marine resource stewardship responsibilities for the continuing welfare of the Gulf of Alaska 
living marine resources.• This is consistent with the State's principal objective for management of 

demersal shelf roci:fish which states: "'The Southeast Alaska demersal shelf rodcfish fishery will be 
managed to provide positive economic and other benefits to the region while supporting a sustainable 
annual harvest of this resource. The benefits include, but are not limited to, profits to the fJShing 
industry; benefits to consumers; income; employment; and recreational, personal, and subsistence 

uses.• (Bracken, 1989). 

5.5.1 State Regulations 

To fully understand the socioeconomic impacts of extending the State's regulations for managing 
demersal shelf rock.fish into the EEZ, it is important to know specifically what those regulations are 

and how and why they were adopted. 
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State regulatory changes for Southeast Alaska finfish are considered by the Alaska Board of Fisheries 
every other year. To be considered, proposals for specific changes must be submitted prior to a pre­
announced deadline. The printed proposals are readily .available to the public. They are revi~ed 
thoroughly by the ADF&G staff, the Fish and Wildlife Protection (enforcement) staff, the local fish 
and game advisory committees, and the regional fish and game councils prior to the Board.meetings. 
The Board then takes comments from the public and the various revi~~rs prior to making a decision 
whether to adopt, reject, or modify the proposal and ·establish regulations consistent with State 
management standards. All proposals submitted 'prior to the deadline are considered and weighted 
equally by the Board. Both Alaskan and non-Alaskan fishermen participate in· this process. 

.•.. . .. : • 1!.~ ... _;. , 

In formulating the current State regulations regarding demersal shelf rockfish, an additional step was 
taken. A grant from the Federal Interjurisdictional Fisheries Fund was used to form an industry 
Work Group to disCuss management alternatives and adopt preferred options· for regulatory 
consideration. A fisherman and a processor from each of the major Southeast Alaska rockfish ports 
was invited to participate in two workshops held during the summer and fall of 1988. The primary 
concerns expressed by the participants at those workshops were that the fishery mus~~ managed 
within safe biological limits and to ensure that demersal shelf rockfish are available for harvest over 
most of the calendar year. If a closure was necessary for conservation reasons, they recommended 
that it should be during May and June when the markets for their product was soft and the 
predominant species were in the parturition stage. · Four of the ·current regulations, the gear 
restriction; the trip limit, the split season, and the mandatory logbook were recommended by the 
industry. The first three were intended to spread out the fishing effort and to maximize the value 
of this fishery to the fishermen involved. 

The regulations currently in.effect for State management of demersal shelf rockfish are: 

1. Five separate management areas are established for demersal shelf rockfish 
management in Southeast Alaska (Figure 2). These areas were adopted based upon 
staff recommendations and input· from the public. - They · represent the -general 

·· · geographic distnoution of the fleets from the major ports in the ·region. Quotas and 
- other groundfish regulations are c:Stablished independently for each management area - ~· · -: :•: .:.: :· -.~~ ~..:: ..~~:::.. _; .... :.;,;... ::_.: ... , ~ ..,~= ~ .:: .-,; J _ _ ,

• 
.... ,,;. ,. 

- • ,.,._.. • .. ..... 
... 

.J 
.. 

. • :.. ·- .. . ! ... ­ ~.. ., ':.:. .-
.. 

..

2 Separate guideline ha.rVest ranges for the direeted demersal shelf rockfish 
fishery arc set for each of the five management areas. The ranges were recommend­
ed by the department staff and endorsed by the Rocldish Work Group at their 1988 
workshops. The approved ranges arc approximately .50% to 67% of the preliminary 
harvest limits used by ADF&G to manage the directed fishery during the 1986-87 and 
1987-88. seasons (Bracken 1988). The harvest ranges and current annual harvest 
objectives for each area are listed in Table S.6. An annual harves.t objective is set 
withii:i the guideline harvest range for each area based upon the best available 
information prior to the October 1 opening date of the directed demersal shelf 
rocldish season each year. The NSEO, CSEO, and SSEO areas make up the 
Southeast Outside District. The directed fishery harvest goal for the Southeast 
Outside District is 370 mt for the 1989-90 season leaving approximately 100 mt of the 
470 mt TAC for bycatch in other fisheries. 
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3. Under State regulations the annual fishing year for the directed fishery runs from 
October 1 through September 30 and opens with a new annual quota at noon on October 1 
each year. The fishing year is split into three segments. No more than 43% of the annual 
harvest objective for each fishing year can be taken during October and November. An 
additional 42% may be taken from December 1 through May 15 with the remainder of the 
harvest (15%) reserved for a summer season beginning on July 1. This regulation was 
proposed by the Work Group as a means of spreading out the harvest over a broader portion 
of the year to maximize the value of the resource. The May 15 - July 1 closure coincides with 
the peak parturition period for yelloweye rockf1Sh and attendant p~esence of larval fish in 
rockfISh sold in the round. The presence of larval fish reduces the marketability of rockf1Sh 
sold in the round and thus tends to depress the market for demersal shelf rockf1Sh. In 
addition, the availability of rockf1Sh from other sources also tends to depress the market. This 
is not considered to be inconsistent with the FMP f!Shing year since the directed fishery will 
be managed to remain within the annual TAC set by the Council. 

4. Directed fishing for demersal shelf rock.fish is limited to hook and line gear. 
This restriction has been in effect in State waters since 1984 and was adopted at the 
recommendation of the shore-based fishing industry. The regulation was adopted by 
the Board of FiSheries because the demersal shelf rock.fish resource was being fully 
utilized by hook-and-line vessels, the harvest can be better controlled with that gear . 
type, and the greatest value from the resource comes from fresh f!Sh deliveries of 
longline-caught fish (see section 5.5.2). 

5. When the directed demersal shelf rockfish fishery is closed, either after the 
annual harvest objective has been reached, by gear restriction, or in areas with 
pennanent closures to directed f!Shing for demersal shelf rock.fish (Sitka and 
Ketchikan vicinity), any CFEC permit holder may retain demersal shelf rock.fish only 
up to 10% by weight of all species on board. However, demersal shelf rock.fish may 
be retained without restriction while fishing for halibut during a regular commercial 
halibut opening. These regulations were proposed by the ADF&G staff at the 
request of the industry and Work Group participants. They were adopted to meet 
the objective of miniminng waste of demersal shelf rock.fish in fisheries for other 
species by allowing full utilization of all demersal shelf rockf1Sh harvested while at the 
same time recognizing the greater value of a directed hook and line fishery. The 
directed fishing quotas are set low enough to accommodate the anticipated annual 
bycatch without exceeding the TAC level set by the Council, thus reducing the risk 
that demersal shelf rocldish would have to be declared a prohibited species. 
Anticipated annual bycatch levels are determined from actual bycatch landed in the 
previous year. Because the state does not have management authority over the other 
rock.fish assemblages beyond the tree-mile territorial limit, both the gear restriction 
and the 10% bycatch limit would apply only to demersal shelf rockf1Sh in the EEZ. 

6. A Work Group proposal to limit the amount of demersal shelf rock.fish landed 
by any fisherman during a weekly fishing period is in effect. The regulation states 
that ~during the directed demersal shelf rockf1Sh fishery no vessel or individual CFEC 

permit holder may land more than 7,500 pounds (3.4 mt round weight) of demersal 
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shelf rockfish during any five-day period". This action was recommended by the Work 
Group for two reasons, one economic and the other biological in nature. The weekly 
trip limit serves to spread out the harvest over a longer time period, maintains the 
predominantly small-vessel nature of the fishery, and minimizes market gluts which 
tend to reduce the value of the product This regulation also spreads out the effort, 
makes quota accounting much easier, and thus reduces the risk of stock depletion. 

7. . A regulation requiring all participants in the direeted demersal shelf rock.fish . 
fishery· to maintain logbooks was also adopted. This regulation was requested ·by the 
Work Grou·p- as a· way to..provide~·bCtter .information with which to manage this ­

fishecy.- The langUage ot the regulation is .very similar to the logbook requiremen~ - . 
~-	
. 

currentJY in cffeet for the halibut fiiheiy in Alaska and ~re slightly more detailed than .. 
the.current NMFS logbook requirements. The regulation specifics what information 
must be retainCd, but d0es not dictate a specific format . . . ­

Proposals which will be presented to the Board for consideration at the winter 1991 meeting include · 
.

.. 
. 

- . 
...

. 

. 
.. 

:_. 
. ._·

".. ..

 a minor modifieation of the State logbook requirements, a recommendation to cons0lidate the CSEO 
and the' NSEO manage.meat area.S into one management area (Figure 2), the transfer'of silvergrey 
and redstripe r0ckfisb ·and bocaccio from the demersal shelf rockfisb assemblage to the SJOPe as­
semblage, and the shjft of redbaoded rocldisb (SebaStes babcoc/a) from the slope assembl~gc into the 
 demersal shelf r0ckfisb 

0 

assemblage..The changes to the as'Semblagcs. if implementCd. will aiso need 
to be made' to the oo·sPecicS groupinis. That recommendation will be made to the Council next 
fall as part of th~ 

0

demersal-shelf r0ckfish stock status report. .. ~ - . - . - , . 
' ... \ -. ":i1...;. .. ..~ 

.. • .... - - .. J 

 .. J• • . - -· -· - ·- - • • ...... ·-- - - - • •

.... · - . ~ - • • ..,. •!'" 	

­

The pioj>osal ·ta·modify the logbook 'requkement will include a more precise definition of location 
and the cxclusion 'of the'current 'requirement to report the 'number of fish caught. Consolidation of 
two of the out.side district management areas will eliminate the small northern outside area making 
in-season catch accounting and overall management less complicated (Figure 5.2). Therecommenda­
tions for changes to the species groupings are based on the catch summaries presented earlier in this 
rep0rt. No other modifications to the current regulations arc being eonsidered by the ADF&G staff 
at this tiiii~ ·.The CieaCii.ine-!or s~bmmion for proposals to be considered in 1991 was April 10, 1990 
So no additioiiai proposab'C3n bC sublliitted for consideration next year. After the i991 meetings the 
 Board ~- notSchedulecftoeomideichanges to the demersai shelf rockfish regulatiom'again ~n-til early 
1993. _Hm,;evc;;, pro~· fo-r changes in. deaierial shelf rockfish regulatiom may .be submitted by .. . 	 .. ·- . ... .. . - . "' - ..... - . 
petition for Board comideration prior to 1993. __ . _ ... .;. -. 

... : -~ 
. .. 	 .. ,,,, 

S.S.2 Economic Considerations 
. .... .. . 

Prelimlliary data (ADF&G ·Fish Ticket Data Base) indicate- that most of the fish landed in the 
directed longline fishery are shipped fresh in the round while the bycatch in fisheries for other species 
are usually frozen ~~ often arc filleted prior to shipping. The fishticket records indicates that 
species ~~ded in the ~irccted fishery destined for out of state fresh fish markets are worth 
approximately twi~ ~ much to the fishermen as the book. and line caught fish which arc filleted and 
frozen and nearly 1:hr~ times the value of tra~l-caught species. 

The more desirable species caught in the directed fishery and marketed fresh arc currently worth 
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about S0.70 per pound ex-vessel bled and in the round while other hook-and-line bycatch fish are 
worth only S0.30 to S0.35 dressed. Trawl caught demersal shelf rockfish landed at shore-based 
procesoors are worth only S0.15 to S0.25 depending on species (ADF&G Fish Ticket Data Base). 
No records are currently available for the value of trawl-caught demersal shelf rockfish processed at 
sea. 

The current target harvest level for the directed fishery in the Southeast Outside District is 370 mt. 
At S0.70 per pound, that resource taken by hook and line gear in a directed fishery has an ex-vessel 
value of over $570,000. If the same product was taken entirely as bycatch in other hook-and-line 
fisheries the value would drop to approximately $285,000. If the fish were landed entirely in a shore­
based trawl fishery the ex-vessel value would decrease to approximately $160,000. It should be noted 
that the predominant species recorded as bycatch in the trawl fisheries are silvergrcy, bocaccio; and 
redstripc (Tables 5.2 and 5.4) which are lower value fish on the market at this time (ADF&G Fish 
Ticket Data Base). · : 

The much higher value of the. fresh hook and line caught p~oduct is the primary reason tha.t the 

Rockfish Work Group developed a series of regulations which spread the effort over an extended 

period of the year to assure continuation of those markets. Most of the demersal shelf rockfish 

harvested in the directed longlme fishery· is flown to exclusive restaurants and fresh fish markets out 

of state. Those markets are not extensive and have come to rely on small amounts of high quality 


. product shipped fresh over much of the' year . . There iS a general concern ·among fishermen and 

proceswrs that if the season becomes progressively shorter as has been observed in-the other Eastern 

Gulf longline fisheries, that product quality would be diminished and those exclusive markets would 

be lost. Therefore, those regulations not only help to protect the resource from depletion, but also 

assure that the highest value is realized from the resource, consistent with provisions of the MFCMA 


. ' 

Alternative 1: Status Quo · 

Under this alternative all users· Would liave an equal opportunity for harvesting · demersal shelf 
rockfish in the EEL A greater amount of the demersal shelf rockfish could oonccivably be taken 
as lower value product in the future, diminishing the value of this resource to the fishing industry. 
The risk of stock depletion and the resulting reduction of long-term value arc much higher with this 
alternatiVc than With alternative 2. That is because the State regulations are structured to sp.rcad out 
the effort over a longer sCa.Sonal interval promoting a more orderly and controllable fishery, while 
maximizing the value to the fishermen. · 

Alternative 2: (Preferred) Modify the authorization language of the FMP to allow full implementa­
tion of State regulations in those Federal waters of the Eastern Gulf of Alaska where demersal shelf 
rockfish are recognized as an FMP species group. 

Under this alternative State regulations which are in effect for management of the demersal shelf 
rockfish fishery in the territorial waters of the State, would be ~ended into the EEZ in regulatory 
areas of the Eastern Gulf where demersal shelf rockfish are designated as an FMP species group by 
the Council This would make the regulations in effect for demersal shelf rockfish management 
consistent in both State and Federal waters of the Eastern Gulf. 
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State regulations designate the longline fleet as the principal user of the demersal shelf rockfish 
resource, establish a directed fishery quota to maximize the value of the resource while allowing for 
adequate bycatch in fisheries for other species, and spread the directed fishery out over a longer 
season to -minimize the risk of overfishing and to protect the exclusive markets which require that 
small quantities of demersal shelf rockfish are available over an eXtended portion of the year. , 

.. .. .....- . .. ... ,... ~ 

The economic impacts of implementing the current state regulations into the EEZ vary considerably. 
. . However, it should be noted that at the current time virtually all of the shore-based longline vessels 
.• :· operating in the Southeast Outside District are complying with the state regulations. Thus, although 

this alternative is not the status quo in terms of the FMP language, it has tended to ·be the 
-· operational status quo. Therefore the overall impact on the directed fishery, as it is currently being 

conducted, is more hypothetical than real. : The following section presents the consequences of 
implementation . . :The regulations are discussed in the same order as they appear in section 5.5.1. 

-· · l .• • . 
Reiulations 1. 2 and 3 (Management areas. annual harvest objectives, and split seasons) . _·-• · 

. - . . . .......... : ... _ :.--J.· . ·...'""'..... ..- ~ .. ' .. . ..... . 

_. Managing by smaller management units requires that the Southeast Outside District TAC be divided 
.· into thr_ee separate annual harvest objectives which are monitored independently by the State. :The 

seasonal provision requires that the annual harvest objective for each area be further divided into 
seasonal components. Once the seasonal harvest objective for one of the areas is reached, the fishery 
is closed in that area for the remainder of the seasonal segment While this form of management · 
offers much greater protection to the resource, it may force a vessel to move from preferred fishing 

.. grounds s00ner than would be required under alternative 1. This dislocati~n may preclude further 
fishing if new markets cannot be found .This might happen because, in the directed fishery as it is 

: currently being conducted, the fish arc delivered to a shore-based plant no later than four days after 
· harvest - . Therefore it may not be economically feasible for a fisherman to run to another · 
management area to fish if he has to return to his home port to deliver within four days . . 

, _ .:·.. : r -:. :.· ~~ .. ~1 · -- . ~ ! 1 • ·_ ~ <... ,.._:.,. ..
· · .The short-term versus long-term economic effects of this form of management are difficult to 

evaluate. If a major portion of the annual TAC for all of the Southc~t Outside District were taken -·, 
• ! from one management area; _the demcrsal shelf rockfish stocks within that area could be reduced to 

. the point that a viable fishery could not ~ conducted in the future. This may offset the seasonal 
-dislocation and short-term disadvantage that may occur as the result of. seasonal closures •. According 
to CFEC data (CFEC,1989b), most fishermen who fish for demcrsal shelf rockfish derive a minor 
portion of their income from that fishery. The seasons which are currently established by the state 
correspond with the time of year. that this fishery has occurred in the past ··According to the 

: testimony of processors involved in the Rockfish Work Group, the value of dcmcrsal shelf rockfish 
is much lower during the summer months than during other periods of the year. There is also a 
greater risk of fish spoilage during shipment of fresh fish in the summer months. The small amount 
of the annual quota reserved for the summer season was instituted at the request of some fishermen 
who market their product locally during the peak tourist season. Therefore, the seasonal allocations. 
and distnbution among management areas are considered to be consistent with the historic use 
patterns of this fishery, do not unduly impact the l1:5Crs of this resource, and allow for harvest to occur 
during the time of year that the product is most valuable. 
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Regulations 4 and 5 (Directed fISherv 2ear allocation and bvcatch allowances) 

The directed fishery for demersal shelf rockfJSh has been conducted by fishermen using Iongline gear 
almost exclusively since this assemblage was first recognized as a separate management group. In fact, 
the development of the shore-based target fishery prompted ADF&G staff biologists to recommend 
a separate management group to allow for differential management of this resource. An examination 
of the historic bycatch data from the foreign trawl fJShery (Table 5.4) and from the 1989 domestic 
trawl fishery (Table 5.2) show that bycatch of demersal shelf rockfoh in that area has been minimal. 
Much of the trawl fishery in the Southeast Outside District targets on other species of rockfJSh. The 
very small bycatch of demersal shelf rockfish in the trawl fishery (less than 0.4% by weight in 1989) 
demonstrates that the state regulation allowing for up t6 10% by weight of demersal shelf rockfJSh 
in fisheries for other species would not constrain the existing trawl fisheries in the area. Because 
most demersal shelf rockfish are associated with high relief rocky substrate and because the TAC is 
so low, it is doubtful that trawl vessels would risk their gear in an attempt to target on this species 
group. This suggests that management by gear type is feasible and that current bycatch limits will not 
act as a constraint on existing fJSheries for other species. If adopted, the ADF&G recommendation 
to remove silvergrey, bc>caccio, and redstripe rockfJSh from the demersal shelf assemblage discussed 

. in section 5.5.1 should further reduce the overlap of species harvested by the different gear types. 

Regulation 6 (trip limits) 

If extended into the EEZ this regulation would mean that no vessel or vessel operator could land 
more than 7,500 pounds of demersal shelf rockfJSh in the directed fishery for that species group in 
any five-day period. A review of the fJShticket data shows that less than 18% of the vessels involved 
in the directed fishery landed more than 20,000 pounds during all of calendar year 1988 (CFEC, 
1989a). Some of these vessels made three or more trips during that year landing less than the current 
trip limit per delivery. Fish ticket records for 1987 and 1988 (prior to implementation of the 7,500 
pound trip limit) indicated that only about 3% of the 3714 landings were in excess of 7,500 pounds. 
The mean weight of these landings was approximately 1500 and 2000 pounds in 1987 and 1988. 
respectively. Median weights were 540 and 315 pounds. Despite a histo.rical peak in landings of 
1,225 mt, almost three times the current TAC, average landing weights in 1987 were only about 20% 

· 	of the current 7500 pound trip limit. .Thus, according to available data, the 7,500 pound trip limit is 
not considered to be a major constraint to the operation of most of the existing fleet and is supported 
by most of the participants currently engaged in this fJShery. 

Many vessels engage in this fishery as a ·shake down· trip prior to a fishery for sablefJSh or halibut 
and do not ~h demersal shelf rockfish at other times of the year. The trip limit also helps to spread 
out the harvest over a longer season. Spreading out the season should be beneficial to those 
fishermen who wish to have greater flexibility planning their fJShing strategy and should help prevent 
the market gluts which tend to reduce the value of the fresh fJSh product. 

Regulation 7 (mandatory 102books) 

The State's regulation requiring mandatory logbooks was adopted just prior to the Federal logbook 
requirement The State regulations do not dictate the format use<l, only the type of information 
which must be reported. The primary difference between the State and Federal reporting 
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requirements is in the State's greater emphasis on set-by-set reporting of the directed catch by species 
for management purpo.ses. With very little extra cost the fi.shennen should be able to record the 
necessary set-by-set data required in the State regulations on the Federal logbook form or on a sup­
plemental ·logbook format. ­

Based on the fishticket, port sampling, and observer data reviewed for this report, current users of 
this resource would be not be impacted by the implementation of the State regulations in the EEZ. 
Virtually all fishermen engaged in the target fishery are complying with the State regulations at this 
time and the regulations do not constrai~ the current level of bycatch in fisheries for other species. 
~ile t~e implementation of State regulations would preclude development of new target fisheries 
for demersal shelf r0ckfish, fishermen should not be prohibited from harvesting this resource at 
current levels. In essence, adoption of alternative 2 formalizes the State's role in demersal shelf 
rock:flSh management and clears up legal ambiguities more than it modifies the status quo. 

'. 

·. 
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-----------------------------------------------------------------

Table 5.1. Reported landings of demersal shelf rockfish from 
domestic fisheries in Southeastern Alaska in metric tons, 1982­
1989. 

Gulf of Alaska (East of l37°W longitude) 

'iear Directed Incidental Total .. ". 
Landings Landings Landings 

1982 
1983 

160 
291 --­

79 
103 -·- ... ·-- .. -· 239 

394 
1984 · 736 62 798 . . 
1985 665 38 · 703 
1986 
1987 
1988 . 

900 
1,034 

806 

110 
174 
102 

1,010 _·: 
1,208 

908 -. 
1989 .452 · 226 678 

-----------------------------------------------------------------.
Source: ADF&G fish ticket database. 
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Table 5.5. Rockfish which are included in the dem~rsai shelf 
rockfish assemblage in the Gulf of Alaska. 

Common Name sc1ent1f lC Na_me 

Bocaccio 
Canary rockfish 
China rockf ish 
Col?per rockfish 
Quillback rockf ish 
Redstripe rockf ish 
Rosethorn rockf ish 

Sebastes paucispinus 
s. pinntger
s. nebu osus 
s. caurinus 
s. mal19er 
s. ~roriger
s.elvomacuiatus 

Silvergray rockfish 
Tiger rockf ish 
Yelloweye rockf ish 

s. brevis-ein1s 
s. n1groc1nctus 

· s.ruberrimus 

Table ·5.6. Demersal shelf rockfish harvest guideline ranges in mt 
by Southeast Alaska rockf ish manage!ent area and season segment
for the 1989-90 fishing season. 

· Management October I- December I- Ju~ I-
Area November 30 May 15 Septe er 30 Total 

CSEO .§2 - 86 il - 84 ll - 30 .llQ - 200 

NSEI ll - 26 ll - 25 ~ - 9 n­ 60 

NSEO 11 - il 11 - ll 4 - ~ 25 - 2Q. 

SSEI il - 65 il - 63 ll - 23 .lQ..Q. - 150 

SSEO 54 - ll 53 - ll 19 - ll . 125 - 11.Q. 

TOTAL 188 -271 184 -265 66 - 95 435 - 630 

1 Target harvest levels !or the 1989-90 season are underlined. 
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6.0 	 CHANGE FISHING GEAR RESTRICTIONS IN TIIE GULF OF ALASKA AND 
BERING SENALEUTIAN ISLANDS 

6.1 	 Description of the Problem and Need for the Action 

The groundfish fisheries off Alaska are prosecuted with a variety of-gear types. These gear types 
differ both in their usage to harvest groundfish and in unintended consequences of their use in areas 
such as bycatch, deadloss and conflicts with other gear. Present language of both FMPs concerning 
gear types is very limited. It offers little or no flexibility for the development of measures to mitigate 
problems i? the groundfish fisheries assoc!ated with the use of particular gear types. 

Section 4.3.1.3 Gear res.trictions in the GOA FMP currently contains (1) restrictio~ on legal gear 
for harvesting sablefish and (2) time/area closures and reference to gear restrictions to protect king 
crab in the vicinity of KOdiak Island. It also includes anachronistic text that requires biodegradable 
panels on sablefish pots, whi~h are not a legal gear type for sabiefish in the Gulf of Alaska. 

Section 14.4.4 Gear restrictions. in the BSA! FMP simply states "None". 

The ability io"define legal gear types for use in the groundfish fisheries off Alaska by regulatory 
amendment would give management the means to respond to problems appearing in rapidly evolving 
fisheries in a tlmely fashion. The GOA and BSAI FMPs could be amendCd to provide general 
guidance and ·Council Policy With resi>ect to gear restrictions under the current section headings that 
relate to gear. Possible text for both FMPs might be the following: 

. 
"Gear types authorized by the FMP are trawls, hook-and-line, pots, jigs, and other 
gear as defined in regulations. Further restrictions on gear that are necessary for 
con5ervation and management of the fishery resources and which are consistent with 
the goals and objectives of the FMP are found at 50 CFR Part 672.24 {50 CFR Part 
675.24]. . . 	 . 

Specific gear restrictions, however, 
Except for changes .in regulations necessary 

would be foun'd in the regulations implementing the FMPs. 
to implement the FMP amendments in this c·urrent 

amendmei:lt ·cycle, fut.ure changes to regulations With respect to gear restrictions would be 
accomplished with regulatory amendments. E.xiSting_pot and trawl gear .restrictions in the GOA would 
be retained in the GOA regulations and FMP. · 

Three changes to regulations pertaining to gear restrictions are proposed as follows: (1) 
biodegradable panels on groundfish pots would be required; (2) halibut exclusion devices on 
groundfish pots would be required; and (3) pelagic trawls would be redefined. 

Future changes to gear regulations would be accomplished by regulatory amendments with necessary 
environmental and socioeconomic analyses on a ~-by-case basis. 

A _description of and need for each of the three changes to regulations pertaining to gear restrictions 
follows. 

AM 21/16 6-1 	 7/31/90 

http:pertallll.Dg


6.1.1 Biodeiuadable panels on iuoundfish oots 

The NMFS permit database shows that 33 groundfish vessels are permitted in 1990 to use pot gear 
in the GOA and BSAI groundfish fJSheries. Each vessel fJShes about 70 pots. Pots that are lost at 
sea continue to "ghost" fish, i.e.~ fJSh continue to enter pots. Once in a pot, fJSh seldom escape. They . 

· die and decompose. Dead and live fish in pots will attract other fish, and scavengers such as crab, 
which will then enter the pot. ·This cycle continues indefinitely unless some way develops to allow 
trapped fish and crab to escape. Such fishing mortality is unaccounted and introduces additional 
uncertainty into estimates of abundance of fJSh stocks. It also is a potential waste of economically 
valuable resources that otherwise might have been harvested. The potential for ghost fJShing is 
illustrated by Alaska Department of F!Sh and Game (ADF&G) findings with respect ta· crab pots. 
For example, crab pots left unchecked in Cook Irilet for 75 days during 1988 yielded 15,000 dead 
Tanner crabs. 

To prevent groundfish waste, biodegradable panels are proposed to be required on all Pots when 
fishing for groundfish in the GOA and BSAI. Biodegradable panels would be constructed according 
to ADF&G regulations for crab pots. ADF&G is currently recommending that crab pots be 
furnished with a panel of at least 18 inches in length that is parallel to, and within 6 inches, of the 
bottom of the pot Each panel would be laced with #30 cotton twine: ADF&G studies indicate that 
biodegradable panels on king crab pots degrade· within 50 to 100 days. · · · · · .. , ­

~ . .. . ; ..... . ­

6.1.2 Halibut exclusion devises on iuoundfISh pots 

Halibut· are caught as bycatch in groundfish pots, at least in the Gulf of Alaska. As more fishermen 
fJSh for Pacific cod in the Gulf, bycatch problems could increase. At its June 20-23, 1989, meeting, 
the Council requested NMFS to prepare a regulatory amendment that would prohibit the use of pots 
in the groundfish fisheries that do not reduce the catch of Pacific halibut (halibut) below levels being 
experienced with pots of contemporary design. The purpose underlying the Council's 
recommendation is to reduce halibut bycatches by requiring each groundfish pot .be modified or 

. constructed in such a way that halibut could not easily enter it Reduced halibut byc3tch would foster 
the Council's objective to develop management measures that encourage the USC of gear that reduces 
the discard of fish, including prolubited species such as halihut, which are caught as bycatch in 
groundfish fisheries. · · · · · · 

' DiscUMions With management .pers0nnel in the ADF&G suggest that merely pa.rtitio.ning the pot 

opening into smaller openings may accomplish this objective. Narrow openings impede entry by 
halibut but do not impede entry by groundfish species targeted with pot gear, such as Pacific cod. 
Partitioning the pot opening might be accomplished by tying strong cords vertically across t_he vertical 
plane of a pot opening in such a way that either side of the partitioned opening would be no more 
than about 12 inches. Or, it might be accomplished by constructing a pot opening that has a width 
of no. more than 12 inches, with no restrictions on the height of the opening. 

Data to define the extent of the halibut bycatch problem in groundfJSh pot fisheries are scarce. 

However, data are available from crab indexing surveys using pot gear near Kodiak Island, which were 
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conducted in summer months during 1972 - 1980 by the ADF&G. These data indicate the potential 
problem of hahbut bycatch in groundfish fisheries using pots. Total numbers of pots checked annually 
during these years ranged from 895 to 2,390. During these years, a total of 16,079 pots were checked, 
and 4,158 halibut were caught for an average catch rate of 0.26 halibut/pot. 

In contrast, the ADF&G monitored four commercial pot vessels in the Kodiak area ~uring 1987-1988. 
These vessels used crab pots to fish for Pacific cod. Each pot was modified in various ways to reduce 
the catch of hahbut Some modifications were accomplished simply by partitioning the pot opening 
along the vertical plane by tying heavy twine at eight-inch intervals, thereby forming openings 
narrower than the single wide entrance. During these years, ADF&G monitored 667 pot lifts. Forty­
five halibut were caught fo~ an average catch rate of 0.07 halibut/pot. Although the catch rate by 
modified pots is small, the results cannot be compared to those from the king crab index surveys, 
because the time series and fishing locales arc different Nonetheless, information from ADF&G 
personnel who arc familiar with fisheries in the Kodiak area suggests that narrow pot openings 
significantly reduced halibut bycatch. 

Use of pots is not currently common in the groundfish fisheries. Pot catches of groundfish in 1989 
totaled about 100 metric tons of groundfish, most of which was Pacific cod. About 70 pots arc used 
on each vCMCL If all vessels were fishing at the same time, 2.310 pots would be employed, and if 

. each pot were lifted once, 112 halibut would be caught, assuming each pot was modified to reduce 
halibut bycatch and 0.07 hahbut/pot was a typical bycatch rate. For comparison, 600 halibut would 
be caught if unmodified pots were used and the bycatch rate was 0.26 halibut/pot as observed during 
the king crab index surveys. 

NMFS published an Advance Notice of Proposed Rulcmaking on December 27, 1989 (54 FR 53135) 
and invited comments from the fishing industry until February 26, 1990 with respect to ways halibut. 
bycatch in pots might be reduced. Information received to-date as a result is hereby summarized: 

FJShermcn want to use hahbut exclusion devices in pots to keep large halibut out, because 
pots quit fishing if large hahbut get in. 

S~all hahbu~ 'ui~t ~~ ~~~t in pots do not cause pots to .cease fishing and ~ften escape 
. . through the opening. 

A standard pot opening with a rigid opening is 9" high by 36" wide. 

Fishermen recommend the 36" width be split on the vertical plane to create two 18" wide 
openinp. · 

A 18" wide opening is necessary even though the widest Pacific cod rarely exceed 12 inches 
in width, because additional room is required to accommodate movement of the Pacific cod 
as it strives to enter the pot 

Hahbut bycatch in groundfish pots is a problem in the Gulf of Alaska but not in the Bering 
Sea 

A Bering Sea study indicated that 367 pot lifts of pots equipped with Tanner crab boards 
caught zero halibut 
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At this time, the NMFS Alaska Region is recommending a smaller opening than the 18-inch minimum 
opening recommended by the industry. An opening of 9 inches should allow entry of most Pacific 
cod, although the largest Pacific cod might not gain entry. A smaller opening would prevent entry 
by a larger number of smaller halibut. 

6.1.3 New definition of pela~c trawl 2ear 

A new definition of pelagic trawl is proposed (see Option C, below), which would result in a 
definition that reflects the way a pelagic trawl is fished, and which includes a modification that 
promotes the escape of halibut and crab that might be caught Pelagic trawls are used to fish for 
pollock during certain times of the year in the BSAI and in the GOA when pollock move in schools 
off the bottom. Other groundfish, e.g. flatfish, Pacific cod, and demersal species of rockfish, are 
found on or in close proximity to the bottom, and cannot be fished effectively with pelagic trawls. 
Bottom trawls are used for these species. Pacific cod occur within 1 fathom of the bottom, but will 
dive toward the bottom when crowded by a moving trawl and escape under the footrope of a pelagic 
trawl. Pollock in the BSAI behave like Pacific cod during the period from October through the end 
of the fishing year. They tend to dive under the foot rope of a pelagic trawl, and, therefore can only 
be fished effectively with a bottom trawl during this period. Pollock in the GOA behave differently 
late in the year and are found off-bottom where pelagic trawls continue to be effective. 

The current definition of a pelagic trawl reads as follows: 

Pela~c trawl means a trawl on which neither the net nor the trawl doors (or other 
trawl-spreading device) operates in contact with the seabed, and which does not have 
attached to it protective devices, such as rollers or bobbins, that would make it 
suitable for fishing in contact with the seabed. 

Prohibitions on parts of the pelagic trawl contacting the bottom that are part of the current definition 
are not enforceable and therefore should not be part of the pelagic trawl gear definition. Rather, 
pelagic trawl gear should be defined to reflect the way it is fished. Pelagic trawl gear is not fished 
on the bottom, but may contact the bottom at times. The above restrictions about parts of the trawl 
not contacting the seabed were intended to minimize the bycatches of halibut and crab. Ideally, 
however, trawl gear definitions should allow for maximum groundfish catches while catching minimal 
prohibited species catches (PSu) of halibut and crab. 

6.2 The AJtcmatjyes 

6.21 Alternative 1: Do nothing - maintain the status quo. 

Adoption of this alternative would maintain current gear definitions in the two FMPs and would not 
provide for biodegradable panels and halibut exclusion devices in pots. 
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6.2.2 	 Alternative 2: (Preferred) Specify legal fishing gear in the GOA and the BSAI ™Ps and 
provide specific gear restrictions in the regulations. . . 

Adoption of this a1rt:hiative would clarify what gear is legal in the GOA· and BSAI and· would provide 
for s~ific gear restrictions in the implementing regulations. Future changes to gear restrictions 
could be made by regulatory amendment. Three options are recommended. Any one or all three 
options may be adopted by the Secretary. 

Option A:. Biodegradable panels on groundfish pots. 

Require biodegradable panels on all pots used to fish groundfish in the GOA and BSAI. This option 
would be coordinated with regulations of the ·Alaska Department of FJSh and Game. The 
Department has submitted a proposal to _the Alaska Board of Fisheries that would require pots used 
in the shellfJSh fJSheries and also in the groundfish fisheries have biodegradable panels. Using 
proposed Alaska Codes 5 AAC 39.145 and 5 AAC 02.010 as_models, a federal regulation might read: 

"Each pot used in the groundfish fisheries must have a biodegradable panel at least 18 inches 
in length that is parallel to, and within 6 inches of, the bottom of the pot, and which is sewn 
up with untreated cotton thread of no larger size than #30. · 

Option B: Halibut exclusion devices on groundfish pots. 

Require halibut exdusion devices on all pots used to fish groundfish in the GOA and BSAI. A 
regulation might read: 

RAii pots used in the groundfish fisheries must have tunnel openings that are no wider 
than 9 inches and no higher than 9 inches." 

Option c: New definition of pelagic trawl gear. · 

Adoption of this option would provide for a redefinition of pelagic trawl gear. An appropriate 
pelagic trawl definition might read: 

Pelagic trawl means a trawl which has stretch mesh size openings of at least 1 meter, 
or p~ with spaces of at least one meter, starting at the fishing line and - . ··-·-· 	 . ...\,:.·.

exten<liiig ·art for a distance of at" least 10 meshes and gomg .-around the entire 
circuw!-:!.~ of the traw~ and which is tied to the fishing line: ~;~ICM than 0.3 
meter (12 inches) between knots around the circumference of the net, and which does 
not have plastic discs, bobbins, rollers, or other chafe-protection gear attached to the 
foot rope. 

This pro~ definition excludes reference about whether the net or trawl doors come in contact 
with the seabed. Whether these parts come in contact with the seabed is not enforceable. The 
purpose of the large mesh sizes in back of the fishing line is to provide escape panels for halibut and 
crab in case the pelagic trawl contacts or comes near the seabed, resulting in a bycatch of halibut and 
crab. Requiring 12-inch spacing around the net circumference instead of just the belly panel would 
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prevent a loophole where a fisherman _could fish a net up-side down. \Vhen bycatch PSC limits of 
halibut or crab are reached, closure notices would stipulate that further trawling with trawls other 
than pelagic trawls would be prohibited. 

Historical joint venture data provide evidence that halibut and crab bycatches are minimal when using 
pelagic trawl gear configured as described in the above definition. 

This pelagic trawl as defined would have the advantage of reducing drag for the towing vessel while 
reducing bycatch of halibut and crab. - ...... ~ 

.. • ,.,,!":.6.3 Socioeconomic impacts of the alternatives. 

Option A:. Biodegradable panels on groundfish pots. 

Status quo alternative. Biodegradable panels would not be required for groundfish pots. Lost pots 
would continue to fish. Mortality of fJSh and crab is a cost under this alternative and may result in 
economic l~ to fishermen. Thirty-three vessels are permitted to_fish with pots . in 1990=- The 

. average number of pots per vCMCl is about 70, although some vessels may use as many as 90 pots. 
.. . ......,...·­... . ·,: .,. .... .. ..~ ... ; -: • ·' l. 

Based on ADF&G experiences in the crab fishery, 5 percent of the pots may be lost in groundfish 
operations, thus a ICM.of 132 pots, or four pots per vcsse~ might be expected during 1990.- The 
actual amount of fish that might be caught by lost pots through ghost fishing is not known, because 
fish are often consumed by sand fle~ or other scavengers when trapped in pots. . ;:~ -:.:· . _ ..· _ 

Some examples of costs are available. The Alaska Department of FlSh and Game conducted test 
studies of crab abundance in the Bering Sea· during late 1987 and early 1988, which resulted in the 
recovery of king crabs from twenty-one lost crab pots. These crabs were sold by the ADF&G for 
S70,000. The 15,000 Tanner crabs found in the pots in Cook Inlet, noted in the problem statement, 
were worth $82,400, based on a weight of 23 pounds per crab and a value of S240 per pound. 

.. . ... - "_; - ... ·; ... -· 
. Pro~ re~latorv measure. Biodegradable panels would be required for each groundfJSh pot 
The panel would deteriorate over a time period, creating an opening in a lost pot and enabling 
animals to escape. Costs to fishermen would be minimal .-._ ..,. ~· · . . . . •.... _ - .-:·· - : 

Fishermen would be required is to open up the web on a pot for a length of at least 18 inches and 
then re-sew it with #30 untreated cotton thread. #30 cotton thread deteriorates in about 5~100 
days. .. _ 

.A.Muming 70 . pots per vessel and thirty-three vCMCls, fishermen would have to replace the 
biodegradable panel on 2,310 pots about every two months. Panel replacement might take about ten 
minutes. Replacing panels on all pots would require about 385 hours every two months, or about 
l,155 hours annually, assuming the pot gear is fished for six months per year. .A.Muming S15 per hour 
for labor, costs for all thirty-three vessels would be $17,325 annually, or $525 per boat 

No administrative costs would be incurred under the status quo or proposed options. Enforcement 
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officers would monitor pots on board a vessel to determine whether they were constructed in 
compliance with the definition of a legal groundfish pot. Pots actually fishing could not be checked. 

Option B: Halibut exclusion devices on groundfish pcits. 

Status quo alternative. Under this alternative, no limitations on pot gear for purposes of impeding 
entry by halibut would be required. No additional costs resulting from materi.als or labor needed to 
modify groundfish pots with exclusion devices would be imposed on fishennen. Halibut that gain 
entry into groundfish pots would be removed from the directed halibut fishery. Infonnation provided 
above indicated that the halibut bycatch rate in unmodified pots is 0.26 halibut per pot per set. 
Thirty-three vessels using 70 pots per vessel could deploy 2,310 pots simultaneously. Using the 
halibut bycatch rate of 0.26 halibut per pot, 600 halibut could be caught in an aggregate set If a pots 
are used for six months annually, and are checked every three days on average, 36,000 halibut per 
year could be lost as bycatch. 

Proposed regulatory measure - All pots used in the groundfish fishery would be modified such that 
the width of each opening was no wider than 9 inches and no higher than 9 inches. Because 
openings on pots with rigid openings are already no higher than 9 inches, no further modification of 
the heights would be required. Widths on rigid pot openings, however, likely must be modified. 
Commercially constructed openings usually are 36 inches wide. Some have halibut exclusion devices 
that divide the widths into two equal openings. 

Under this proposal, each opening would be partitioned vertically such that the widest opening would 
no more than 9 inches, which would result in four openings with widths 9 inches wide, for example. 
The vertical partition could be constructed with rigid material such as metal or non-rigid material such 
as heavy monofilament thread. In the latter case, costs would be mostly those attnbuted to labor. 

Using an average of 70 pots per vessel, thirty-three vessel operators must construct exclusion devices 
on 2,310 pots. Constructing the exclusion devices by in.stalling vertical partitions in openings might 
require 3-0 minutes per pot Modifying the openings on 2,310 pots would then take 1,155 hours. 
Assuming $15 per hour for labor, total costs for all thirty-three vessel operators would be S 17,325. 
Each of thirty-three vessel operators, therefore, would incur $525 in labor costs to in.stall and 
maintain halibut exclusion devices. · · 

No administrative costs would be incurred under the status quo or proposed options. Enforcement 

. costs under this option should not change significantly relative to the status quo. Boarding officers 


would monitor pots on board a vessel to determine whether they were constructed in compliance with 

the definition of a legal groundfish pot Pots actually fishing could not be checked. 

Benefits to halibut fishermen would accrue as a result of adoption of this alternative. ~ noted in 
the problem statement, the bycatch rate, per set, of unmodified pots was 0.26 halibut per pot The 
bycatch rate of pots modified to have openings no wider than eight inches was 0.07 halibut per pot 
per set The difference - 0.19 halibut per pot per set - represents 439 halibut in a simultaneous set 
by all 33 vessels of a total of 2,310 pots. If pots are fished six months per year, and each set lasts 
three days, each pot is set 60 times per year. Therefore, approximately 439x60=26,340 halibut would 
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not be taken as bycatch per year in the groundfish pot fishery, if hallbut exclusion devices were 
required on all groundfish pots. 

A plausible range of values for these 26,340 halibut can be presented. If halibut that are caught as 
bycatch in pots are 1.03 kilogram in size, they are estimated to be 4 year-old fish. A metric ton of 
halibut of this size would contribute 10,316 pounds in a directed halibut fIShery if they had not been 
caught as bycatch, assuming they recruit into the fishery at 8 years of age and allowing for growth and 
natural mortality. At a 5 percent annual discount rate over four years, _the loss of 10,316 pounds of 
halibut as bycatch would have a present wholesale value of Sl1,800. If the average size of bycaught 
halibut was 10.7 kilograms, they are estimated to be eight year-old fish, the age of recruitment into 
the directed fishery. A metric ton of halibut of age 8 as bycatch represents a metric ton, or 2205 
pounds, of halibut unavailable to the directed fishery. The present wholesale value of these fISh 
would be $3065 (S1.40 per pound). Using these examples for perspective, 26,340 halibut at age 4 
would have weighed 27.13 mt, and would have a present wholesale value of about $320,000 (5% 
discount per year,.allowing for growth and natural mortality). At age 8, 26,340 halibut would weigh 
about 281.8 mt and have a present wholesale value of about $863,000. The range of $320,000 to 
$863,000 represents possible annual benefits to the directed hallbut fishery if the bycatch rate per pot 
per set drops from 0.26 halibut per pot to 0.07 halibut per pot due to the installation of halibut 
exclusion devices. · · · 

71Option C: New definition of pelagic trawl gear. · · 
: ­

Status quo alternative. Under this alternative, no changes in the definition of pelagic trawl would be 
implemented. Any bycatches of hallbut and crab that are caught when fishing near the ocean bottom 
might not escape uni~ fishermen were using pelagic trawls configured in a manner dcscnbed for the 
proposed d~finition. No industry, enforcement, or · administrative costs would change under this 
alternative. 

Bycatches of crab_and hallbut are small in fisheries that use pelagic trawls. Evidence for this is found 
in bycatch rates experienced by joint venture fishermen during 1986-1988 (see NOAA Technical 
Memorandum NMFS F/NWC155). Industry representatives suggest that a reason for low bycatches 
is the large mesh openings already used in pelagic trawls. Large mesh openings are necessary to 
reduce drag. They also provide escape routes for crab and halibut If all pelagic trawls are already 
constructed using large mesh openings, then the status quo alternative is essentially the same as the 
proposed regulatory measure (dcscnbed below), except that the proposed measure includes specific 
dimensions for the web openings. Crab and halibut will be caught in the same amounts in either case. 
The same savings with respect to reduced bycatches of halibut and crab will accrue in either case. 

Proposed re~latory measure. Under this proposed option, all pelagic trawls, which are used by 
fishermen while fishing, or which are on board any vessel used for trawl fIShing, must be eonstructed 
to meet the requirements of the definition. All operators of trawl vessels .that use pelagic trawls must 
modify their trawls or purchase new trawls. The costs of modifying a trawl to meet the new 
definition, including labor costs, are estimated to be about Sl,000 per trawl. This is the cost of adding 
a panel with 1 meter meshes around the net for a distance of 10 meters fyom the fishing line. Vessel 
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operators who do not already own such a modified pelagic trawl must obtain one to comply with the 
definition. It does not include the basic cost of purchasing a new trawl, which would be incurred 
regardless. 

Every trawl vessel operator would have to comply with the definition if they are using pelagic trawls. 
As many as 205 trawl vessels could be involved, if each operator had to modify at least one trawl to 
conform to the definition. This is the number of trawl vessels that made groundfish landings in 1989. 
A total cost of $205,000 could be ·incurred at a cost of Sl,000 per modification. Industry sources have 
stated that many of the large catcher/processor vessels already use pelagic trawls that are modified 
as described. In 1989, 55 catcher/processors using trawl gear that are 125 feet long or longer, LOA 
made landings. The actual number of vessels that might need net modifications might be reduced, 
therefore, by 55, from 205 to 150. A total cost of $150,000, therefore, might be incurred as a result 
of only a portion of the trawl fleet having to modify their trawls. 

As discussed under the status quo, no differences in savings with respect to bycatches of halibut and 
crab will occur under either alternative if pelagic trawls that are now being used acromplish the intent 
of the definition. 

No administrative costs would be incurred under the status quo or proposed options. Actual 
enforcement costs under this proposed option should not change significantly relative to the status 
quo. Under the status quo, however, the definition of a pelagic trawl includes a stipulation that none 
of the net parts, including the trawl doors, can operate in contact with the sea bed, which is not 
enforceable. This stipulation would be deleted under the proposed option. Boarding officers would 
monitor nets on board a vessel to determine whether nets being used were in compliance with the 
definition of a pelagic trawl. Nets that are on reels would be checked, which might require partial 
unwinding of the reel until the initial 10 meters of net webbing in back of the fishing line were 
visible, causing a small enforcement cost in terms of time. Nets that are on the deck could be 
checked easily. 

6.4 Environmental impact of the alternatives 

Option k Biodegradable panels on groundfish pots. 

If trapped fish and shellfish ~ot. escape lost pots, they will perish and be removed from the 
ecosystem as predators or prey. Other predator species or scavengers would consume the trapped 
animals. SpCcic:s attracted to the pots may be fed upon by other predators. If escape ~ possible, 
however fish and shellfish would remain in the ecosystem in their normal roles as predator or prey. 
While actual effects on the ecosystem are not measurable they are likely insignificant compared to 

natural variability. 

Option B: Halibut exclusion devices on groundfish pots. 

Under this alternative, su~tantially fewer halibut would enter groundfuh pots, and therefore perish. 
Because the International Pacific Halibut Commission deducts estimated bycatch from its annual 
quotas for directed fishing. No direct impacts to the halibut resource are expected from the adoption 

of this alternative. 
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Option C: New definition of pelagic trawl gear. 

Bycatches of halibut and crab . in pelagic t.rawl fisheries will continue to be small under either the 
current or proposed definition of a pelagic trawl. To the extent that the changes in the configuration 
of the pelagic trawl as descnbed for the proposed definition would result in even fewer numbers of 
halibut and crab being caught is an ameliorating, albeit largely unmeasurable environment effect The 
normal roles of halibut and crab as predator or prey species would continue. As predators they will 
continue to consume other organisms. As prey, 'they will continue to be consumed. Actual effects 
on the ecosystem arc considered to be insignificant compared to natural perturbations · in the 
environment 

; ­

_, 


.. 
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7.0 	 EXPAND HALIBUT BYCATCH MANAGEMENT MEASURES FOR THE GULF OF 
ALASKA 

7.1 	 Description of the Problem and Need for Action 

The incidental catch and mortality of halibut in the groundfish fisheries of the GOA is a major 
bycatch management issue. Halibut are distributed throughout the Gulf, and are taken as bycatch 
by all gear groups. Halibut bycatch mortality limits established by the Council constrain the full 
prosecution of GOA groundfish fisheries, and thus have economic consequences to all sectors of the 
fleet. 

In 1989 the Council adopted Amendment 18 to the GOA FMP which suspended the PSC framework 
for 1990 and established hallbut prohibited species (PSC) mortality caps of 2,000 mt for trawl gear 
and 750 mt for fixed gear for the 1990 fishery. In 1991 and beyond, the Council will return to a 
halibut PSC management system prescribed in the PSC framework. 

The halibut PSC framework provides a process through which the NMFS Regional Director (RD), 
in consultation with the Council, can manage halibut bycatch. Specifically, the framework allows the 
RD to annually detennine: 

(1) 	 The level of PSC limit for DAP and NP fisheries, 

(2) 	 The level of PSC limit for specific gear, 

(3) 	 The level of PSC limit by Regulatory Area/District, 

(4) 	 The level of each PSC limit by fishery, 

(5) 	 Whether PSC limits will be allocated to individual operations, 

(6) 	 The methods of allocation to be used, and 

(7) 	 The types of gear or modes of operation to be prob..tbited once a PSC limit is taken. 

The regulations that implemented the PSC framework have resulted in significantly less flexibility. 

Specifically, commencing with the 1991 fishing year, regulations will allow annual determinations of 

(1), (2), and (3). Specifically not provided for in regulations (or judged to be unclear for 
implementation in regulations) are items (4), (5), and (6). Item (7), regarding the types of gear 
prolubited once the PSC limit is reached, is included in the regulations, but the ability to change the 

prohibited gear types is not included. 

The omission of item ( 4) from the regulations means that the halibut PSC framework cannot be used 
to establish separate PSC limits for distinct DAP fisheries, such as pollack bottom trawl, deep water 

flatfish bottom trawl, pollack midwater trawl, Pacific cod pot, or other specific fisheries. The problem 
this creates is that one fishery can close another or, in the extreme case, prevent another fishery from 

occumng. 
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Items (5) and (6) pertain to allocation of PSC limits to individual operations and . to methods of 
allocation that might be used. Omission of these items from the regulations diminishes the ability to 
reduce halibut bycatch at the lowest possible cost and, perhaps, in the most equitable manner, 
depending on measures that might be developed to implement them. One such measure is the use 
of vessel incentives, which are now only partly developed in current regulations. Vessel incentives 
are intended to encourage vessel operators to actively avoid or reduce halibut bycatches, and by doing 
so, to gain additional fishing opportunities. 

Under current regulations, if the halibut PSC is reached the RD may allow some or all vessels to 
continue fishing after issuing findings about certain considerations, including: 

(1) 	 The extent to which these vessels had avoided incidental halibut catches up to the 
time of a closure; 

(2) 	 The confidence of the RD in the accuracy of the estimates of incidental halibut 
catches up to the time of the closure; and 

. (3) - ·Whether observer coverage of these vessels would be sufficient to assure adherence 
to prescribed conditions and to alert the RD to increases in a vessel's halibut bycatch 

~ rate. ·· · 

These regulations explicitly infer that only certain vessels would have acces.s to additional fishing 
opportunities. Vessels that had avoided halibut bycatches to the satisfaction of the RD would be 
rewarded with additional fishing opportunities. Vessels that could not demonstrate halibut bycatch 
avoidance would not have such opportunities. In 1989, these regulations encouraged at least one 
processor to employ observers for purposes of satisfying _the first and second consideration in hopes 
of being allowed to continue bottom trawling once the PSC limit was reached. 

Using the current regulations, NMFS cl~ the GOA to further bottom trawling on September 2, 
1989 when the PSC limit for halibut had been reached. 

. ­- . .. . . .. .. ..~ 

When the PSC limit was reached, however, the regulations proved inadequate to implement an 
incentive program as envisioned by the industry. Although the regulations provided NMFS with 
authority to allow certain participants to continue bottom trawling, they failed to provide guidance 
as to how NMFS should discriminate among participants. As a result, NMFS implemented an after­
the-fact _vessel incentive program, in which all vessels could participate with bottom trawl gear if they 
carried an observer regardless of their previous fishing practices. As part of the program, NMFS 
stipulated acceptable hahbut bycatch rates. When observer information indicated a vessel had 
exceeded these rates, the vessel was prohibited from further fishing. 

NMFS declined to exclude vessels that had relatively high bycatch rates during the 1989 fishery prior 
to the general closure. NMFS had not established standards and criteria to guide vessel operators 
as to what bycatch rates would be considered unacceptable. Without standards and criteria, NMFS 
was not able to exclude vessels from an after-the-fact vessel incentive program in a way that would 
have been fair and equitable. Without standards and criteria, some participants would have been able 
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to present good arguments . that they had avoided halibut while fishing for groundfish, based on 
bycatch rates they had experienced, regardless of the level of observer roverage. 

To make a vessel incentive system fair and equitable, regulations need to be amended in such a way 
that standards and criteria on which to base necessary findings would be available and known in 
advance by the fishing industry. Development of Items (5) and (6) should include vessel incentives 
with methods described such that participants would know what fishing standards they would be held 
accountable for and what mechanisms would be used to allow additional fishing opportunities. 

The PSC framework does not clearly provide for seasonal allocation of PSC limits, although it rould 
be argued that such a management measure is inferred in item (6). Seasonal PSC limits rould 
optimize groundfJSh catch in some fisheries since PSC would be available during periods of time when 
certain fJSheries were most active. 

Although item (7) is not rompletely included in the regulations, the 1991 regulatory provisions will 
permit apportionment of the PSC limits to trawl and to fixed gear groups. When a PSC limit for 
trawl gear is reached, bottom trawl fisheries will close. When a PSC limit for fixed gear is reached, 
both longline and pot gear fisheries will close. In the first case, there will be an equity problem, in 
that one fishery may close another without being closed itself (e.g. the pollack midwater trawl fishery 
may rontinue while all bottom trawl fJSheries are closed). This situation is exacerbated by 
developments in trawl technology that result in "midwater trawl" gear that can be fished near-bottom, 
possibly with higher halibut bycatch rates than previously assumed. (A proposal to clarify definitions 
of trawl gear types is being examined in Chapter 6 of this EA/RIR) 

In the second case (fixed gear fisheries for 1991 and beyond), a single PSC limit will apply to all fixed 
gear types. This also may result in an equity problem since longline gear bycatch could greatly limit 
or even preclude pot fisheries. Industry has expressed interest in expanding a pot fishery for Pacific 
cod; however, without a separate PSC limit for pot gear, or perhaps an exclusion of pot fisheries 

. from the PSC frameworlc, this fishery may not fully develop. . . , . 

An additional problem in bycatch management is caused by the current olympic system of managing 
the groundfish fishery, where any properly-licensed vessel can compete for a limited amount of 
available groundfish. This open access to the groundfJSh fishery causes a race for fish, as each 
individual operator attempts to harvest as much groundfish as possible before the TAC is reached. 
PSC limits do not stop the race, but may actually accelerate the race as the PSC limit is approached. 
This occurs u operatoI'3 attempt to maximize their groundfish harvest before the PSC limit is attained 
without regard to the bycatch rates encountered.. Without incentives for individual vessels to reduce 
bycatch rates or maintain low rates during this period, this trend will likely continue . . 

Although bycatch management bu been improved with the implementation of Amendment 18, the 
Council still recognizes that further refined measures are desirable. Some of the problems associated 

with the existing halibut bycatch management regime are: 

(1) It is not equitable. One fishery can close another, and individual fJShermen who 
reduce bycatch or bycatch rates do not benefit relative to those who do not. 
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(2) It is not effective. It does not prevent the desired level of bycatch from being 
exceeded. 

(3) 	 It is not efficient. It results in unnecessary costs, including those associated with both 
discard waste and an arbitrary distribution of the effort among the fisheries to reduce 
bycatch rates. 

(4) It has not equitably distributed the cost to the ground fish fisheries of reducing bycatch 
rates. 

Some halibut bycatch management measures may not be practicably analyzed at present. There are 
very limited data on actual bycatch rates in all DAP fisheries to fully explore an analysis of allocating 
PSC limits to separate target fisheries. Definitions of pot and trawl gear, including analysis of 
requiring halibut exclusion devices and biodegradable panels on groundfish pots, are being addressed 
in Chapter 6 of this EA/RlR and will not be evaluated here. · 

7.2 . The Alternatives 

The alternatives proposed in this chapter include: (1) taking no action, thus returning to the existing 
halib~t bycatch framework in 1991; (2) adding halibut bycatch measures currently specified in the 
framework and FMP but which are not included in the regulations; and (3) adding an incentive 
program to the halibut bycatch management program designed to reduce the number of vessels that 
exhibit excessive halibut bycatch rates. · 

7.21 	 Alternative 1: Do nothing - maintain the status quo. 

Under this alternative, the halibut bycatch management program for 1991 for the GOA will allow.the 
RD to determine annually: 

.. 
(1) 	 The level of PSC limit for DAP and JVP fisheries, 

- _(2) - The level of PSC limit for the trawl gear group and the fixed gear group, and . 
... • - ... ·1 - ·- ... • • 	 • ~ • 

.!" "'"' 

(3) 	 '.. The level of PSC limit by Regulatory Arca or District 

~ ... 
The' Council has requested that changes in the definitions of trawl and pot gear be evaluated . .'If no 
changes arc appnwcd, the status quo will include a prohibition of pot gear in the sablcfish fishery and · 
no requirements of pot gear to minimi'ZC halibut bycatch. Status quo also may include continued 
unclear definitions of midwater and bottom trawl gear. However, a greatly expanded domestic 
observer program initiated in 1990 will allow the Council and RD to account for halibut mortality in 
all fisherit:S more accurately and provi~c greater flexi~ility to close fisheries based on actual.observed 
mortality versus wumed mortality based on wumed bycatch and mortality rates. 

AM 21/16 7-4 	 7/31/90 



7.2.2 	 Alternative 2: (Preferred) More fully implement and clarify the existing halibut PSC 
framework. 

This alternative provides two options the Council considered in improving halibut bycatch 
management specified in the PSC framework. These measures are: 

Option A: 	 Apportion the halibut PSC limits by season, and/or 

Option B: 	 Set levels of fixed gear halibut PSC limits by (a) longline and (b) pot gear 
groups, or omit entirely pot gear fisheries from the framework. 

Options A and B are not mutually exclusive and a halibut bycatch control program could be 
constructed by combining either or both measures in this alternative with an incentive measure from 
Alternative 3. 

Setting halibut PSC limits by season was requested by the Council for the 1990 fishing year. Using 
emergency rule authority, the Council asked the ;;ecretary to apportion the 2,000 mt trawl and 750 mt 
fixed gear PSC limits as follows: 

Trawl gear: 	 30% (600 mt) first quarter 
30% (600 mt) second quarter 
40% (800 mt) third and fourth quarters combined. 

Fixed gear: 	 20% (150 mt) first quarter 

60% (450 mt) second quarter 

20% (150 mt) third and fourth quarters combined 


The Council's intent was to spread the bycatch limits over the year to the greatest extent possible to 

minimize.economic hardships resulting from fisheries cl~ing earlier than expected. Unused PSC from 
any quarter would roll over into the next ·. 

A further -a-pp0rtionment of the fixed gear PSC limit into separate pot and longline PSC amounts 
would treat each gear group more equitably. However, the very low bycatch rates experienced with 
pots, coupled with a revised definition of pot gear to require halibut excluders (see Chapter 6 of this 
ENRIR), may justify eliminating pot gear from the PSC framework. When implementing the above 
emergency rule, the Secretary in fact exempted pot fisheries for the 90-day duration of the rule 
(February 15-May 15, 1990). If this suboption were adopted, pot fisheries could be prooccuted during 
the entire year and would not be affected by PSC limit cl~ures in hook-and-line or trawl fisheries. 

The Council adopted both options under this alternative, and preferred the suboption which would 
establish a separate halibut PSC limit for pot gear. It felt that (1) it was inequitable to exempt a gear 
type known to take PSC species from PSC caps when other gear groups were subject to caps, and 
(2) a PSC cap for this gear group provides a measure of protection for the resource in the event of 

unanticipated changes in the fishery. · 
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7.2.3 	 Alternative 3: (Preferred) Implement a program to identify and penalize vessels that exhibit 
excessive bycatch rates of halibut. 

The halibut PSC framework contained in Amendment 14 to the GOA Groundfish FMP was 
developed with the premise that PSC limits would provide a fleet-wide incentive to reduce halibut 
bycatch rates and thereby allow the fishery to more fully prosecute .the available groundfish TAC. 
However, there is no evidence to suggest that the fleet will take measures to reduce bycatch rates 
in the absence of an incentive program. Without ~centives, vessels may not continue reduced 
bycatch rates because the cost, in lower groundfish catch rates, is not borne by other groundfish 
fishermen. Thus, the practical effect of PSC limits in the current regulatory ~nvironment seems to 
be that the "race for fish" in an "olympic" fishery reduces the emphasis on halibut bycatch rates and 
may even increase bycatch rates. As a result, the halibut PSC limit is reached at an earlier date each 
successive year. 

·.- . '• 

This effect is most pronounced in the BSAI trawl fisheries, which is discussed in Chapter 2 of this 
EA/RIR. The effect is less so in the Gulf of Alaska, but the concern by industry is sufficient that 
they petitioned the Council to apportion the 1990 halibut PSC limits by quarter so that fall and 
winter fishing would not be closed due to an early attainment of the PSC limits (seasonal PSC 
apportionments are addressed in Altemativ~ 2 of this chapter) • 

.; 
- .. 	 " •• o,I> • .. ~ .. 

Alter:native 3 provides for a program _to identify .and penalize vessels that exhibit excessive bycatch 
rates of halibut The program would be applied to trawl vessels that use other than pelagic trawl gear 
and to vessels that use hook~and-line gear in the directed fishery ~or Pacific cod. 

··-	 ­
Ea~h vessel partic:;ipating in the program would be placed in one target fishery category each week 
based on its total GOA groundfish catch (not retained catch) during that fishing week. The rules for 
identifying the fishery for each vessel and fishing week are as follows (N.B. the percentage figure 
following the fishery refers to the minimum proportion of the specified species in the overall 
groundfish catch): 

- ~~ : • t 

- . (1) ... bottom trawl pollock: _ .. 50% .. 

_....., .. .. 
. . 	 . ... ·........... 


(2) 	 Pacific cod: 50% 

. ,... - -...
- ..... 	 . -·.,. " . .. 

(3) :. 	 rocldish: 35% 

(4) 	 deep water flatfish: 35% 

. 
(5) 	 shallow water flatfish: 35% 

(6) 	 arrowtooth flounder: 35% 

. . 
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(7) 	 all other trawl fisheries 

using other than pelagic trawl gear: 35% 


(8) Pacific cod (hook-and-line gear): 35% 



A vessel will be assigned to the first fishery for which it meets the minimum catch requirement; 
therefore, both the minimum catch composition rule and the order of the rules are important in 
identifying the fishery for a vessel each week. 

This program would be based on bycatch rates observed on vessels such that: 

(a) 	 Weekly monitoring of each vessel's observed bycatch rates would be conducted to 
determine the vessel's average bycatch rates for each evaluation period. The 
evaluation period would be one week building up to the preceding four week period. 

(b) 	 All vessels with at least 2 days observer coverage during a fishing week will be 
' · included in the program for that week. · · · 

(c) 	 Observed bycatcb rates would be based on total catch rather than retained catch. 

(d) If a· vessel's average rate for any of the three bycatch species exceeds 2 times the 
fishery average for the evaluation period, that vessel will be suspended from further 

- directed fishing for groundfisb in all Federally managed waters off Alaska and 
adjacent State of Alaska waters. ·The Council considered, but did not adopt, an 
option that no vessel would be penalized if it meets the historic industry average 
based on an update (1986-1989) of the rates in the NOAA Technical Memorandum 
NMFS F/NWC-155. · · -	 ··:: · · .. _. ·: 

(e) 	 Suspension periods would be five days for the first offense, two weeks for the second 
·offense, and six weeks for the third offense. Multiple offenses would be counted 
"within PSC speciesft only. The period for accruing multiple offenses would be the 

· · most recent twelve month period. 

(f) 	 Unless otherwise required to do so by the domestic observer program, vessels 
returning to the fishery after suspension for a second offense would be required to 
cany an observer for the following two weeks. Vessels returning after a third offense 
would be required to cany an observer for the following four weeks. .-· . . - . 

. (g) 	 This program assumes that various fisheries can be adequately defined based on the 
definitions listed above. Revisions to these definitions will be based on the best 
information available. 

(h) 	 The number of target fishery cells to which the program will be applied will be 
determined by the Regional Director, in consultation with Council, based on optimal 
utilization of resources available to him. 

The Council bad considered other incentive programs to reduce halibut bycatch rates in the Gulf of 
Alaska. These programs, however, were ultimately judged too complex to implement at this time 
given the limited amount of observer information colJected to date during the newly implemented 
observer program and limitations on technical and administrative abilities to cany out the program 
the way the Council intended. The alternative incentive programs included a PSC reserve option and 
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a PSC bycatcb credit option. Modifications of both programs may be considered by the Council 
under future regulatory amendments once the observer database is sufficiently expanded and/or 
technical and administrative constraints can be addressed. 

7.3 Biolo~cal and Physical Impacts 

7.3.1 Terms of Reference 

To understand the proposed· ·alternatives for bycatch management it is necessary to define and 
describe several terms: 

·Bvcatch is an incidental byproduct of operations targeting other resources. An example is halibut 
taken in ground fish trawl fisheries. In contrast to target fishing, · ail important variable determining 
amount of bycatch is the density of that part of the population susceptible to the gear. However, size· 
of the susceptible bycatch biomass is not the only variable. Magnitude of the target fishery, both in 
amount and rate of fishing, is important along with harvesting areas ci:nd times and fishing strategy 
and technique. 

Bycatch rates in groundfish fisheries arc generally expressed as numbers of crabs or metric tons of 
halibut (or other fish species) per metric ton of groundfish. 

Fishing and bycatch exploitation rates are expressCd in a number of different ways that sometimes 
add confusion to the bycatch issue. For example, a 40% annual exploitation rate on crab normally· 
means that, on the average, 40% of the available male crab over a certain minimum size are taken 
each year by the directed pot fishery. The situation is similar for . the halibut longline fishery since 
quotas and rates of harvest are generally computed for the exploitable or legal-sized biomass. 
However, the population effects of bycatch arc normally evaluated as the impact on the entire 
population that is vulnerable to the groundfish gear. 

Incidental mortality is the sum of (1) bycatch retained, (2) non-retained bycatcb that dies as a result 
of capture and handling, and (3) individuals that are killed by the gear but arc not observed as 
bycatch taken aboard. There can be a gr~at deal of variability in mortality depending upon gear and 
mode of operation as well as size and condition of the individuals present At the high end of the 
range is the common as.1umption of 100% halibut mortality in trawl fisheries with codend transfers 
or long towing and sorting times. An example of an intermediate value is the halibut mortality rate 
of 50% for short trawl tows with rapid sorting. •tow-end• bahbut mortality rates would be 13% from 
longline gear or 12% from groundfish pots. These rates arc currently used by the IPHC and the Gulf . 
of Alaska Plan Team in assessing halibut bycatch. 

Adult equivalents is a term that expresses the bycatch of different age/size groups in standardized 
units. This allows for a direct comparison of the catch of bycatch species, generally juvenile in size 
and age, to the harvest of adults taken by the directed fisheries for those species. The IPHC staff 
has developed a method of accounting for halibut bycatch mortality that determines the short-term 
yield loss to the directed baubut fishery. In this case, bycatch mortality is multiplied by an adult 
equivalent factor to determine the amount of lost yield. The adult equivalent factor represents lost 
growth of sublegal hahout combined with halibut fishery quota reduction and is estimated at 1.6. 

7/31/9-0AM 21/16 7-8 



7.3.2 Biological Background 

The estimated coastwide exploitable biomass of Pacific halibut peaked in 1986 at approximately 
259 million pounds and bas declined to approximately 232 million pounds in 1988. The overall 
biomass, however, bas remained near historical levels and the minor decline of the exploitable 
biomass of Pacific halibut was caused by a drop in abundance of young fish. It is not certain if the 
decline in young fish is a short-term or long-term trend. Stock assessments for the Gulf of Alaska 
area indicate that biomass more than doubled from 1974 to 1986. In spite of recent declines, current 
estimated abundance for that area is above the biomass that produces MSY. 

Foreign, joint venture, and domestic trawl and longline halibut bycatcb mortality in the Gulf of Alaska 
has resulted in. an estimate of 1,500 mt _to 2,300 mt of mortality annually since 1987. Coastwide, 
halibut bycatch mortality from all sources steadily decreased during 1980-85 (Table 7.1). Adult 
equivalents of the 1989 bycatch mortality accounted for approximately 22% of total estimated halibut 
removals that year (Table 7.2) . . Bycatch mortality in all GOA groundfish fisheries in 1989 accounted 
for approximately 32% of the coastwide bycatch mortality, or 4% of total removals. 

. . 
Less than 10% of the bycatch of halibut, by number, in joint venture trawl fisheries is of animals of 
size (80 cm) and age that occur in the directed longline fishery. On average, there is a difference of 
five years between age of trawl bycatcb cµid directed longline harvest Groundfish longline bycatch 
of halibut tends to be of larger animals but available data are not sufficient to generalize length 
frequency or age differences (R Trumble, IPHC, pers. comm.). 

Bycatcb of Pacific halibut needs to be examined in a coastwide perspective since there is a major 
migration of fish between management areas. There is a general eastward migration from the Bering 
Sea to the Gulf of Alaska and a s6utbward shift from Alaskan waters to areas off British Columbia, 
Washington and Oregon (Figure 7.1). The proportion of Gulfof Alaska bycatch yield loss that occurs 
in any area depends on the migration rate from the Gulf; however, these rates are currently unknoWn. 
Yield loss to the coastwide halibut fishery is estimated with a general factor of 1.6 derived by IPHC 
to account for growth and natural mortality between the age of bycatch and the age fish are taken 
in the directed fishery. _ . . .. __ . . . ~' :. :- . · 

. ; . . ~- . .- .: . ! 

133 .· Alternative 1: Do nothing - maintain the status quo. ...r 

..:. .. ,. ~ . .. ' . . . . "' . . . 

Adopting this alternative would return halibut bycatch management in the GOA to the PSC 
framework utilized by the Council since 1985. The framework is a means for the Council of 
determining a halibut PSC limit for trawl and fixed gear fisheries. 

Since 1985, the Council has adopted an annual limit for halibut bycatch mortality of 2,000 mt. This 
amount was based on a then-recent five-year average of bycatch mortality in the Gulf of Alaska 
(1,800 mt) and also allowed for some growth in DAP fisheries and their resulting bycatcb needs. In 
1989, the Secretary implemented Amendment 18 to the Gulf of Alaska Groundfisb FMP which 
specified fixed bycatcb mortality caps for the 1990 fishery; these PSC limits are in effect only for 1990, 
and are 2,000 mt for trawl gear and 75-0 mt for fixed gear. The Secretary exempted pot gear from 
the fixed gear PSC limits for 180 days by extended emergency rulemaking effective February 15 
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through August 13, 1990. For 1991 and beyond, halibut bycatch PSC limits will be annually 
determined by the Council. 

The biological and physical impacts of this alternative would consist of expected changes in groundfJSh 
catches or halibut bycatch mortality as a consequence of a change in the PSC limits and the gear 
groups covered by such limits relative to the 1990 regime. Since the halibut PSC limits for 1991 and 
the applicable fJSheries will be determined by the Council at its December, 1990 meeting, the true 
impact cannot be determined. However, assuming the Council adopts PSC limits and applicable gear 
groups for 1991 identical to those used in 1990, potential impacts can be estimated. · · 

· Under the status quo, no incentives other than PSC caps and the existing OAP apportionment of 
PSC limits to trawl and fixed gear fisheries will be in place to manage halibut bycatch in the GOA 
for 1991 and beyond. Thus, 2,750 mt halibut mortality will continue to occur annually from the 
various longline and trawl groundfish fisheries." Fishing seasons may gradually become shorter as 
vessels increasingly race for available groundfJSh quotas. The trawl fishery in the Gulf closed 
September 2 during the 1989 sea.sOn because the. 2,000 mt PSC limit was reached; this closure date 
will likely occur earlier and earlier under status quo management. The likelihood of overharvest of 
both target groundfish species and halibut may increase as fishing effort increases. The Council and 
RD could apportion trawl and fixed gear PSCs by regulatory area, but this is not expected to reduce 
overall bycatch amounts. · : · : · · · 

!. .. . • ··; ·­.,,.., ., 

7.3.4 	 Alternative 2: (Preferred) More fully implement and clarify the existing halibut PSC 
framework. · ~ 

73.4.1 Option A:. 	 Apportion the Halibut PSC Limits by Season. 

The impact of apportioning the halibut PSC limit by season would be reflected in the amount of 
groundfish unhar\tested due to the attainment of a PSC limit early in the year. Since the amount of 
halibut taken as bycatch is limited, there would be no change in the biological impact of a seasonal 
apportionment of the halibut PSC limit from th~ current impact, assuming no change in the actual 
PSC limit ·· . . ~ 

,. . ' -· . . 
k previously stated, Amendment 18 to the FMP established separate halibut PSC limits for trawl 
gear and fixed gear fisheries of 2,000 mt and 750 mt, respectively, for 1990. "The halibut bycatch 
management actiom implemented under Amendment 18 inc!ude: (1) a mandatory domestic observer 
program that will generate more accurate estimates of halibut bycatch; (2) separate halibut PSC limits 
for trawl and fixed gear that will hold each gear type individually accountable for its halibut bycatch 
mortality; (3) the establishment of 1990 PSC limits in the FMP that cannot be exceeded; and (4) the 
curtailing of the flexibility of inscason management of groundfish during 1990 compared to 1989, 
because PSC limits are separated now into two gear type categories~ rather than being one PSC limit 
for all gear types. 

During the December 1989 Council meeting, representatives for fishermen using fixed and trawl gear 
expressed concern. that ·the halibut PSC limits established for fixed and trawl gear would be taken 
prematurely in the 1990 fishing year, causing an early closure of the Gulf of Alaska to either or both 
gear types. They petitioned the Council to allocate the 1990 halibut PSC limits on a· quarterly basis 
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to provide sufficient amounts of PSC to fall and winter fisheries and avoid the premature closure of 
the Gulf of Alaska to groundfish fishing during the last half of the fishing year. 

As a result. the Council recommended that the Secretary implement an emergency rule that would 
allocate the halibut PSC limits established for trawl and fixed gear on a quarterly basis and in 
amounts proportional to the needs of specific fisheries throughout the year. The Secretary agreed 

that Amendment 18 may increase the probability of early closures of the groundfish fisheries (see 
Emergency Interim Rule, February 15, 1990) and therefore approved the request See Section 7.2.2 
for a list of the quarterly 1990 halibut PSC limits established for trawl and fixed gear in the Gulf of 
Alaska by emergency rule. 

~ . ' . . . 

When a seasonal allocation of halibut PSC is reached by any gear group, the Gulf of Alaska will be 
closed to further fishing with that gear until the beginning of the following quarter. Unused PSC 
from any quarter will be added to the next quarter's PSC allocation. Observer data will be used to 

monitor bycatch amounts unless such ·data is considered inadequate. Lacking sufficient observer 
information, the assumed bycatch and mortality rates discussed in Section 7.3.1 will be used to 

estiinate halibut bycatch mortality. 

.. . . 

Without seasonal PSC limits, groundfish fisheries operating during the early part of the year will 
probably reach the allowable PSC amounts, preventing fall and winter fisheries. _The continuing 
expansion of the groundfish fishery and the attendant increase in vessel effort results in each 
participant in the fishery attempting to harvest as much groundfish as is individually possible before 
PSC limits or groundfish quotas are reached. This further contributes to higher than normal bycatch 
rates and premature attainment of PSC limits. 

. .•. 

Seasonal PSC limits will likely constrain the bycatch of Pacific halibut to established levels during the 
first half of the year. Sufficient portions of halibut PSC limits will then be left over to provide for 

subsequent groundfish fisheries later in the year. Providing for a year-round groundfish fishery will 
allow a greater opportunity to harvest the optimum yield _established for the Gulf of Alaska 
groundfish resource and will extend the time during which observer information may be collected 
from groundfish operations. Observer information collected during 1990 will provide the basis for 
management of the groundfish fisheries in 1990 and beyond. 
- . -. - '.... ­

. ._,,. . ,. . -· .. . . . . . . . 
Seasonal PSC limits will likely maintain halibut bycatch mortality at reasonable levels each season 

(e.g. quarter) if observer information indicates that bycatch rates are higher than anticipated. In 
1989, the Gulf of Alaska was closed to bottom trawl gear on September 2, when the estimated 

bycatch mortality of halibut in all groundfish operations reached 2,000 mt During 1990, data 

collected by observers on actual bycatch and mortality rates are expected to lead to premature 

closures of the Gulf of Alaska. given the lack of incentives to reduce halibut bycatch rates, together 

with increasing incentives to harvest as much groundfish in as short a period of time as possible. 
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7 3.4.2 Option B: Set Separate Halibut PSC Limits for Each Fixed Gear Group (e.g. longline 
and pot) or Omit Pot Gear Fisheries from the PSC Framework. 

A regulatory amendment to more fully implement the current FMP would provide the Council and 
RD with the authority to annually establish separate halibut PSC limits for each fixed gear group. 
Such authority would eliminate the current situation in which bycatch in the longline fisheries counts 
against the overall fixed gear PSC limit which triggers a closure of all fixed gear fisheries. This 
situation is inequitable since pot gear fisheries may be closed when the fixed gear PSC limit is 
reached, yet the pot gear bycatch rate, currently assumed to be 0.7%, is much lower than longline 
gear rates (longline bycatcb rate is assumed at 8% and 10% for sablefish and Pacific cod, 
respectively). Furthermore, in Chapter 6 of this EA/RIR, the Council is considering requiring halibut 
exclusion devices on all pot gear, effectively eliminating high halibut bycatch rates in groundfish pots. 
The expected growth of the longline fisheries increases the severity of the problem. The Council also 
eould amend the FMP and exclude pot gear from the PSC framework. Either option would enhance 
the Council's ability to minimize the problems stated above. 

The Council bas repeatedly signaled the industry that it encourages pot fishing, where practicable, 
because of the low bycatch rates measured in past groundfish pot fisheries. Pot gear is very selective, 
and if tunnel openings are configured properly, pot gear effectively catches negligible amounts of 
halibut (See Chapter 6 for more background on this is.sue.) Thus, the Council could exempt pot 
gear fisheries from the PSC framework. In doing so, then, only longline gear would be restricted by 
any bahbut PSC limits for fixed gear in the Gulf of Alaska. 

Exempting pot gear from the PSC framework may encourage development of pot gear fisheries, since 
these fishermen would not be constrained by PSC limits, only by the amount of TAC available for 
the target species (principally Pacific cod). This could lead to increased investment in new pots and 
an increased number of pots deployed on the grounds. This could result in an increased potential 
for gear conflicts (pot vs. longline, pot vs. trawl) and grounds preemption problems. If pot fishing 
were to increase to a point where these conflicts required regulatory action, additional burdens would 
be placed on the Council pr~ to take remedial action. · 

73.5 AJternative 3: rereferred) Implement a program to identify and penalize VCMCls that exhibit 
:' · ·· · · · ~ive bycatcb rates of bahbut · - ·:· - - ~ 

Observer informatioa on prohibited species bycatcb . during 1990 indicates that a relatively small 
number of vessels can take a large share of prolubitcd species bycatcb allowances established for the 
trawl fisheries in the BSAI and for the trawl and longline fisheries in the GOA In response to this 
finding and the desire to maYimfae groundfish harvests for a given PSC limit, the Council adopted 
the "penalty box" incentive program for prolubited species bycatcb management in the BSAI and 
GOA 

This program is intended as an interim measure to sanction vessels with excessive bycatcb rates during 
the period that a more comprehensive vessel incentive program to reduce baltbut bycatch rates is 
analyzed and developed. & such, the "penalty box" program is not intended to provide a 
comprehensive response to the is.sue of bahbut bycatch in Gulf of Alaska groundfish fisheries. This 
program is, however, directed at VCMCis which demonstrate excessrie bycatcb rates when judged 
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against a system of acceptable performance standards. It is intended to increase the opportunity to 
harvest ground.fish TACs before established PSC limits are reached by encouraging vessels to 
maintain average bycatch rates within acceptable perfonnance standards and discourage fishing 
practices that result in excessive bycatch rates. 

7.3.6 Summary of Biolo~cal and Physical Impacts 

The biological and physical impacts of Alternative 1 (status quo) will be partially dependent on the 
extent to which the current olympic system of fishery management changes in the coming years. As 
fishing effort increases, greater pressure on the available halibut bycatch limits will occur. If the 
halibut biomass levels continue declining as projected for the next several years, increasing pressure 
will be likely to maintain or even reduce halibut PSC limits. Fishing seasons will continue to shorten, 
and fJShery managers will find it more and more difficult to close seasons so that quotas or PSC limits 
are not exceeded. The extent to which industry can voluntarily reduce bycatch rates under the status 
quo will greatly affect how much groundfJSh quota can be harvested and how long fishing seasons 
extend. 

The true extent of halibut bycatch mortality is currently unknown. Therefore, it is not possible to 
determine if the .implementation of Alternative 2 would provide for a decrease or an increase in the 
bycatch mortality of halibut, although the change is not expected to be large. There may also be 
increased or decreased perturbation of the physical environment due to the activity of fishing gear. 
The extent to which these perturbations occur is speculative at best and impossible to measure against 
the normal variability of factors affecting marine life in the epibenthos and water column. 

Implementation of Alternative 2 could affect the amount of groundfish taken in fisheries which catch 
halibut incidentally. Some fisheries may be prevented from attaining their full TAC due to the PSC 
caps. This would reduce the fishing mortality on these stocks. There would be more groun~fJSh 
available, which could affect predator-prey relationships. Improvements in the environment may 
occur due to decreased fishing activity. The extent to which changes could occur are unknown and 
probably negligible compared to the normal variability of the ecosystem. · 

Implementation of Alternative 3 will have no effect on the PSC Limits, but should increase the 
amount of ground.fish harvested. The amount of the increase is dependent upon the desire and 
ability of ground.fish fishermen to avoid excessive halibut bycatch rates and perhaps reduce overall · 
average bycatch rates within a target fishery category. 

7.4 Socioeconomic Impacts 

7.4.1 Fishery Costs and Benefits 

7.4.1.1 Alternative 1: Do nothing - maintain the status quo 

The status quo for 1990 may result in foregone groundfish catch if industry cannot maintain bycatch 

rates at or below preseason estimated rates. Using the 1990 TACs and published assumed bycatch 
and mortality rates (see 55 FR 3223, January 31, 1990, for a table Listing these rates), the Council's 
GOA bycatch prediction model projects a trawl halibut mortality of 2,485 mt, or 485 mt above the 
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PSC limit Th.is excess mortality could result in approximately 36,000 mt of groundfish foregone ( 485 
mt+ .0135) with a value of $18 million (assuming $500/mt value). If the bottom trawl rate increases 
from 2.7 to 3.0%, groundfish harvest foregone increases to 50,074 mt with a value of S25 million. 
However, reducing the bottom trawl rate from 2.7 to 2.5% could result in an increased groundfish 
harvest of 13,040 mt with a value of $6.5 million. Incentives or other measures to encourage reduced 
bycatch rates could have significant economic benefits; otherwise, the status quo situation will 
continue and foregone groundfish catches are likely. 

· 7.4.1.2 Alternative 2:. (Preferred) More fully implement and clarify the existing halibut PSC 
framework. 

Option A: Apportion the Halibut PSC limits by Season. 

The closure of the Gulf of Alaska to bottom trawl f15heries on September 2, 1989, notwithstanding 
the subsequent re-opening for the deep water flatrISh f15hery, resulted in a loss of opportunity to 
harvest nearly 56,000 mt of groundfish. This amount of groundfish might have had an exvcssel value 
of S321 million at an average value of S0.26 per pound if it had all been harvested. Losses of this 
nature~ be mitigated under the emergency rule to the extent that this action provides for greater 
opportunity to harvest the groundfish optimum yield. The potential for a premature closure of the 
Iongline fishery for sablefish in 1990 due ~o excessive halibut bycatch in the increasingly lucrative 
Iongline fishery for Pacific cod is of special concern to fishermen and processors involved in the 
sablefish fishery. In 1989, this fishery harvested 20,500 int of sablefish. At S0.87 per pound, this 
harvest .bad an estimated exvessel value of S39.3 million. Representatives for sablefJSh fishermen 
supported the quarterly allocation of halibut PSC under this emergency rule as a management action 
that will provide a reasonable opportunity to harvest the total allowable catch for sablefish. 

Option B: Set Separate Halibut PSC Limits For Each Fixed Gear Group (e.g. 
longline and pot) or Omit Pot Gear Fisheries from the PSC 
Framework. 

The establishment of separate fixed gear PSC limits for pot and for longline gear would eliminate two 
problems. During the fishing year, the <:Stimated bycatch in the longline fisheries could not result in 
the closure of pot· fisheries, .and bycatch in the longline fisheries would be limited. This would tend 
to benefit the pot fisheries and/or the halibut fishery, at the expense of the longline groundfJSh 
fisheries. In the absence of an accurate estimate of the value of an increase in a PSC limit for each 
groundfish mbcry, it is difficult to determine whether a reallocation of bycatch from one fishery to 
another will result in positive or negative net benefits. If groundfish fishing techniques are changed 
or if groundmh catch is limited, and bycatch mortality is less due to the PSC limits, there will be costs 
imposed on the groundfish fishery and benefits provided to the halibut fishery. 

Forty five vessels have landed groundfish caught with pot gear to date in 1990. In 1989, turbot. rock 
sole, other flatfish, ling cod, and Pacific cod were ·taken with pots. However, the harvest by pots was 
less than 1 % of the 1989 total groundfish harvest (Table 7.4). 

In 1989, 31,787 mt were taken by longline gear, or 98% of the fixed gear harvest. Using a bycitch 
rate of 8% for longline gear and 0.4% for pot gear, and an assumed halibut mortality rate of 13% 
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and 12% for those gears, respectively, the 1989 groundfish fixed gear harvest "required" 326 mt and 
2 mt of hahbut bycatch, respectively. Actual observed rates from the 1990 fishery may change these 
results. However, allocating PSC limits between longline and pot gear would have little impact on 
the longline gear group unless either (1) longline bycatch rates are significantly higher than assumed 
(i.e. more than double) or (2) the amount of groundfish harvested by pots increases dramatically (e.g. 
tenfold or more). · 

7.4.13 	Alternative 3: (Preferred) Implement a program to identify and penalize vessels that exhibit 
excessive bycatch rates of halibut 

The "penalty box" program is directed at vessels which demonstrate excessively high bycatch rates of 
halibut while fishing for groundfish. Under this alternative, separate target fisheries would be defined 
and average halibut bycatch rates observed on vessels participating in those fisheries would be judged 
for one week building up to the preceding four week period against the fleet average for up to four 
weeks. 

Information was obtained from the 1990 NMFS observer database to represent possible behavior of 
fJShermen under circumstances in which they operated under no particular incentive to reduce 
bycatch rates. Under the stati.is quo alternative, results of the examination represent what might 
occur in 1991 if fishing opportunities and conditions were the same in 1991 as in 1990. 

. 	 . 
A performance standard was used, whereby a vessel's bycatch rate was judged to excCed an acceptable 
performance standard if its 1-4 week average rate was greater than two times the fleet average for 
the preceding 1-4 week period. Four target bottom trawl fJSheries - Pacific cod, rockfish, flatfJSh, 
and pollack - and the hook-and-line Paci.fie cod fishery were examined. · 

With respect to the Paci.fie cod directed fishery, 87 fJShing periods occurred in which vessel rates were 
determined to be within the acceptable performance standard, i.e., two times or less than the fleet 
average (Table 7.5). Twenty-eight fishing periods occurred in which vessel rates exceeded the 
performance standard. 

With reSpeCt to the ~kfish directed fishery, 32 fishing periods .:occurred in which vessel ·r;tes. were 
determined to be within the acceptable performance standard, and seven fishing periods occurred in 
which vessel rates exceeded the performance standard. · - · . . 

With resPcct to the directed flat.fish target fishery, all fishing periods examined (5) were d~termined 
to be within the ac:ccptable performance standard. No information was available for· the pollack 
bottom trawl fishery. Through June 30, 1990 only about 3,000 mt of pollack have been harvested 
with bottom trawl gear and that was not observed. Insignificant amounts of halibut are caught in the 

pelagic trawl pollack fishery. 

Should all fishermen fish within an acceptable performance in 1991 under Alternative 3, substantial 
additional amounts of Paci.fie cod and rock.fish could be harvested. In 1990, amounts of halibut and 
groundfish that were caught by vessels that fished in excess of the acceptable performance standard 
while fishing with bottom trawl gear for Paci.fie cod and rockfish were summed from the NMFS 
observer database. By subtracting these amounts from the overall observed amounts of halibut and 
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Pacific cod and rocldisb, estimates of "clean rates", i.e., those within the acceptable pe~ormance 
standard were obtained. These rates were 10.15 and 23.83 kilograms of halibut per metric ton of 
groundfisb in the Pacific cod and rockfish target fisheries, respectively. 

With respect to the Pacific cod bottom traw~ fishery, if all fishermen bad fished within the acceptable 
performance standard such that the bycatcb did not exceed a rate of 10.15 kilograms, a savings of 
72,129 lcilograms of halibut could have occurred. This amount would have supported an additional 
Pacific cod harvest of.7,106 mt Assuming a product recovery rate of 0.64 for headed and gutted 
product, western cut, and $1.00 per pound, this amount of Pacific cod could have an additional gross 
revenue of about $10.0 million. · 

With respect to the rockfisb bottom trawl fishery, if all ·fishermen had fJShed within the acceptable 
performance standard such that the bycatch rate did not exceed a rate of 23.83 kilograms, a savings 
of 194,655 kilograms of halibut could have occurred. This amount would have supported an 
additional rockfJSb harvest of 8,168 mt Assuming a product recovery rate of 0.60 for beaded and 
gutted product, western cut, and $1.00 per pound, this amount of could have an additional gross 
revenue of about Sl0.8 million. 

With respect to the Pacific cod book-and-line fishery, ifall fishemien had fished within the acceptable 
performance standard such that the bycatcb rate did not exceed a rate of 71.59 kilograms, a savings 
of31,805 lcilograms of halibut could have occurred. This amount would have supported an additional 
Pacific cod book-and-line harvest of 444 mt Assuming a product recovery rate of 0.60 for headed 
and gutted product, weste~ cut, and Sl.00 per pound, this amount of could have an additional gross 
revenue of about S587,000. 

Assuming fishing opportunities are the same in 1991 and fishermen change their fishing behavior 
under the penalty box program, additional amounts of about Sl0.6 million and Sl0.8 million in the 
Pacific cod and rockfisb fisheries could result under this alternative. Because all vessels are expected 
to strive to fish a lower bycatcb rates in order to avoid the •penalty box", overall bycatcb rates ought 
to be reduced. To the extent that this happens, even fewer halibut ought to t?c ~aken as bycatch, 
which would allow more groundfish to be harvested. 

7.4.2 Reporting ~ts · 

Weekly monitoring of bycatch bas proven inadequate for precise monitoring of PSC limits, 
particularly in short-term fisheries where fishery apportionments of PSC caps are sometimes cxCccded. 
Tunely ~n management of PSC limits, particularly in the vessel incentive programs addressed 
under Alternative 3, will require considerable improvement to current communication and information 
prC>CCMing systems. A regulatory amendment should be developed to provide the RD with the 
authority to require groundfish processors to submit daily c;atch reports as PSC limits or groundfish 
quotas are approached. More frequent catch reports will provide inseason managers with updated 
information on which to monitor PSC amounts and enhance their ability to maintain bycatcb within 
specified PSC limits. Prompt processing ofdaily observer messages and/or procesSor catch reports will 
require full implementation of a satellite communication system, e.g. COMSAT Standard C, for direct 
two-way communication of data and information between vessel operators and/or observers and 
Regional managers. ~ts of this system are estimated at between S5,000 and S 10,000 per unit, the 

AM 21/16 7-16 7/31/90 



burden of which would be borne by participating vessels and processors. The specific costs to the 
industry to submit daily reports when requested to do so by the RD will be analyzed under the 
regulatory amendment that is developed to implement this requirement and are not addressed further 
within the context of the bycatch alternatives considered above. Additional administrative costs may 
be incurred by NMFS staff if the number of observer reports are increased and additional time and/or 
personnel are needed to compile, edit, and enter daily observer reports. C.Omputer-to-computer 
communication of reports would minimize some of these costs. 

7.43 Administrative, Enforcement, and Information Costs and Benefits 

The implementation of an additional gear regulation will result in increased administrative, 
enforcement, and infonnation burdens. These include those associated with determining the specifics 
of the gear restrictions and both implementing and enforcing the regulations. 

The use of gear-specific PSC limits would result in increased administrative and information burdens 
but would not affect enforcement If pot gear is exempt from PSC management, some administrative 
cost savings may be realized, although such savings would likely be small. The information required 
to determine the appropriate PSC limit for each fixed gear group is difficult to collect and, therefore, 
tends to be costly. In the absence of credible information concerning the value of an increase in the 
PSC limit for each fishery, the issue of allocating limits among fisheries will continue to be 
contentious and as a result the process of allocating limits will place a large burden on the C.Ouncil 
process, although this issue may be less contentious among the fixed gear group. 

Quarterly or another seasonal PSC allocation measure will increase administrative costs, since bycatch 
mortality records will be required for each gear group and must be provided to fishermen on a 
frequent schedule. NMFS will be required to close each of several fisheries on a seasonal basis when 
each PSC limit is attained. More detailed and real-time PSC accounting will be necessary which will 
increase staff costs. 

The •penalty box" program pro~ under Alternative 3 would increase the administrative and 
information burdens because it would be necessary to keep track of observer data for each individual 

vessel 

Under Alternative l, administrative, enforcement, and information costs would remain unchanged, 
because no changes in monitoring halibut PSC bycatch amounts inseason will occur. .Under 
Alternative 2, administrative and enforcement costs are the same as th~ identified for Alternative 
3 to the extent that Alternative 3 is implemented in. conjunction with Alternative 2 

Under Alternative 2, a total of four separate Gulf-wide PSC halibut bycatch apportionments might 
be monitored on at least a weekly basis (daily for fast-paced fisheries or as fisheries approach their 
apportionment of a PSC limit). The apportionments are: 

DAP trawl, NP trawl, DAP fixed gear, and NP fixed gear. 

JVP fisheries, however, have not been conducted in the Gulf of Alaska since 1988. Including NP 
fisheries in this analysis, however, is appropriate for planning purposes. 
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If PSCs are further apportioned among the three regulatory areas, a total of twelve PSC halibut 
bycatch apportionments might be monitored. No additional costs of Alternative 2 will occur, unless 
the "Penalty Box" program is implemented under Alternative 3. Discu.ssion of costs are discussed, 
therefore, under Alternative 3. 

Under Alternative 3, the analysis of costs is derived from the analysis of costs prepared for Chapter 
2 of this EA/RIR, which also includes a "penalty box" program as an alternatives to extending 
Amendment 12a to the BSAI_Groundfish FMP. NMFS estimates that personnel and administrative 
costs aswciated with inseason monitoring of prohibited species bycatch will approach Sl00,000 by 
1991. This amount includes personnel costs associated with three statisticians working between 10 
and 40 hours a week on ·psc monitoring, and one part-time programmer (total personnel costs of 
about S75,000 per year). 

Administrative and enforcement costs under Alternative 3 will increase due to additional personnel 
and computer hardware ne~ary for individual vessel monitoring and enforcement Appendix 2.1 
to Chapter 2 that addresses BSA! vessel bycatch incentives contains a summary of NMFS' experience 
with individual vesseVcompany monitoring, the administrative burden to implement these programs, 
and risks aswciated with vessel incentive programs. 

Timely inscason management of individual vessels would require improvements to current 
communication and information processing systems. Federal costs associated with installing Standard 
C communication hardware would include Sl6,000 for stations at Juneau and Dutch Harbor, $15,000 
for five PCs, and file server costs of S6,000, for a total hardware cost of $37,000. Personnel costs for 
systems development and implementation are estimated at another $50,000, for a total initial cost of 
$87,000. An alternative to incurring theses costs to accelerate receipt and processing of catch data 
is to close the fishery periodically to allow the data to catch up with the fishery. 

The NMFS' experience with vessel incentive programs over recent years indicates that one staff 
person working a 40-hour week would be required to monitor up to 20 separate vessels or operations 
if daily monitoring were required_ In those situations where weekly monitoring of bycatch were 
appropriate, a single person working about 20 hours a week could . monitor about 40 vessels or 
operations if the. receipt of weekly reports from vessels and observers were spread throughout the 
week. Assuming the number ofobserver reports would increase with daily or even weekly monitoring 
of individual operations, an additional part-time position would be required within the NMFS 
observer program to receive and verify additional observer reports. 

The number of 'f'CUels that might fish in specified target fishery categories under the· "penalty box" 
should not require additional personnel to that already projected for a similar program proposed for 
the Bering Sea/Aleutian Islands area in Chapter 2 In summary, NMFS estimates that a full-time 
programmer and up to four additional staff would be required for inseason monitoring of individual 
vessel bycatch rates or credits under the Gulf and Bering Sea "penalty box programs" (approximately 
SlS0,000 to $170,000 per year). Given that different fisheries are prosecuted at different times of 
the year, staff needs would likely be irregularly spaced throughout· the year, which suggests that some 
of the additional positions could be filled by short-tenn assignments of personnel from other regions 
or agencies. 
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Similarly, additional enforcement costs should not exceed those already projected for the "penalty 
box" program analyzed under Chapter 2 to this EA/RIR. In summary, individual vessels may choose 
to challenge information used to estimate their bycatcb rates and the fishery average rates and may 
request an adjudicative hearing. How often individual vessels or operations would challenge actions 
taken against individual vessels as the result of estimated bycatch rates is unknown. However, actions 
of this sort would be administratively time consuming and costly. Frequent bearings procedures 
would, at a minimum, require another staff position with the Region's Office of General Counsel 
(approximately $50,000 per year). 

In summary, additional administrative costs for development, implementation, and maintenance of a 
reliable vessel incentive program under Alternative 3 could be as high as $434,000 during the 1990­
1991 development and implementation period and about $355,000 annually thereafter. 

Another cost that should be considered is that of the additional burden that may be placed on 
observer5. With any vessel incentive program, there will be substantial pressure to have the observer 
observe or report less bycatch. The intensity of this pressure may be greater with individual vessel 
incentive programs than with fleet-wide caps. 

7.4.4 Impacts on Consumers 

Because neither halibut nor groundfish from the Gulf of Alaska is a major item in many household 
budgets and because there are relatively good substitutes for both, none of the measures being 
considered is expected to have a significant impact on individual consumers. However, consumers 
as a whole would be affected by changes in the quantity, quality, and prices of halibut and probably 
to a less extent groundfish. 

Allocating fixed gear PSC limits to both longline and pot gear would only benefit consumers to the 
extent it reduced total bycatch mortality and, therefore, increased halibut fishery quqtas. Additionally, 
reduced bycatch rates would mean a larger groundfish harvest, therefore, more groundfish available 
to the consumer. 

The •penalty box• program is not expected to significantly affect consumers. 

7.4.5 Redistnbution of Benefits and Coots 

PSC limits are apccted to change the distnbution of net benefits among the groundfish and halibut 
fisheries. Because a frameworked measure is being considered, the probable winners and losers 
depend on how this authority would be used. The intent is for groundfish fishermen to receive a 
larger groundfish harvest for the same or lower amount of halibut bycatch. In the absence ·of 
adequate information, the poMibility exists of making a change that will decrease the total net 
benefits of the groundfish and halibut fisheries combined. 

The establishment of either a •penalty box• program would tend to benefit vessels that change fishing 

practices to avoid excessive bycatch rates of halibut at the expense of those that do not 
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Table 7.1 	 Pacific halibut bycatch mortality (in metric tons, round weight) in Gulf of Alaska 
foreign, joint venture, and domestic groundfish fisheries and in all areas and 
fisheries, 1977-

Gultor 

1989. 

All~ Gulf or All Areas 
Year 

1977 

Alaska 

2,278 

& Fisheries 

6,816 

Year 

1984 

Alaska 

1,390 

& Fisheries 

5,859 
1978 1,244 7,097 19851 378 4,358 
1979 2,460 8,931 19861 185 4,998 
1980 2,427 10,994 1987 1,476 6,516 
1981 1,547 8,676 1988 l,'tr79 8,599 
198'2 1,564 7,176 19892 2,281 8,203 
1983 1,745 6,278 

l0oes not include estimate for U.S. fully domestic fisheries. 
2Prcliminary data for 1989. 

Source: G. Williams, IPHC, personal communication. 
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Table 7.2 Coastwide removals of Pacific halibut, 1977-1989, in thousands of metric tons, round 
weight. 

Directed Bycatch Recreational Total 
Year Catch (Adult Equiv.) Catch Waste Removals 

1977 13.2 10.9 0.2 0.0 24.3 

1978 13.3 11.4 0.2 0.0 24.9 
- . .. . ­

1979 13.6 14.3 0.3 0.0 28.2 

1980 13.2 17.6 0.5 0.0 31.3 

1981 15.5 13.9 0.7 0.0 30.1 

1982 17.5 11.5 0.8 0.0 29.8 

1983 23.2 10.0 1.0 0.0 34.2 

1984 29.1 9.4 1.1 0.0 39.6 

1985 33.8 6.9 1.6 0.9 43.2 

1986 42.0 8.0 21 1.9 54.0 ­

1987 41.9 10.4 2.5 25 57.3 

1988 44.8 13.8 3.1 2.1 63.8 

1989 40.2 13.1 3.5 2.0 58.8 

Source: G. Williams, IPHC, personal communication. 
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Table 7.3. 	 Number or vessels and landed catch (mt) ror the 1989 fully domestic fisheries in the 
Gulf or Alaska region by vessel length group and gear type. Vessel length is length 
overall. Number or vessels is only for those vessels which supplied vessel length 
information on federal permit application. 

Longline Trawl Pot 
Vessel Length 

Group No. of 
Vessels 

MT 
Landed 

No. of 
Vessels 

MT 
Landed 

No. of 
Vessels 

MT 
Landed 

< 60 ft. 487 13,935 18 5,166 9 235 

60 - 124 ft. 128 12,276 63 58,925 4 130 

125+ ft. 11 2,676 33 102,840 1 0 

Total 	 626 28,887 114 166,931 14 365 
''l'otal 1989 Harvest: 196,183 mt 

Source: R Berg, NMFS AK Region, from ADF&G Fish Tickets through March 
.. 19, 1990 (NMFS89.dbt). . . 
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Table 7.4. 1989 groundfish harvest .in the Gulf or Alaska by gear type. 

Harvest (mt) Percent 
All Gear: 

Trawl 135,131 81 
Net 1 <1 

. Longline 31,787 19 
Other hook & line 116 <1 
Pot 415 <1 
Other gear Tr <1 

Total All Gear 167,450 100 

Fixed Gear Only: 
Longline 31,787 98 
Other hook & line 116 <l 
Pot 415 1 

Total Fixed Gear 32.318 100 

Source: PacFIN Rpt #124, 2/12/90 
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Table 7.5 Numbers of vessel periods that resulted in clean versus "dirty" rates in 
the Gulf of Alaska while bottqm trawling for Pacific cod, flatfish, pollack and 
rockfuh. Source: NMFS-observer database through June 30, 1990. 

Gulf of Alaska Fisheries - Bottom Trawl Gear 
(based on current management definitions) 

Evaluation 
Period 

Cod
cl Df 

Flatfish 
c D 

Pollock 
c D 

Rockfish 
c D 

Jan 6-Jan 27 0 0 0 0 0 0 0 0 
Feb 3-Feb 14 12 2 0 0 0 0 0 0 
Mar 3-Mar 24 24 9 1 0 0 0 4 1 
Mar 31-Apr 21 30 13 3 - 0 0 0 12 2 
Apr 18-May 19 19 3 1 0 0 0 10 2 
May 26-J un 9f 2 1 0 0 0 0 6 2 

Period Totals 87 28 5 0 0 0 32 7 

. - Gulf of Alaska Fisheries - Hook-and-line Gear 

(based on current management definitions) 


Evaluation Cod Evaluation Sablefish 

Period c D Period c D 


-~. . -
.. Jan 6-Jan 17 . .. 1 0 Apr 7-Apr 28 24 6 

Feb 3-Feb 24 2 0 May 5-May 26 20 4 
Mar 3-Mar 24 4 1 . Jun 2 3 2 
Mar 31-Apr 21 1 1 
Apr 28-May 19 5 1 
May 26-Jun 9 1 1 
Jun 23-Jul 14 1 0 

Period Totals 15 4 47 12 
. 

I Number of •c1ean• ~ls with average halibut bycatch rates less than or equal 

to 2 times the fleet average. 


2Number of •dirtt ~ls with average halibut bycatch rates m~re than 2 times 

the fleet average. · 


30bscrver-databasc through June 9, 1990. 

­

­
­
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Figure 7.1 	 *lratory pattera1 of juvenile Pac:i!ic: halibut !tom di!hrenc 
tac&inl sit••· Source: IPHC. 
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8.0 EFFECT'S ON ENDANGERED SPECIES AND ON Tiffi ALASKA COASTAL ZONE 

None of the alternatives would constitute actions that "may affect" endangered species or their habitat 
within the meaning of the regulations implementing . Section 7 of the Endangered Species Act of 
1973. Thus, consultation procedures under Section 7 on the final actions and their alternatives will 
not be necessary. 

Also, for the reasons discussed above, each of the a~ternativcs would be conducted in a manner 
consistent, to the maximum extent practicable, with the Alaska Coastal Management Program within 
the meaning ofSection 307(c)(1) of the Coastal Zon~ Management Act of 1972 and its implementing 
regulations. 

AM 21/16 8-1 7/31/90 



9.0 	 OTIIER EXECUTIVE ORDER 12291 REQUIREMENTS 

Executive Order 12291 requires that the following three issues be considered: 

(a) 	 Will the amendment have an annual effect on the economy of SlOO million or more? 

(b) 	 Will the amendment lead to an increase in the costs or prices for consumers, 
individual industries, Federal, State, or local . government agencies or geographic 
regions? 

(c) 	 Will the amendment have significant adverse effects on competition, employment, 
·investment, productivity, innovation, or on the ability of U.S. based enterprises to 
compete with foreign enterprises in domestic or export markets? 

Regulations do impose costs and cause redistribution of costs and benefits. If the proposed 
regulations are implemented to the extent anticipated, these costs are not expected to significant 
relative to total operational costs. 

The amendment will not have significant adverse effects on competition, employment, investment, 
productivity, innovation, or on the ability of U.S. based enterprises to . compete with foreign 
enterprises in domestic or export markets. 

The amendment should not lead to a substantial increase in the price paid by consumers, local 
governments, or geographic regions since no significant quantity changes are expected in the 
groundfish markets. Where more enforcement and management effort are required, costs to state 
and federal fishery management agencies will increase. 

This amendment should not have an annual effect of SlOO million, since although the total value of · 
the domestic catch of all groundfish species is over SlOO million, this amendment is not expected to 
substantially_ alter the amount or distnbuti~n of this catch. 
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10.0 IMPACT OF THE AMENDMENTS RELATIVE TO THE REGULATORY 
FLEXIBILITY ACT 

The Regulatory Flexibility Act (RFA) requires that impacts of regulatory measures imposed on small 
entities (i.e., small businesses, small organizations, and small governmental jurisdictions with limited 
resources) be examined to determine whether a substantial number of such small entities will be 
significantly impacted by the measures. Fishing vessels are considered to be small businesses. A total 
of 1,348 vessels may fish for groundfish off Alaska in 1990, based on Federal groundfish permits 
issued by NMFS through March 29, 1990. While these numbers of vessels are considered substantial, 
regulatory measures will only affect a smaller proportion of the fleet. 
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11.0 FINDINGS OF NO SIGNIFICANT IMPACT 

For the reasons discussed above, neither implementation of the status quo nor any of the alternatives 
would significantly affect the quality of the hui;nan environment, and the preparation of an 
environmental impact statement on the final action is not required by Section 102(2)(c) of the 

~/01 1r70 
Date 

~~~1 Environmental Policy Act or its implementing regulations". 
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12.0 COORDINATION wrrn OTifERS 

The Gulf of Alaska Groundfish Plan Team and the Bering Sea/Aleutian Islands Groundfish Plan 
Team consulted extensively with representatives of the Alaska Department of Fish and Game 
(ADF&G), National Marine Fisheries Service (NMFS), members of the Scientific and Statistical 
Committee and Advisory Panel of the Council, and members of the academic and fishing community. 
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14.0 	 TEXT TO AMEND TIIE GROUNDFISH FISHERY MANAGEMENT PLANS 

14.1 . 	 BERING SENALElfTIAN ISLANDS PROHIBITED SPECIES MANAGEMENT 

In Chapter 2.0, Section 2.1 entitled "History and Summary of Amendments," add the following: 

Amendment 16 implemented on .------' 1990. 

(1) Extended the effective date of Amendment 12a (originally scheduled to expire December 
31, 1990) with the following three changes: 	 .. 

- Prohibited species catch (PSC) apportionments would be established for the DAP 
rock sole and deep water turbot/arrowtooth flounder fisheries; . . .. 
- PSC limits could be seasonally apportioned; and 
- An interim incentive program is established to encourage vessels to avoid excessive 
bycatch rates. ... . 

In Chapter 14 entitled "Management Regime" the following sections are affected: 

Section 14.4.2 "Prohibited Species" 	 .. · ....... 

: . ~ -, 

.. 	In Section 14.4.2, "Prohibited species; replace the text in Subsection E. PSC Limits 
and Time/Area Oosures for DAH F!Sheries with: 

·: -- . . ,,. 

The PSC limits and area closures for DAH fisheries will be reviewed each year to 
determine whether changes in prohibited species stock abundance or other factors 
justify consideration of alternative PSC limits or time/area closures: · · 

Section 14.4.2.1 "Bycatch Limitation Zones. subsection C: :·. .. ........ 
. •. Remains as amended under Amendment 12a. 

-i · ' : • ..:._ ?.. 
Section 14.4.22 Prohibited Species Catch Limits 

Remains as amended under Amendment 12a 

­

­
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Section 14.4.2.3 Apportionment of PSC limits to Target Fisheries 

. Replace with the following: 

Section 14.4.2.3 Apportionment of PSC limits to Tar2et Fisheries. 

A The PSC limits for prohibited species apply to DAH (DAP and NP) trawl 
fisheries for groundfish that are categorized by target species or species groups. 
Fishery categories will be implemented by regulations that accomplish the goals and 
objectives of the FMP, the Magnuson Act, and other applicable law. Fishery 
categories will remain in effect unless amended by regulations implementing the ™P. 
When recommending a regulatory amendment to revise fishery categories, the Council 
will consider the · best information available on whether recommended fishery 
categories would best optimize groundfish harvests under the PSC limits established 
under Section 14.4.2.2 

B. Apportionments of PSC limits to target fishery categories established ·under Part 
· A of this section and seasonal allocations of those apportionments may be determined 
annually by the Secretary of Commerce, after consultation with the Council. using the 
following procedure: . - · . . . . 

. . . 

. 

(1) ·Prior to the September Council meeting. The Plan Team will prepare for 
the Council a preliminary Stock Assessment and Fishery Evaluation (SAFE) 
Report under Section 113 which provides the best available information on 
estimated prohibited species bycatch and mortality rates in the target 
groundfish fisheries, and estimates of seasonal and annual bycatch rates and 
amounts. Based on the SAFE report. the Plan Team will provide 
recommendations for apportionments of PSC limits to DAP and NP target 
fisheries, seasonal allocations, thereof, and an economic analysis of the effects 
of the PSC limit apportionments or allocations . 

(2) September Council meeting. While setting preliminary groundfish harvest 
· levels under Section 113, the Council will also review the need .to control the 

bycatch of prohibited species and will recommend appropriate apportionment 
· . ·of PSC limits to DAP and NP target fisheric:S in a manner that will optimize 

total groundfish harvest under establish PSC limits, taking into consideration 
the anticipated amount.$ of incidental catch of prohibited species in each 
fishery category. The Council will also review the need for seasonal allocati~ns 
of the PSC limit apportionments. 

The Council will consider the best available information when recommending 
fishery apportionments of PSC limits and seasonal allocation of those 
apportionments, including that contained in the preliminary SAFE report 
prepared by the Plan Team. Types of information that the Council will 
consider relevant to seasonal allocation of fishery bycatch quotas include: 
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(a) Seasonal distribution of prohibited species; 
(b) Seasonal distribution of target groundfish species relative to 
prohlbited species distribution, 
(c) Expected prohibited species bycatch needs on a seasonal basis 
relevant to changes in prohlbited species biomass and expected 
catches of target groundfish species, 
(d) Expected bycatch rates on a seasonal basis, 
(e) Expected changes in directed groundfish fishing seasons, 
(t) Expected start of fishing effort, and 
(g) Economic effects of establishing seasonal halibut allocations on .. -, 
segments.of the target groundfish industry. · 

(3) A5 soon as practicable after the Council's September meeting, the Secretary will 
publish the Council's recommendations as a notice in the FEDERAL REGISTER. 
Information on which the recommendations are based also will.be published in the 
FEDERAL REGISTER or otherwise made available by the Council Public 
comments will be invited by means specified in regulations implementing the FMP. , .. 

.. . .... - . ~ .... . . . \ 

··:· · (4) · Prior to the December Council meeting. The .Plan ~cam will prepare for the 
Council a final SAFE report under Section 11.3 which provides the best available 
information on estimated halibut bycatch rates in the target groundfish fisheries. The 
Plan Team will provide final recommendations for apportionments of PSC limits · 
among DAP an~ . JVP target fisheries, seasanal . allocations of fishery bycatch 
apportionments, and also· an economic analysis of the effects of the PSC limit 
apportionments or seasonal alloeations. · ·. . . . · 

. 

.... . . . . 
(5) December Council meeting. While setting final groundfJ.Sh harvest levels, the 

· · Council reviews public comments, takes public testimony, and makes final decisions 
on apportionment of PSC limits among fisheries·and seasonal allocations, using the 
same factors (a) through (g) set forth ·under Section 14.4.23, Part B (seasonal 
allocations ·or the PSC limits). · The Council will recommend its decisions, including 
no change . for .the new fishing year, . to .the Secretary of Commerce for 

,_~ · ~ implementation.~- ~ -- ·· · · -' ----
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. . - ~ • . . . . . • I . . _, ... - .. . • '' . . ' - . 
: '__- ·."(6) ·~soon a5 practicable after the Council's December meeting, the Secretary will 

publish. the Council's final decisions as a notice in the FEDERAL REGISTER. 
Information on which the final recommendations are based will also .be published in 
the FEDERAL REGISTER or otherwise made available by the Council. 

·· ' 
r.. • 

· 
···-· 
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SeCtion 14.4.24 Incentive proifams to reduce bvcatch rates of proh~ited species 

This new section is added as. follows: 

The Secretary of Commerce, after consultation with the Council, may implement by 
regulation measures that provide incentives to individual vessels to reduce bycatch 
rates of prohibited species for which PSC limits are established under section 14.4.22. 
The intended effect of such measures is to increase the opportunity to harvest 
groundfish TACs befor~ es~ablished PSC limits are reached. · 

Section 14.4.3.4 Imolementation of Time and Afea Limitations. 

Replace with the following: 

When a DAP or JVP target fishery specified in regulations attains a PSC limit 
apportionment or seasonal allocation specified in regulations, the bycatch zone(s) or 

_ management area(s) to which the PSC limit apportionment or seasonal allocation 
._ applies will be dosed to that target fishery (or components thereot) for the remainder 

of the year or season, which ever is applicable. 

Appendix III, entitled, "Descriptions of Oosed Area:/ 
Retain as amended under Amendment 12a · 

14.2 OVERFlSHING DEFINmON 

14.2.1 Gulf of Alaska Groundfish FMP 

In Section 22 entitled Operational Definitions of Tenns. the paragraph defining overfishing is 
replaced with the following: 

.. .. ~ - ..- . . - .. .. . 
Overfishing is defined as a maximum allowable fishing mortality rate. For any stock or stock complex 
under management, the maximum allowable fishing mortality rate will be set at the level 
corresponding to m8.xim~ sustainable yield (F~) for all biomass levels in excess of the level 
corresponding to maximum sustainable yield (B~). For lower biomass levels, ·the maximum 
allowable fishing mortality rate will vary linearly with biomass, starting from a value of zero at the 
origin and incrca&ing to a value of Fmsy at Bmsy, consistent with other applicable laws. 

If data are insufficient to calculate F msy or B'!UY' the. maximum allowable fishing mortality rate will 
be set equal to the following (in order of preference): . . · 

1) the value that results in the biomass-per-recruit ratio (measured in terms of spawning biomass) 
falling to 30% of its pristine value; 
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2) the value that results in the biomass-per-recruit ratio (measured in terms of exploitable biomass) 
falling to 30% of its pristine value; or 

3) the natural mortality rate (M). 

If data are insufficient to estimate any of the above, the TAC shall not exceed the average catch 
taken since 1977. 

14.2.2 Berin2'. Sea/Aleutian Islands Groundfish FMP 

In Section 4.3 entitled Operational Definitions of Terms, paragraph 1.e. is replaced with the 
following: 

Overfishing is defined as a maximum allowable fishing mortality rate. For any stock or stock complex 
under management, the maximum· allowable fishing mortality rate will be set at the level 
corresponding to maximum sustainable yield (F~) for all biomass levels in excess of the level 
corresponding to maximum sustainable yield (B ). For lower biomass levels, the maximum 
allowable fishing mortality rate will vary linearly ~ biomass, starting from a value of zero at the 
origin and increasing to a value of Fmsy at Bmsy, consistent with other applicable laws. 

If data are insufficient to calculate F m.sy or Bf!UY' the maximum allowable fishing mortality rate will 
be set equal to the following (in order of preference): 

1) the value that results in the biomass-per-recruit ratio (measured in terms of spawning biomass) 
falling to 30% of its pristine value; 

2) the value that results in the biomass-per-recruit ratio (measured in terms of exploitable biomass) 
falling to 30% of its pristine value; or 

3) the natural mortality rate (M). 

If data are insufficient to estimate any of the above, the TAC shall not exceed the average catch 
taken since 1977. ' · · · - · , .. 

143 ESTABLISH PROCEDURES FOR INTERIM TAC SPECIFlCA TIONS 

143.1 · Gulf of Alaska Groundfish FMP · · 

In Section 4.21.1, paragraph (3) is changed by adding the following sentence: 

"The Secretary will implement one-fourth of the preliminary T ACs and apportionments 
thereof on or about January 1 of each year on an interim basis. They will be replaced by final 
TACs ·as approved by the Secretary following the Council's December meeting. 
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14.3.2 Berin~ Sea/Aleutian Islands Groundfish FMP 

In Section 11.3, paragraph (1) is modified by inserting the following sentence: 

"The Secretary will implement one-fourth of the preliminary TACs and apportionments 
_thereof on or about January 1 of each year on an interim basis. They will be replaced by final 
TACs as approved by the Secretary following the Council's December meeting. 

14.4 	 MODIFY TiiE AUTiiORIZAilON LANGUAGE FOR DEMERSAL SHELF 

ROCKFISH MANAGEMENT IN TIIE GULF OF ALASKA 


Section 3.1 would be changed to read as follows: 

The TAC for demersal shelf rockfish in the Eastern Regulatory Area is specified by the 
Council each year. The Sta.te of Alaska will manage State registered vessels fishing for 
demersal shelf roclcfish in the Eastern Regulatory Area with Council oversight Under this 
oversight, the State's management regime for demersal shelf rockfish in the Eastern 
Regulatory Area will be directed at managing these rock:fish stocks within the TAC specified 
by the Council. Such State regulations are in addition to and stricter than Federal 
regulations. They are not in conflict with the FMP as long as they are (1) consistent with 
specific provisions of the goals and objectives of the FMP, and (2) result in a total harvest 
of demersal shelf rockfish in the Eastern Regulatory Arca at a level no greater than that 
provided by the FMP. Such State regulations will apply only to vessels registered under the 
laws of the State of Ala.ska. · 

Regulatory changes proposed by the Alaska Board of Fisheries, which are related to. the . 
management of demersal shelf roclcfish will be reviewed by NOAA and the Council prior 
their adoption to wure that any such proposed changes are consistent with the goals and 
objectives of the FMP. 

Under Council oversight, the following categories of regulations are authorized by the FMP 
to be applied by the State to vessels in the demersaJ shelf roclcfish fishery: 

The directed fishing standard for demersal shelf roclcfish, inseason adjustments, 
seasons, seasonal apportionments of quotas, gear specifications, trip limits, directed 
fishing quotas, and management areas. 

The following categories of regulations will be maintained as Federal regulations, unless 
spccificalJY exempted, that must be complied with by Federally permitted vessels in this 
fishery: 

Notices establishing preliminary and final TACs, definitions (except . the directed 
fishing standard for demersal shelf rockfish, relation to other laws, permits, 
recordkeeping and reporting, general prohibitions, penalties, harvest limits, prohibited 
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species catch limits, measures to manage designated prohibited species, and observer 
requirements. 

14.5 	 CHANGE FlSHING GEAR RESTRICDONS 

14.5.1 Gulf of Alaska Groundfish FMP 

In Section 4.3.1.3 Gear restrictions, the first and last paragraphs are deleted and a new first 
paragraph is added to read as follows: 

"Gear types authorized by the FMP are trawls, hook-and-line, pots, jigs, and other gear as 
defined in regulations. Further restrictions on gear that are necessary for conservation and 
management of fishery resources and which are consistent with the goals and objectives of 
the FMP are found at 50 CFR Part 672. In addition, the following gear or area limitations 
apply as follows: 

subsequent paragraphs are unchanged 

14.5.2 Bering Sea/Aleutian Islands Groundfish FMP 

Section 14.4.4 Gear restrictions. Change text to read. 

"Gear types authorized by the FMP are trawls, hook-and-line, pots, jigs, and other gear as 
defined in regulations. Further restrictions on gear that are necessary for conservation and 
management of fishery resources and which are consistent with the goals and objectives of 
the FMP are found at 50 CFR Part 675." 

14.6 	 EXPAND HALIBUT BYCATCH MANAGEMENT MEASURES FOR THE GULF OF 
ALASKA 

Section 4.2.3.1 is retitled and changed to read. 

Section 4.2.3.1 Procedure for establishing prohibited species catch mortality limits for halibut, and 
seasonal allocatiom thereof. 

PSC mortality limits and seasonal allocations of hal.tbut will be determined annually, if necessary, by 
the Secretary of Commerce in consultation with the Council using the following procedures: 

(1) Prior to the September Council meeting. The Plan Team will prepare for the Council 
a preliminary Stock Assessment and Evaluation Report under Section 4.21 which provides 
the best available information on estimated halibut bycatch and mortality rates in the target 
groundfish fisheries, estimates of halibut PSCs and apportionments thereof needed for DAP, 
NP, and TALFF by target fisheries and gear types and also an economic analysis of the 

effects of the apportionments. 
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(2) September Council meetin~. While setting preliminary groundfish harvest levels under 
Section 4.2.1, the Council will also review the need to control the bycatch of halibut and will, 
if necessary, recommend preliminary halib.ut PSC mortality limits (PSCs) and apportionments 
thereof among DAP, NP~ and TALFF. The Council will also review the need for seasonal 
aUocations of the halibut PSCs. 

The Council will make preliminary recommendations to the Secretary about some or all of 

the following: 

· The following text in paragraphs (l)-(5)is unchanged 

(1) 	 The regulatory areas and districts for which PSCs might be established; 
(2) 	 PSCs for particular target fJSheries and gear types; 
(3) 	 Seasonal allocations by target fisheries, gear types, and/or regulatory areas and 

district; 
(4) 	 PSC allocations to individual operations; 
(5) 	 and types of gear or modes of fishing operations that might be prohibited 

once a PSC is reached. 

. 	 . 

The Council will consider the best available information in doing so, including that contained 
in the preliminary SAFE report prepared by the Plan Team. Types of information that the 

Council will consider relevant to recommending preliminary PSCs and which may be found 

in the SAFE report, include: 

[no change except to reference "halibut" instead of "bycatch species] 
(a) 	 Estimated change in biomass and stock condition of halibut, 
(b) 	 Potential impact on halibut stocks, 
(c) 	 Potential impacts on the halibut fisheries, 
(d) 	 Estimated bycatch in years prior to that for which the halibut PSC is being 

established, . . 
· ( e) :Expected change in target groundfish catch, . 
(t) 	 Estimated change in target groundfish biomass, 
(g) 	 Methods available to reduce halibut bycatch, 
(h) 	 The cost of reducing halibut bycatch, and 
(i) 	 Other biological and socioeconomic factors that affect the appropriateness of 

specific bycatch measures in terms of objectives. 

Types of information that the Council will ccin.sider in recommending seasonal allocations of 
halibut include: 

(a) 	 Seasonal distnbution of bailout, 

(b) 	 Seasonal distnbution of target groundfish species relative to halibut 
distnbution, 

(c) 	 Expected halibut bycatch needs on a seasonal basis relevant to changes in 
halibut biomass and expected catches of target groundfish species, 

(d) 	 Expected bycatch rates on a seasonal basis, 

A.\{ 21/16 	 14-8 7/31/9-0 

http:halib.ut


(e) Expected changes in directed groundfish fishing seasons, and 
(f) Expected actual start of fishing effort, 

(g) Economic effects of establishing seasonal halibut allocations on segments of 
the target groundfish industry. 

The Council will release the recommended preliminary PSCs and seasonal allocations, if any, 
for a minimum 30-day public review. 

(2) As soon as practicable after the Council's September meeting, the Secretary will publish 
the Council's recommendations as a notice in the FEDERAL REGISTER. Information on 
which the recommendations are based will also be published in the FEDERAL REGISTER 
or otherwise made available by the Council. Public comments will be invited by means 
specified in regulations implementing the FMP. 

(3) Prior to the December Council meetin2. The Plan Team will prepare for the Council 
a final Stock Assessment and Evaluation Report under Section 4.2.1 which provides the best 
available information on estimated halibut bycatch rates in the target groundfish fisheries, 
recommendations for halibut PSCs and apportionments thereof among DAP, NP, and 
TALFF by target fisheries and gear types and also an economic analysis of the effects of the 
apportionments. 

(

(

4) December Council meetin2. While setting final groundfish harvest levels, the Council 
reviews public comments, takes public testimony, and makes final decisions on annual halibut 
PSC limits and seasonal allocations, using the same factors (a) through (i) concerning PSC 
limits, and the same factors (a) through (e) concerning seasonal allocations of the PSC limits. 
The Council will recommend its decisions, including no change for the new fishing year, to 
the Secretary of O:>mmerce for implementation. 

4) As soon as practicable after the Council's December meeting, the Secretary will publish 
the Council's final decisions as a notice in the FEDERAL REGISTER Information on which 
the final recommendations are based will also be published in the FEDERAL REGISTER 
or otherwise made available by the Council 

14.7 ESTABLISHMENT OF A PENALTY BOX IN THE GULF OF ALASKA 

Section 4.24 1nscason adjustment of time and area, is redesignated as Section 4.2..5, and a new 
Section 4.24 i.1 added to read as follows: 

Section 4.24 Incentive programs to reduce bycatch rates of halibut . 

The Secretary of Commerce, after consultation with the Council. may implement by 
regulation measures that provide incentives to individual vessels to reduce halibut bycatch 
rates of halibut for which PSC limits are established under Section 4.23.1. The intended 
effect of such measures is to increase the opportunity to harvest groundfish TACs before 
established PSC limits are reached by encouraging individual vessels to maintain average 
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bycatch rates within acceptable performance standards and discourage fishing practices that 
result in excessively high bycatch rates. 
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