4.6 Alternative 2 Analysis

The goal of Alternative 2 is to have a more aggressive harvesting policy while preventing overfishing. This
alternative is described in detail in Section 2.6.3.

4.6.1 Target Groundfish Species Analysis

This section examines the potential direct, indirect, and cumulative effects that the implementation of
Alternative 2 is expected to have on the target groundfish species. The potential effects of two policy
“bookends” are analyzed, FMP 2.1 and FMP 2.2. These represent the policy boundaries of Alternative 2. As
actually implemented, Alternative 2 could include policy measures anywhere within the range between the
two bookends. The impact analyses start with the baseline (2002) status of the BSAI and GOA target
groundfish stocks described in Section 3.5.1, including past trends that are likely to persist into the
foreseeable future. Then, a computer-based analytic model is used to project how specific characteristics of
the target groundfish stocks would respond directly and indirectly to management actions under each FMP.
These projections from the model are the predicted direct and indirect effects (impacts) of the FMP on the
target groundfish stocks. Section 4.1.5 describes the analytic model and explains how it is applied.

The model output for each target groundfish stock is defined in terms of collected data and calculated
measures that are standards used by fisheries managers to regulate the number of fish removed from the sea
so that the fisheries will be sustainable over the long-term. These data and measures include the fishing
mortality rate (F), the overfishing level (OFL), total and spawning biomass levels (B), the minimum stock
size threshold (MSST), maximum sustainable yield (MSY), mean age of the stock in years, and the sex ratio
of the stock (number of males compared to number of females). As discussed in the following subsections,
relevant data are not always available for all stocks. When data gaps prevent application of the model to a
specific stock, the projected direct or indirect effect is evaluated as unknown (U).

Each target groundfish stock is modeled with respect to the following direct and indirect effects:
Direct Effects

Fishing Mortality: This is the rate at which the stock is depleted by direct mortality imposed by removing
the fish from the sea.

Change in Biomass Level: This is the change over time in the biomass of the stock, as measured in metric
tons (mt). Two measures are used: total biomass, which is the estimated biomass of the entire stock, and
spawning biomass, which is the estimated biomass of all of the spawning females in the stock.

Spatial/Temporal Concentration of Catch: This is the degree to which the fishery will concentrate in a
particular geographic area during a particular period of time each season. This pattern in space and time can
affect fishing mortality and can also influence habitat suitability for spawning, rearing, and feeding.

Direct and/or Indirect Effects

Habitat Suitability: This is the degree to which habitat has the right characteristics to support the target stock
at one or more life-history stages (spawning, rearing of juveniles, availability of food at all stages, availability
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of refuge areas to allow escape from predators at all stages). Habitat suitability can be affected directly, for
example by mechanical damage from bottom trawling, or influenced indirectly, for example by the gradual
depletion of corals that provide hard substrate.

Prey Availability: This is the extent to which prey species are present in the environment and available as
food to the target stock. Like habitat suitability, this measure can be affected directly, for example by the
direct removal of prey species by the fishery, or indirectly, for example by a change in the structure of the
food web.

To determine their probable significance, the projected direct and indirect effects in each of the impact
categories listed above are evaluated against significance criteria. The criteria are designed to be relevant
and meaningful in terms of the target groundfish stocks. Each significance criterion includes a threshold
value above (or below) which the projected effect would be considered significant. Each criterion also
includes a definition of what would constitute a beneficial (positive, +) or adverse (negative, -) effect. The
possible evaluations are significant and beneficial (S+), insignificant (I), significant and adverse (S-), and
unknown (U). Evaluations of conditionally significant beneficial or adverse (CS + or -) are not made for
projected direct and indirect effects on target groundfish species, because the model can show only whether
the significance threshold s or is not exceeded. The significance criteria used for the target groundfish stocks
are presented in Appendix A, Table 4.1-1.

Each of the following subsections presents the model results and rationale for the expected direct and indirect
effectsof FMPs 2.1 and 2.2 on the target groundfish stocks. The significance ratings for these potential direct
and indirect effects are presented in Appendix A, Table 4.6-1. Following the direct and indirect effects
discussions on each stock, the expected cumulative effects on that stock are evaluated and discussed. The
evaluation of potential cumulative effects builds on the direct and indirect effects evaluations as a starting
point, and then brings in persistent past effects as well as reasonably foreseeable future natural events and
human activities external to fisheries management. The cumulative effects assessment method uses the same
impact categories and significance criteria discussed above for direct and indirect effects. This method is
described further in Section 4.1.4.

4.6.1.1 Pollock

This section provides the direct, indirect and cumulative effects analysis for BSAI and GOA pollock foreach
of the bookends under Alternative 2. Numerous fishery management actions have been implemented that
affect the pollock fisheries in the EBS and GOA. These actions are described in more detail in Sections
3.5.1.1and 3.5.1.15 of this Programmatic SEIS. Pollock is managed as separate stocks in the BSAI and GOA,
and falls under Tier 1 in both the BSAI and GOA groundfish FMPs.

Direct/Indirect Effects of FMP 2.1

FMP 2.1 includes the following features:

¢ The ABC is increased to be equivalent to the OFL level, and the F;;, fishing rate is not lowered for
stock sizes below B,,,.
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e The BSAI optimum yield range of 1.4 - 2.0 million mt is removed, and the optimum yield is set to
the sum of the individual species OFL levels.

¢ PSC limits and bycatch limits are removed.
e Trawl closure areas and gear restrictions are removed.

¢ Fishingis allowed in current closed areas, such as Walrus Island closures, red king crab savings area,
Bogoslof area, Pribilof Island closure, and nearshore Bristol Bay closure.

Total Biomass

Total biomass (ages 1 through 15+) of EBS pollock at the start of 2002 is estimated to be 12.97 million mt.
Model projections of future total EBS pollock biomass are shown in Table H.4-1 of Appendix H. Under FMP
2.1, model projections indicate that EBS pollock biomass is expected to decrease to a value of about 9.6
million mt in 2005, then stabilize to about 10.0 million mt. The 2003-2007 average total biomass is 10.2
million mt. This reduction in biomass under FMP 2.1 is expected to have a significantly adverse impact on
the EBS pollock stock.

In the Aleutian Islands region, the assessments are based trawl surveys that occur every other year. The most
recent assessment indicates a biomass level of 175,000 mt. Given that under FMP 2.1 directed fishing for
pollock in thisregion is allowed, the expectation is that the stock will remain stable or decrease in the future.
A similar pattern is expected for the Bogoslof Island (however, catch data from this region were unavailable
for inclusion in the projection analysis).

For GOA pollock, the age 2-10+ biomass is expected to increase under this FMP froma 2003 low of 800,000
mtto 1,070,000 mt by 2007 (Table H.4-23 of Appendix H). The average biomass over this period is expected
to be 941,000 mt. This increase is anticipated primarily because recruitment is expected to improve from the
recent series of relatively low levels. Thus, the effects of FMP 2.1 on the GOA pollock stock are considered
to be insignificant.

Spawning Biomass

Female spawning biomass of EBS pollock in 2002 is estimated to be about 3.68 million mt. Model
projections of future levels are shown in Table H.4-1 of Appendix H and Figure H.4-1 of Appendix H. Under
FMP 2.1, projections indicate that EBS pollock spawning biomass will decrease to about 60 percent of the
2002 level by 2007. The projected average for 2003-2007 is 2.43 million mt.

In the Aleutian Islands region, spawning biomass is monitored by biannual trawl surveys. In the Bogoslof
Island region, spawning stock is monitored by echo-integration trawl surveys. Since under FMP 2.1 these
areas are expected to have relatively large increases in fishing (compared to 2002), we expect the spawning
stock size to be stable or decrease in these regions.

The 2002 GOA female spawning biomass is estimated at about 136,000 mt and is anticipated to increase
steadily to 171,000 mt by 2007 under FMP 2.1. This is below the estimated B, level of 210,000 mt with
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an average over 2003-2007 of 148,300 mt. Model projections of future levels are shown in Table H.4-23 of
Appendix H and Figure H.4-12 of Appendix H.

Fishing Mortality

The estimated fishing mortality for the EBS pollock stock in 2002 is 0.187. Model projections show this
fishing mortality will increase by about 140 percent and equal the F,;,, value of 0.448 for the period 2003-
2007 (Table H.4-1 of Appendix H). Fishing mortality for the Bogoslof and Aleutian Islands region is
expected to increase to the natural mortality rate of 0.3 under FMP 2.1 (Table H.4-2 of Appendix H).

For the GOA, fishing mortality in 2002 is estimated at 0.174 with projections increasing to the F;.,, levels
of 0.350 for all projection years (Table H.4-23 of Appendix H).

Spatial/Temporal Concentration of Fishing Mortality

FMP 2.1 involves the resumption of fishing in anumber of areas currently closed, and these areas are largely
in the Aleutian Islands. It is unknown how changes in spatial/temporal concentrations will affect pollock
stocks. Since pollock are relatively low-valued groundfish species, the viability of pollock fisheries may be
sensitive to changes in pollock densities and concentrations. However, the concentration of the harvest is not
expected to be of a magnitude to sufficiently alter the genetic structure or reproductive success of either the
EBS or GOA populations.

Status Determination

Under FMP 2.1, the ABC is set equal to the OFL, removing the buffer between these two harvest regulations.
Model projections of future catches of EBS and GOA pollock are at or below the OFL level from 2003 to
2008. For GOA pollock, the stock is expected to be above the MSST for the years 2003-2007. The EBS
pollock stock appears to be above the MSST during the years 2003-2005, but for 2006 and 2007, the stock
may be declared as below the MSST and require separate management measures for a rebuilding plan (since
a 10-year projection from the 2006 and 2007 years result in spawning biomass estimates that are below the
B,., level in 2016 and 2017).

Age and Size Composition

Under FMP 2.1, the mean age of the EBS pollock stock at the end 02007, as computed in model projections,
is 2.32 years (Table H.4-1 of Appendix H). This compares with a mean age in the equilibrium unfished stock
of 3.16 years. For GOA pollock the 2007 value is 2.77 years compared with an unfished estimate of 3.60
years (note that the GOA pollock assessment is modeled from age 2-10+ while the EBS pollock is modeled
from age 1-15+) (Table H.4-23 of Appendix H).

Sex Ratio

In the models, the sex ratio of GOA and BSAI pollock is assumed to be 50:50. However, observer data and
information from surveys are routinely collected and used to monitor the sex ratios of these stocks. Based
on these data, it is unlikely that the sex ratio will be affected under FMP 2.1. However, since the catch levels
are much higher than the 2002 levels, this assertion becomes more tenuous.
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Habitat Suitability

Any habitat-mediated impacts of FMP 2.1 would be governed by a complex web of direct and indirect
interactions that are difficult to quantify. Information is insufficient to conclude that existing habitat-
mediated impacts would undergo significant qualitative change under FMP 2.1.

Predation-Mediated Impacts

As with habitat-mediated impacts, any predation-mediated impacts of FMP 2.1 would be governed by a
complex web of direct and indirect interactions that are difficult to quantify. An evaluation of potential
trophic interactions is presented in Section 3.10. Since the catch is much higher than in 2002, it may cause
significant qualitative changes in predator-prey interactions as a result of actions taken under FMP 2.1 (for
the period 2003-2007). However, changes in prey availability are not expected to jeopardize the ability of
either the EBS or GOA pollock stocks to sustain at or above the MSST. Therefore, FMP 2.1 would have an
insignificant effect on EBS and GOA pollock through prey availability.

Summary of Effects of FMP 2.1 on Pollock

Although the ABC and OFL levels for pollock are equivalent under FMP 2.1, the F,, is not reduced for
lower stock sizes, and the harvest of pollockunder FMP 2.1 is increased relative to recent levels, the fishing
rates on pollock drops below the B, reference point. This is substantially different than the pattern in recent
years (and the baseline 2002 data). It could be argued that these levels are within accepted scientific
standards based on studies of population dynamics and estimates of natural variation of recruitment.
However, the direct and indirect effects of FMP 2.1 on EBS pollock biomass are considered significant
(Table 4.6-1).

Cumulative Effects of FMP 2.1

External effects and the resultant cumulative effects associated with FMP 2.1 are shown in Tables 4.5-1
and 4.5-2.

EBS Pollock

Mortality

¢ Direct/Indirect Effects. The effect of fishing mortality on the EBS pollock stock is insignificant
under FMP 2.1 (see Section 4.6.1.1).

¢ Persistent Past Effects. Past effects of the foreign, JV, and domestic fisheries are not expected for
the EBS pollock stock. While large removals of pollock did occur in the past, there does not appear
to be a lingering effect on the BSAI pollock populations (see Section 3.5.1.1).

¢ Reasonably Foreseeable Future External Effects. Removals of pollock occur in the Russian
pollock fishery, and the catch is not accounted for in the annual harvest rates set for the US fishery.
Therefore, the removals can be considered a potential adverse effect on fishing mortality. Catch and
bycatch of pollock in the State of Alaska pollock fisheries are not considered to be contributors to
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fishing mortality in the cumulative case. Removals in these fisheries are accounted for when setting
annual harvest levels for pollock and do not add additional fishing mortality. Marine pollution is
identified as having a reasonably foreseeable potential adverse contribution since acute and/or
chronic pollution events, if large enough in scale, could cause mortality to the point that the capacity
of the stock to produce MSY on a continuing basis is jeopardized. Climate changes and regime shifts
are not identified as being contributors to pollock mortality.

¢ Cumulative Effects. A cumulative effect under FMP 2.1 is identified for mortality of EBS pollock,
and is insignificant. Pollock are fished at less than the OFL and are above the minimum stock size.
The combined effect of internal removals and removals due to reasonably foreseeable external events
is not expected to jeopardize the capacity of the stock to produce MSY on a continuing basis.

Change in Biomass

¢ Direct/Indirect Effects. Change in biomass of the EBS pollock stock is expected to be significantly
adverse under FMP 2.1 (see Section 4.6.1.1).

e Persistent Past Effects. While past large removals of pollock and other past effects on biomass have
been identified (see Section 3.5.1.1), these do not appear to have had a lingering effect on the ability
of the stock to sustain itself above the MSST.

¢ Reasonably Foreseeable Future External Effects. Future external effects on biomass are indicated
due to removals in the Russian and State of Alaska pollock fisheries. However, any future removals
are not expected to affect the ability of the stock to maintain MSST. Marine pollution is identified
as having a reasonably foreseeable potential adverse contribution to change in biomass since acute
and/or chronic pollution events, if large enough in scale, could impact biomass to the point that the
stock is unable to maintain MSST. Climate changes and regime shifts are not identified as being
contributors to pollock mortality, thereby would not directly affect biomass.

e Cumulative Effects. A cumulative effects for change in biomass is identified under FMP 2.1. The
effect is determined to be significantly adverse. Under this FMP, a large percentage reduction in
biomass over the period 2003-2007 is predicted. The pollock stock is predicted to fall below MSST
over the modeled period. The external factors are not expected to improve or mitigate the effect.
Therefore the cumulative effect is judged to be significantly adverse.

Spatial/Temporal Concentration of Catch
— Change in Genetic Structure of Population
— Change in Reproductive Success

¢ Direct/Indirect Effects. The spatial/temporal distribution of catch is considered to be insignificant
under FMP 2.1 (see Section 4.6.1.1).

¢ Persistent Past Effects. Past effects are not identified for change in genetic structure since the past
large removals of pollock and other past effects (see Section 3.5.1.1) have not had a lingering effect
on the ability of the stock to sustain itself above MSST. However, since past fisheries could have
had a beneficial effect on pollock recruitment by reducing the adult pollock biomass, lingering
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beneficial effects are identified for change in reproductive success. In addition, past commercial
whaling and sealing also removed large predators of pollock adding to the potential for reproductive
success of the stock. Lingering past effects are also identified due to Climate Changes and Regime
Shifts (see Section 3.5.1.1).

¢ Reasonably Foreseeable Future External Effects. The Russian and State of Alaska pollock
fisheries are identified as having potential adverse contributions to changes in genetic structure.
However, removalsin these fisheries could have a potential beneficial effects on pollock recruitment
by reducing the adult pollock biomass. Marine pollution could contribute adversely to genetic
changes and reduced recruitment since acute and/or chronic pollution events, depending on their
location and magnitude, could alter the genetic structure of the population through localized
mortality events, and also could result in reduced recruitment.

e Cumulative Effects. The cumulative effect on pollock reproductive success and genetic variability
is considered insignificant under FMP 2.1. The concentration of harvest by the groundfish fisheries
in combination with external effects are not expected to be of sufficient magnitude to adversely
effect this stock.

Change in Prey Availability

e Direct/Indirect Effects. Any predation-mediated impacts of FMP 2.1 would be governed by a
complex web of direct and indirect interactions that are difficult to quantify. However, it is
determined that FMP 2.1 would have insignificant effects on pollock prey availability (see
Section 4.6.1.1).

¢ Persistent Past Effects. While lingering population level effects from past foreign and domestic
fisheries catch and bycatch of pollock prey species are not expected, past climate changes and
regime shifts are likely to have had lingering effects (both beneficial and adverse) on pollock prey
species (see Section 3.5.1.1).

¢ Reasonably Foreseeable Future External Effects. Future external effects of climate changes and
regime shifts on pollock prey species are potentially adverse or beneficial; a strong Aleutian Low
and high water temperatures tend to favor recruitment and cause a change in the reproductive success
of the stock. Likewise, a weak Aleutian Low and cooler water temperatures tend to result in weak
recruitment. Marine pollution has also been identified as a reasonably foreseeable future external
contributing factor since acute and/or chronic pollution events could reduce prey availability or prey
quality and thus jeopardize the stock’s ability to sustain itself above its MSST. The other fisheries
are determined to have potential adverse contributions since bycatch and catch of forage species is
likely to occur.

¢ Cumulative Effects. Cumulative effects are identified for prey availability, and the effect is
insignificant since the combination of internal and external removals of prey is not expected to
decrease prey availability such that the pollock stock is unable to sustain itself at or above MSST.
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Change in Habitat Suitability

¢ Direct/Indirect Effects. Under FMP 2.1, as with prey-mediated impacts, any habitat-mediated
impacts would be governed by a complex web of direct and indirect interactions that are difficult to
quantify. However, as described in Section 4.6.1.1 FMP 2.1 would have insignificant effects on
pollock habitat suitability.

¢ Persistent Past Effects. Past effects identified for EBS pollock stocks include past foreign, JV, and
domestic fisheries, and climate changes and regime shifts (see Section 3.5.1.1). Intense bottom
trawling for pollock in the past fisheries likely disrupted habitat in areas of the EBS. It is possible
that some of these areas have not recovered from the intense efforts (see Section 3.6).

¢ Reasonably Foreseeable Future External Effects. Future external effects are possible from the
Russian and State of Alaska fisheries since any of these may impact bottom habitat through use of
fishing gear. Impacts on habitat from climate changes and regime shifts on the EBS pollock stock
could be either beneficial or adverse since a strong Aleutian Low and high water temperatures tend
to favor recruitment and cause a change in the reproductive success of the stock. Marine pollution
has also been identified as a potential adverse contributing factor since acute and/or chronic
pollution events could cause habitat degradation and may cause changes in spawning or rearing
success.

e Cumulative Effects. A cumulative effect is identified for habitat suitability; however, its effect on
the EBS pollock stock is insignificant since the combination of internal and external habitat
disturbance factorsis not expected to lead to a detectable change in spawning or rearing success such
that the ability of the pollock stock to sustain itself at or above MSST is jeopardized.

GOA Pollock

Mortality

¢ Direct/Indirect Effects. The effect of fishing mortality on the GOA pollock stock is insignificant
under FMP 2.1 (see Section 4.6.1.1 Direct/Indirect Effects).

e Persistent Past Effects. Past effects of the foreign, JV, domestic, State of Alaska, and bait fisheries
are not expected for the GOA pollock stock. While large removals of pollock did occur in the past,
there does not appear to be alingering effect on the GOA pollock populations (see Section 3.5.1.15).

¢ Reasonably Foreseeable Future External Effects. Catch and bycatch of pollock in the State of
Alaska pollock fisheries and State of Alaska shrimp fisheries are not considered to be contributors
to fishing mortality in the cumulative case. Removals in these fisheries are accounted for when
setting annual harvest levels for pollock and do not add additional fishing mortality. Marine
pollution is identified as having a potential adverse contribution since acute and/or chronic pollution
events, if large enough in scale, could cause mortality to the point that the capacity of the stock to
produce MSY on a continuing basis is jeopardized. Climate changes and regime shifts are not
identified as being contributors to pollock mortality.
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¢ Cumulative Effects. A cumulative effect under FMP 2.1, are identified for mortality of GOA
pollock, but the effects are judged to be insignificant for the FMP. Pollock are fished at less than the
OFL and are above the minimum stock size. The combined effect of internal removals and removals
due to reasonably foreseeable external events is not expected to jeopardize the capacity of the stock
to produce MSY on a continuing basis.

Change in Biomass

¢ Direct/Indirect Effects. Change in biomass of the GOA pollock stock is expected to be insignificant
under FMP 2.1. As modeled under the FMP, the age 2-10+ biomass of GOA pollock is expected to
increase (see Table H.4-23 of Appendix H). The increase is anticipated primarily because
recruitment is expected to improve from recent low levels.

e Persistent Past Effects. While past large removals of pollock and other past effects on biomass have
been identified (see Section 3.5.1.15), these do not appear to have had a lingering effect on the
ability of the stock to sustain itself above the MSST.

¢ Reasonably Foreseeable Future External Effects. Future external effects on biomass are indicated
due to removals in the State of Alaska pollock and shrimp fisheries. However, any future removals
are not expected to affect the ability of the stock to maintain MSST. Marine pollution is identified
as having a potential adverse contribution to change in biomass since acute and/or chronic pollution
events, if large enough in scale, could impact biomass to the point that the stock is unable to
maintain MSST. Climate changes and regime shifts are not identified as being contributors to
pollock mortality, thereby would not directly affect biomass.

¢ Cumulative Effects. Cumulative effects for change in biomass are identified under the FMP 2.1;
however, the combination of internal and external factors is not expected to sufficiently reduce the
pollock biomass such that the ability of the stock to maintain itself at or above MSST is jeopardized.
Therefore, the effects of FMP 2.1 on GOA pollock through the change in biomass are considered
insignificant.

Spatial/Temporal Concentration of Catch
— Change in Genetic Structure of Population
— Change in Reproductive Success

¢ Direct/Indirect Effects. As the density and quotas of pollock change during the modeled period,
the concentration of the pollock fishery will change from the 2002 pattern; although, it is not
possible to predict exactly how the pattern will change. However, the concentration of harvest by
the groundfish fisheries is not expected to be of sufficient magnitude to adversely effect this stock.
Therefore, FMP 2.1 is considered to have insignificant effects on GOA pollock through genetic
structure and reproductive success.

¢ Persistent Past Effects. Past effects are not identified for change in genetic structure since the past
large removals of pollock and other past effects (see Section 3.5.1.15) have not had a lingering effect
on the ability ofthe stock to sustainitself above MSST. However, there are lingering past effects due
to Climate Changes and Regime Shifts (see Section 3.5.1.15).
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¢ Reasonably Foreseeable Future External Effects. State of Alaska pollock fisheries and the State
of Alaska shrimp fishery are identified as potential adverse contributors. However, these fisheries
are unlikely to be sufficiently concentrated to alter the genetic structure of the population. Marine
pollution could contribute adversely to genetic changes and reduced recruitment since acute and/or
chronicpollution events, depending on their location and magnitude, could alter the genetic structure
of the population through localized mortality events, and also could result in reduced recruitment.

¢ Cumulative Effects. The cumulative effect on pollock reproductive success and genetic variability
is considered insignificant under FMP 2.1. The concentration of harvest by the groundfish fisheries
in combination with external effects are not expected to be of sufficient magnitude to adversely
effect this stock. Therefore, the effects of FMP 2.1 on GOA pollock through the change in
reproductive success and genetic variability are considered insignificant.

Change in Prey Availability

¢ Direct/Indirect Effects. Any predation-mediated impacts of FMP 2.1 would be governed by a
complex web of direct and indirect interactions that are difficult to quantify. However, as described
under direct/indirect effects, the FMP would have insignificant effects on pollock prey availability.

¢ Persistent Past Effects. While lingering population level effects from past foreign, state, and
domestic fisheries catch and bycatch of pollock prey species, and the effects of EVOS on these
species, are not expected, past climate changes and regime shifts are likely to have had lingering
effects (both beneficial and adverse) on pollock prey species (see Section 3.5.1.15).

¢ Reasonably Foreseeable Future External Effects. As described for EBS pollock, climate changes
and regime shifts could have potentially adverse or beneficial effects on pollock prey species. The
other fisheries are determined to be potential adverse contributors. Since bycatch and catch of forage
species used by pollock is unlikely to occur.

¢ Cumulative Effects. Cumulative effects are identified for prey availability under the FMP, and the
combination of internal and external removals of prey is not expected to decrease prey availability
such that the pollock stock is unable to sustain itself at or above MSST. Therefore, the cumulative
effect of FMP 2.1 on GOA pollock through prey availability is considered insignificant.

Change in Habitat Suitability

¢ Direct/Indirect Effects. Under FMP 2.1, as with prey-mediated impacts, any habitat-mediated
impacts would be governed by a complex web of direct and indirect interactions that are difficult to
quantify. However, as described under direct/indirect effects, the FMP would have insignificant
effects on pollock habitat suitability.

e Persistent Past Effects. Past effects on habitat suitability identified for GOA pollock stocks include
past foreign, JV, and State of Alaska, and domestic fisheries, EVOS, and climate changes and regime
shifts (see Section 3.5.1.15). Intense bottom trawling for pollockin the past fisheries likely disrupted
habitat in areas of the GOA. It is possible that some of these areas have not recovered from the
intense efforts (see Section 3.6).
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¢ Reasonably Foreseeable Future External Effects. Future external effects are possible from the
State of Alaska pollock and shrimp fisheries since any of these may impact bottom habitat through
use of fishing gear. Impacts on habitat from climate changes and regime shifts on the GOA pollock
stock would be either adverse or beneficial as described for EBS pollock. Marine pollution has also
been identified as a potential adverse contributing factor since acute and/or chronic pollution events
could cause habitat degradation and may cause changes in spawning or rearing success.

¢ Cumulative Effects. Cumulative effects are identified for habitat suitability; however, the effects
on the GOA pollock stock is insignificant since the combination of internal and external habitat
disturbance factors is not expected to lead to a detectable change in spawning or rearing success such
that the ability of the pollock stock to sustain itself at or above MSST is jeopardized.

Direct/Indirect Effects of FMP 2.2

FMP 2.2 is less aggressive than FMP 2.1, and is similar to FMP 1 in many respects with the following
exceptions:

e Current bycatch and incidental catch restrictions are removed.

¢ The BSAI optimum yield range of 1.4 - 2.0 million mt is removed, and the optimum yield is set to
the sum of the individual species ABC levels.

Total Biomass

Total biomass (ages 1 through 15+) of EBS pollock at the start of 2002 is estimated to be 12.97 million mt.
Model projections of future total EBS pollock biomass are shown in Table H.4-1 of Appendix H Under FMP
2.2, model projections indicate that EBS pollock biomass is expected to decrease to a value of about 10.3
million mt in 2005, then increase to about 10.9 million mt by 2007. The 2003-2007 average total biomass
is 10.8 million mt. Because the EBS pollock are above their respective MSST in the year 2002 and in all
subsequent projection years, the effects of FMP 2.2 on EBS pollock through the change in biomass is
insignificant.

In the Aleutian Islands region, the assessments are based trawl surveys that occur every other year. The most
recent assessment indicates a biomass level of 175,000 mt. If under FMP 2.2, directed fishing for pollock
in this region is allowed, the expectation is that the stock will remain stable or decrease in the future. A
similar pattern is expected for the Bogoslof Island.

For GOA pollock, the age 2-10+ biomass is expected to increase under this FMP from a 2003 low of 800,000
mtto 1,240,000 mt by 2007 (Table H.4-23 of Appendix H). The average biomass over this period is expected
to be 1,040,000 mt. This increase is anticipated primarily because recruitment is expected to improve from
the recent series of relatively low levels. Thus, the effects of FMP 2.2 on GOA pollock through the change
in biomass is considered insignificant.
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Spawning Biomass

Female spawning biomass of EBS pollock in 2002 is estimated to be about 3.68 million mt. Model
projections of future levels are shown in Table H.4-1 Appendix H. Under FMP 2.2, projections indicate that
EBS pollock spawning biomass will decrease to about 67 percent of the 2002 level by 2007. The projected
average for 2003-2007 is 2.73 million mt.

In the Aleutian Islands region, spawning biomass is monitored by biannual trawl surveys. In the Bogoslof
Island region, spawning stock is monitored by echo-integration trawl surveys. Since under FMP 2.2 these
areas may have developed fisheries, we expect the spawning stock size to remain stable or decrease in these
regions.

The 2002 GOA female spawning biomass is estimated at about 136,000 mt and is anticipated to increase
steadily to 240,000 mt by 2007 under FMP 2.2. This is above the estimated B,,, level 0£210,000 mt although
the average from 2003-2007 is 188,000 mt. Model projections of future levels are shown in Table H.4-23
Appendix H.

Fishing Mortality

The estimated fishing mortality for the EBS pollock stock in 2002 is 0.187. Model projections show this
fishing mortality will increase by about 69 percent and average 0.315 for the period 2003-2007. These values
are below the F,;,, level of 0.448 and the F,,,, level of 0.342, which are taken as proxies for F, ;. and F,,
respectively. This pattern in fishing mortality is due to the fact that the projected catch is expected to come
closer to the actual ABC in future years. The proportion of SPR conserved under these mortality rates is 40
percent in 2003. The average implied SPR rate of fishing from 2003-2007 is 42 percent, well below the value
estimated for 2002 (indicating a higher fishing mortality rate for this FMP) (Table H.4-1 of Appendix H).
Thus, the effect of FMP 2.2 on EBS pollock through mortality is considered insignificant. Fishing mortality
for the Bogoslof and Aleutian Islands region may increase to 75 percent of natural mortality under FMP 2.2
(Table H.4-2 of Appendix H).

For the GOA, fishing mortality in 2002 is estimated at 0.174 with projections suggesting a decrease to 0.126
in 2003 followed by increases to 0.172 by 2007. The values for F,, and F,,, are 0.350 and 0.294,
respectively. The SPR rate in 2002 is estimated at 55 percent and averages about 60 percent for the period
2003-2007. This fishing mortality rate pattern is due to the fact that under this FMP, the F, ;. is adjusted
while the spawning stock is below B,,., (Table H.4-23 of Appendix H). Thus, the effect of FMP 2.2 on GOA
pollock through mortality is considered insignificant.

Spatial/Temporal Concentration of Fishing Mortality

The harvest of EBS pollock occurs largely along the western edge of the EBS shelf during the summer and
around the southern areas east of 170°W during the winter season (Jan 20-March). Under FMP 2.2, an
average of 1.67 million mt of EBS pollock is projected to be harvested annually from 2003-2007 with
spatial/temporal allocations as presented in Section 3.5.1.1. This concentration of harvest is not expected to
be of sufficient magnitude to alter the genetic variability or reproductive success of the EBS pollock stock.
The Bogoslof and Aleutian Island concentration of fishing mortality is anticipated to remain unchanged over
this projection period.
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In the GOA, pollock fishery in a broad variety of locales and regional quotas are allocated by season as
presented in Section 3.5.1.15. Under FMP 2.2, an average of 75,600 mt of GOA pollock is projected to be
harvested annually during 2003-2007 with the largest catch expected to be 111,000 mt in 2007. As the
density and quotas of pollock change during this period, the concentration of the pollock fishery will likely
change from the 2002 pattern. However, this concentration of harvest is not expected to be of sufficient
magnitude to alter the genetic variability or reproductive success of the GOA pollock stock.

Status Determination

Under FMP 2.2, the ABC is set at a lower level than the OFL, creating a buffer between these two harvest
regulations. Model projections of future catches of EBS pollock are below the ABC and OFL levels in all
years. The EBS pollock are above their respective MSST in the year 2002 and in all subsequent projection
years.

For FMP 2.2, GOA pollock spawning biomass is below the B, (taken as B;;,,) in 2002 and remains below
this level until 2007. However, based on 10-year status determinations projections, the stock is above the

MSST for all years 2003-2007.

Age and Size Composition

Under FMP 2.2, the mean age of the EBS pollock stock at the end of 2007, as computed in model projections,
is 2.43 years. This compares with a mean age in an equilibrium unfished stock of 3.16 years (Table H.4-1
Appendix H). For GOA pollock the 2007 value is 3.07 years compared with an unfished estimate of 3.60
years (note that the GOA pollock assessment is modeled from age 2-10+ while the EBS pollock is modeled
from age 1-15+) (Table H.4-23 of Appendix H).

Sex Ratio
In the models, the sex ratio of EBS and GOA pollock is assumed to be 50:50. However, observer data and
information from surveys are routinely collected and used to monitor the sex ratios of these stocks. Based

on these data, it is unlikely that the sex ratio will be affected under FMP 2.2.

Habitat Suitability

Any habitat-mediated impacts of FMP 2.2 would be governed by a complex web of direct and indirect
interactions that are difficult to quantify. Information is insufficient to conclude that existing habitat-
mediated impacts would undergo significant qualitative change under FMP 2.2.

Predation-Mediated Impacts

As with habitat-mediated impacts, any predation-mediated impacts of FMP 2.2 would be governed by a
complex web of direct and indirect interactions that are difficult to quantify. An evaluation of potential
trophic interactions is presented in Section 3.10. It seems unlikely that significant qualitative changes in
predator-prey interactions would be a result of actions taken under FMP 2.2 (for the period 2003-2007).
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Summary of Effects of FMP 2.2 — Pollock

Because the EBS and GOA pollock are fished at less than the ABC and are above the minimum stock size
threshold, the direct and indirect effects under FMP 2.2 are considered insignificant. Fishing rates are lower
than accepted scientific standards based on studies of population dynamics and estimates of natural variation
of recruitment. Under these considerations, the spatial/temporal distribution of catch should have no
significant direct impact on stock productivity (Table 4.6-1).

Cumulative Effects of FMP 2.2 — EBS Pollock

While the internal modeling results change, the external effects and cumulative effects for FMP 2.2 in the
EBS are the same as those discussed for FMP 1 and presented in Table 4.5-1. These effects are summarized
below.

Mortality

¢ Direct/Indirect Effects. The effect of fishing mortality on the EBS pollock stock is insignificant
under FMP 2.2 (see Section 4.6.1.1 Direct/Indirect Effects).

¢ Persistent Past Effects. Past effects of the foreign, JV, and domestic fisheries are not expected for
the EBS pollock stock. While large removals of pollock did occur in the past, there does not appear
to be a lingering effect on the BSAI pollock populations (see Section 3.5.1.1).

¢ Reasonably Foreseeable Future External Effects. As described for the FMP 2.1 cumulative effects
section, removals of pollock occur in the Russian pollock fishery are considered to be a potential
adverse contributor, while removals in the Alaska pollock fisheries are not considered to contribute
to pollock mortality. Marine pollution is identified as having a reasonably foreseeable potential
adverse contribution, and climate changes and regime shifts are not identified as being contributors
to pollock mortality.

¢ Cumulative Effects. A cumulative effect under FMP 2.2 is identified for mortality of EBS pollock,
but the effect is judged to be insignificant. Pollock are fished at less than the OFL and are above the
minimum stock size. The combined effect of internal removals and removals due to reasonably
foreseeable external events is not expected to jeopardize the capacity of the stock to produce MSY
on a continuing basis.

Change in Biomass

¢ Direct/Indirect Effects. Change in biomass of the EBS pollock stock is expected to be insignificant
under FMP 2.2 (see Section 4.6.1.1 Direct/Indirect Effects).

e Persistent Past Effects. While past large removals of pollock and other past effects on biomass have
been identified (see Section 3.5.1.1), these do not appear to have had a lingering effect on the ability
of the stock to sustain itself above the MSST.
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¢ Reasonably Foreseeable Future External Effects. Future external effects are the same as those
described above for FMP 2.1 and include the Russian and State of Alaska pollock fisheries, and
marine pollution.

¢ Cumulative Effects. A cumulative effect for change in biomass is identified, and the effect is
insignificant since the combination of internal and external factors is not expected to sufficiently
reduce the pollock biomass such that the ability of the stock to maintain itself at or above MSST is
jeopardized.

Spatial/Temporal Concentration of Catch
— Change in Genetic Structure of Population
— Change in Reproductive Success

e Direct/Indirect Effects. The spatial/temporal distribution of catch should have an insignificant
effect on the genetic structure and reproductive success of the population (see Section 4.6.1.1
Direct/Indirect Effects).

e Persistent Past Effects. Past effects under FMP 2.2 are identical to those discussed for FMP 2.1 and
include lingering beneficial effects on reproductive success.

¢ Reasonably Foreseeable Future External Effects. As described for FMP 2.1, the Russian and
State of Alaska pollock fisheries have the potential to cause adverse effects on genetic structure and
potential beneficial effects on pollock recruitment by reducing the adult pollock biomass.
Cannibalism-related declines in pollock recruitment have been observed at high pollock spawning
biomasses (see Section 3.5.1.1). Marine pollution could contribute adversely to genetic changes and
reduced recruitment since acute and/or chronic pollution events, depending on their location and
magnitude, could alter the genetic structure of the population through localized mortality events, and
also could result in reduced recruitment.

¢ Cumulative Effects. A cumulative effect is possible for the spatial/temporal concentration and the
effect is insignificant since the combination of internal and external factors is not expected to
sufficiently alter the genetic structure or the reproductive success of the population such that the
ability of the stock to maintain itself at or above MSST is jeopardized.

Change in Prey Availability

e Direct/Indirect Effects. Any predation-mediated impacts of FMP 2.2 would be governed by a
complex web of direct and indirect interactions that are difficult to quantify (see Section 4.6.1.1).
However, itis determined that the FMP would have insignificant effects on pollock prey availability.

e Persistent Past Effects. While lingering population level effects from past foreign and domestic
fisheries catch and bycatch of pollock prey species are not expected, past climate changes and
regime shifts are likely to have had lingering effects (both beneficial and adverse ) on pollock prey
species (see Section 3.5.1.1).
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¢ Reasonably Foreseeable Future External Effects. Future external effects of climate changes and
regime shifts on pollock prey species could have potential beneficial or potential adverse effects (see
the cumulative effects discussion for FMP 2.1). On the other hand, marine pollution has been
identified as a reasonably foreseeable future external contributing factor since acute and/or chronic
pollution events could reduce prey availability or prey quality and thus jeopardize the stock’s ability
to sustain itself above its MSST. The other fisheries shown on Table 4.5-1 are determined to be
potential adverse contributors since catch and bycatch of prey species are likely to continue.

¢ Cumulative Effects. Cumulative effects are identified for prey availability; however, the effects are
insignificant since the combination of internal and external removals of prey species is not expected
to decrease prey availability such that the pollock stock is unable to sustain itself at or above MSST.

Change in Habitat Suitability

¢ Direct/Indirect Effects. Under FMP 2.2, as with prey-mediated impacts, any habitat-mediated
impacts would be governed by a complex web of direct and indirect interactions that are difficult to
quantify (see Section 4.6.1.1 Direct/Indirect Effects). However, it is determined that the FMP would
have insignificant effects on pollock habitat suitability.

¢ Persistent Past Effects. Past effects identified for EBS pollock stocks include past foreign, JV, and
domestic fisheries, and climate changes and regime shifts (see Section 3.5.1.1) Intense bottom
trawling for pollock in the past fisheries likely disrupted habitat in areas of the EBS. It is possible
that some of these areas have not recovered from the intense efforts (see Section 3.6).

¢ Reasonably Foreseeable Future External Effects. As described for FMP 2.1 adverse effects are
possible from the Russian and State of Alaska fisheries, and marine pollution. Impacts on habitat
from climate changes and regime shifts on the EBS pollock stock could be either beneficial or
adverse.

¢ Cumulative Effects. A cumulative effect is identified for habitat suitability, and the effects on the
EBS pollock stock are insignificant since the combination of internal and external habitat
disturbance factorsis not expected to lead to a detectable change in spawning or rearing success such
that the ability of the pollock stock to sustain itself at or above MSST is jeopardized.

GOA Pollock

Mortality

¢ Direct/Indirect Effects. The effect of fishing mortality on the GOA pollock stock is insignificant
under FMP 2.2 (see Direct/Indirect Effects).

e Persistent Past Effects. Past effects of the foreign, JV, domestic, State of Alaska, and bait fisheries
are not expected for the GOA pollock stock. While large removals of pollock did occur in the past,
there does not appear to be a lingering effect on the GOA pollock populations (see Section 3.5.1.15).
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¢ Reasonably Foreseeable Future External Effects. As described for FMP 2.1, catch and bycatch
of pollock in the State of Alaska pollock fisheries, and State of Alaska shrimp fisheries are not
considered to be contributors to fishing mortality in the cumulative case. Marine pollution is
identified as having a potential adverse contribution, and climate changes and regime shifts are not
identified as being contributors to pollock mortality.

¢ Cumulative Effects. Cumulative effects are identified for mortality of GOA pollock, and the effects
are judged to be insignificant for the FMP. Pollock are fished at less than the OFL and are above the
minimum stock size. The combined effect of internal removals and removals due to reasonably
foreseeable external events is not expected to jeopardize the capacity of the stock to produce MSY
on a continuing basis.

Change in Biomass

¢ Direct/Indirect Effects. Change in biomass ofthe GOA pollockstock is expected to be insignificant
under FMP 2.2 (see Section 4.6.1.1).

e Persistent Past Effects. While past large removals of pollock and other past effects on biomass have
been identified (see Section 3.5.1.15), these do not appear to have had a lingering effect on the
ability of the stock to sustain itself above the MSST.

¢ Reasonably Foreseeable Future External Effects. As described in FMP 2.1, effects on biomass
are indicated due to removals in the State of Alaska pollock fisheries. Marine pollution is identified
as having a potential adverse contribution to change in biomass, and climate changes and regime
shifts are not identified as being contributors to pollock mortality, thereby would not directly affect
biomass.

¢ Cumulative Effects. Cumulative effects for change in biomass are identified, and the combination
of internal and external factors is not expected to sufficiently reduce the pollock biomass such that
the ability of the stock to maintain itself at or above MSST is jeopardized. Therefore, the cumulative
effect of FMP 2.2 on GOA pollock through the change in biomass is considered insignificant.

Spatial/Temporal Concentration of Catch
— Change in Genetic Structure of Population
— Change in Reproductive Success

e Direct/Indirect Effects. As the density and quotas of pollock change during the modeled period,
the concentration of the pollock fishery will change from the 2002 pattern; it is not possible to
predict exactly how the pattern will change. However, for GOA pollock under FMP 2.2, the stock
is expected to be above MSST for the years 2003-2007 (see Direct/Indirect Effects). Therefore,
impacts of the spatial/temporal changes should have an insignificant effect on the genetic structure
and reproductive success of the population.

¢ Persistent Past Effects. Past effects are not identified for change in genetic structure since the past
large removals of pollock and other past effects (see Section3.5.1.15) have not had a lingering effect
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on the ability of the stock to sustain itself above MSST. However, there are lingering past effects due
to Climate Changes and Regime Shifts (see Section 3.5.1.15).

¢ Reasonably Foreseeable Future External Effects. As described for FMP 2.1, the State of Alaska
pollock fisheries and marine pollution are identified as potential adverse contributors.

¢ Cumulative Effects. Cumulative effects are possible for spatial/temporal concentration under FMP
2.2; however, the combination of internal and external factors is not expected to sufficiently alter
the genetic structure or the reproductive success of the population such that the ability of the stock
to maintain itself at orabove MSST is jeopardized. Therefore, the cumulative effects of FMP 2.2 on
GOA pollock through the change in genetic structure and reproductive success are insignificant.

Change in Prey Availability

¢ Direct/Indirect Effects. Any predation-mediated impacts of FMP 2.2 would be governed by a
complex web of direct and indirect interactions that are difficult to quantify (see above). However,
as described under direct/indirect effects, the FMP would have insignificant effects on pollock prey
availability.

¢ Persistent Past Effects. While lingering population level effects from past foreign, state, and
domestic fisheries catch and bycatch of pollock prey species, and the effects of EVOS on these
species, are not expected, past climate changes and regime shifts are likely to have had lingering
effects (both beneficial and adverse) on pollock prey species (see Section 3.5.1.15).

¢ Reasonably Foreseeable Future External Effects. As described for FMP 2.1, climate changes and
regime shifts could have potential adverse or beneficial effects on pollock prey species. Marine
pollution has also been identified as areasonably foreseeable future external contributing factor,and
the other fisheries shown on Table 4.5-2 are determined to be potential adverse contributors.

e Cumulative Effects. Cumulative effects are identified for prey availability; however, the
combination of internal and external removals of prey is not expected to decrease prey availability
such that the pollock stock is unable to sustain itself at or above MSST. Therefore, the cumulative
effect of FMP 2.2 on GOA pollock through the change prey availability is considered are
insignificant.

Change in Habitat Suitability

¢ Direct/Indirect Effects. Under FMP 2.2, as with prey-mediated impacts, any habitat-mediated
impacts would be governed by a complex web of direct and indirect interactions that are difficult to
quantify (see Direct/Indirect Effects). However, it is determined that the FMP would have
insignificant effects on pollock habitat suitability.

¢ Persistent Past Effects. Past effects on habitatsuitability identified for GOA pollock stocks include
past foreign, JV, and State of Alaska, and domestic fisheries, EVOS, and climate changes and regime
shifts (see Section 3.5.1.15). Intense bottom trawling for pollock in the past fisheries likely disrupted
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habitat in areas of the GOA. It is possible that some of these areas have not recovered from the
intense efforts (see Section 3.6).

¢ Reasonably Foreseeable Future External Effects. Future external effects are possible from the
State of Alaska pollock and shrimp fisheries since either of these may impactbottom habitat through
use of fishing gear. Impacts on habitat from climate changes and regime shifts on the GOA pollock
stock would be either adverse or beneficial as described for EBS pollock. Marine pollution has also
been identified as a potential adverse contributing factor since acute and/or chronic pollution events
could cause habitat degradation and may cause changes in spawning or rearing success.

¢ Cumulative Effects. Cumulative effects are identified for habitat suitability, and the effect on the
GOA pollock stock s insignificant since the combination of internal and external habitat disturbance
factors is not expected to lead to a detectable change in spawning or rearing success such that the
ability of the pollock stock to sustain itself at or above MSST is jeopardized.

4.6.1.2 Pacific Cod

Pacific cod are managed under Tier 3a in the BSAI and GOA.
Direct/Indirect Effects of FMP 2.1

Total Biomass

Total (ages 1 through 12+) biomass of BSAI Pacific cod at the start of 2002 is estimated to be 1,933,000 mt.
Model projections of future total BSAI biomasses are shown in Table H.4-3 Appendix H. Under FMP 2.1,
model projections indicate that total BSAI biomass is expected to increase to a value of 2,061,000 mt in
2003, then decrease to a value of 1,868,000 mt in 2007, with a 2003-2007 average value of 1,938,000 mt.

Total (ages 1 through 12+) biomass of GOA Pacific cod at the start of 2002 is estimated to be 568,000 mt.
Model projections of future total GOA biomasses are shown in Table H.4-24 of Appendix H. Under FMP
2.1, model projections indicate that total GOA biomass is expected to increase steadily to a value of 631,000
mt in 2007, with a 2003-2007 average value of 598,000 mt.

Spawning Biomass

Spawning biomass of female BSAI Pacific cod at the start of 2002 was estimated to be 404,500 mt. Model
projections of future BSAI spawning biomasses are shown in Table H.4-3 of Appendix H and Figure H. 4-2
of Appendix H. Under FMP 2.1, model projections indicate that BSAI spawning biomass is expected to
decrease steadily to a value of 346,000 mt in 2007, with a 2003-2007 average value of 373,000 mt. Projected
spawning biomass dips below the B,,s, proxy value of 361,000 mt in 2006 and 2007.

Spawning biomass of female GOA Pacific cod at the start of 2002 was estimated to be 97,900 mt. Model
projections of future GOA spawning biomasses are shown in Table H.4-24 of Appendix H and Figure H. 4-13
of Appendix H. Under FMP 2.1, model projections indicate that GOA spawning biomass is expected to
decrease to a value of 69,700 mt in 2006, then increase to a value of 71,700 mt in 2007, with a 2003-2007
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average value of 74,800 mt. Projected spawning biomass dips below the B, proxy value of 79,000 mt in
2004, 2005, 2006, and 2007.

Fishing Mortality

The fishing mortality rate imposed on the BSAI Pacific cod stock in 2002 was estimated to be 0.228. Model
projections of future BSAI fishing mortality rates are shown in Table H.4-3 of Appendix H. Under FMP 2.1,
model projections indicate that BSAI fishing mortality will increase to a value 0£0.409 in 2003, then remain
there through 2007, giving a 2003-2007 average of 0.409. This value is equal to the F,,, proxy value of
0.409, which is the rate associated with the OFL for any value of biomass under this FMP.

The fishing mortality rate imposed on the GOA Pacific cod stock in 2002 was estimated to be 0.255. Model
projections of future GOA fishing mortality rates are shown in Table H.4-24 of Appendix H. Under FMP
2.1, model projections indicate that GOA fishing mortality is expected to increase to a value of 0.421 in
2004, then decrease to a value of 0.417 in 2007, with a 2003-2007 average of 0.419. These values are equal
to or slightly below the F,,q, proxy value of 0.421, which is the rate associated with the OFL for any value
of biomass under this FMP.

Spatial/Temporal Concentration of Fishing Mortality

Under FMP 2.1, it is likely that fishing for BSAI and GOA Pacific cod would tend, to some extent, to be
concentrated in space and time so as to coincide with concentrations of spawning fish. Evaluating the effects
of such concentrations of fishing mortality is difficult for two reasons: 1) Such concentrations of fishing
mortality have already been in place for many years. Although the stocks currently appear to be healthy
despite such concentrations, the absence of a “control” treatment makes it difficult to determine which
population characteristics are attributable specifically to the existing spatial/temporal concentrations of
fishing mortality. 2) Pacific cod undergo large migrations and a large degree of genetic mixing appears to
exist. Compared to a sedentary species with readily identifiable genetic subunits, this means that the effects
of spatial/temporal concentrations of fishing effort are probably diluted to some extent, but also that their
evaluation involves a larger number of difficult-to-estimate parameters.

Status Determination

Model projections of future catches of BSAI and GOA Pacific cod are equal to or below their respective
OFLs in all years under FMP 2.1 (Table H.4-3 of Appendix H). The BSAI Pacific cod stock is projected to
be above MSST in 2003-2006 but below MSST in2007. The GOA Pacific cod stock is projected to be above
MSST in 2003 but below MSST in 2004. Information from the projection model is insufficient to determine
the status of GOA Pacific cod with respect to MSST in 2005-2007 under this FMP (Table H.4-24 of
Appendix H).

Age and Size Composition

Under FMP 2.1, the projected mean age of the BSAI Pacific cod stock in 2008 is 2.6 years. This compares
with a mean age in the equilibrium unfished BSAI stock of 3.2 years.
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Under FMP 2.1, the projected mean age of the GOA Pacific cod stock in 2008 is 2.7 years. This compares
with a mean age in the equilibrium unfished GOA stock of 3.2 years.

Note that the mean ages and sizes actually observed in 2008 (as opposed to the model projections of mean
age in 2008) will be driven largely by the strengths of incoming recruitments during the intervening years.

Sex Ratio

The sex ratio of Pacific cod in both the BSAI and GOA is assumed to be 50:50. No information is available
to suggest that this would change under FMP 2.1.

Habitat Suitability

Any habitat-mediated impacts of FMP 2.1 would be governed by a complex web of direct and indirect
interactions that are difficult to quantify. Information is insufficient to conclude that existing habitat-
mediated impacts would undergo significant qualitative change during the next five years under this FMP.

Prey Availability

As with habitat-mediated impacts, any predation-mediated impacts of FMP 2.1 on Pacific cod would be
governed by a complex web of indirect interactions that are currently difficult to quantify. Information is
insufficient to conclude that existing trophic interactions would undergo significant qualitative change during
the next five years under this FMP.

Summary of Effects of FMP 2.1 — Pacific Cod

Relationship to Comparative Baseline

The comparative baselines for BSAI and GOA Pacific cod are identical: Neither stock is overfished, the
biomass of both stocks is below B,,,, and has been decreasing for the last few years, and all catch and bycatch
are accounted for in the management of both stocks. Under FMP 2.1, both stocks are projected to fall below
MSST at least once during the period 2003-2007, the biomass of both stocks is projected to be below B,
throughout the period 2003-2007, the biomass of both stocks is expected to show an overall decrease during
the period 2003-2007 and beyond, and all catch and bycatch would continue to be accounted for in the
management of both stocks.

Significance of Direct and Indirect Effects

The criteria used to rate the significance of impacts of FMP 2.1 on the BSAI and GOA stocks of Pacific cod
are identical to those used for the other groundfish stocks. The rating of conditionally significant (either
beneficial or adverse) is not applicable to any of the direct or indirect effects of FMP 2.1 on BSAI or GOA
Pacific cod.

For the BSAl and GOA Pacific cod stocks, the impact of FMP 2.1 on fishing mortality is rated insignificant,
because the projection model indicates that fishing mortality would be less than or equal to the OFL
throughout the period 2003-2007. However, the impact of FMP 2.1 on the biomass of the BSAI and GOA
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Pacific cod stocks is rated significantly adverse, because the biomass of the BSAI Pacific cod stock is
projected to fall below the MSST in 2007 and the GOA Pacific cod stock is projected to be below the MSST
in 2004 (information from the projection model is insufficient to determine the status of GOA Pacific cod
with respect to the MSST in 2005-2007 under this FMP).

The existing spatial-temporal concentration of the catch does not appear to have led to changes in the genetic
structure of the BSAlor GOA Pacific cod populations that materially impact either stock’s ability to maintain
itselfat or above the MSST. Furthermore, the impacts of spatial-temporal concentration on genetic structure
under FMP 2.1 are expected to be not much greater than those of the existing concentration. However,
because the BSAI and GOA Pacific cod stocks are projected to fall below their respective MSSTs at least
once during the period 2003-2007 under FMP 2.1, the available evidence is insufficient to conclude whether
changes in genetic structure due to spatial-temporal concentration of the catch under FMP 2.1 would
materially impact either stock’s ability to maintain itself at or above the MSST. Therefore, the magnitude
of this effect is rated unknown for both stocks.

The existing spatial-temporal concentration of the catch does not appear to have led to changes in the
reproductive success of the BSAI or GOA Pacific cod populations that materially impact either stock’s ability
to maintain itself at or above the MSST. Furthermore, the impacts of spatial-temporal concentration on
reproductive success under FMP 2.1 are expected to be not much greater than those of the existing
concentration. However, because the BSAI and GOA Pacific cod stocks are projected to fall below their
respective MSSTs at least once during the period 2003-2007 under FMP 2.1, the available evidence is
insufficient to conclude whether changes in reproductive success due to spatial-temporal concentration of
the catch under FMP 2.1 would materially impact either stock’s ability to maintain itself at or above the
MSST. Therefore, the magnitude of this effect is rated unknown for both stocks.

The existing level of groundfish harvest does not appear to have led to changes in prey availability for the
BSAI or GOA Pacific cod populations that materially impact either stock’s ability to maintain itself at or
above the MSST. However, the level of groundfish harvestunder FMP 2.1 is expected to be somewhat higher
than the existing level and the BSAI and GOA Pacific cod stocks are projected to fall below their respective
MSSTsat least once during the period 2003-2007 under FMP 2.1. Nevertheless, the fact that Pacific cod prey
on many things besides groundfish makes it unlikely that changes in prey availability under FMP 2.1 would
materially impact either stock’s ability to maintain itself at or above the MSST. Therefore, the magnitude
of this effect is rated insignificant for both stocks.

The existing level of habitat disturbance does not appear to have led to changes in spawning or rearing
success for the BSAI or GOA Pacific cod populations that materially impact either stock’s ability to maintain
itself at or above the MSST. Furthermore, the level of habitat disturbance under FMP 2.1 is expected to be
not much greater than the existing level. However, because the BSAI and GOA Pacific cod stocks are
projected to fall below their respective MSSTs at least once during the period 2003-2007 under FMP 2.1,
the available evidence is insufficient to conclude whether changes in habitat suitability under FMP 2.1 would
materially impact either stock’s ability to maintain itself at or above the MSST. Therefore, the magnitude
of this effect is rated unknown for both stocks (Table 4.6-1).
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Cumulative Effects of FMP 2.1

For further information regarding persistent past effects listed below in the text and in the tables, see Sections
3.5.1.2and 3.5.1.16. External effects and the resultant cumulative effects associated with FMP 2.1 are shown
in Tables 4.5-3 and 4.5-4.

BSAI Pacific Cod

Mortality

¢ Direct/Indirect Effects. The effect of fishing mortality on the BSAI Pacific cod stock is
insignificant under FMP 2.1 (see Section 4.6.1.2).

e Persistent Past Effects. Past effects of the foreign, JV, domestic, and State of Alaska bait fisheries
are identified for the BSAI Pacific cod stock. Large removals of Pacific cod did occur in the past and
could have a lingering effect on the present-day stock, the biomass of which is below B,,,, (see
Section 3.5.1.2).

¢ Reasonably Foreseeable Future External Effects. While bycatch and removals of Pacific cod are
predicted to continue in the IPHC longline fishery, State of Alaska crab fishery and
subsistence/personal use fishery in the BSAI, these are not expected to be contributing factors to
fishing mortality in the cumulative case. Removals in these fisheries are accounted for when setting
annual harvest levels for pollock and do not add additional fishing mortality. Marine pollution is
identified as having a reasonably foreseeable potential adverse contribution since acute and/or
chronic pollution events, if large enough in scale, could cause mortality to the point that the capacity
of the stock to produce MSY on a continuing basis is jeopardized. Climate changes and regime shifts
are not identified as being contributors to Pacific cod mortality.

e Cumulative Effects. A cumulative effectunder FMP 2.1 is identified for mortality of BSAI Pacific
cod, and is judged to be insignificant. Model projections indicate catch will be equal to, but not
exceed the OFL for all years, and all catch and bycatch from external fisheries are accounted for in
the management of the stock. The combined effect of internal removals and removals due to
reasonably foreseeable external events are not expected to jeopardize the capacity of the stock to
produce MSY on a continuing basis.

Change in Biomass

¢ Direct/Indirect Effects. Change in biomass of the BSAI Pacific cod stock is expected to be
significantly adverse under FMP 2.1 (see Direct/Indirect Effects).

e Persistent Past Effects. Past effects of the foreign, JV, domestic, and State of Alaska bait fisheries
are identified for the BSAI Pacific cod stock. Large removals of Pacific cod did occur in the pastand
could have a lingering effect on the present-day stock, the biomass of which is below B, (see
Section 3.5.1.2).
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¢ Reasonably Foreseeable Future External Effects. Future external effects onbiomass are indicated
due to bycatch in the [IPHC longline and State of Alaska crab fisheries, and bycatch and removals
in the subsistence/personal use fishery in the BSAI. Marine pollution is identified as having a
reasonably foreseeable potential adverse contribution to change in biomass since acute and/or
chronic pollution events, if large enough in scale, could impact biomass to the point that the stock
is unable to maintain MSST. Climate changes and regime shifts are not identified as being
contributors to Pacific cod mortality, thereby would not directly affect biomass.

¢ Cumulative Effects. A cumulative effect for change in biomass is identified under FMP 2.1. The
effect is judged to be significantly adverse. Due to the internal effects of the FMP, biomass of BSAI
stock is projected to fall below the MSST in 2007. The additional mortality from external human
controlled events will likely cause additional reduction in biomass.

Spatial/Temporal Concentration of Catch
— Change in Genetic Structure of Population
— Change in Reproductive Success

¢ Direct/Indirect Effects. Under FMP 2.1, the effects of the spatial/temporal distribution of catch on
the genetic structure and reproductive success of the population are unknown (see Section 4.6.1.2
Direct/Indirect Effects).

e Persistent Past Effects. Paste effects are not identified for change in genetic structure since the past
large removals of Pacific cod and other past effects (see Section 3.5.1.2) have not had a lingering
effect on the ability of the stock to sustain itself above MSST. However, since past fisheries could
have had an adverse effect on Pacific cod recruitment, lingering effects are identified for change in
reproductive success. Lingering past effects (either beneficial or adverse depending on the regime)
are also identified due to Climate Changes and Regime Shifts (see Section 3.5.1.2).

¢ Reasonably Foreseeable Future External Effects. The IPHC longline and State of Alaska crab
fisheries and subsistence use in the BSAT have the potential to cause adverse effects. However, the
removals are not expected to be sufficiently concentrated to alter the genetic structure of the
population. Marine pollution could contribute adversely to genetic changes and reduced recruitment
since acute and/or chronic pollution events, depending on their location and magnitude, could alter
the genetic structure of the population through localized mortality events, and also could result in
reduced recruitment.

e Cumulative Effects. A cumulative effect is possible for the spatial/temporal concentration;
however, the significance of the effect is unknown. Evidence is insufficient to conclude whether the
combined effects of the internal and external actions/events would impact the stock’s ability to
maintain itself at or above MSST.

Change in Prey Availability

¢ Direct/Indirect Effects. Any predation-mediated impacts of the FMP would be governed by a
complex web of direct and indirect interactions that are difficult to quantify. However, it is
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determined that FMP 2.1 would have insignificant effects on Pacific cod prey availability (see
Section 4.6.1.2).

¢ Persistent Past Effects. While lingering population level effects from past foreign and domestic and
State of Alaska fisheries catch and bycatch of Pacific cod prey species are not expected, past climate
changes and regime shifts are likely to have had lingering effects (both beneficial and adverse ) on
Pacific cod prey species (see Section 3.5.1.2).

¢ Reasonably Foreseeable Future External Effects. Future external effects of climate changes and
regime shifts on Pacific cod prey species could be either beneficial or adverse since a strong Aleutian
Low and high water temperatures tend to favor recruitment and cause a change in the reproductive
success of the stock. Likewise, a weak Aleutian Low and cooler water temperatures tend to result
in weak recruitment. Marine pollution has also been identified as a reasonably foreseeable future
external contributing factor since acute and/or chronic pollution events could reduce prey availability
or prey quality and thus jeopardize the stock’s ability to sustain itself above its MSST. The other
fisheries are determined to be potential adverse contributors since catch and bycatch of prey species
are likely to continue.

¢ Cumulative Effects. Cumulative effects are identified for prey availability and the effect is
insignificant since the combination of internal and external removals of prey is not expected to
decrease prey availability such that the Pacific cod stock is unable to sustain itself at or above
MSST.

Change in Habitat Suitability

¢ Direct/Indirect Effects. Under FMP 2.1 levels of habitat disturbance may lead to changes in
spawning or rearing success in the BSAI Pacific cod population. However, the evidence is
insufficient to conclude that any changes that did occur would impact the stock’s ability to sustain
MSST. Therefore, the effect is rated as unknown (see direct/indirect effects discussion).

¢ Persistent Past Effects. Past effects identified for BSAI Pacific cod stock include past foreign, JV,
domestic fisheries, the State of Alaska crab and bait fisheries, IPHC longline, and climate changes
and regime shifts (see Section 3.5.1.2). Past fishing for Pacific cod in the past fisheries likely
disrupted habitat in areas of the BSAL It is possible that some of these areas have not recovered (see
Section 3.6).

¢ Reasonably Foreseeable Future External Effects. Future external effects are possible from the
State of Alaska fisheries, subsistence, and the IPHC fishery since any of these may impact bottom
habitat through use of fishing gear. Impacts on habitat from climate changes and regime shifts on
the BSAI Pacific cod stock are unknown, although a strong Aleutian Low and high water
temperatures tend to favor recruitment and cause a change in the reproductive success of the stock.
Marine pollution has also been identified as a potential adverse contributing factor since acute and/or
chronic pollution events could cause habitat degradation and may cause changes in spawning or
rearing success.
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¢ Cumulative Effects. A cumulative effect is identified for habitat suitability; however, its
significance on the BSAI Pacific cod stock is unknown.

GOA Pacific Cod

Mortality

¢ Direct/Indirect Effects. The effect of fishing mortality on the GOA Pacific cod stock is
insignificant under FMP 2.1 (see Section 4.6.1.2).

¢ Persistent Past Effects. Past effects of the foreign, JV, domestic, and State of Alaska bait fisheries,
and State of Alaska groundfish fisheries are identified for the GOA Pacific cod stock. Large
removals of Pacific cod did occur in the past and could have a lingering effect on the present-day
stock, the biomass of which is below B,,., (see Section 3.5.1.16).

¢ Reasonably Foreseeable Future External Effects. While bycatch and removals of Pacific cod are
predicted to continue in the IPHC longline fishery, State of Alaska crab fishery, subsistence/personal
use fishery, and in the State of Alaska groundfish fisheries in the GOA, these are not expected to be
contributing factors to fishing mortality in the cumulative case. Removals in these fisheries are
accounted for when setting annual harvest levels for pollock and do not add additional fishing
mortality. Marine pollution is identified as having a reasonably foreseeable potential adverse
contribution since acute and/or chronic pollution events, if large enough in scale, could cause
mortality to the point that the capacity of the stock to produce MSY on a continuing basis is
jeopardized. Climate changes and regime shifts are notidentified as being contributors to Pacific cod
mortality.

¢ Cumulative Effects. A cumulative effect under FMP 2.1 is identified for mortality of GOA Pacific
cod, and the effect is judged to be insignificant. Model projections indicate catch will be equal to,
but not exceed the OFL for all years, and all catch and bycatch from external fisheries are accounted
for in the management of the stock. The combined effect of internal removals and removals due to
reasonably foreseeable external events is not expected to jeopardize the capacity of the stock to
produce MSY on a continuing basis.

Change in Biomass

¢ Direct/Indirect Effects. Change in biomass of the GOA Pacific cod stock is expected to be
significantly adverse under FMP 2.1 (see Section 4.6.1.2).

¢ Persistent Past Effects. Past effects of the foreign, JV, domestic, and State of Alaska bait fisheries
are identified for the GOA Pacific cod stock. Additionally, the State of Alaska groundfish fishery
contributed to past removals in the GOA. Large removals of Pacific cod did occur in the past and
could have a lingering effect on the present-day stock, the biomass of which is below B,,,, (see
Section 3.5.1.16).

¢ Reasonably Foreseeable Future External Effects. Future external effects onbiomass are indicated
due to bycatch in the IPHC longline and State of Alaska crab fisheries, and bycatch and removals
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in the subsistence/personal use fishery and the State of Alaska groundfish fisheries in the GOA.
Marine pollution is identified as having a reasonably foreseeable potential adverse contribution to
change in biomass since acute and/or chronic pollution events, if large enough in scale, could impact
biomass to the point that the stock is unable to maintain MSST. Climate changes and regime shifts
are not identified as being contributors to Pacific cod mortality, thereby would not directly affect
biomass.

¢ Cumulative Effects. A cumulative effect for the change in biomass isidentified under FMP 2.1. The
effect is judged to be significantly adverse. Due to the internal effects of the FMP, biomass of GOA
stock is projected to fall below the MSST in 2004. The additional mortality from external human
controlled events could cause additional reduction in biomass.

Spatial/Temporal Concentration of Catch
— Change in Genetic Structure of Population
— Change in Reproductive Success

¢ Direct/Indirect Effects. Under FMP 2.1, the effects of the spatial/temporal distribution of catch on
the genetic structure and reproductive success of the population are unknown (see direct/indirect
discussion).

e Persistent Past Effects. Past effects are not identified for change in genetic structure since the past
large removals of Pacific cod and other past effects (see Section 3.5.1.16) have not had a lingering
effect on the ability of the stock to sustain itself above MSST. However, since past fisheries could
have had an adverse effect on Pacific cod recruitment, lingering effects are identified for change in
reproductive success. Lingering past effects (either beneficial or adverse depending on the regime)
are also identified due to Climate Changes and Regime Shifts (see Section 3.5.1.16).

¢ Reasonably Foreseeable Future External Effects. The IPHC longline and State of Alaska crab
fisheries, State of Alaska groundfish fisheries, and subsistence use in the GOA have the potential
to cause adverse effects. However, the removals are not expected to be sufficiently concentrated to
alter the genetic structure of the population. Marine pollution could contribute adversely to genetic
changes and reduced recruitment since acute and/or chronic pollution events, depending on their
location and magnitude, could alter the genetic structure of the population through localized
mortality events, and also could result in reduced recruitment.

¢ Cumulative Effects. A cumulative effect is possible for the spatial/temporal concentration;
however, the significance of the effect is unknown. Evidence is insufficient to conclude whether the
combined effects of the internal and external actions/events would impact the stock’s ability to
maintain itself at or above MSST.

Change in Prey Availability

¢ Direct/Indirect Effects. Any predation-mediated impacts of the FMP would be governed by a
complex web of direct and indirect interactions that are difficult to quantify. However, it is
determined that FMP 2.1 would have insignificant effects on Pacific cod prey availability (see
Section 4.6.1.2).
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Change

Persistent Past Effects. While lingering population level effects from past foreign and domestic and
State of Alaska fisheries catch and bycatch of Pacific cod prey species are not expected, past climate
changes and regime shifts are likely to have had lingering effects (both beneficial and adverse ) on
Pacific cod prey species (see Section 3.5.1.16).

Reasonably Foreseeable Future External Effects. As described in the discussion of the Bering Sea
stock, climate changes and regime shifts on Pacific cod prey species in the GOA could be either
beneficial or adverse depending on water temperature. Marine pollution has also been identified as
a reasonably foreseeable future external contributing factor since acute and/or chronic pollution
events could reduce prey availability or prey quality and thus jeopardize the stock’s ability to sustain
itself above its MSST. The other fisheries are determined to be potential adverse contributors since
catch and bycatch of prey species are likely to continue.

Cumulative Effects. A cumulative effect is identified for prey availability and the effect is
insignificant since the combination of internal and external removals of prey is not expected to
decrease prey availability such that the Pacific cod stock is unable to sustain itself at or above
MSST.

in Habitat Suitability

Direct/Indirect Effects. Under FMP 2.1 levels of habitat disturbance may lead to changes in
spawning or rearing success in the GOA Pacific cod population. However, the evidence is
insufficient to conclude that any changes that did occur would impact the stock’s ability to sustain
MSST. Therefore, the effect is rated as unknown (see Section 4.6.1.2).

Persistent Past Effects. Past effects identified for GOA Pacific cod stock include past foreign, JV,
domestic fisheries, the State of Alaska crab and bait fisheries, IPHC longline, State of Alaska
groundfish fisheries, and climate changes and regime shifts (see Section 3.5.1.16). Past fishing for
Pacific cod in the past fisheries likely disrupted habitat in areas of the GOA. It is possible that some
of these areas have not recovered (see Section 3.6).

Reasonably Foreseeable Future External Effects. Future external effects are possible from the
State of Alaska fisheries, subsistence, and the IPHC fishery since any of these may impact bottom
habitat through use of fishing gear. As described for the Bering Sea, impacts on habitat from climate
changes and regime shifts on the GOA Pacific cod stock could be either beneficial or adverse.
Marine pollution has been identified as a potential adverse contributing factor since acute and/or
chronic pollution events could cause habitat degradation and may cause changes in spawning or
rearing success.

Cumulative Effects. A cumulative effect is identified for habitat suitability; however, its
significance on the GOA Pacific cod stock is unknown since the effect of the FMP is unknown.
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Direct/Indirect Effects of FMP 2.2 — BSAI Pacific Cod

All direct and indirect effects of FMP 2.2 on BSAI Pacific cod are expected to be insignificant, because the
analytic model results indicate that none of the threshold values for the significance criteria in Appendix A,
Table 4.1-1 would be reached.

Total Biomass

Total (ages 1 through 12+) biomass of BSAI Pacific cod at the start of 2002 is estimated to be 1,933,000 mt.
Under FMP 2.2, model projections indicate that total BSAI biomass is expected to increase to a value of
2,078,000 mt in 2004, then decrease to a value 0of 2,057,000 mt in 2006, then increase to a value 02,072,000
mt in 2007, with a 2003-2007 average value of 2,065,000 mt.

Total (ages 1 through 12+) biomass of GOA Pacific cod at the start of 2002 is estimated to be 568,000 mt.
Under FMP 2.2, model projections indicate that total GOA biomass is expected to increase steadily to a value
of 675,000 mt in 2007, with a 2003-2007 average value of 622,000 mt.

Spawning Biomass

Spawning biomass of female BSAI Pacific cod at the start of 2002 was estimated to be 404,500 mt. Under
FMP 2.2, model projections indicate that BSAI spawning biomass is expected to decrease to a value of
403,000 mt in 2003, then increase to a value of 435,000 mt in 2005, then decrease to a value of 425,000 mt
in 2007, with a 2003-2007 average value of 422,000 mt. Projected spawning biomass never dips below the
B,sy proxy value of 361,000 mt for the years 2003-2007.

Spawning biomass of female GOA Pacific cod at the start of 2002 was estimated to be 97,900 mt. Under
FMP 2.2, model projections indicate that GOA spawning biomass is expected to decrease to a value of
79,100 mt in 2005, then increase to a value of 85,700 mt in 2007, with a 2003-2007 average value of 83,100
mt. Projected spawning biomass never dips below the B,,i, proxy value of 79,000 mt for the years
2003-2007.

Fishing Mortality

The fishing mortality rate imposed on the BSAI Pacific cod stock in 2002 was estimated to be 0.228. Under
FMP 2.2, model projections indicate that BSAI fishing mortality will increase to a value of 0.297 in 2004,
then decrease to a value of 0.287 in 2007, with a 2003-2007 average of 0.293. These values are well below
the F,;5y proxy value of 0.409, which is the rate associated with the OFL for stocks above B,,,,.

The fishing mortality rate imposed on the GOA Pacific cod stock in 2002 was estimated to be 0.255. Under
FMP 2.2, model projections indicate that GOA fishing mortality is expected to increase to a value of 0.324
in 2003, then decrease to a value of 0.289 in 2005, then increase to a value of 0.312 in 2007, with a 2003-
2007 average of 0.304. These values are well below the F,,i, proxy value of 0.421, which is the rate
associated with the OFL for stocks above B,,.
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Spatial/Temporal Concentration of Fishing Mortality

Under FMP 2.2, it is likely that fishing for BSAI and GOA Pacific cod would tend, to some extent, to be
concentrated in space and time so as to coincide with concentrations of spawning fish. Evaluating the effects
of such concentrations of fishing mortality is difficult for two reasons: 1) Such concentrations of fishing
mortality have already been in place for many years. Although the stocks currently appear to be healthy
despite such concentrations, the absence of a “control” treatment makes it difficult to determine which
population characteristics are attributable specifically to the existing spatial/temporal concentrations of
fishing mortality. 2) Pacific cod undergo large migrations and a large degree of genetic mixing appears to
exist. Compared to a sedentary species with readily identifiable genetic subunits, this means that the effects
of spatial/temporal concentrations of fishing effort are probably diluted to some extent, but also that their
evaluation involves a larger number of difficult-to-estimate parameters.

Status Determination

Model projections of future catches of BSAI and GOA Pacific cod are below their respective OFLs in all
years under FMP 2.2. The BSAI and GOA Pacific cod stocks are projected to be above B,;,, and therefore
above their respective MSSTs in every year throughout the period 2003-2007.

Age and Size Composition

Under FMP 2.2, the projected mean age of the BSAI Pacific cod stock in 2008 is 2.7 years. This compares
with a mean age in the equilibrium unfished BSAI stock of 3.2 years.

Under FMP 2.2, the projected mean age of the GOA Pacific cod stock in 2008 is 2.8 years. This compares
with a mean age in the equilibrium unfished GOA stock of 3.2 years.

Note that the mean ages and sizes actually observed in 2008 (as opposed to the model projections of mean
age in 2008) will be driven largely by the strengths of incoming recruitments during the intervening years.

Sex Ratio

The sex ratio of Pacific cod in both the BSAI and GOA 1is assumed to be 50:50. No information is available
to suggest that this would change under FMP 2.2.

Habitat Suitability

Any habitat-mediated impacts of FMP 2.2 would be governed by a complex web of direct and indirect
interactions that are difficult to quantify. Information is insufficient to conclude that existing habitat-
mediated impacts would undergo significant qualitative change during the next five years under this FMP.

Prey Availability

As with habitat-mediated impacts, any predation-mediated impacts of FMP 2.2 on Pacific cod would be
governed by a complex web of indirect interactions that are currently difficult to quantify. Information is
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insufficient to conclude that existing trophic interactions would undergo significant qualitative change during
the next five years under this FMP.

Summary of Effects of FMP 2.2 — Pacific Cod

Relationship to Comparative Baseline

The comparative baselines for BSAI and GOA Pacific cod are identical: Neither stock is overfished, the
biomass of both stocks is below B,,,, and has been decreasing for the last few years, and all catch and bycatch
are accounted for in the management of both stocks. Under FMP 2.2, both stocks are projected to remain
above MSST throughout the period 2003-2007. The biomass of the BSAI stock is projected to be below B,
in 2003 but above B,,,, in 2004-2007, while the biomass of the GOA stock is projected to be below B,
throughout the period 2003-2007. The biomass of the BSAI stock is expected to show an overall increase
during the period 2003-2007 and beyond, while the biomass of the GOA stock is expected to show an overall
decrease during the period 2003-2007 and beyond. All catch and bycatch would continue to be accounted
for in the management of both stocks.

Significance of Direct and Indirect Effects

The criteria used to rate the significance of impacts of FMP 2.2 on the BSAI and GOA stocks of Pacific cod
are identical to those used for the other groundfish stocks. The rating of conditionally significant (either
beneficial or adverse) is not applicable to any of the direct or indirect effects of FMP 2.2 on BSAI or GOA
Pacific cod. Table 4.5-7 summarizes the effects of FMP 2.2 on Pacific cod stocks in the BSAI and GOA,
respectively.

For the BSAI and GOA Pacific cod stocks, the impact of FMP 2.2 on fishing mortality and biomass is rated
insignificant, because the projection model indicates that fishing mortality would be less than the OFL and
biomass would be above the MSST throughout the period 2003-2007.

Because the existing spatial-temporal concentration of the catch does not appear to have led to changes in
the genetic structure of the BSAI or GOA Pacific cod populations that materially impact either stock’s ability
to maintain itself at or above the MSST and because the impacts of spatial-temporal concentration on genetic
structure under FMP 2.2 are expected to be not much greater than those of the existing concentration, the
magnitude of this effect is rated insignificant for both stocks.

Likewise, because the existing spatial-temporal concentration of the catch does not appear to have led to
changes in the reproductive success of the BSAI or GOA Pacific cod populations that materially impact
either stock’s ability to maintain itself at or above the MSST and because the impacts of spatial-temporal
concentration on reproductive success under FMP 2.2 are expected to be not much greater than those of the
existing concentration, the magnitude of this effect is rated insignificant for both stocks.

Likewise, because the existing level of groundfish harvest does not appear to have led to changes in prey
availability for the BSAI or GOA Pacific cod populations that materially impact either stock’s ability to
maintain itself at or above the MSST and because the level of groundfish harvest under FMP 2.2 is expected
to be not much greater than the existing level, the magnitude of this effect is rated insignificant for both
stocks.
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Likewise, because the existing level of habitat disturbance does not appear to have led to changes in
spawning or rearing success in the BSAI or GOA Pacific cod populations that materially impact either
stock’s ability to maintain itself at or above the MSST and because the level of habitat disturbance under
FMP 2.2 is expected to be not much greater than the existing level, the magnitude of this effect is rated
insignificant for both stocks (Table 4.6-1).

Cumulative Effects of FMP 2.2 — BSAI Pacific Cod

For further information regarding past effects see Section 3.5.1.2. BSAI internal, external, and cumulative
effects are depicted on Table 4.5-3.

Mortality

¢ Direct/Indirect Effects. The effect of fishing mortality on the BSAI Pacific cod stock is
insignificant under FMP 2.2 (see direct/indirect effects discussion presented above).

e Persistent Past Effects. Past effects of the foreign, JV, domestic, and State of Alaska bait fisheries
are identified for the BSAI Pacific cod stock. Large removals of Pacific cod did occur in the pastand
could have a lingering effect on the present-day stock, the biomass of which is below B,,, (see
Section 3.5.1.2).

¢ Reasonably Foreseeable Future External Effects. As described for FMP 2.1, bycatch and
removals of Pacific cod are predicted to continue in the IPHC longline fishery, State of Alaska crab
fishery and subsistence/personal use fishery in the BSAI but they are not expected to be contributing
factors to fishing mortality in the cumulative case. Marine pollution is identified as having a
reasonably foreseeable potential adverse contribution and climate changes and regime shifts are not
identified as being contributors to Pacific cod mortality.

¢ Cumulative Effects. A cumulative effectunder FMP 2.2 is identified for mortality of BSAI Pacific
cod, and the effect is judged to be insignificant. Pacific cod are fished at less than the OFL and all
catch and bycatch are accounted for in the management of the stock. The combined effect of internal
removals and removals due to reasonably foreseeable external events is not expected to jeopardize
the capacity of the stock to produce MSY on a continuing basis.

Change in Biomass

¢ Direct/Indirect Effects. Change in biomass of the BSAI Pacific cod stock is expected to be
insignificant under FMP 2.2 (see Section 4.6.1.2).

¢ Persistent Past Effects. While past large removals of Pacific cod and other past effects on biomass
have been identified (see Section 3.5.1.2), these do not appear to have had a lingering effect on the
ability of the stock to sustain itself above the MSST.

¢ Reasonably Foreseeable Future External Effects. As described for FMP 2.1 effects on biomass
are indicated due to bycatch in the IPHC longline and State of Alaska crab fisheries, and bycatch and
removals in the subsistence/personal use fishery in the BSAI. Marine pollution is identified as
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having a reasonably foreseeable potential adverse contribution to change in biomass, and climate
changes and regime shifts are not identified as being contributors to Pacific cod mortality, thereby
would not directly affect biomass.

e Cumulative Effects. A cumulative effect on the change in biomass is identified, and the effect is
insignificant since the combination of internal and external factors is not expected to sufficiently
reduce the Pacific cod biomass such that the ability of the stock to maintain itself at or above MSST
is jeopardized.

Spatial/Temporal Concentration of Catch
— Change in Genetic Structure of Population
— Change in Reproductive Success

¢ Direct/Indirect Effects. Under FMP 2.2, the spatial/temporal distribution of catch should have an
insignificant effect on the genetic structure and reproductive success of the population (see
direct/indirect effects discussion).

« Persistent Past Effects. Past effects are not identified for change in genetic structure since the past
large removals of Pacific cod and other past effects (see Section 3.5.1.2) have not had a lingering
effect on the ability of the stock to sustain itself above MSST. However, since past fisheries could
have had an adverse effect on Pacific cod recruitment, lingering effects are identified for change in
reproductive success. Lingering past effects (either beneficial or adverse depending on the regime)
are also identified due to Climate Changes and Regime Shifts (see Section 3.5.1.2).

¢ Reasonably Foreseeable Future External Effects. As described for FMP 2.1, the IPHC longline
and State of Alaska crab fisheries, subsistence use in the BSAI, and marine pollution could
contribute adversely to genetic changes and reduced recruitment.

¢ Cumulative Effects. A cumulative effect is possible for the spatial/temporal concentration, and the
effect is insignificant since the combination of internal and external factors is not expected to
sufficiently alter the genetic structure or the reproductive success of the population such that the
ability of the stock to maintain itself at or above MSST is jeopardized.

Change in Prey Availability

¢ Direct/Indirect Effects. Any predation-mediated impacts of FMP 2.2 would be governed by a
complex web of direct and indirect interactions that are difficult to quantify. However, it is
determined that FMP 2.2 would have insignificant effects on Pacific cod prey availability (see
direct/indirect effects discussion).

e Persistent Past Effects. While lingering population level effects frompast foreign and domestic and
State of Alaska fisheries catch and bycatch of Pacific cod prey species are not expected, past climate
changes and regime shifts are likely to have had lingering effects (both beneficial and adverse) on
Pacific cod prey species (see Section 3.5.1.2).
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¢ Reasonably Foreseeable Future External Effects. As described for FMP 2.1, effects of climate
changes and regime shifts on Pacific cod prey species could be either beneficial or adverse
depending on water temperature. Marine pollution has also been identified as a reasonably
foreseeable future external contributing factor, and the other fisheries shown on Table 4.5-3 are
determined to be potential adverse contributors since catch and bycatch of prey species are likely
to continue.

¢ Cumulative Effects. Cumulative effects are identified for prey availability; however, the effect is
insignificant since the combination of internal and external removals of prey is not expected to
decrease prey availability such that the Pacific cod stock is unable to sustain itself at or above
MSST.

Change in Habitat Suitability

¢ Direct/Indirect Effects. Under FMP 2.2, any habitat-mediated impacts would be governed by a
complex web of direct and indirect interactions that are difficult to quantify. Because the level of
habitat disturbance under the FMP is expected to be no greater than the existing level, the effect is
rated as insignificant (see Section 4.6.1.2).

¢ Persistent Past Effects. Past effects identified for BSAI Pacific cod stock include past foreign, JV,
and domestic fisheries, the State of Alaska crab and bait fisheries, IPHC longline, and climate
changes and regime shifts (see Section 3.5.1.2). Past fishing for Pacific cod in the past fisheries
likely disrupted habitat in areas of the BSAI. It is possible that some of these areas have not
recovered (see Section 3.6).

¢ Reasonably Foreseeable Future External Effects. As described for FMP 2.1, effects are possible
from the State of Alaska fisheries, subsistence, and the IPHC fishery. Impacts on habitat from
climate changes and regime shifts on the BSAI Pacific cod stock could be either beneficial or
adverse and marine pollution could have an adverse effect on habitat.

¢ Cumulative Effects. A cumulative effect is identified for habitat suitability, and the combination
of internal and external impacts on habitat is not expected to jeopardize the Pacific cod stock such
that it is unable to sustain itself at or above MSST. Therefore, the effect of FMP 2.2 on BSAI Pacific
cod through habitat suitability is considered insignificant.

GOA Pacific Cod
External effects and the resultant cumulative effects associated with FMP 2.2 are shown in Table 4.5-4.

Mortality

e Direct/Indirect Effects. The effect of fishing mortality on the GOA Pacific cod stock is
insignificant under FMP 2.2 (see Direct/Indirect Effects).

e Persistent Past Effects. Past effects of the foreign, JV, domestic, and State of Alaska bait fisheries
are identified for the GOA Pacific cod stock. Additionally, the State of Alaska groundfish fishery
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contributed to past removals in the GOA. Large removals of Pacific cod did occur in the past and
could have a lingering effect on the present-day stock, the biomass of which is below B, (see
Section 3.5.1.16).

¢ Reasonably Foreseeable Future External Effects. As described for FMP 2.1 in the GOA, bycatch
and removals of Pacific cod are predicted to continue in the IPHC longline fishery, State of Alaska
crab fishery, subsistence/personal use fishery, and in the State of Alaska groundfish fisheries in the
GOA, but are not expected to be contributing factors to fishing mortality in the cumulative case.
Marine pollution is identified as having areasonably foreseeable potential adverse contribution, and
climate changes and regime shifts are not identified as being contributors to Pacific cod mortality.

¢ Cumulative Effects. A cumulative effect under FMP 2.2 is identified for mortality of GOA Pacific
cod, and the effect is judged to be insignificant. Pacific cod are fished at less than the OFL and all
catch and bycatch are accounted for in the management of the stock. The combined effect of internal
removals and removals due to reasonably foreseeable external events is not expected to jeopardize
the capacity of the stock to produce MSY on a continuing basis.

Change in Biomass

¢ Direct/Indirect Effects. Change in biomass of the GOA Pacific cod stock is expected to be
insignificant under FMP 2.2 (see Direct/Indirect Effects).

¢ Persistent Past Effects. While past large removals of Pacific cod and other past effects on biomass
have been identified (see Section 3.5.1.16), these do not appear to have had a lingering effect on the
ability of the stock to sustain itself above the MSST.

¢ Reasonably Foreseeable Future External Effects. As described for FMP 2.1, effects on biomass
are indicated due to bycatch in the IPHC longline and State of Alaska crab fisheries, and bycatch and
removals in the subsistence/personal use fishery, and in the State of Alaska groundfish fisheries.
Marine pollution is identified as having areasonably foreseeable potential adverse contribution, and
climate changes and regime shifts are not identified as being contributors to Pacific cod mortality,
thereby would not directly affect biomass.

e Cumulative Effects. A cumulative effect on the change in biomass is identified and the effect is
insignificant since the combination of internal and external factors is not expected to sufficiently
reduce the Pacific cod biomass such that the ability of the stock to maintain itself at or above MSST
is jeopardized. Therefore, the cumulative effect of FMP 2.2 on GOA pollock through the change in
biomass is considered to be insignificant.

Spatial/Temporal Concentration of Catch
— Change in Genetic Structure of Population
— Change in Reproductive Success

¢ Direct/Indirect Effects. Under FMP 2.2, the spatial/temporal distribution of catch should have an
insignificant effect on the genetic structure and reproductive success of the population (see
Direct/Indirect Effects).
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« Persistent Past Effects. Past effects are not identified for change in genetic structure since the past
large removals of Pacific cod and other past effects (see Section 3.5.1.16) have not had a lingering
effect on the ability of the stock to sustain itself above MSST. However, since past fisheries could
have had an adverse effect on Pacific cod recruitment particularly in the GOA where the State of
Alaska groundfish fishery is very localized, lingering effects are identified for change in
reproductive success. Lingering past effects (either beneficial or adverse depending on the regime)
are also identified due to Climate Changes and Regime Shifts (see Section 3.5.1.16).

¢ Reasonably Foreseeable Future External Effects. As described for FMP 2.1, the IPHC longline
and State of Alaska crab fisheries, subsistence use, and State of Alaska groundfish fisheries, and
marine pollution all have the potential to cause adverse effects.

¢ Cumulative Effects. A cumulative effect is possible for the spatial/temporal concentration;
however, the effect is insignificant since the combination of internal and external factors is not
expected to sufficiently alter the genetic structure or the reproductive success of the population such
that the ability of the stock to maintain itself at or above MSST is jeopardized.

Change in Prey Availability

¢ Direct/Indirect Effects. Any predation-mediated impacts of FMP 2.2 would be governed by a
complex web of direct and indirect interactions that are difficult to quantify. However, it is
determined that FMP 2.2 would have insignificant effects on Pacific cod prey availability (see
Direct/Indirect Effects).

e Persistent Past Effects. While lingering population level effects from past foreign and domestic and
State of Alaska fisheries catch and bycatch of Pacific cod prey species are not expected, past climate
changes and regime shifts are likely to have had lingering effects (both beneficial and adverse) on
Pacific cod prey species (see Section 3.5.1.16).

¢ Reasonably Foreseeable Future External Effects. As described for FMP 2.1 in the GOA, the
effects of climate changes and regime shifts on Pacific cod prey species could be either beneficial
or adverse. Marine pollution has been identified as a reasonably foreseeable future external
contributing factor, and the other fisheries shown on Table 4.5-4 are determined to be potential
adverse contributors since catch and bycatch of prey species are likely to continue.

¢ Cumulative Effects. Cumulative effects are identified for prey availability and the effect is
insignificant since the combination of internal and external removals of prey is not expected to
decrease prey availability such that the Pacific cod stock is unable to sustain itself at or above
MSST.

Change in Habitat Suitability

¢ Direct/Indirect Effects. Under FMP 2.2, any habitat-mediated impacts would be governed by a
complex web of direct and indirect interactions that are difficult to quantify. However, the effect is
rated as insignificant (see Section 4.6.1.2).
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e Persistent Past Effects. Past effects identified for GOA Pacific cod include past foreign, JV, and
domestic fisheries, the State of Alaska crab and bait fisheries, IPHC longline, and climate changes
and regime shifts (see Section 3.5.1.16). Additionally, the State of Alaska groundfish fishery
contributed to habitat impacts in the GOA. Past fishing for Pacific cod in the past fisheries likely
disrupted habitat in areas of the GOA. It is possible that some of these areas have not recovered (see
Section 3.6).

¢ Reasonably Foreseeable Future External Effects. As described for FMP 2.1, effects are possible
from the State of Alaska fisheries, subsistence, and the IPHC fishery since any of these may impact
bottom habitat through use of fishing gear. Impacts on habitat from climate changes and regime
shifts on the GOA Pacific cod stock could be either beneficial or adverse and marine pollution has
been identified as a potential adverse contributing factor.

e Cumulative Effects. A cumulative effect is identified for habitat suitability and is considered
insignificant. The combination of internal and external impacts on habitat is not expected to
jeopardize the Pacific cod stock such that it is unable to sustain itself at or above MSST.

4.6.1.3 Sablefish

Sablefish are managed as one stock in the BSAI and GOA under Tier 3b; therefore, BSAI and GOA areas
are discussed together in this section.

Direct/Indirect Effects of FMP 2.1
Direct/indirect effects are summarized in Table 4.6-1.
Catch/ABC

FMP 2.1 is projected to significantly increase average sablefish yield compared to the baseline. Higher yields
are projected because a higher fishing rate (F,s,,) is used for F, ;.

Total Biomass

FMP 2.1 is projected to have a significant impact on total biomass (age 2-31+) compared to the baseline.
Fishing mortality is higher for this alternative (Tables H.4-11and H.4-30 of Appendix H). Total biomass is
unchanged for this FMP rather than increasing as projected for alternatives that replicate baseline conditions.

Spawning Biomass

FMP 2.1 is projected to have a significantly adverse impact on spawning biomass compared to the baseline.
Spawning biomass is projected to decrease by 2007, approaching some benchmarks that imply some risk to
the reproductive success of the stock. Projected 2007 spawning biomass is 35 percent of the unfished value
for this alternative, approaching the historic low spawning biomass (30 percent, 1975) and the lowest
spawning biomass (34 percent, 1977) that produced above average year-classes (Sigler et al. 2002) (Tables
H.4-11 and H.4-30 of Appendix H) and Figures H.4-9 and H.4-14 of Appendix H.

CHAPTER 4 - FINAL PROGRAMMATIC SEIS JUNE 2004

4.6-37



Fishing Mortality

Under FMP 2.1, the fishing mortalities imposed on the sablefish stock in the BSAI are well below the F,,¢
proxy value of 0.14 which is the rate associated with the OFL. Fishing mortality is comparatively low
because catch usually is less than ABC in the BSAI (Table H.4-11 of Appendix H). In contrast, the fishing
mortalities imposed on the sablefish stock in the GOA are similar to the F,,, proxy value of 0.14 which is
the rate associated with the OFL (Table H.4-30 of Appendix H).

Spatial/Temporal Concentration of Fishing Mortality

Sablefish fishing is concentrated along the upper continental slope and deepwater gullies. FMP 2.1 is
projected to have an insignificant impact on the spatial/temporal concentration of fishing mortality compared
to the baseline. Although numerous current closed/restricted areas are repealed by FMP 2.1, these repeals
little affect areas where adult sablefish are caught.

Status Determination

Under FMP 2.1, sablefish is not overfished but is projected to be approaching an overfished condition.
Sablefish spawning biomass is projected to fall below B,sy (B;s., for Tier 3 stocks) and remain there for at
least a decade.

Age and Size Composition

FMP 2.1 is projected to have an insignificant impact on mean age compared to the baseline. The mean age
decreases somewhat due to increased fishing mortality, but not enough to be classified as significant. The
mean ages actually observed in 2008 (as opposed to projections of mean ages) will be driven largely by
incoming recruitment strengths during the intervening years.

BSAI mean age likely is overestimated. The model assumes that the lower exploitation rate for the BSAI
compared to the GOA will translate into greater mean age for the BSAI. However sablefish migration is
substantial enough to erase the effects of differential exploitation rates between the GOA and BSAL The
mean age for the GOA best represents the mean age for the BSAI/GOA because sablefish abundance is much
greater for the GOA.

Sex Ratio
The sex ratio of the adult population is 40 males: 60 females, based on sex ratio data collected during
sablefish longline surveys. This FMP probably would have no significant effect on the sex ratio compared

to the baseline.

Habitat Suitability

FMP 2.1 would increase exploitation rates and so would increase any effects that additional fishing may have
to decrease habitat suitability.
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Predator-Prey Relationships

FMP 2.1 is projected to have a significant impact on total biomass (age 2-31+) compared to the baseline.
Although total biomass doesn’t change, fewer sablefish are projected for this FMP compared to alternatives
that replicate baseline conditions. Thus this FMP is projected to have a significant effect on the amount of
sablefish biomass that would be available to the ecosystem and the amount of predation that would be due
to sablefish.

Cumulative Effects of FMP 2.1

External effects and the resultant cumulative effects associated with FMP 2.1 are depicted on Table 4.5-5.
For further information regarding persistent past effects listed below in the text and in table, see the
past/present effects analysis in Sections 3.5.1.3 and 3.5.1.17.

Mortality

¢ Direct/Indirect Effects. The effect of fishing mortality on the sablefish stock is insignificant under
FMP 2.1 (see Section 4.6.1.3).

¢ Persistent Past Effects. Past effects of the foreign, JV, domestic, and State of Alaska groundfish
fisheries are identified for Sablefish. Large removals of Sablefish occurred, particularly in the JV
and domestic fisheries. Catches that were under reported during the late 1980s may have contributed
to abundance declines in the 1990s (see Sections 3.5.1.3 and 3.5.1.17).

¢ Reasonably Foreseeable Future External Effects. While bycatch and removals of Sablefish are
predicted to continue in the IPHC longline fishery, and State of Alaska groundfish fishery, these are
not expected to be contributing factors to fishing mortality in the cumulative case. Removals in these
fisheries are accounted for when setting annual harvest levels and do not add additional fishing
mortality. Due the highly migratory nature, Canadian fisheries, fishing within Canadian waters could
be harvesting sablefish considered to be part of the GOA population. These removals are not
accounted for in the TAC setting process and can be considered as having a potential adverse
contribution to the cumulative case. Likewise, marine pollution is identified as having a reasonably
foreseeable potential adverse contribution since acute and/or chronic pollution events, if large
enough in scale, could cause mortality to the point that the capacity of the stock to produce MSY on
a continuing basis is jeopardized. Climate changes and regime shifts are not identified as being
contributors to direct Sablefish mortality.

¢ Cumulative Effects. A cumulative effect under FMP 2.1 is identified for mortality of sablefish, and
is judged to be insignificant. Sablefish are fished at less than the OFL and all catch and bycatch are
accounted for (with the exception of any fish taken in Canadian waters) in the management of the
stock. The combined effect of internal removals and removals due to reasonably foreseeable external
events is not expected to jeopardize the capacity of the stock to produce MSY on a continuing basis.

Change in Biomass

¢ Direct/Indirect Effects. Change in biomass of the Sablefish stock is expected to be significantly
adverse under FMP 2.1 (see Direct/Indirect Effects).
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Persistent Past Effects. While past large removals of Sablefish and other past effects on biomass
have been identified (see Sections 3.5.1.3 and 3.5.1.17), these do not appear to have had a lingering
effect on the ability of the stock to sustain itself above the MSST.

Reasonably Foreseeable Future External Effects. Future external effects onbiomass are indicated
due to catch and bycatch in the IPHC longline and State of Alaska groundfish fisheries, and in the
Canadian fisheries. Marine pollution is identified as having a reasonably foreseeable potential
adverse contribution to change in biomass since acute and/or chronic pollution events, if large
enough in scale, could impact biomass to the point that the stock is unable to maintain MSST.
Climate changes and regime shifts are not identified as being contributors to Sablefish mortality,
thereby would not directly affect biomass.

Cumulative Effects. A cumulative effect for change in biomass is identified. The effect is judged
to be significantly adverse since the combination of internal and external factors is expected to
sufficiently reduce the Sablefish biomass such that the ability of the stock to maintain itself at or
above MSST is jeopardized.

Spatial/Temporal Concentration of Catch

— Change in Genetic Structure of Population
— Change in Reproductive Success

Direct/Indirect Effects. Under FMP 2.1, the spatial/temporal distribution of catch should have an
insignificant effect on the genetic structure and reproductive success of the population (see
Direct/Indirect Effects).

Persistent Past Effects. Past effects are not identified for change in genetic structure or reproductive
success. While spatial/temporal concentration of catch occurred in the State of Alaska directed
sablefish fisheries, there are no lingering effects due to the migratory nature of the fish (see Sections
3.5.13 and 3.5.1.17).

Reasonably Foreseeable Future External Effects. The IPHC longline and State of Alaska
groundfish fisheries, and Canadian fisheries all have the potential to cause adverse effects. However,
the removals are not expected to be sufficiently concentrated to alter the genetic structure of the
population or affect recruitment. Marine pollution could contribute adversely to genetic changes and
reduced recruitment since acute and/or chronic pollution events, depending on their location and
magnitude, could alter the genetic structure of the population through localized mortality events, and
also could result in reduced recruitment.

Cumulative Effects. A cumulative effect is identified for the spatial/temporal concentration of
harvest and is considered to be insignificant since the combination of internal and external factors
isnot expected to sufficiently alter the genetic structure or the reproductive success of the population
such that the ability of the stock to maintain itself at or above MSST is jeopardized.
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Change in Prey Availability

¢ Direct/Indirect Effects. Any predation-mediated impacts of FMP 2.1 would be governed by a
complex web of direct and indirect interactions that are difficult to quantify. However, it is
determined that the FMP would have insignificant effects on sablefish prey availability.

¢ Persistent Past Effects. While lingering population level effects from past foreign and domesticand
State of Alaska fisheries catch and bycatch of Sablefish prey species are not expected, past climate
changes and regime shifts are likely to have had lingering effects (both beneficial and adverse) on
Sablefish prey species (see Sections 3.5.1.3 and 3.5.1.17).

¢ Reasonably Foreseeable Future External Effects. Future external effects of climate changes and
regime shifts on Sablefish prey species could be either beneficial or adverse since a strong Aleutian
Low and high water temperatures tend to favor recruitment and cause a change in the reproductive
success of the stock. Likewise, a weak Aleutian Low and cooler water temperatures tend to result
in weak recruitment (see Sections 3.5.1.3 and 3.5.1.17). Marine pollution has also been identified
as a reasonably foreseeable future external contributing factor since acute and/or chronic pollution
events could reduce prey availability or prey quality and thus jeopardize the stock’s ability to sustain
itself above its MSST. The other fisheries are determined to be potential adverse contributors since
catch and bycatch of prey species are likely to continue.

¢ Cumulative Effects. Cumulative effects are identified for prey availability; however, the effect is
insignificant since the combination of internal and external removals of prey is not expected to

decrease prey availability such that the Sablefish stock is unable to sustain itselfat or above MSST.

Change in Habitat Suitability

e Direct/Indirect Effects. Under FMP 2.1, any habitat-mediated impacts would be governed by a
complex web of direct and indirect interactions that are difficult to quantify. However, it is
determined that the FMP would have insignificant effects on sablefish habitat suitability (see
Direct/Indirect Effects).

e Persistent Past Effects. Past effects identified for Sablefish include past foreign, JV, and domestic
fisheries, the State of Alaska crab and bait fisheries, IPHC longline, and climate changes and regime
shifts (see Sections 3.5.1.3 and 3.5.1.17). Past fishing for Sablefish in the past fisheries likely
disrupted habitat in areas of the GOA and possibly the BSAI. It is possible that some of these areas
have not recovered (see Section 3.6).

¢ Reasonably Foreseeable Future External Effects. Future external effects are possible from the
State of Alaska fisheries, and the IPHC fishery since any of these may impact bottom habitat through
use of fishing gear. As described for prey availability impacts on habitat from climate changes and
regime shifts on the Sablefish stock could be either beneficial or adverse depending on water
temperature. Marine pollution has also been identified as a potential adverse contributing factor
since acute and/or chronic pollution events could cause habitat degradation and may cause changes
in spawning or rearing success.
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¢ Cumulative Effects. Cumulative effects are identified for habitat suitability and are considered
insignificant since the combination of internal and external habitat disturbance factors is not
expected to lead to a detectable change in spawning or rearing success such that the ability of the
sablefish stock to sustain itself at or above MSST is jeopardized.

Direct/Indirect Effects of FMP 2.2
Direct/indirect effects are summarized in Table 4.6-1.
Catch/ABC

FMP 2.2 is projected to significantly increase average sablefish catch, but not ABC, compared to the
baseline. Yields likely increase because fisheries where sablefish are caught as bycatch can catch the full
ABC. For example, sablefish primarily are caught in a directed fishery, but also as bycatch in fisheries such
as Greenland turbot in the Bering Sea. Setting the OY to the sum of the ABCs likely increases the amount
of sablefish caught as bycatch.

Fishing Mortality

Under FMP 2.2, the fishing mortalities imposed on the sablefish stock are well below the F,,¢, proxy value
of 0.14 which is the rate associated with the OFL (Tables H.4-11and H.4-30 of Appendix H).

Total Biomass

FMP 2.2 is projected to have an insignificant impact on total biomass (age 2-31+) compared to the baseline.
Fishing mortality is higher for FMP 2.2, but catches remain relatively small compared to total biomass, so
that the increased catches have an insignificant impact on total biomass (Tables H.4-11 and H.4-30 of
Appendix H).

Spawning Biomass

FMP 2.2 is projected to have an insignificant impact on spawning biomass compared to the baseline. Fishing
mortality is higher for FMP 2.2, but catches remain relatively small compared to spawning biomass, so that
the increased catches have an insignificant impact on spawning biomass (Tables H.4-11 and H.4-30 of
Appendix H).

Spatial/Temporal Concentration of Fishing Mortality
Sablefish fishing is concentrated along the upper continental slope and deepwater gullies. FMP 2.2 is
projected to have an insignificant impact on the spatial/temporal concentration of fishing mortality compared

to the baseline. FMP 2.2 closed areas are the same as baseline.

Status Determination

Under FMP 2.2, sablefish is not overfished nor approaching an overfished condition.
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Age and Size Composition

FMP 2.2 is projected to have an insignificant impact on mean age compared to the baseline. The mean ages
actually observed in 2008 (as opposed to projections of mean ages) will be driven largely by incoming
recruitment strengths during the intervening years.

BSAI mean age likely is overestimated. The model assumes that the lower exploitation rate for the BSAI
compared to the GOA will translate into greater mean age for the BSAI. However sablefish migration is
substantial enough to erase the effects of differential exploitation rates between the GOA and BSAL The
mean age for the GOA best represents the mean age for the BSAI/GOA because sablefish abundance is much
greater for the GOA.

Sex Ratio
The sex ratio of the adult population is 40 males: 60 females, based on sex ratio data collected during
sablefish longline surveys. This FMP probably would have no significant effect on the sex ratio compared

to the baseline.

Habitat Suitability

FMP 2.2 would increase exploitation rates and so would increase any effects that additional fishing may have
to decrease habitat suitability.

Predator-prey Relationships

FMP 2.2 is projected to have an insignificant impact on total biomass (age 2-31+) compared to the baseline,
so this FMP should have an insignificant effect on the amount of sablefish biomass available to the
ecosystem and the amount of predation due to sablefish.

Cumulative Effects of FMP 2.2

External effects and the resultant cumulative effects associated with FMP 2.2 are depicted on Table 4.5-5.
For further information regarding persistent past effects listed below in the text and in table, see the
past/present effects analysis in Sections 3.5.1.3 and 3.5.1.17.

Mortality

¢ Direct/Indirect Effects. The effect of fishing mortality on the sablefish stock is insignificant under
FMP 2.2 (see direct/indirect effects discussion above).

e Persistent Past Effects. Past effects of the foreign, JV, domestic, and State of Alaska groundfish
fisheries are identified for Sablefish. Large removals of Sablefish occurred, particularly in the JV
and domestic fisheries. Catches that were under reported during the late 1980s may have contributed
to abundance declines in the 1990s (see Sections 3.5.1.3 and 3.5.1.17).

¢ Reasonably Foreseeable Future External Effects. As described for FMP 2.1, bycatch and
removals of Sablefish are predicted to continue in the IPHC longline fishery, State of Alaska
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groundfish fishery, but these are not expected to be contributing factors to fishing mortality in the
cumulative case. Due the highly migratory nature, Canadian fisheries, fishing within Canadian
waters could be harvesting sablefish considered to be part of the GOA population. These removals
are not accounted for in the TAC setting process and can be considered as having a potential adverse
contribution to the cumulative case. Likewise, marine pollution is identified as having a reasonably
foreseeable potential adverse contribution, but climate changes and regime shifts are not identified
as being contributors to direct Sablefish mortality.

e Cumulative Effects. A cumulative effect under FMP 2.2 is identified for mortality of sablefish and
is judged to be insignificant. Sablefish are fished at less than the OFL and all catch and bycatch are
accounted for (with the exception of any fish taken in Canadian waters) in the management of the
stock. The combined effect of internal removals and removals due to reasonably foreseeable external
events is not expected to jeopardize the capacity of the stock to produce MSY on a continuing basis.

Change in Biomass

¢ Direct/Indirect Effects. Change in biomass of the sablefish stock is expected to be insignificant
under FMP 2.2 (see Section 4.6.1.3).

e Persistent Past Effects. While past large removals of sablefish and other past effects on biomass
have been identified (see Sections 3.5.1.3 and 3.5.1.17), these do not appear to have had a lingering
effect on the ability of the stock to sustain itself above the MSST.

¢ Reasonably Foreseeable Future External Effects. As described for FMP 2.1, effects on biomass
are indicated due to catch and bycatch in the IPHC longline and State of Alaska groundfish fisheries,
and in the Canadian fisheries. Marine pollution is identified as having a reasonably foreseeable
potential adverse contribution to change in biomass, but climate changes and regime shifts are not
identified as being contributors to Sablefish mortality, thereby would not directly affect biomass.

¢ Cumulative Effects. A cumulative effect for change in biomass is identified and is considered
insignificant since the combination of internal and external factors is not expected to sufficiently
reduce the Sablefish biomass such that the ability of the stock to maintain itself at or above MSST
is jeopardized.

Spatial/Temporal Concentration of Catch
— Change in Genetic Structure of Population
— Change in Reproductive Success

¢ Direct/Indirect Effects. Under FMP 2.2, the spatial/temporal distribution of catch should have an
insignificant effect on the genetic structure and reproductive success of the population (see
direct/indirect effects discussion for this FMP).

¢ Persistent Past Effects. Past effects are not identified for change in genetic structure or reproductive
success. While spatial/temporal concentration of catch occurred in the State of Alaska directed
sablefish fisheries, there are no lingering effects due to the migratory nature of the fish (see Sections
3.5.13 and 3.5.1.17).
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¢ Reasonably Foreseeable Future External Effects. As described for FMP 2.1, the IPHC longline
and State of Alaska groundfish fisheries, Canadian fisheries and marine pollution, all have the
potential to cause adverse effects.

e Cumulative Effects. A cumulative effect is identified for the spatial/temporal concentration, and
is considered insignificant since the combination of internal and external factors is not expected to
sufficiently alter the genetic structure or the reproductive success of the population such that the
ability of the stock to maintain itself at or above MSST is jeopardized.

Change in Prey Availability

e Direct/Indirect Effects. Any predation-mediated impacts of FMP 2.2 would be governed by a
complex web of direct and indirect interactions that are difficult to quantify. However, it is
determined that the FMP would have insignificant effects on sablefish prey availability (see
Direct/Indirect Effects).

e Persistent Past Effects. While lingering population level effects from past foreign and domestic and
State of Alaska fisheries catch and bycatch of Sablefish prey species are not expected, past climate
changes and regime shifts are likely to have had lingering effects (both beneficial and adverse) on
sablefish prey species (see Sections 3.5.1.3 and 3.5.1.17).

¢ Reasonably Foreseeable Future External Effects. As described for FMP 2.1, effects of climate
changes and regime shifts on Sablefish prey species could be beneficial or adverse. Marine pollution
has been identified as a reasonably foreseeable future external contributing factor, and the other
fisheries shown on Table 4.5-5 are determined to be potential adverse contributors since catch and
bycatch of prey species are likely to continue.

e Cumulative Effects. A cumulative effect is identified for prey availability, and the effect is
considered insignificant since the combination of internal and external removals of prey is not
expected to decrease prey availability such that the sablefish stock is unable to sustain itself at or
above MSST.

Change in Habitat Suitability

¢ Direct/Indirect Effects. Under FMP 2.2, any habitat-mediated impacts would be governed by a
complex web of direct and indirect interactions that are difficult to quantify. However, it is
determined that the FMP would have insignificant effects on sablefish habitat suitability (see
Direct/Indirect Effects).

e Persistent Past Effects. Past effects identified for sablefish include past foreign, JV, and domestic
fisheries, the State of Alaska crab and bait fisheries, [PHC longline, and climate changes and regime
shifts (see Sections 3.5.1.3 and 3.5.1.17). Past fishing for Sablefish in the past fisheries likely
disrupted habitat in areas of the GOA and possibly the BSAL. It is possible that some of these areas
have not recovered (see Section 3.6).

¢ Reasonably Foreseeable Future External Effects. As described for FMP 2.1, effects are possible
from the State of Alaska fisheries, and the IPHC fishery since any of these may impact bottom
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habitat through use of fishing gear. Impacts on habitat from climate changes and regime shifts on
the Sablefish stock could be beneficial or adverse and marine pollution has been identified as a
potential adverse contributing factor.

¢ Cumulative Effects. Cumulative effects are identified for habitat suitability; however, they are
determined to be is insignificant since the combination of internal and external habitat disturbance
factors is not expected to lead to a detectable change in spawning or rearing success such that the
ability of the sablefish stock to sustain itself at or above MSST is jeopardized.

4.6.1.4 Atka Mackerel

This section provides the effects analysis for BSAI and GOA Atka mackerel for each of the bookends under
Alternative 2. The goal of Alternative 2 is to have a more aggressive harvesting policy while preventing
overfishing of target groundfish stocks.

For further information regarding persistent past effects listed below in the text and in the tables, see the
past/present effects analysis in Sections 3.5.1.4 and 3.5.1.18. Atka mackerel are managed as separate stocks
in the BSAI and GOA; in the BSAI the species is managed under Tier 3a of the ABC and OFL definitions.
However, in the GOA Atka mackerel are managed under Tier 6.

Direct/Indirect Effects of FMP 2.1

Model projections of future BSAI Atka mackerel catch and biomass levels under Alternative 2 assume the
ABC level to equal the OFL.

GOA Atka mackerel are managed in Tier 6 because current estimates of total and spawning biomass are
unknown for GOA Atka mackerel. Age structured models were not available for evaluation of impacts for
the GOA, therefore model projections of future biomass levels were not produced. Direct/indirect effects
are summarized in Table 4.6-1.

Catch and Fishing Mortality

The average expected yield for BSAI Atka mackerel for the period 2003-2007 is 73,300 mt (Table H.4-17
of Appendix H). The catch and ABC values, which are equivalent in the projections, are expected to decrease
through 2006. The average fishing mortality imposed on the BSAI Atka mackerel stock in 2002 is 0.251.
Model projections show this value will increase to 0.564 in 2003, and remain at that level through 2007. The
fishing mortality rate under FMP 2.1 (0.564) is equivalent to the F,,, proxy (F,s,,) which is the rate
associated with the OFL. Overall, the projections show a 125 percent increase in the average fishing
mortality rate from 2002 to 2007.

Under the specifications of the projection model, no new fisheries could be developed that were not present
during the time period 1997-2001. The current GOA ABC and TAC level is 600 mt. This low level of TAC
is intended to preclude a directed fisheryand only provide for bycatch in other fisheries. This harvest strategy
has been applied to GOA Atka mackerel since 1997. Under FMP 2.1, the ABC for GOA Atka mackerel
would be set equal to the OFL of 6,200 mt. At this harvest level, it is likely that a fishery for GOA Atka
mackerel would be developed; however, catches could not be projected within the model for FMP 2.1 (Table
H.4-38 of Appendix H).
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Total Biomass

Total (ages 1-15+) biomass of BSAI Atka mackerel at the start of 2002 is estimated to be 480,000 mt. Model
projections of future total BSAI total biomasses are shown in Table H.4-17 of Appendix H. Under FMP 2.1,
model projections indicate that total BSAI Atka mackerel is expected to decline to a value of 388,000 mt by
2005, then increase to a value of 410,000 mt by 2007, with a 2003-2007 average value of 412,000 mt.
Overall, the projections show about a 15 percent decrease in total biomass from 2002 to 2007 under FMP 2.1.

GOA Atka mackerel are managed in Tier 6 because current estimates of total and spawning biomass are
unknown for GOA Atka mackerel. Therefore, model projections are unable to predict future biomass levels.
However, as noted above, it is likely that a fishery for GOA Atka mackerel would be developed under FMP
2.1. The likely impact of this fishery, while not modeled explicitly, is that the stock of Atka mackerel in the
GOA would remain stable or decrease.

Spawning Biomass

Female spawning biomass of BSAI Atka mackerel at the start of 2002 is estimated at 118,500 mt. Model
projections of future BSAI spawning biomasses are shown in Table H.4-17 of Appendix Hand Figure H.4-11
of Appendix H. Under FMP 2.1, model projections indicate that BSAI spawning biomass is expected to
decline to a value of 65,300 mt by 2005, then increase to a value of 73,700 mt by 2007, with a 2003-2007
average value of 76,500 mt. Overall, the projections show about a 38 percent decrease in female spawning
biomass from 2002 to 2007 under FMP 2.1. Projected spawning biomass exceeds the proxy BMSY value
(B;s,) of 77,800 mt in 2003, but dips below the B,,, value for the years 2004-2007.

GOA Atka mackerel are managed in Tier 6 because current estimates of total and spawning biomass are
unknown for GOA Atka mackerel. Therefore, model projections are unable to predict future biomass levels.
However, as noted above, it is likely that a fishery for GOA Atka mackerel would be developed under FMP
2.1. The likely impact of this fishery, while not modeled explicitly, is that the stock of Atka mackerel in the
GOA would remain stable or decrease.

Spatial/Temporal Concentration of Fishing Mortality

Under FMP 2.1, the current network of spatial/temporal closed areas is repealed, except for the
temporal/spatial closures designated in the Steller sea lion protection measures which will remain in place.

The directed fishery for Atka mackerel is prosecuted by catcher processor bottom trawlers. The patterns of
the fishery generally reflect the behavior of the species in that the fishery is highly localized, occurring in
the same few locations each year, at depths that typically range between 100 and 200 m. The localized
pattern of fishing for Atka mackerel apparently does not affect fishing success from one year to the next since
local populations in the Aleutians appear to be replenished by immigration and recruitment. In addition, the
management measures which distribute TAC spatially and temporally, remain in place. That is, the overall
BSAITAC is allocated to three management areas (western, central, and Bering Sea/eastern Aleutians), and
the regional TACs are further allocated to two seasons and there are limits to the amount of catch that can
be taken inside of Steller sea lion critical habitat. Because Steller sea lion critical habitat overlaps
significantly with Atka mackerel habitat, these measures provide protection to Atka mackerel by reducing
the risk of localized depletion through effort limitations and reductions. However, under FMP 2.1 catches
of BSAI Atka mackerel would increase. It is unknown whether the increased effort would be accommodated
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through increased concentration ofthe catch or expanded exploitation innew areas, or a combination of both
strategies. As such, the impacts of the spatial/temporal concentration of fishing mortality under FMP 2.1 is
unknown.

Under FMP 2.1 there is the potential for development of a GOA Atka mackerel fishery and a substantial
increase in fishing mortality. This could result in much higher concentrations of fishing mortality in time and
space. However, itis unknown whether the potential increases in the spatial/temporal concentrations of GOA
Atka mackerel catches under FMP 2.1 would affect the sustainability of the stock either through changes in
the genetic structure of the population or changes in reproductive success.

Status Determination

Model projections of future catches of BSAI Atka mackerel are equivalent to the OFL in all projection years
under FMP 2.1(Table H.4-17 of Appendix H). Female spawning biomassis above B,s,, (B,,sy proxy) in 2003,
thus the BSAI Atka mackerel stock is determined to be above its MSST in the year 2003. Female spawning
biomass dips below B;;,, but remains above /4B, in each of the projection years 2004 to 2007. Long-term
projections show that the stock does not rebuild to the B,;,, level within 10 years of each of the projection
years (2004 to 2007), therefore the BSAI Atka mackerel stock is determined to be below its MSST and
overfished in the years 2004 to 2007.

GOA Atka mackerel are in Tier 6 and its MSST is unknown; therefore a status determination cannot be
made.

Age and Size Composition

Under FMP 2.1, the mean age of BSAI Atka mackerel in 2007, as computed in model projections, is 2.61
years. This compares with a mean age in the equilibrium unfished BSAI stock of 3.82 years. Note that the
mean ages and sizes actually observed in 2007 (as opposed to the model projections of mean age in 2007)
will be driven largely by the strengths of incoming recruitments during the intervening years. The selectivity
of the fishery has cumulative impacts on the age composition due to fishing mortality, and the current
composition is also the result of its being a fished population with a greater than 30-year catch history. In
the short-term, the impacts of the current fishing mortality levels on the stock would be overshadowed by
the magnitude of incoming year-classes, which in turn are highly dependent on environmental conditions.
The cumulative long-term impacts of the fishing mortality rates could cause a shift in the age and size
compositions.

It is unknown what the actual level of GOA Atka mackerel catch would be under FMP 2.1. Although it is
thought that changes in the age and size compositions of GOA Atka mackerel are more likely to be driven
by variation in recruitment than to the effects of fishing, there is the potential for a substantial increase in
fishing mortality under FMP 2.1 which could impact the age and size compositions in the short-term.

Sex Ratio

A 50:50 sex ratio is assumed for the BSAI Atka mackerel stock assessment and model projections. It is
unknown what the true population sex ratio is, and what change, if any, would occur in the future. The
current population sex ratio of GOA Atka mackerel is unknown. The true GOA population sex ratio, and
what changes, if any, would occur in the future are unknown.
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Habitat Suitability

Because Steller sea lion critical habitat overlaps significantly with Atka mackerel habitat, Steller sea lion
protection measures may provide habitat protection for Atka mackerel through effort limitations and
reductions. However, under FMP 2.1 catches of BSAI Atka mackerel would increase. It is unknown whether
the increased effort would be accommodated through increased concentration of the catch or expanded
exploitation in new areas, or a combination of both strategies. It is unknown whether the level of habitat
disturbance caused by the fishery under FMP 2.1 would be sufficient to affect the sustainability of the stock
through a decrease in reproductive success. As such, the impacts to habitat suitability under FMP 2.1 are
unknown.

Under FMP 2.1 there is the potential for development of a GOA Atka mackerel fishery and a substantial
increase in fishing mortality. It is likely that the increased effort would be accommodated through increased
concentration of the catch and expanded exploitation in new areas. It is unknown whether the level ofhabitat
disturbance caused by the fishery under FMP 2.1 would be sufficient to affect the sustainability of the stock
through a decrease in reproductive success. As such, the impacts to habitat suitability under FMP 2.1 are
unknown.

Predation-Prey Relationships

The trophic interactions of Atka mackerel are governed by a complex web of indirect interactions that are
currently difficult to quantify. Higher catches of Atka mackerel could impact the amount of Atka mackerel
available to the ecosystem. Under FMP 2.1, fewer commercial-sized Atka mackerel would be available as
prey and predators in the ecosystem. In a study conducted by Yang (1996), more than 90 percent of the total
stomach contents weight of Atka mackerel in the study was made up of invertebrates, with less than 10
percent made up of fish. Based on the low proportion of fish found in the diet of Atka mackerel, it is
presumed that FMP 2.1 will not impact prey availability for BSAI and GOA Atkamackerel. Overall however,
information is insufficient to conclude that existing trophic interactions would undergo significant qualitative
change during the next five years under FMP 2.1.

Summary of Effects of FMP 2.1 — Atka Mackerel

The criteria used to estimate the significance of impacts of the FMPs on the BSAI and GOA stock of Atka
mackerelare outlined in Section4.1.1.1. The ratings of conditionally significant (either beneficial or adverse)
are not applicable in this analysis as the model projections yielded results that were deemed either significant
(beneficial or adverse), insignificant, or unknown.

The ratings use the overfishing mortality rate (F,;, ) and the MSST for the fishing mortality effect and the
MSST for all other effects, as a basis for the beneficial or adverse impacts of FMP 2.1. Because the mean
projected BSAI Atka mackerel fishing mortality rates are equal to the overfishing mortality rate for the
projection years 2003-2007, the overfishing aspect of the fishing mortality effect is insignificant for
Alternative 2.1. The spawning stock biomass of BSAI Atka mackerel in 2003 is above B,,, (Bysy Proxy),
thus the BSAI Atka mackerel stock is determined to be above its MSST for the year 2003 under FMP 2.1.
However, the BSAI Atka mackerel stock is determined to be below its MSST and overfished in the years
2004 to 2007. Thus, the impact of the change in biomass aspect of the fishing mortality effect is determined
to be significantly adverse. Although the BSAI Atka mackerel stock is determined to be below its MSST in
the years 2004 to 2007, it is unknown whether the potential increases in the spatial/temporal concentrations
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of BSAI Atka mackerel catches under FMP 2.1 would affect the sustainability of the stock either through
changes in the genetic structure of the population or changes in reproductive success. Therefore the impact
of the spatial temporal concentration of the catch is unknown. Based on the low proportion of fish found in
the diet of Atka mackerel, it is presumed that FMP 2.1 will not impact prey availability for BSAI Atka
mackerel and the impact to the prey availability effect is determined to be insignificant. Because it is
unknown whether the level of habitat disturbance caused by the fishery under FMP 2.1 would be sufficient
to affect the sustainability of the BSAI Atka mackerel stock through a decrease in reproductive success, the
impact to habitat suitability under FMP 2.1 is determined to be unknown.

Relative to the comparative baseline, under FMP 2.1, the BSAI Atka mackerel stock is overfished. Spawning
biomass declines through 2005, after which biomass increases. Long-term (10 and 20 year) projections of
spawning biomass show a very stable trend in biomass after 2007, with levels just below the B;.,, level of
77,800 mt.

The fishing mortality rate and the MSST for GOA Atka mackerel are unknown, thus the effect of fishing
mortality is unknown under FMP 2.1. As the MSST cannot be estimated for GOA Atka mackerel which are
in Tier 6, the significance of the spatial temporal concentration and habitat suitability effects is also unknown
under FMP 2.1. Although the MSST cannot be estimated for GOA Atka mackerel, due to the low proportion
of fish found in the diet of Atka mackerel, it is presumed that FMP 2.1 will not impact prey availability for
GOA Atka mackerel, and the impact to prey availability is determined to be insignificant.

Relative to the comparative baseline, under FMP 2.1, the GOA Atka mackerel stock is likely to remain at
low and possibly decreased abundance. There is the potential for a directed fishery to develop for GOA Atka
mackerel.

Cumulative Effects of FMP 2.1 — BSAI Atka Mackerel

External effects and the resultant cumulative effects associated with FMP 2.1 for BSAI Atka mackerel are
depicted on Table 4.5-6.

Mortality

Direct/Indirect Effects. The effect of fishing mortality on the BSAI Atka mackerel stock is
insignificant under FMP 2.1 (see Section 4.6.1.4).

e Persistent Past Effects. Past effects of the foreign, JV, and domestic fisheries are not expected for
the BSAI Atka mackerel stock. While large removals of Atka mackerel did occur in the past, there
does not appear to be alingering effect on the BSAI Atka mackerel populations (see Section 3.5.1.4).

¢ Reasonably Foreseeable Future External Effects. Marine pollution has been identified as the only
external event that could cause effects on the BSAI Atka mackerel population. Acute and/or chronic
pollution events, if large enough in scale, could cause mortality to the point that the capacity of the
stock to produce MSY on a continuing basis is jeopardized. Climate changes and regime shifts are
not identified as being contributors to Atka mackerel mortality.

¢ Cumulative Effects. A cumulative effect under FMP 2.1 is identified for mortality of BSAI Atka
mackerel and the effect is judged to be insignificant. Fishing effort would not exceed the OFL and
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the stock is above the minimum stock size. The combined effect of internal removals and removals
due to reasonably foreseeable external events is not expected to jeopardize the capacity of the stock
to produce MSY on a continuing basis.

Change in Biomass

¢ Direct/Indirect Effects. Change in biomass of the BSAI Atka mackerel stock is expected to be
significantly adverse under FMP 2.1 (see Direct/Indirect Effects).

¢ Persistent Past Effects. While past large removals of Atka mackerel and other past effects on
biomass have been identified (see Section 3.5.1.4), these do not appear to have had a lingering effect
on the ability of the stock to sustain itself above the MSST.

¢ Reasonably Foreseeable Future External Effects. Marine pollution is identified as having a
reasonably foreseeable potential adverse contribution to change in biomass since acute and/or
chronic pollution events, if large enough in scale, could impact biomass to the point that the stock
is unable to maintain MSST. Climate changes and regime shifts are not identified as being
contributors to Atka mackerel mortality, and therefore would not directly affect biomass.

e Cumulative Effects. A cumulative effect for change in biomass is identified under FMP 2.1. The
effect is judged to be significantly adverse. Due to the internal effects of the FMP, biomass of the
BSAI stock is projected to fall below the MSST from 2004 to 2007. The additional mortality from
external human controlled events will likely cause additional reduction in biomass.

Spatial/Temporal Concentration of Catch
Change in Genetic Structure of Population
Change in Reproductive Success

¢ Direct/Indirect Effects. It is unknown whether the potential increases in the spatial/temporal
concentrations of BSAI Atka mackerel catches under FMP 2.1 would affect the sustainability of the
stock either through changes in the genetic structure of the population or changes in reproductive
success (see Direct/Indirect Effects).

¢ Persistent Past Effects. Since the Atka mackerel fishery was highly localized, past foreign, JV, and
domestic fisheries are found to have had lingering effects on the spatial/temporal distribution of the
fish. However, the effect of this change in distribution on genetic structure is unknown. Past
commercial whaling and sealing also removed large predators of Atka mackerel adding to the
potential for reproductive success of the stock. Lingering past effects are also identified due to
Climate Changes and Regime Shifts (see Section 3.5.1.4).

¢ Reasonably Foreseeable Future External Effects. Marine pollution could contribute adversely to
genetic changes and reduced recruitment since acute and/or chronic pollution events, depending on
their location and magnitude, could alter the genetic structure of the population through localized
mortality events, and also could result in reduced recruitment. Climate changes and regime shifts
could have potential beneficial or potential adverse effects on Atka mackerel reproductive success.
A shift toward colder waters favors recruitment and survival of Atka mackerel. Conversely, warmer
waters are potentially adverse.
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e Cumulative Effects. A cumulative effect is possible for the spatial/temporal concentration;
however, the significance of the effect is unknown since it is not known how the changes in
spatial/temporal concentration of the fishery under the FMP would affect the sustainability of the
stock.

Change in Prey Availability

e Direct/Indirect Effects. Any predation-mediated impacts of FMP 2.1 would be governed by a
complex web of direct and indirect interactions that are difficult to quantify. However, the effect is
judged insignificant (see Direct/Indirect Effects).

¢ Persistent Past Effects. While lingering population level effects from past foreign and domestic
fisheries catch and bycatch of Atka mackerel prey species are notexpected, past climate changes and
regime shifts are likely to have had lingering effects (both beneficial and adverse) on Atka mackerel
prey species (see Section 3.5.1.4).

¢ Reasonably Foreseeable Future External Effects. Climate changes and regime shifts could have
potential beneficial or potential adverse effects on Atka mackerel reproductive success. A shift
toward colder waters favors recruitment and survival of Atka mackerel. Conversely, warmer waters
are potentially adverse. Marine pollution has also been identified as a reasonably foreseeable future
external contributing factor since acute and/or chronic pollution events couldreduce prey availability
or prey quality and thus jeopardize the stock’s ability to sustain itself above its MSST.

e Cumulative Effects. Cumulative effects are identified for prey availability and the effect is
insignificant since the combination of internal and external removals of prey species is not expected
to decrease prey availability such that the Atka mackerel stock is unable to sustain itself at or above
MSST.

Change in Habitat Suitability

¢ Direct/Indirect Effects. It isunknown whether the level of habitat disturbance caused by the fishery
under FMP 2.1 would be sufficient to affect the sustainability of the stock (see Direct/Indirect
Effects).

¢ Persistent Past Effects. Past effects identified for BSAI Atka mackerel stocks include past foreign,
JV, domestic fisheries, and climate changes and regime shifts (see Section 3.5.1.4). Intense bottom
trawling for Atka mackerel in the past fisheries likely disrupted habitat in areas of the BSAL It is
possible that some of these areas have not recovered from the intense efforts (see Section 3.6).

¢ Reasonably Foreseeable Future External Effects. Impacts on habitat fromthe climate changes and
regime shifts could be either beneficial or adverse. Marine pollution has also been identified as a
potential adverse contributing factor since acute and/or chronic pollution events could cause habitat
degradation and may cause changes in spawning or rearing success.

e Cumulative Effects. A cumulative effect is identified for habitat suitability; however, its
significance on the BSAI Atka mackerel stock is unknown.
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Direct/Indirect Effects of FMP 2.2

Model projections of future BSAI Atka mackerel catch and biomass levels under FMP 2.2 assume the
maximum permissible fishing mortality rate according to Amendment 56 ABC/OFL definitions.

GOA Atka mackerel are managed in Tier 6 because current estimates of total and spawning biomass are
unknown for GOA Atka mackerel. Age structured models were not available for evaluation of impacts for
the GOA; therefore model projections of future biomass levels were not produced. Direct/indirect effects
are summarized in Table 4.6-1.

Catch and Fishing Mortality

The average expected yield for BSAI Atka mackerel for the period 2003-2007 is 63,400 mt. The catch and
ABC values, which are equivalent in the projections, are expected to decrease through 2006. The average
fishing mortality imposed on the BSAI Atka mackerel stock in 2002 is 0.251. Model projections show this
value will increase to 0.447 in 2003, decrease to 0.387 by 2005, then increase to 0.406 in 2007. Overall, the
projections show a 62 percent increase in the average fishing mortality rate from 2002 to 2007. These values
are well below the F,,q, proxy value of 0.564 which is the rate associated with the OFL (Table H.4-17 of
Appendix H).

Projections of GOA Atka mackerel under FMP 2.2 indicate that catches will likely average 300 mt through
2007 (Table H.4-38 of Appendix H). Annual changes in the GOA Atka mackerel catches reflect shifts in
catches of other species which catch Atka mackerel as bycatch (e.g. Pacific ocean perch, pollock, northern
rockfish, and Pacific cod).

Total Biomass

Total (ages 1-15+) biomass of BSAI Atka mackerel at the start of 2002 is estimated to be 480,000 mt. Model
projections of future total BSAI total biomasses are shown in Table H.4-17 of Appendix H. Under FMP 2.2,
model projections indicate that total BSAI Atka mackerel is expected to decline to a value 0of 412,000 mt by
2005, then increase to a value of 442,000 mt by 2007, with a 2003-2007 average value of 432,000 mt.
Overall, the projections show an 8 percent decrease in total biomass from 2002 to 2007 under FMP 2.2.

GOA Atka mackerel are managed in Tier 6 because current estimates of total and spawning biomass are
unknown for GOA Atka mackerel. Therefore, model projections are unable to predict future biomass levels.

Spawning Biomass

Female spawning biomass of BSAI Atka mackerel at the start of 2002 is estimated at 118,500 mt. Model
projections of future BSAI spawning biomasses are shown in Table H.4-17 of Appendix H. Under FMP 2.2,
model projections indicate that BSAI spawning biomass is expected to decline to a value of 77,700 mt by
2005, then increase to a value of 87,600 mt by 2007, with a 2003-2007 average value of 87,600 mt. Overall,
the projections show a 26 percent decrease in female spawning biomass from 2002 to 2007 under FMP 2.2.
Projected spawning biomass dips slightly below the proxy BMSY value of 77,800 mt in 2005, but otherwise
exceeds the B, , value for the projection years 2003-2007.
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GOA Atka mackerel are managed in Tier 6 because current estimates of total and spawning biomass are
unknown for GOA Atka mackerel. Therefore, model projections are unable to predict future biomass levels.

Spatial/Temporal Concentration of Fishing Mortality

Under FMP 2.2, the current network of spatial/temporal closed areas is in place. The closures designated in
the Steller sea lion protection measures probably have the largest impact relative to Atka mackerel.

The directed fishery for Atka mackerel is prosecuted by catcher processor bottom trawlers. The patterns of
the fishery generally reflect the behavior of the species in that the fishery is highly localized, occurring in
the same few locations each year, at depths that typically range between 100 and 200 m. The localized
pattern of fishing for Atka mackerel apparently does not affect fishing success from one year to the next since
local populations in the Aleutians appear to be replenished by immigration and recruitment. In addition,
management measures would be in place that have the effect of spreading out the harvest in time and space.
The overall BSAI TAC would be allocated to three management areas (western, central, and Bering
Sea/eastern Aleutians). The regional TACs would be further allocated to two seasons and there would be
limits to the amount of catch that can be taken inside of Steller sea lion critical habitat. Because Steller sea
lion critical habitat overlaps significantly with Atka mackerel habitat, these measures provide protection to
Atka mackerel by reducing the risk of localized depletion through effort limitations and reductions. The
temporal/spatial concentration of the catch under FMP 2.2 does not appear to affect the sustainability of the
stock either through changes in the genetic structure of the population or changes in reproductive success,
as measured by the ability of the stock to maintain itself above its MSST.

Status Determination

Model projections of future catches of BSAI Atka mackerel are below the OFL in all years under FMP 2.2
(Table H.4-17 of Appendix H). Female spawning biomass is above B;;,, (Bysy proxy) in 2003-2004 and
2006-2007. Female spawning biomass dips slightly below B;;.,, in 2005, but rebuilds to the B,;.,, level by the
following year, therefore the BSAI Atka mackerel stock is determined to be above its MSST and is not
overfished under FMP 2.2.

GOA Atkamackerel are in Tier 6 and the stock’s MSST is unknown; therefore a status determination cannot
be made.

Age and Size Composition

Under FMP 2.2, the mean age of BSAI Atka mackerel in 2007, as computed in model projections, is 2.73
years. This compares with a mean age in the equilibrium unfished BSAI stock of 3.82 years. Note that the
mean ages and sizes actually observed in 2007 (as opposed to the model projections of mean age in 2007)
will be driven largely by the strengths of incoming recruitments during the intervening years. The selectivity
of the fishery has cumulative impacts on the age composition due to fishing mortality, and the current
composition is also the result of its being a fished population with a greater than 30-year catch history. In
the short-term however, the impacts of the current fishing mortality levels on the stock would be
overshadowed by the magnitude of incoming year-classes, which in turn are highly dependent on
environmental conditions. The cumulative long-term impacts of the fishing mortality rates could cause a shift
in the age and size compositions.
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The level of catch of GOA Atka mackerel is low and projected to remain at a low level, therefore, it is
unlikely that the age and size compositions would change in the future under FMP 2.2. Changes in the age
and size compositions of GOA Atka mackerel are more likely driven by variation in recruitment than to the
effects of fishing.

Sex Ratio

A 50:50 sex ratio is assumed for the BSAI Atka mackerel stock assessment and model projections. It is
unknown what the true population sex ratio is, and what change, if any, would occur in the future. The
current population sex ratio of GOA Atka mackerel is unknown. The true GOA population sex ratio, and

what changes, if any, would occur in the future are unknown.

Habitat Suitability

Because Steller sea lion critical habitat overlaps significantly with Atka mackerel habitat, Steller sea lion
protection measures may provide habitat protection for Atka mackerel through effort limitations and
reductions. The level of habitat disturbance caused by the fishery under FMP 2.2, is not likely to affect the
sustainability of the stock as measured by the ability of the stock to maintain itself above its MSST.

Predator/Prey Relationships

The trophic interactions of Atka mackerel are governed by a complex web of indirect interactions that are
currently difficult to quantify. Information is insufficient to conclude that existing trophic interactions would
undergo significant qualitative change during the next five years under FMP 2.2. In a study conducted by
Yang (1996), more than 90 percent of the total stomach contents weight of Atka mackerel in the study was
made up of invertebrates, with less than 10 percent made up of fish. Based on the low proportion of fish
found in the diet of Atka mackerel, it is presumed that FMP 2.2 will not impact prey availability for BSAI
and GOA Atka mackerel.

Summary of Effects of FMP 2.2 — Atka Mackerel

The criteria used to estimate the significance of impacts of the FMPs on the BSAI and GOA stock of Atka
mackerel are outlined in Section4.1.1.1. The ratings of conditionally significant (either beneficial or adverse)
are not applicable in this analysis as the model projections yielded results that were deemed either significant
(beneficial or adverse), insignificant, or unknown.

The ratings use the overfishing mortality rate (F,;, ) and the MSST for the fishing mortality effect and the
MSST for all other effects, as a basis for the beneficial or adverse impacts of FMP 2.2. Because the mean
projected BSAI Atka mackerel fishing mortality rates are below the overfishing mortality rate, and the
spawning stock is above its MSST in each of the projection years (2003-2007), the fishing mortality effect
is insignificant for FMP 2.2. As noted above, the BSAI Atka mackerel stock is determined to be above its
MSST under FMP 2.2. Thus, for all other effects, it was determined that FMP 2.2 did not jeopardize the
ability of the BSAI Atka mackerel stock to sustain itself at or above its MSST, therefore the effects were
insignificant.

Relative to the comparative baseline, under FMP 2.2, the BSAI Atka mackerel stock is not overfished.
Spawning biomass declines through 2005, after which biomass increases. Long-term projections (10 and 20
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year projections) of spawning biomass show a very stable trend in biomass after 2007, with levels similar
to the 2007 level of 87,600 mt.

The fishing mortality rate and the MSST for GOA Atka mackerel are unknown, thus the effect of fishing
mortality is unknown under FMP 2.2. As the MSST cannot be estimated for GOA Atka mackerel which are
in Tier 6, the significance of the spatial temporal concentration and habitat suitability effects are also
unknown under FMP 2.2. Although the MSST cannot be estimated for GOA Atka mackerel, due to the low
proportion of fish found in the diet of Atka mackerel, it is presumed that FMP 2.2 will not impact prey
availability for BSAI Atka mackerel and the impact to the prey availability effect is determined to be
insignificant.

Relative to the comparative baseline, under FMP 2.2, the GOA Atka mackerel stock is likely to remain at
a low abundance under continued low exploitation as a bycatch fishery only.

Cumulative Effects of FMP 2.2
External effects and the resultant cumulative effects associated with FMP 2.2 are shown in Tables 4.5-6.

BSAI Atka Mackerel

Mortality

¢ Direct/Indirect Effects. The effect of fishing mortality on the BSAI Atka mackerel stock is
insignificant under FMP 2.2 (see Section 4.6.1.4). Overall, the projections show a 62 percent
increase in the average fishing mortality rate from 2002 to 2007. These values are well below the
F,sy proxy value of 0.564 which is the rate associated with the OFL.

« Persistent Past Effects. Past effects of the foreign, JV, and domestic fisheries are not expected for
the BSAI Atka mackerel stock. While large removals of Atka mackerel did occur in the past, there
does not appear to be a lingering effect on the BSAI Atka mackerel populations (see Section 3.5.1.4).

¢ Reasonably Foreseeable Future External Effects. Marine pollution has been identified as the only
external event that could cause effects on the BSAI Atka mackerel population. Climate changes and
regime shifts are not identified as being contributors to Atka mackerel mortality.

¢ Cumulative Effects. A cumulative effect under FMP 2.2 is identified for mortality of BSAI Atka
mackerel, and the effect is judged to be insignificant. Atka mackerel are fished at less than the OFL
and are above the minimum stock size. The combined effect of internal removals and removals due
to reasonably foreseeable external events is not expected to jeopardize the capacity of the stock to
produce MSY on a continuing basis.

Change in Biomass

¢ Direct/Indirect Effects. Change in biomass of the BSAI Atka mackerel stock is expected to be
insignificant under FMP 2.2 (see Direct/Indirect Effects).
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e Persistent Past Effects. While past large removals of Atka mackerel and other past effects on
biomass have been identified (see Section 3.5.1.4), these do not appear to have had a lingering effect
on the ability of the stock to sustain itself above the MSST.

¢ Reasonably Foreseeable Future External Effects. As described for FMP 2.1 in the BSAI marine
pollution is identified as having a reasonably foreseeable potential adverse contribution to change
in biomass, and climate changes and regime shifts are not identified as being contributors to Atka
mackerel mortality, and therefore would not directly affect biomass.

¢ Cumulative Effects. A cumulative effect for change in biomass is identified and the effect is
insignificant since the combination of internal and external factors is not expected to sufficiently
reduce the Atka mackerel biomass such that the ability of the stock to maintain itself at or above
MSST is jeopardized.

Spatial/Temporal Concentration of Catch
— Change in Genetic Structure of Population
— Change in Reproductive Success

¢ Direct/Indirect Effects. The temporal/spatial concentration of the catch under the FMP does not
appear to affect the sustainability of the stock either through changes in the genetic structure of the
population or changes in reproductive success, as measured by the ability of the stock to maintain
itself above its MSST and the impact is judged insignificant (see Direct/Indirect Effects).

e Persistent Past Effects. As discussed for FMP 2.1, past foreign, JV, and domestic fisheries are
found to have had lingering effects on the spatial/temporal distribution of the fish. Also, since past
fisheries could have had a beneficial effect on Atka mackerel recruitment by reducing the adult Atka
mackerel biomass, lingering beneficial effects are identified for change in reproductive success. In
addition, past commercial whaling and sealingalso removed large predators of Atka mackerel adding
to the potential for reproductive success of the stock. Lingering past effects are also identified due
to Climate Changes and Regime Shifts (see Section 3.5.1.4).

¢ Reasonably Foreseeable Future External Effects. As described for FMP 2.1, marine pollution
could contribute adversely to genetic changes and reduced recruitment, and climate changes and
regime shifts could have potential beneficial or potential adverse effects on Atka mackerel
reproductive success.

¢ Cumulative Effects. A cumulative effect is identified for the spatial/temporal concentration, and
the effect is insignificant since the combination of internal and external factors is not expected to
sufficiently alter the genetic structure or the reproductive success of the population such that the
ability of the stock to maintain itself at or above MSST is jeopardized.

Change in Prey Availability

e Direct/Indirect Effects. Any predation-mediated impacts of FMP 2.2 would be governed by a
complex web of direct and indirect interactions that are difficult to quantify. However, the effect is
judged insignificant (see Direct/Indirect Effects).
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e Persistent Past Effects. While lingering population level effects from past foreign and domestic
fisheries catch and bycatch of Atka mackerel prey species are notexpected, past climate changes and
regime shifts are likely to have had lingering effects (both beneficial and adverse) on Atka mackerel
prey species (see Section 3.5.1.4).

¢ Reasonably Foreseeable Future External Effects. As described for FMP 2.1, climate changes and
regime shifts could have potential beneficial or potential adverse effects on Atka mackerel
reproductive success. Marine pollution has been identified as areasonably foreseeable future adverse
contributing factor.

¢ Cumulative Effects. Cumulative effects are identified for prey availability, and the effect is
insignificant since the combination of internal and external removals of prey species is not expected
to decrease prey availability such that the Atka mackerel stock is unable to sustain itself at or above
MSST.

Change in Habitat Suitability

¢ Direct/Indirect Effects. The level of habitat disturbance caused by the fisheryunder FMP 2.2, does
not appear to affect the sustainability of the stock as measured by the ability of the stock to maintain
itself above its MSST, and the effect is judged insignificant (see Direct/Indirect Effects).

¢ Persistent Past Effects. Past effects identified for BSAI Atka mackerel stocks include past foreign,
JV, and domestic fisheries, and climate changes and regime shifts (see Section 3.5.1.4) Intense
bottom trawling for Atka mackerelin the past fisheries likely disrupted habitat in areas of the BSAL
It is possible that some of these areas have not recovered from the intense efforts (see Section 3.6).

¢ Reasonably Foreseeable Future External Effects. As discussed under FMP 2.1, impacts on habitat
from the climate changes and regime shifts could be either beneficial or adverse. Marine pollution
has been identified as a potential adverse contributing factor.

¢ Cumulative Effects. A cumulative effect is identified for habitat suitability and is insignificant since
the combination of internal and external habitat disturbance factors is not expected to lead to a
detectable change in spawning or rearing success such that the ability of the Atka mackerel stock to
sustain itself at or above MSST is jeopardized.

Cumulative Effects of FMP 2.1 and FMP 2.2 — GOA Atka Mackerel

GOA Atka mackerel are managed in Tier 6 because current estimates of total and spawning biomass are
unknown for GOA Atka mackerel. Age structured models were not available for evaluation of impacts for
the GOA, therefore model projections of future biomass levels were not produced. Therefore, the internal
effects of the FMPs are unknown for all categories with the exception of prey availability. In addition, the
external effects and cumulative effects are the same for each FMP. Cumulative effects are summarized in
Table 4.5-7.
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Mortality

¢ Direct/Indirect Effects. The effect of fishing mortality on the GOA Atka mackerel stock is
unknown under FMP 2.1 and FMP 2.2. The fishing mortality rate and the MSST for GOA Atka
mackerel are unknown, thus the effect of fishing mortality is unknown under both FMP.

¢ Persistent Past Effects. Past effects of the past foreign, JV, and domestic, fisheries are likely for
the GOA Atka mackerel stock. Large, concentrated removals of Atka mackerel occurred in the
foreign, domestic, and JV fisheries, and have had a lingering effect on the GOA Atka mackerel
population, which has not yet recovered (see Section 3.5.1.18).

¢ Reasonably Foreseeable Future External Effects. Marine pollution is identified as having a
potential adverse contribution since acute and/or chronic pollution events, if large enough in scale,
could cause mortality to the point that the population is jeopardized. Climate changes and regime
shifts are not identified as being contributors to Atka mackerel mortality.

¢ Cumulative Effects. A cumulative effect under FMP 2.1 and FMP 2.2 is identified for mortality of
GOA Atka mackerel, but the significance of the effect is unknown. GOA Atka mackerel are in Tier 6
and the stock’s MSST is unknown; therefore a status determination cannot be made.

Change in Biomass

¢ Direct/Indirect Effects. Change in biomass of the GOA Atka mackerel stock is unknown under
FMP 2.1 and FMP 2.2. Current reliable estimates of total and spawning biomass are unknown for
GOA Atka mackerel.

¢ Persistent Past Effects. Persistent effects of the past foreign, JV, and domestic fisheries are likely
for the GOA Atka mackerel stock. Large, concentrated removals of Atka mackerel occurred in the
foreign, domestic, and JV fisheries, and have had a lingering effect on the GOA Atka mackerel
population, which has not yet recovered (see Section 3.5.1.18).

¢ Reasonably Foreseeable Future External Effects. Marine pollution is identified as having a
potential adverse contribution to change in biomass since acute and/or chronic pollution events, if
large enough in scale, could impact biomass to the point that the population is affected. Climate
changes and regime shifts are not identified as being contributors to Atka mackerel mortality,
thereby would not directly affect biomass.

¢ Cumulative Effects. A cumulative effect for change in biomass is identified under FMP 2.1 and
FMP 2.2, however, the significance of the effect is unknown.

Spatial/Temporal Concentration of Catch
— Change in Genetic Structure of Population
— Change in Reproductive Success

¢ Direct/Indirect Effects. As the MSST cannot be estimated for GOA Atka mackerel, which are in
Tier 6, the significance of the spatial temporal concentration effects is also unknown under both
FMP.
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e Persistent Past Effects. Since the Atkamackerel fishery was highly localized, past foreign, JV, and
domestic fisheries are found to have had lingering effects on the spatial/temporal distribution of the
fish. However, the effect of this change in distribution on genetic structure is unknown. The past
highlylocalized fisheries are found to have had lingering effects on the spatial/temporal distribution
of the fish. Also, there are lingering past effects due to Climate Changes and Regime Shifts (see
Section 3.5.1.18).

¢ Reasonably Foreseeable Future External Effects. Marine pollution could contribute adversely to
genetic changes and reduced recruitment since acute and/or chronic pollution events, depending on
their location and magnitude, could alter the genetic structure of the population through localized
mortality events, and also could result in reduced recruitment. Also, climate changes and regime
shifts could impact spawning success since a shift toward colder waters favors recruitment and
survival of Atka mackerel. Conversely, warmer waters are potentially adverse.

¢ Cumulative Effects. A cumulative effect is possible for the spatial/temporal concentration;
however, the significance of the effect is unknown.

Change in Prey Availability

e Direct/Indirect Effects. Although the MSST cannot be estimated for GOA Atka mackerel, due to
the low proportion of fish found in the diet of Atka mackerel, itis presumed that FMP 2.1 and FMP
2.2 will not impact prey availability for BSAI Atka mackerel. The impact to prey availability is
determined to be insignificant.

e Persistent Past Effects. While lingering population level effects on the invertebrate prey of Atka
mackerel from past foreign, state, and domestic fisheries, and the effects of EVOS on these species,
are not expected, past climate changes and regime shifts are likely to have had lingering effects (both
beneficial and adverse) on Atka mackerel prey species (see Section 3.5.1.18).

¢ Reasonably Foreseeable Future External Effects. Future external effects of climate changes and
regime shifts on Atka mackerel prey species could be either beneficial or adverse depending on the
direction of change. Marine pollution has also been identified as a reasonably foreseeable future
external contributing factor since acute and/or chronic pollution events could reduce prey availability
or prey quality and thus jeopardize the stock’s ability to sustain itself above its MSST.

¢ Cumulative Effects. Cumulative effects are identified for prey availability; however, the effect is
unknown since the direction of external effects is unknown.

Change in Habitat Suitability

e Direct/Indirect Effects. As the MSST cannot be estimated for GOA Atka mackerel which are in
Tier 6, the significance of the habitat suitability effects is also unknown under FMP 2.1.

e Persistent Past Effects. Past effects on habitat suitability identified for GOA Atka mackerel stocks
include past foreign, JV, and domestic fisheries, EVOS, and climate changes and regime shifts (see
Section 3.5.1.18). Intense bottom trawling for Atka mackerel in the past fisheries likely disrupted
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habitat in areas of the GOA. It is possible that some of these areas have not recovered from the
intense efforts (see Section 3.6).

¢ Reasonably Foreseeable Future External Effects. Impacts on habitat from climate changes and
regime shifts on the GOA Atka mackerel could be either favorable or unfavorable depending on the
direction of change. Marine pollution has also been identified as a potential adverse contributing
factor since acute and/or chronic pollution events could cause habitat degradation and may cause
changes in spawning or rearing success.

¢ Cumulative Effects. Cumulative effects are identified for habitat suitability; however, its
significance on the GOA Atka mackerel stock is unknown.

4.6.1.5 Yellowfin Sole and Shallow Water Flatfish

Numerous fishery management actions have been implemented that affect the yellowfin sole fisheries in the
BSAL These actions are described in more detail in Section 3.5.1.5 of this SEIS. Yellowfin sole is managed
as its own stock under the BSAI groundfish FMP under the Tier 3 management category, thus MSSTs are
defined for these species by the National Standard Guidelines.

Eight flatfish species inhabit shallow waters and are managed in the shallow water flatfish assemblage in the
GOA. They include: northern and southern rock sole, yellowfin sole, starry flounder, butter sole, English
sole, Alaska plaice and sand sole. Survey results from 2001 indicate that over half of the estimated biomass
(54 percent) of this assemblage are northern and southern rock sole. The shallow water group is managed
as a Tier 4 and Tier 5 species in the GOA (Turnock et al. 2001).

For further information regarding persistent past effects listed below in the text and in these tables (see
Sections 3.5.1.5 and 3.5.1.19).

BSAI Yellowfin Sole — Direct/Indirect Effects of FMP 2.1 and FMP 2.2
Direct/indirect effects are summarized in Table 4.6-1.
Total Biomass

The total biomass of yellowfin sole at the start of 2002 is estimated to be 1,552,000 mt. Model projections
of future total BSAI biomass estimates are shown in Table H.4-4 of Appendix H. Under FMP 2.1, model
projections indicate that the total BSAI biomass is expected to decline more than 12 percent of the 2002
value to 1,361,000 mt by 2007, with a 2003-2007 average value of 1,435,000 mt. Under FMP 2.2, model
projections indicate that the total BSAI biomass is expected to decline about 8 percent of the 2002 value to
1,420,000 mt by 2007, with a 2003-2007 average value of 1,467,000 mt.

Spawning Biomass

Spawning biomass of female yellowfin sole at the start of 2002 is estimated to be 450,700 mt. Model
projections of future yellowfin sole spawning biomass estimates are shown in Table H.4-4 of Appendix H
and Figure H.4-3 of Appendix H. Under FMP 2.1, model projections indicate that female spawning biomass
is expected to decline more than 25 percent of the 2002 value to 337,100 mt by 2007, with a 2003-2007
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average value of 386,700 mt. Projected female spawning biomass is estimated to remain above the BMSY
proxy value of 336,900 mt by the end of the five year projection.

Under FMP 2.2, model projections indicate that female spawning biomass is expected to decline 19 percent
of the 2002 value to 364,900 mt by 2007, with a 2003-2007 average value of 402,500 mt. Projected female
spawning biomass is estimated to be above the B,y proxy value of 336,900 mt throughout the five year
projection.

Fishing Mortality

The average annual fishing mortality imposed on the yellowfin sole stock in 2002 is 0.064. Under FMP 2.1,
model projections show this value will increase each year starting in 2004 ending at 0.138 in 2007. Under
this FMP fishing mortality is at, but does not exceed, the F,,, proxy value in 2007 (Table H.44 of
Appendix H).

Under FMP 2.2, model projections show that this value will be 0.115 for 2003-2005 and decrease to 0.109
by 2007. This maximum value under this FMP is less than the F,,, proxy value of 0.138, the rate associated
with the OFL (Table H.4-4 of Appendix H).

Spatial/Temporal Concentration of Fishing Mortality

The spatial/temporal characteristics of the annual BSAI yellowfin sole harvest could be affected under FMP
2.1 if harvesters chose to fish in the areas which were formerly closed (Walrus Island, Red King crab savings
area, etc.), or areas they previously avoided due to high bycatch rates.

Since FMP 2.2 allows for setting PSC limits proportional to the abundance of the bycatch species, it is
possible that yellowfin sole fishermen would spend less effort in bycatch avoidance in years where bycatch
species were abundant. Otherwise, the spatial/temporal characteristics of the annual BSAI yellowfin sole
harvest would not be affected under FMP 2.2.

Status Determination

Model projections of future catches of BSAI yellowfin sole are at (but do not exceed) the OFLs in 2003-2007
under FMP 2.1 and FMP 2.2. Female spawning biomass is above the MSST level in 2003-2007, as it was
in the 2002 baseline year.

Age and Size Composition

Under FMP 2.1, the mean age of the BSAI yellowfin sole stock in 2008, as computed in model projections
(Table H.4-4 of Appendix H), is 5.9 years. Under FMP 2.2, the mean age of the BSAI yellowfin sole stock
in 2008, as computed in model projections (Table H.4-4 of Appendix H), is 6.1 years. This compares with
a mean age in the equilibrium unfished BSAI stock of 8.0 years. Note that the mean ages and sizes actually
observed in 2008 (as opposed to the model projections of mean age in 2008) will be driven largely by the
strengths of incoming recruitments during the intervening years.
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Sex Ratio

The sex ratio of yellowfin sole in the BSAI is assumed to be 50:50. No information is available to suggest
that this would change under FMP 2.1 or FMP 2.2.

Habitat Suitability

Any habitat-mediated impacts of FMP 2.1 and FMP 2.2 would be governed by a complex web of direct and
indirect interactions that are difficult to quantify. Information is insufficient to conclude that existing habitat-
mediated impacts would undergo significant qualitative change during the next five years under these FMPs.

Prey Availability

As with habitat-mediated impacts, any predation-mediated impacts of FMP 2.1 and FMP 2.2 on yellowfin
sole would be governed by a complex web of indirect interactions that are currently difficult to quantify.
Information is insufficient to conclude that existing trophic interactions would undergo significant qualitative
change during the next five years under FMP 2.1 or FMP 2.2,

Summary of Effects of FMP 2.1 and FMP 2.2 — BSAI Yellowfin Sole

Table 4.6-1 summarizes the effects of FMP 2.1 and FMP 2.2 on BSAI yellowfin sole. The rating of
conditionally significant (either beneficial or adverse) is not applicable in this analysis as the model
projections yielded results that were determined either significant (beneficial or adverse), insignificant, or
unknown.

The ratings utilize FOFL and the MSST as a basis for beneficial or adverse impacts on fishing mortality and
changes in reproductive success for each FMP. A thorough description of the rationale for the MSST can be
found in the National Standard Guidelines 50 CFR Part 600 (FR Vol. 63, No. 84,24212-24237). Under FMP
2.1 and FMP 2.2, the spawning stock biomass of BSAI yellowfin sole is expected to be above the MSST
throughout the five year projection. Since the fishing mortality rate does not exceed FOFL and the stock is
projected to remain above the MSST, the expected changes under these FMPs are not substantial enough to
expect that the genetic diversity or the reproductive success of the spawning stocks would change under the
new management regime. Thus, the indirect and direct effects under these FMPs are considered insignificant.

Relative to the 2002 comparative baseline, the yellowfin sole stock is projected to continue to not be
overfished under these FMPs. The 20 year projection indicates that the female spawning stock is expected
to decline until 2010 to below B,,4, levels and will increase thereafter through the end of the projection to
about the B,,s, level in 2023.

Cumulative Effects of FMP 2.1 and FMP 2.2

External effects and the resultant cumulative effects associated with FMP 2.1 and FMP 2.2 are shown in
Table 4.5-8.
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Mortality

Direct/Indirect Effects. The effect of fishing mortality on the BSAI yellowfin sole is rated as
insignificant under FMP 2.1 and FMP 2.2 (see Direct/Indirect Effects).

Persistent Past Effects. Past effects have not been identified for fishing mortality in the BSAI
yellowfin sole stock.

Reasonably Foreseeable Future External Effects. Future external effects on mortality are
indicated due to potential adverse contributions of marine pollution since acute and/or chronic
pollution events could cause yellowfin sole mortality. Climate changes and regime shifts are
considered non-contributing factors since it is unlikely that the change in water temperatures would
be of sufficient magnitude to result in mortality of yellowfin sole.

Cumulative Effects. A cumulative effect is possible for mortality of BSAI yellowfin sole, but is
rated as insignificant. Fishing mortality at projected levels is at, but do not exceed the OFL for this
stock. The combined effect of internal removals and removals due to reasonably foreseeable future
external events is unlikely to jeopardize the capacity of the stock to produce MSY on a continuing
basis.

Change in Biomass [evel

Direct/Indirect Effects. It is not expected that FMP 2.1 or FMP 2.2 will result in an significant
effect on yellowfin sole (see Section 4.6.1.5).

Persistent Past Effects. Past effects have not been identified for fishing mortality in the BSAI
yellowfin sole stock.

Reasonably Foreseeable Future External Effects. Future external effects on mortality are
indicated due to the potential adverse contributions of marine pollution since acute and/or chronic
pollution events could cause yellowfin sole mortality. Climate changes and regime shifts have also
been identified as having potential beneficial or adverse contributions on the yellowfin sole biomass
level. A strong Aleutian Low and high water temperatures tend to favor recruitment whereas a weak
Aleutian Low and cooler water temperatures tend to result in weak recruitment. For more
information on climate changes and regime shifts (see Section 3.5.1.5 and 3.10).

Cumulative Effects. A cumulative effect is identified for the change in biomass level of BSAI
yellowfin sole and is rated as insignificant. Fishing mortality at projected levels is well below the
OFL for this stock and the spawning biomass is above the BMSY value. The combined effect of
internal removals and removals due to reasonably foreseeable future external events is unlikely to
jeopardize the capacity of the stock to sustain itself above the MSST.
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Spatial/Temporal Concentration of Catch
— Change in Genetic Structure of Population
— Change in Reproductive Success

¢ Direct/Indirect Effects. Under FMP 2.1 and FMP 2.2, the effect of the spatial/temporal
concentration of catch is considered insignificant for the stock (see Direct/Indirect Effects).

e Persistent Past Effects. Past effects are not identified for spatial/temporal concentration of BSAI
yellowfin sole catch.

¢ Reasonably Foreseeable Future External Effects. Future external effects on the reproductive
success of yellowfin sole due to climate changes and regime shifts are potentially beneficial or
adverse as described above for change in biomass. Marine pollution has also been identified as a
potential adverse contribution since acute and/or chronic pollution events could alter the genetic
structure and/or the reproductive success of BSAI yellowfin sole.

¢ Cumulative Effects. A cumulative effect is identified for the spatial/temporal concentration of the
yellowfin sole catch and this effect is ranked as insignificant. The spatial/temporal distribution of
yellowfin sole catch is not expected to change significantly. The combined effect of internal
removals and removals due to reasonably foreseeable external events is unlikely to sufficiently alter
the genetic structure or the reproductive success of the population such that the ability of the stock
to maintain itself at or above the MSST is jeopardized.

Change in Prey Availability

¢ Direct/Indirect Effects. Under FMP 2.1 and FMP 2.2, the change in prey availability for the BSAI
yellowfin sole is ranked as insignificant (see Direct/Indirect Effects).

e Persistent Past Effects. Past effects are identified for the change in prey availability of the BSAI
yellowfin sole stock and include climate changes and regime shifts. Crab and shrimp have shown
variation in abundance associated with changes in climate and water temperatures. However, studies
on most benthic invertebrates have not been conducted (see Section 3.5.1.5 and 3.10).

¢ Reasonably Foreseeable Future External Effects. As described for change in biomass, effects of
climate changes and regime shifts on the BSAI yellowfin sole stock are potentially beneficial or
adverse. Marine pollution has been identified as having a potential adverse contribution since acute
and/or chronic pollution events could reduce prey availability or prey quality and thus jeopardize
the stock’s ability to sustain itself above its MSST.

e Cumulative Effects. Cumulative effects are identified for change in prey availability; however,
these effects are considered insignificant. The combination of internal and external removals of prey
is not expected to jeopardize the ability of the stock to sustain itself above the MSST.

Change in Habitat Suitability

¢ Direct/Indirect Effects. Under FMP 2.1 and FMP 2.2, the change in habitat suitability for the BSAI
yellowfin sole is ranked as insignificant (see Direct/Indirect Effects).
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e Persistent Past Effects. Past effects are identified for BSAl yellowfin sole include climate changes
and regime shifts. In the past, when the Aleutian Low was strong and water temperatures warm,
catch tended to be dominated by flatfish species, implying increased recruitment. In contrast, when
the Aleutian Low was weak and water temperatures cooler, catch tended to be dominated by shrimp.
Persistent past effects of the foreign, JV, and domestic fisheries gear impacts are described in
Section 3.5.1.5 and Section 3.6.

¢ Reasonably Foreseeable Future External Effects. As described for change in biomass, climate
changes and regime shifts on the BSAI yellowfin sole stock are potentially beneficial or adverse.
Marine pollution has also been identified as a potential adverse contribution since acute and/or
chronic pollution events could cause habitat degradation and may cause changes in spawning or
rearing success.

¢ Cumulative Effects. Cumulative effects are identified for BSAI yellowfin sole habitat suitability
and these effects are considered insignificant. The combination of internal and external habitat
disturbances is not expected to lead to a detectable change in spawning or rearing succ