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I, John Gauvin, hereby declare and state as follows:

1. I am the Fisheries Science Director for Plaintiff Alaska Seafood Cooperative
(“AKSC”). I have personal knowledge of the facts herein and if called upon to testify thereon,
could competently do so.

2. I have an M.S. in Resource Economics from the University of Rhode Island.
After completing graduate studies in 1988, | worked in fisheries management as a fishery
economist for the South Atlantic Fishery Management Council as well as a contractor for the
National Marine Fisheries Service (“NMFS”), various regional fishery management councils,
and other government agencies. | have served as a member of the North Pacific Fishery
Management Council’s (“NPFMC”) Steller sea lion (“SSL”) mitigation committee since 2003.
Additionally, since 2001 | have served on the North Pacific Research Board, a research
institution created by Congress in 1997 to recommend research initiatives in the North Pacific
Ocean, Bering Sea, and Arctic Ocean to the Secretary of Commerce. The Board prioritizes,
funds, and manages ecosystem-wide research in these areas through an annual budget of roughly
$18 million.

3. Since 1993, | have been involved in both applied research and the use of science
in fisheries management in Alaska. | have worked for various companies and sectors that fish in
Alaska for species such as pollock, flatfish, mackerel, and cod, including the trawl sector,
shoreside delivery vessels, and smaller Gulf of Alaska catcher vessels. This work has included
partnerships with various scientists and stakeholders to generate solutions to environmental and
regulatory matters affecting commercial fishing such as bycatch reduction, reduction in
regulatory and economic discards, and gear modifications to reduce effects on benthic habitat.
Since 2006, | have developed and managed a small cooperative research program in fisheries for
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the Marine Conservation Alliance Foundation.

4. I am familiar with the restrictions on the Atka mackerel and Pacific cod fisheries
established by the Interim Final Rule (“IFR”) as of January 1, 2011 and have personal
knowledge of the resulting changes in operations of AKSC and its members that resulted from
the new restrictions. As described in more detail below, in my opinion, the IFR has had
environmental impacts both inside and outside of the areas closed to fishing.

5. During 2011, AKSC and the Amendment 80 sector have continued to experience
the changes in fishing operations and locations outlined in the Declaration of Lori Swanson
(Docket 92). The IFR closures have resulted in fewer fishing days for the Amendment 80
sector, and more concentrated fishing effort in the limited fishing grounds that are now open to
commercial fishing. The closures have had significant impacts on the operations of and markets
for both the Atka mackerel and Pacific cod fisheries, with corresponding changed impacts on the
North Pacific environment that require further analysis.

6. The IFR closed the western Aleutian Islands to Atka mackerel fishing, changed
fishing locations in the central Aleutians, and reduced catch in the central Aleutian sub-area to no
more than 47% of the annual Acceptable Biological Catch (“ABC”) that previously would have
been available in full. The now-closed fishing grounds in the central and western Aleutians had
provided a catch of larger Atka mackerel that are more valuable in Japan and other Asian
markets. The areas that are now open under the IFR in the central Aleutians shifted nearly all
fishing to outside of critical habitat where smaller, less valuable mackerel comprise most of the
catch.

7. Aleutian Islands trawl fisheries are highly constrained from finding new fishing
locations by Essential Fish Habitat (“EFH”) regulations that limit operations to a very small
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fraction of the management area. These EFH regulations are in place to protect seafloor habitat
from the effects of trawl fishing. The EFH measures for the Aleutian Islands were developed
with the objective of preventing fishing from impacting any previously un-fished areas. The
ability of the mackerel fisheries to shift to new fishing grounds was therefore preempted by the
overlap with habitat protection measures and the amount of fishing that now occurs in the area
remaining open to fishing now exceeds what was expected in the EFH modeling done in 2005 to
evaluate the effects of fishing on habitat.

8. The Amendment 80 sector’s operational flexibility in 2012 is even more limited
than it was in 2011 because the Arctic ice edge is unusually far south this winter. Amendment
80 fisheries are generally multi-species fisheries that are subject to multiple layers of potential
natural and regulatory constraints. The sector’s operations are dependent on having alternative
fishing opportunities and locations to move to as conditions change and opportunities emerge in
response to changing conditions. For example, in relatively cold winter years where the ice edge
extends further into the Bering Sea or arrives in the Bering Sea earlier, Amendment 80 fisheries
benefitted from the diversity in their allowable catch portfolios to shift to fisheries not affected
by ice. Aleutian Islands fisheries for cod and mackerel are never affected by the ice edge in the
winter. Prior to the IFR, Amendment 80 vessels that depend on Bering Sea flatfish and cod
would likely have opted to do their mackerel and cod fishing in the Aleutians instead of tying up
at the dock and waiting for the ice edge to recede. In 2012, this reduced operational flexibility
combined with the southern ice edge is beginning to impair flatfish fishing opportunities in the
Bering Sea. NMFS did not analyze the potential environmental impacts to areas outside of Area
542 and 543 resulting from these types of changes in fishing patterns and concentration.

9. With the implementation of the IFR, additional fishing effort has been targeted on
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Arrowtooth flounder, and that increased effort is expected to continue. Prior to the IFR, catches
of flatfish, including Arrowtooth flounder, have historically been well under the total allowable
catch limits. Arrowtooth flounder prey on and compete with both target (e.g. pollock) and non-
target groundfish species (e.g. sculpins, juvenile skates, and halibut). Increased catch of
Arrowtooth flounder will alter existing predator/prey relationships. NMFS normally evaluates
these potential downstream effects of changes in fisheries with ecosystem models such as
“Ecopath” and Ecosym” which can be useful in accounting for unanticipated effects and
complex relationships that are not apparent, but NMFS did not do so in its preparation of the
2010 Biological Opinion and Environmental Assessment. These types of relationships need to
be better understood as part of the consideration of proposed management measures.

10.  The impacts on Pacific cod stocks as a result of the IFR also need to be better
understood. Pacific cod is distributed widely over the eastern Bering Sea as well as the Aleutian
Islands. The cod stock in the Bering Sea/Aleutian Islands is managed as a single unit subject to a
single Total Allowable Catch (“TAC”) for all gear types. The commercial fisheries previously
targeted the larger, older cod that are found in the western Aleutian Islands but can no longer do
so under the IFR. Reduced mortality of these larger cod may have impacts on recruitment, year
classes, size and amount of fish caught elsewhere in the North Pacific. Since Pacific cod also
prey on juvenile pollock, Atka mackerel, and other fish, the increased presence of cod in the
ecosystem will change these predator/prey relationships as well. Again, a full understanding of
these impacts will be important in formulating and analyzing alternative management measures.

11.  Areas closed to fishing are also experiencing unknown environmental impacts due
to decreased removals of Pacific cod and Atka mackerel which likely will change the
predator/prey relationships from a previously fished ecosystem. In addition, a new study
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published by scientists at Oregon State University, a true and correct copy of which is attached
as Exhibit A, provides new information about shark and orca predation on Steller sea lions that
should be considered in evaluating ecosystem-wide predator/prey relationships. An accurate
understanding of these predator/prey relationships is key to evaluating the environmental impacts
of the IFR and any alternatives to it.

12. NMFS used an outdated and overly simplistic single-species modeling approach
in the 2010 Biological Opinion to analyze the potential effects of curtailing fishing for Atka
mackerel and Pacific cod in the western Aleutian Islands and the large reduction in fishing in the
central Aleutians. These models projected significant increases to those stocks as a result of the
curtailment of fishing. In contrast, the ecosystem effects sections of NMFS’ 2010 and 2011
annual stock assessment for Atka mackerel both concluded that: “Declining trends in predator
abundance could lead to possible decreases in Atka mackerel mortality, while increases in
predator biomass could potentially increase the mortality.” Exhibit B at 1274; Exhibit C at 1106-
1107. True and correct copies of the relevant sections of the 2010 and 2011 SAFE reports are
attached as Exhibits B and C. According to the SAFE reports and other sources cited therein,
Pacific cod are responsible for 25% of Atka mackerel “natural mortality,” and predation by cod
exceeds predation on mackerel by Steller sea lions. This suggests the closures in the IFR will
increase predation on mackerel by cod, perhaps resulting in no net gain or even a net reduction in
Atka mackerel abundance in the closed areas. The uncertainties associated with the use of a
single species model instead of a multi-species model are well illustrated in the October 2011
Independent Scientific Review of the Biological Opinion (2010) of the Fisheries Management
Plan for the Bering Sea/Aleutian Islands Management Plan. A true and correct copy of the
relevant portion of the report is attached as Exhibit D.
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BESEORGHNORIIOLE,

Predation on an Upper Trophic Marine Predator, the
Steller Sea Lion: Evaluating High Juvenile Mortality in
a Density Dependent Conceptual Framework

Markus Horning?", Jo-Ann E. Mellish®*

1 Department of Fisheries and Wildlife, Marine Mammal Institute, Oregon State University, Newport,
Oregon, United States of America, 2 Coastal Oregon Marine Experiment Station, Newport, Oregon,
United States of America, 3 Alaska Sealife Center, Seward, Alaska, United States of America, 4
School of Fisheries and Ocean Sciences, University of Alaska Fairbanks, Alaska, United States of
America

Abstract

The endangered western stock of the Steller sea lion (Eumetopias jubatus) - the largest of the
eared seals - has declined by 80% from population levels encountered four decades ago.
Current overall trends from the Gulf of Alaska to the Aleutian Islands appear neutral with strong
regional heterogeneities. A published inferential model has been used to hypothesize a
continuous decline in natality and depressed juvenilé survival during the height of the decline in
the mid-late 1980's, followed by the recent recovery of juvenile survival to pre-decline rates.
However, these hypotheses have not been tested by direct means, and causes underlying past
and present population trajectories remain unresolved and controversial. We determined post-
weaning juvenile survival and causes of mortality using data received post-mortem via satellite
from telemetry transmitters implanted into 36 juvenile Steller sea lions from 2005 through
2011. Data show high post-weaning mortality by predation in the eastern Gulf of Alaska region.
To evaluate the impact of such high levels of predation, we developed a conceptual framework
to integrate density dependent with density independent effects on vital rates and population
trajectories, Our data and model do not support the hypothesized recent recovery of juvenile
survival rates and reduced natality. Instead, our data demonstrate continued low juvenile
survival in the Prince William Sound and Kenai Fjords region of the Gulf of Alaska. Our results on
contemporary predation rates combined with the density dependent conceptual framework
suggest predation on juvenile sea lions as the largest impediment to recovery of the species in
the eastern Gulf of Alaska region. The framework also highlights the necessity for demographic
models based on age-structured census data to incorporate the differential impact of predation
on multiple vital rates.

Citation: Horning M, Mellish J-AE (2012) Predation on an Upper Trophic Marine Predator, the Steller Sea Lion:
Evaluating High Juvenile Mortality in a Density Dependent Conceptual Framework, PLoS ONE 7(1): 30173,
1 doi10.1371/journal.pone. 0030173
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INTRODUCTION

The endangered, western population segment of the Steller sea lion (Eumetopias jubatus) has
declined to about 20 percent of peak levels recorded four decades ago, with locally divergent but
overall stable trends in the Gulf of Alaska (GOA) and Bering Sea - Aleutian Islands (BSAI) [1]. The
formerly less abundant, threatened eastern population (east of 144° West longitude) has increased
about 3% p.a. during this period from South-east Alaska through California [1], [2]. Other upper
trophic level mesopredators in the GOA and BSAI, including northern fur seals (Callorhinus ursinus),
harbor seals (Phoca vitulina) and sea otters (Enhydra lutris) have also exhibited precipitous declines
through portions of their range [3]~[7].

Several hypotheses describing forcing on these mesopredators in the GOA —~ BSAI region have been
advanced, including the resource-driven junk food [8] and ocean climate [9] hypotheses, and the
consumer-driven sequential megafaunal collapse hypothesis, The latter suggests a cascading prey
shift in transient killer whales (Orcinus orca) triggered by the collapse of their former prey, the great
whales, through commercial whaling [3], [10].

Resource driven hypotheses primarily postulate changes in abundance, distribution and accessibility,
composition or nutritional quality of prey [8], [11]. These changes may be natural (i.e. driven by
episodic changes in ocean climate) or anthropogenic (i.e. through large scale industrial fishing).
Such bottom-up effects are thought to reduce fitness primarily through negative impacts on overall
energy budgets of individual animals. When energetic demands associated with homeostasis or
growth, foraging and reproduction are not balanced by energy gained through prey consumption,
the ability to grow, survive or reproduce is compromised. Consumer driven hypotheses postulate
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direct causes of individual animal mortality independent of energetic balance [8], [11]. Predation,
incidental mortality in fishing gear, ship strikes, subsistence harvest and illegal shooting comprise
such top-down forces [8], [11], [12]. Pollutants and diseases may fall into either category. Lethal
pathogens and pollutants can directly affect survival, while non-lethal agents can indirectly affect
growth and reproduction through altered energy balance. Pollutants can also directly affect
reproduction by depressing fertility [13]. Furthermore, poor health and condition, and unbalanced
energy budgets may compromise an individual's ability to evade predation. Effects in both top-down
and bottom-up categories may exhibit density dependent and density independent characteristics.
However, resource effects commonly exhibit density dependence at high abundance, whereas
consumer effects are apt to be density independent at high abundance with possible density effects
at low abundance [11].

Observations and physical evidence demonstrate the occurrence of predation on declining
mesopredator populations in the GOA and BSIA [14]1-[18], primarily by the transient ecotype of the
killer whale [147], but also by salmon sharks (Lamna ditropis) and Pacific sleeper sharks {(Somniosus
pacificus) [12]. From a review of data collected through the 1990s the National Research Council
concluded that recovery of the western Steller sea lion population was more likely limited by
predation than by resource driven effects [11].

However, through indirect evidence interpreted in support of resource and other constraints on
Steller sea lion productivity [19]-[22], [1], attention has recently shifted towards anthropogenic and
natural bottom-up forcing, possibly expressed as reduced reproductive rates or natality. For the
purposes of our study, we define natality as the number of female and male pups born divided by
the number of females of reproductive age. Perhaps most influential in current discussions of sea
lion population trajectories, Holmes and collaborators [21] used a time-varying Leslie population
matrix to model vital rates for the central GOA region of the western Steller sea lion. Aerial survey
photographs were used to estimate population age structure from animal length class distributions.
Model demographic outputs were compared to observed abundances also obtained from aerial
photographs. Fecundity schedules (adult females) and survival schedules (separately for juveniles
and adults) from the central GOA region during the late 1970's used in the Leslie matrix were scaled
by time periods to obtain best fits to observed population trajectories and juvenile fraction age
structure metrics. Thus, the model yielded scaling factors by time periods for changes in natality,
survivorship and age structure. From the best fitting inferential model the authors derived the
following hypotheses: (1) natality steadily declined from 67% in the 1970's to 43% by 2006; (2)
juvenile survival was depressed during the height of the decline in the mid 1980°s; (3) juvenile
survival recovered to pre-decline rates by 2006. Though only central GOA demographics were
modeled, the authors proposed applicability of their hypotheses across the entire GOA and Al
region.

However, all current hypotheses on forcing remain untested by direct measures, and factors driving
past and present population trajectories are undetermined [1], [10], [22]-[24], largely due to
immense logistical constraints on working with a large and effectively cryptic marine mammal, the
Steller sea lion. Despite this absence of empirical testing, the vital rate changes proposed by Holmes
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et al. have been broadly embraced as the conceptual centerpiece of policy and management,,
resulting in changes to research priorities and the recovery plan. In 2010, Maniscalco et al, [25]
provided a direct assessment of Steller sea lion natality in the eastern GOA based on a longitudinal
study of n = 151 individual females observed at the Chiswell Island rookery, and estimated natality
at 69% (+/-2.5% S.E.). With their empirical evidence contradicting the hypothesized decline in
nataiity at least for the eastern and likely central GOA region (Chiswell Island is located near the
boundary between the eastern and central GOA regions)', the authors concluded that ‘alternative
hypotheses must be more seriously considered’ [25]. It is possible that the primary components of
the past population changes may never be understood, but advances in tracking technology now
provide an opportunity to directly measure aspects of sea lion biology that were previously
‘empirically intractable’ [17], specifically causes and rates of mortality.

To directly measure mortality and predation in the western Steller sea lion, we deployed specialized
telemetry transmitters [26] in n = 36 juvenile sea lions from 2005 through 2011 in the Kenai Fjords
and Prince William Sound region of the GOA. The abdominally implanted [27] archival Life History
Transmitters (LHX tags) record data throughout the host's life, LHX tags primarily rely on sensor
data from temperature, light, and dielectric properties of surrounding medium to determine host
state [26]. After death, positively buoyant tags liberated from decomposing or dismembered
carcasses, or passed through the digestive tract of predators will come to float on the ocean or rest
ashore, and will then transmit stored data to orbiting satellites [26]-[28]. Transmitted data on light
levels, surrounding medium, temperature profiles recorded across mortality events and time to
transmission allow distinction of predation (rapid temperature drop, immediate sensing of air and
light, immediate transmissions) from non-traumatic deaths (gradual temperature decline while
surrounded by tissue, delayed sensing of light and air and onset of transmissions) {28]. To increase
data recovery likelihood and estimate event detection probability, 34 of 36 animals received two
implants.

We place our measures of post-weaning mortality and predation into the context of forcing by
means of a qualitative conceptual framework. The framework integrates age structured, density
dependent effects with density independent effects on survival, reproduction and population
trajectories. From the combination of previously unavailable empirical data and qualitative
conceptual framework we propose an alternative hypothesis to the postulated depressed natality for
present day forcing of the Steller sea lion population in the eastern GOA.

MATERIALS AND METHODS

Fthics Statement

This study was carried out in strict compliance with all applicable Animal Care and Use Guidelines
under the U.S. Animal Welfare Act and was approved as required under the U.S. Marine Mammal
Protection Act and the U.S. Endangered Species Act by the U.S. National Marine Fisheries Service
(Permit numbers 1034-1685, 1034-1887, 881-1890, 881-1668, 14335, 14336) and by the
Institutional Animal Care and Use Committees of the Alaska Sea Life Center (02-015, 03-007, 05-
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002, 06-001, 08-005, R10-09-04), and Texas A&M University (2003-181, 2005-170, 2006-37). All
surgeries were performed under aseptic conditions and under full inhalant gas anesthesia, and all
efforts were made to minimize pain and suffering.

Animals, procedures and controls

Thirty six juvenile Steller sea lions (Eumetopias jubatus) were captured in Prince William Sound
(PWS), Alaska from 2005 to 2011. Capture, transport to, temporary holding and husbandry at a
quarantined facility at the Alaska Sealife Center (Seward, Alaska) were performed as previously
described [29], [30]. Intraperitoneal implantation of LHX tags (technical details in [26]) occurred
under gas anesthesia using standard aseptic surgical procedures as previously described [27]. The
first two animals received single LHX tag implants (2005), all subsequent animals received dual
transmitter implants to facilitate estimation of data recovery probability. Post-operative clinical,
physiological and behavioral monitoring lasted 1-6 weeks [27], [30]-[32]. All animals were released
into Resurrection Bay in the Kenai Fjords area (2005 n = 2, 2006 n = 4, 2007 n = 5, 2008 n = 10,
2009 n = 6, 2010 n = 5, 2011 n = 4). All animals but one were hot-iron branded prior to release as

and weaned at the time of capture. At the time of release, animals ranged from 13 to 22 manths
with the exception of one individual (25 months). Extensive post-surgical health assessments
showed a typical mild to moderate immune and stress response to the procedure [30], [31]. All
clinical health parameters monitored returned to baseline values within six weeks of surgery [30],
[31], from which we derived a 45 day post-implant ‘confirmation of survival’ criterion for inclusion of
individual animals in this study.

To confirm short-term survival, and to compare foraging and ranging behavior of LHX tag recipients
to 23 non-implanted, temporarily captive control animals, 35 of the 36 LHX sea lions were
monitored after release via externally attached, satellite-linked data transmitters [30], [33].
Minimum confirmed post-surgery survival was derived from external transmitter data, opportunistic
re-sights of individual brands or LHX tag data over a range 47 to 2,072 days (mean 534+/-87.5
s.e.m., n = 36). All 36 study animals had survival confirmed beyond the 45 day criterion and are
included in the results reported here. As previously reported, post release diving and ranging
behavior did not differ between LHX tag recipients and non-implanted control animals [30], or
between controls and free-ranging juveniles [33].

To evaluate potential long-term impacts of tags and surgeries on survival, we compared LHX-based
survival rate estimates (see below) to rates derived from hot-iron brands applied to n = 255
juvenile sea lions in PWS by the National Marine Fisheries Service from 2001-2005, with re-sight
surveys conducted from 2002-2008 (these data were evaluated using a Cormack-Jolly-Seber open
population model in the program MARK [34], and were provided as sex specific annual survival rates
and uncertainties by L. Fritz, pers. comm.). Sex-specific cumulative survival rates were obtained as
products of sequential annual rates and weighted to reflect a similar sex ratio as the LHX study.
Uncertainties were similarly obtained as weighted products of age and sex specific annual
confidence limits.
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Estimation of mortality detection probability and survival rates

To estimate survival rates from LHX tag data, detected mortality events need to be corrected for
events not detected due to failure of devices to successfully uplink to the ARGOS system aboard

a functional tag not reaching any satellite due to tag exposure constraints [26], [28]. Tag uplink
failure probability was estimated from the ratio of single to dual LHX tag data returns from dual tag
deployments (n = 34 live animal, n = 9 carcass test). The tag uplink failure probability Prai can be

calculated as Prail = Csingle/(Csingle + 2Caual) Where Csingle is the count of single returns, and Cuuai is the

count of dual returns. A correction factor £ can then be derived as F = 1/(1"Pfa”2) and the corrected

number of mortality events Feorr calculated as Ecorr = F (Coingle + Cduat). From Prai the event detection

probability Pdetect can in turn be derived as Pdetect = 1-Prail® = 1/F [28]. Ranges containing 95% of
likely variance for the estimate of Pg were derived from the Cumulative Distribution Function of a
Monte Carlo simulation (>2,500 iterations) of randomly assigned individual tag failures for 0<Prai-
simulated <1 yielding Prain not exceeding the observed value without increasing Ecorr integer counts, The
95% confidence range for Py in turn yields confidence intervals for £ and Ecorrs

We calculated daily mortality rates from age-class specific subsets of cumulative exposure days
{(dexp) and corrected mortality counts as DMR = Ecorr/dexp. We then calculated daily survival rates

DSR =1 — DMR, and rates for periods longer than one day were obtained by raising DSR to the

power of period duration in days (i.e. annual survival rates are DSR365'25) [35], [36]. 95%
confidence limits can be calculated from variance and standard error as per Johnson [36]. However,
the Johnson method does not include the effects of Py on the estimation of Ecorre To include the
effects of uplink failures on estimation of survival rate confidence limits, we used the upper
confidence limit for Ecorr (and correspondingly reduced dexp) to re-compute the lower survival rate
confidence limit as per Johnson (upper survival rate limits remain unchanged). Though a total of
29,581 exposure days were logged from 36 animals (ages of 13~90 months), complete year classes
for >60 months were covered by only 5 animals (1,825 days for each year class) and inclusion of
ages >60 months would substantially increase uncertainties, Therefore, only data from 24,072
cumulative exposure days over the ages of 13-60 months are used here (13-24 months: 35
animalsx 5,757 dexp; 25-36 months: 25 animalsx7,763 dexp; 37-48 months: 18 animalsx 5,979

dexp; 4960 months: 15 animalsx4,573 dexp).

Determination of causes of mortality

Causes of mortalities were inferred from temperature data recorded across mortality events,
concurrent changes in surrounding medium (organic tissue, saltwater or air), time to sensing of light
and onset of transmissions, and ancillary data as previously reported [28]. Gradual cooling and
delayed extrusion are indicative of non-traumatic deaths (i.e. disease or starvation), or of
entanglement, drowning or shooting. An algor mortis (body cooling) computational model
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parameterized for sea lions and validated through carcass testing allows the distinction of cooling
masses if well outside of model uncertainties [28]. Precipitous drops to ambient temperature with
immediate sensing of light and onset of transmissions are indicative of acute death by massive
trauma associated with dismemberment by predators leading to the immediate release of tags [28].
Ship strikes, entanglement, drowning and shooting have been reported for the BSAI region [12].
Ship strikes on marine mammals are usually described as massive blunt force trauma but like
drowning and shooting are unlikely to result in an immediate extrusion of both tags [28]. Thus, all
acute and non-traumatic events other than predation should lead to a gradual transition to ambient
temperatures as the entire carcass cools, with substantiaily delayed tag extrusion and onset of
transmissions, unless the tags are liberated by immediate dissection.

To provide uncertainties for the estimated proportion of mortalities by predation PP, we conducted a
Monte Carlo simulation of n mortalities (where n is the number of events detected for which cause
of mortality could be determined) for simulated values of 0<PP<1 set in increments of 0.1 (10,000
iterations). The lower confidence limit was then calculated as 95% of the Cumulative Distribution
Function of the actual number of predation events out of the number of detected mortalities,

A simplified Leslie matrix to estimate age structured, cross sectional predation and
minimum natality

To estimate cross-sectional, age structured consumption of sea lions by predators, we derived an
updated contemporary survival schedule for a birth-pulse Leslie population matrix, separately for
each sex (Table S1). The matrix uses a schedule of annual survival rates for ages from 1 month to
31 years, but excludes a fecundity schedule, since no accurate recent estimates exist for age
specific adult female fecundity (see introduction). In a standard Leslie matrix, fecundity is used to
estimate pup production and overall natality. Sequential matrix years are then seeded with pup
production from preceding years to generate outputs for time-varying simulations of population
trajectories [37], [21]. By excluding fecundity, the simplified matrix cannot be used to model time-
variant population trajectories. However, even without fecundity the simplified matrix can be used
to estimate minimum natality for conditions of stable or increasing population trajectories. The
minimum natality yields an equilibrium survivorship schedule with a theoretical Eigenvalue of 1 for a
. corresponding time-variant matrix. Assuming that primiparity occurs at the average age of 5.3-5.6
years (after first ovulation at 4.3-4.6 yrs; [38], [25]), and that females reproduce through the age
of 21 years but not beyond, minimum natality is estimated as the pup seed count divided by the
number of females between the ages of 5 and 21 (inclusive). This assumed reproductive age span
for adult females is consistent with the fecundity schedule used by Holmes et al. [21]. This simplistic
measure does not require assumptions about age specific fecundity (i.e. any decline in natality with
parity for old females), and the estimate is therefore independent from the age structure of the
adult population, but is only applicable to stable or increasing populations.

We modified the best fit survival schedule from Appendix C of Holmes et al. [21] as adjusted by the
authors using their best fit scaling factors for the 1998-2006 period. This schedule is denoted HFYS-
06 in Table S1. The original, un-scaled survival schedule for pre-decline conditions used by Holmes
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et al. is also listed as HFYS-Pre. We modified the HFYS-06 schedule with survival rates for ages 13-
60 months replaced by LHX-based estimates. We also replaced survival rates for ages 1-12 months
with values averaged from Pendleton et al. [39] and Maniscalco et al. [40], [41]. This value used for
young-of-the-year matches brand-resight based estimates by the National Marine Fisheries Service
(L. Fritz, pers. comm.). Thus, survival rates in HFYS-06 for ages 1-60 months (the youngest 5
years) were replaced with more recent and iocation-specific estimates. This replacement however
resulted in an improbably high minimum natality estimate of 0.92 compared to 0.6 for the
unmodified HFYS-06 matrix (Table S1). To correct for this shift, we altered the scaling factor for
adult survival from 1.07 (as used by Holmes et al. [21]) to 1.13 to produce a minimum natality
estimate of 0.69, the value reported by Maniscalco et al. for the eastern Gulf of Alaska [25]. This
resulted in the LHX-eGOA schedule listed in Table S1. The LHX-eGOA schedule uses identical values
for males and females for ages 1-60 months, and assumes a 1:1 sex ratio at birth. For males >60
months a survival schedule was generated as a progressively decreasing proportion of female rates
to match sex-specific age frequency distributions to values reported for n = 235 males and n = 282
females collected from 1976-1989 by Calkins and Pitcher [42]. The sex specific schedules resulted
in 95% of females in the population comprised within ages 1-19 years, and 95% of males within
ages 1-14 years.

We added age-class specific estimates for the proportion of mortality by predation PP (see above),
and from that in turn derived two mortality schedules separately for each sex, one for predation and
one for all other sources of mortality. We used our LHX-based PP estimate for juveniles (ages 13-60
months). For young-of-the-year (ages 1-12 months) we used 30% of the PP value for juveniles to
obtain predation rates comparable to values reported for the eastern GOA in literature [40]. For ége
classes >60 months we reduced the juvenile PP by 50% p.a. to account for a hypothesized
reduction in vulnerability to predation with increasing age, size and experience (i.e, [17], [43], and
see discussion). This resulted in adult predation accounting for only 4% of all predation events in
females and 5% in males. As in a standard Leslie matrix, population vectors with absolute counts of
animals in each age class can be generated from a birth-pulse (seed count of pups) and the survival
schedule. Similarly, predation and non-predation vectors can be generated from the mortality
schedules listed in Table S1.

A conceptual, qualitative population model to combine density-dependent with density-
independent cffects

To evaluate the potential impact of the observed levels of post-weaning mortality by predation, we
constructed a qualitative conceptual population model to integrate age structured, density
dependent consumption of sea lions by predators with density independent mortality by other
causes, We used the contemporary LHX-eGOA schedules (Table S1) to calculate vectors for
population numbers, consumption by predators and non-predation mortalities for specific abundance
levels (vector sums) from 0% to 100%. Population vector sums were adjusted through selection of
appropriate pup seed counts (birth pulses) with 100% abundance set to the peak historic level of
approximately 180,000 animals, and the recent population estimates of approximately 36,000
animals used for the 20% contemporary abundance (western U.S. stock [1], [44]). Non-predation
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mortality was assumed not to vary with density and the mnp; schedule and corresponding mortality

vectors therefore remained identical for all abundance levels. Numerical consumption by predators
was adjusted as a function of sea lion abundance according to three different, age-structured
response types (Flat, Linear, Sigmoid), yielding adjusted predation vectors. From the combined
predation and non-predation vectors, an updated survivorship schedule was computed. Since this
density-dependent model is not a time-variant Leslie matrix and has no fecundity schedule, a
population trajectory cannot be calculated. However, from the sum of the female population vector
for the ages of reproductive maturity (5-21 years, see above) multiplied by an assumed birth rate
pup production can be estimated. We calculated the potential trajectory for a given abundance as
the difference of the birth pulse seed count minus the actual pup production for a set birth rate.

A number of additional metrics were computed for comparative purposes: the total number of
animals consumed for a given abundance (the numerical response) was calculated as the sum of the
predation vectors for both sexes. An estimation of total sea lion mass consumed by predators was
obtained by multiplying the predation vectors with an age-structured mass schedule separately for
each sex. We used the mass schedules from Table 3 of Winship et al. [45], and used a mean mass
of pregnant and non-pregnant females of reproductive age weighted by the proportion of females
pregnant (the set birth rate). The juvenile fraction J/7 was calculated as the population vector sums
for ages 2-5 years, divided by the population vector sums for ages 2-31 years, for both sexes.
Female recruitment was calculated as the percentage of the female seed count surviving to the end
of year 4.

RESULTS AND DISCUSSION

Detected mortalities and survival rates

Data from twelve detected mortality events were received from November 2005 through November
2011 during 24,072 cumulative exposure days. Seven events occurred within ages 13-24 months,
four events within 25-36 months, and one event at age 49 months. From the ratio of dual LHX tag
data returns (n = 9 from 12 detected mortalities plus n = 8 from 9 carcass simulations) to single
returns (n = 3 live plus n = 1 carcass), we estimated tag uplink failure at Pg;<0.105 and mortality
event detection probability at Pgetect>0.989 (95% c.i. 0.0.92-1,0). Within these returns, the joint

probability distribution of live animal and carcass returns gave an odds ratio of 2.7 (odds ratio test
[46]), suggesting no differences in detection probabilities between live animal and carcass
deployments (Fisher Exact Probability Pz,1y = 0.6 [47]). From the correction factor F = 1.0112 we

derived the corrected mortality count of Ecorr = 12.13 (95% c.i. 12-13), However, since animals
cannot die by fractional numbers, we used the integer portion of Ecorr = 12 for subsequent

calculations.

1). This combined rate for both sexes is slightly lower than the control estimate of 0.534 based on
brand re-sights but with overlapping confidence limits of (95% c.i. 0.42-0.64). Our annual
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estimates are on either side of controls (in parentheses) for subsequent year classes: 13-24
months: 0.641 (0.690), 25-36 months: 0.829 (0.775), 37-48 months: 1.0 (0.884); 49-60 months:
0.923 (0.875). Our estimate for the cumulative survival for ages 13-60 months is 0.491 {Table 1).
Since LHX tags deliver event data with a resolution <1d, survival rate estimation only requires
inferences on dates of undetected events, less than 3% of events or 1.5% of animals in our study.
Brand re-sight based survival estimates require inferences on dates for all apparent mortalities,
more than 50% in the control study by the National Marine Fisheries Service. For annual rates or re-
sight efforts unknown dates are inferred to +/—182.5d. This difference explains the comparable
uncertainties for these two distinct methods with sample sizes that differ by almost one order of
magnitude. Furthermore, LHX tags provide information not only on dates, but on locations and
causes of mortality of individual animals, Within the limits of the uncertainties for both techniques,
the survival rate comparison does not suggest any impact of LHX tags, surgeries or temporary
captivity on survival for ages 13-60 months,

Table 1. Cumulative survival for juvenile Steller sea lions for ages 13
through 60 months estimated by different methods.

doi:10.1371/journal.pone.0030173.t001

Mortalities occurred in two of eight monitored females and ten of 28 monitored males. The odds
ratio was 1.43, suggesting no differences in mortality probabilities between sexes within the data
set (Fisher Exact Probability P(2,1) = 1.0). Mortalities occurred 1 each in August, September,
October, November and March; 2 each in January and May; and 3 in February.

Event location accuracy from four events with pre-mortality locations from external tracking devices
was estimated at 10.4 km (+/~3.1 s.e.m.) [28]. Eleven of the twelve detected mortalities occurred
within the previously described geographic range covered by implanted and non-implanted juvenile
Steller sea lions following refease from temporary captivity [30], [33] (Fig. 1). One event occurred
outside of this area, to the west of Kodiak Island, though this is still within known ranges of juvenile
sea lions [48]. No mortalities occurred near rookeries, and four of the twelve events occurred near
juvenile-dominated haulouts.

Figure 1. Locations of juvenile Steller sea lion mortalities detected in the
Gulf of Alaska.

Eleven predation events indicated by open circles occurred in the eastern and central

Gulf of Alaska (GOA). One mortality of undetermined cause indicated by the solid
hexagon occurred in Prince William Sound. The endangered Western Distinct Population Segment
is located to the west of 144° [ongitude,

doi:10.1371/journal.pone.0030173.9001

Causes of mortality
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One of twelve detected events (in age class 25-36 months) provided no data other than
confirmation of mortality and event date, due to a technical failure in the single LLHX tag of the
implanted pair that successfully uplinked. Eleven events provided data including death time stamps,
time from death (determined as per [26], [28]) to onset of transmissions, and complete 48 hour
temperature profiles across the mortality events. Ten events exhibited precipitous temperature
drops with immediate tag extrusion and onset of transmissions, indicative of predation. One event
exhibited gradual cooling with algor mortis model outputs corresponding to 14% of predicted mass,
suggesting partial dismemberment, most likely due to predation [28]. Thus, all eleven detected
events that yielded data were classified as predation events. The combined probability distribution
of single to dual tag returns for these eleven predation events and the nine carcass tests that
constitute simulated non-traumatic deaths (2 in 9 for predation and 1 in 8 for non-traumatic deaths)
gave an odds ratio of 0.56 suggesting no differences in detection probabilities between predation
versus non-traumatic events (Fisher Exact Probability P(2,1) = 1.0). The finding of a minimum of
eleven predation events in twelve detected mortalities yields an estimated proportion of juvenile sea
lion (ages of 13-60 months) mortalities in the PWS-KF region due to predation of PP> = 0.917
(95% c.i. 0.78-1.0). However, we used the center of the 95% confidence interval of PP = 0.89 for
all subseguent model calculations. Given that most observations of Steller sea lions typically occur
during the breeding season (June-September) with focus on rookeries [16], [40], [49]), the timing
and location of our detected mortality events suggest that previously reported predation rates may
be greatly underestimated.

Density-dependent predation models

Predator-prey theory defines three primary types of density dependent prey consumption rates for a
given predator density, the functional response [50]. Corresponding numerical responses
characterize absolute prey consumption numbers. The Lotka-Volterra functional response (Type I} is
primarily applicable to sedentary predators (i.e. web spiders). Type 11 (Hyperbolic) and Type 111
(Sigmoid) are both theoretically applicable to mobile marine apex predators and their prey, although
their functional responses have not been empirically characterized. Other, less common functional
response types exhibit distinct predator-prey dynamics at high densities [51] improbable for marine
apex predators. Types II and III are comparable at high densities, but exhibit distinct predator-prey
relationships at medium and low prey densities [50]-[52]. The Hyperbolic response (Type II) is
applicable to specialist predators focusing on a single prey species and should result in accelerating
prey declines at lower densities which may lead to extinction [52]. The Sigmoid functional response
(Type III) is applicable to non-specialist predators that can shift to alternate prey at low prey
densities. The Type 111 functional response results in diminishing prey removal rates at very low
densities as predators increasingly switch to alternate prey, in turn creating a prey ‘refuge’ with
increasing survival rates. By comparison, predator-prey systems comprised of pelagic mesopredator
fishes and their prey have been studied, and dynamics likely differ from those of marine
homeotherms and their apex predators. The dynamically linked populations with density feedbacks
of specialized pelagic fishes and their prey are more commonly characterized through a combination
of aggregative and numerical responses [51], [53], [54].
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We considered three distinct types of numerical responses between Steller sea lions and their
predators. A Flat response was generated by not altering the overall and age-class specific prey
consumption amounts for abundance levels above 20% (Fig. 2A). The Flat numerical response could
occur for any type of functional response (Type I, II or I1I) under the assumption that resource
needs of the predator population(s) are fully met at the 20% prey abundance level and saturated
above that. A Linear response was generated by linearly increasing age-class specific prey
consumption'amounts from estimates at 20% abundance levels to estimates for the 100%
abundance level (Fig. 2B). Consumption estimates for the 20% level were derived as described
under methods from the LHX-eGOA schedule. Estimates for the 100% level were derived by setting
age-class specific consumption amounts such that the resulting cumulative survival rates for ages 1
=5 and 6-10 years matched the HFYS-Pre survivorship schedule (Table S1). The Linear numerical
response corresponds to a Lotka-Volterra (Type I) functional response rarely seen in non-sedentary
predators, but that could occur for highly opportunistic, non-aggregating pelagic predators that
pursue a very large variety of prey species, such as sharks. A Sigmoid numerical response was
generated as a modification of the Linear response, by increasing the consumption of juveniles and
pups in relation to adults for abundances between 20% and 100% in order to maintain a flat
combined consumption of mass for high abundances (Fig. 2C). The Sigmoid numerical response
corresponds to a sigmoid functional response (Type I1I) that should be applicable to non-specialist
predators such as transient killer whales and possibly sharks. The largely stable mass consumption
from 100% down to 60% abundance in our model is concomitant with an increasing consumption of
juveniles to compensate for a declining consumption of adults. This differential response by age
classes (Fig. 2C) should be driven by the greater vulnerability to predation of younger age classes
balanced against the reduced profitability in the form of lower individual mass and energy content
(see [17], [43]). From an energy content analysis of Steller sea lions, Williams et al. [17] estimated
caloric requirements of adult killer whales at 2-3 Steller sea lion pups per day versus one adult
female sea lion every 2-3 days. No data exist on the energetic cost or risk of killing and consuming
an adult Steller sea lion versus a pup or juvenile. However, the notion of age-structured predation
pressure is conceptually supported through a risk-benefit model specifically developed for juvenile
Steller sea lions, killer whales and Pacific sleeper sharks by Frid et al. [43]. This model explained
seasonal differences in telemetered dive behavior of juvenile Steller sea lions in PWS through a
combination of resource distribution, and higher predation pressure on juveniles than older sea
lions. Empirical support for age structured predation pressure on pinnipeds in general is available for
Hawaiian monk seals (Monachus schauinslandi). From an analysis of 315 shark-inflicted injuries
recorded during an 11 year period Bertilsson-Friedman [55] concluded that sharks injured more
pups and juveniles than subadults and adults. LHX tag data provides direct evidence of elevated
predation risk for younger juveniles at current abundance levels. Since all detected events with
sufficient data were classified as predation, the predation probability is the inverse of annual
survival rates, or 35.9% for ages 13-24 months, 13.2 to 17.1% for ages 25-36 months depending
on actual cause for the single unknown fate event, zero for 37-48 months and 7.7% for ages 49-60
months. -
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Figure 2. Survival and consumption by predators modeled as a function of
Steller sea lion abundance.

The percentage of all sea lions surviving to the end of a year, as well as the total
“. ..~ mass and numbers of individuals consumed by predators are shown as a function of
sea lion abundance, for three distinct numerical response types (see methods and
discussion). (A) The Flat numerical response. (B) The Linear numerical response. (C) The
Sigmoid numerical response. Numbers of individuals consumed are separately shown for pups
(year 1), juveniles (years 2-4) and adults (years 5-31). For the western population, 100%
abundance corresponds to 180,000 individuals.

doi:10.1371/journal, pone.0030173.9002

As the density of more profitable adults decreases, juveniles may become increasingly viable
alternate prey in a form of intraspecific diet shift. While most marine mesopredators and their prey
are distributed in the three-dimensional pelagic zone, the distribution of pinnipeds is constrained in
space and time through reproductive activities tied to solid substrate ashore or on ice. This
constraint is not uniform across sex and age. Young Steller sea lions are suckled by females at
shore-based rookeries and haul-outs, and are typically weaned by the age of one year, with some
documented cases of maternal care extended through the ages of 2 or 3 years [38], [56]. This
results in juvenile age classes (ages 1-36 months) and adult females with increased spatio-temporal
constraints in the form of predictable presence near specific shore locations. Within our model, the
notion of density dependence of vulnerability and/or spatio-temporal accessibility of juveniles is
supported by a comparison of consumption rate estimates between 20% and 100% abundance (Fig.
2C). This comparison is based on the LHX-eGOA (20%) and HFYS-Pre (100%) schedules under the
central assumption in our model that non-predation mortality is density independent. At 100%
abundance, pups comprise 7% of predation events, juveniles 46% and adults 47%, whereas at 20%
abundance, pups comprise 23%, juveniles 72% and adults 5%. This changeover strongly suggests
an age structured density dependence in predation rates.

The likely numerical response

The Sigmoid numerical response emerges as the most tikely scenario for Steller sea lions and their
predators for the following reasons: (1) Presently, the western population overall is stable at about
20% of peak abundance [1], [44]. The Sigmoid model is the only scenario to result in stable
trajectories at 20% following a decline (as indicated by the negative slope of the pup difference
curve at 20% abundance in Fig. 3). The Flat and Linear models both exhibit continuing declines. (2)
Contemporary juvenile survival has only slightly recovered from lowest levels around 40-50%
abundance, but is still below peak abundance levels (Table 1). This is the pattern seen in the
Sigmoid model (Fig. 4C). Both Flat and Linear models show accelerating declines in juvenile survival
with decreasing abundance (Fig. 4A,B). (3) The juvenile fraction metric (J/T in Fig. 4) is perhaps
the most interesting comparative criterion. Holmes and York [57] provided a retrospective analysis
of the juvenile fraction based on length measurements conducted on aerial survey photographs of
rookeries and haulouts, for the central GOA. Though their actual ratios hased on hauled out animals
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may differ from our comprehensive estimates for all animals, they reported an increase in the J/T
ratio from early- to peak decline, followed by a decrease. This pattern is seen in the Sigmoid model,
which exhibits a peak in the J/T ratio between 40 and 50% abundance, concurrent with the lowest
juvenile survival rates and the greatest pup deficit, The Flat and Linear models conversely show a
highly improbable continuing and progressively steeper increase in the J/T metric (Flat) or minimal
changes down to 40% followed by a very slight drop to a minimum near 20% abundance (Linear).
Thus, of the three response types considered, the age-structured Sigmoid type is the one most
consistent with all available contemporary and retrospective demographic data.

Figure 3. Potential Steller sea lion population trajectory and female

recruitment modeled as a function of abundance.

The potential population trajectory is calculated as the difference between the birth
pulse pup seed count (the theoretical requirement for a stable population) and the
actual number of births for a given natality and survivorship schedule - the Pup
difference - see text. Female recruitment is the percentage of fermale pups surviving
to the end of year 4. 100% abundance corresponds to 180,000 individuals. (A) The Flat
numerical response. (B) The Linear numerical response. (C) The Sigmoid numerical response,

doi:10.1371/journal.pone.0030173.g003

Figure 4. Juvenile survival and the juvenile fraction modeled as a function of
Steller sea lion abundance.

Juvenile survivorship is shown as the percentage of all juveniles ages 2-4 years that
survive to the end of a year. The J/T metric is the count of all juveniles ages 2-4
years divided by the count of all ages 2~-31 years (excluding only pups). (A) The Flat
numerical response. (B) The Linear numerical response. (C) The Sigmoid numerical
response,

doi:10.1371/journal.pone.0030173.9004

At the contemporary 20% abundance level, model outputs suggest an annual consumption of 2,676
western Steller sea lions or 288 metric tons. This increases to near 11,300 sea lions eaten at 50%
abundance or 1,759 tons consumed annually at peak abundance (Fig. 2C). A simple estimate
suggests that these numbers are plausible: combining the current population estimate of 345
transient, mammal eating killer whales for the GOA/BSAI region [58] with the lower of two
published theoretical sea lion consumption rates (exclusive of other prey) from caloric requirement
estimates [17], [40] yields a potential consumption of over 100,000 juvenile Steller sea lions per
year. Thus, only about 10% of transient killer whale diet would have to comprise Steller sea lions to
yield the modeled effects. The steep increase from 1,938 juveniles consumed annually at 20%
abundance to a peak of 8,240 juveniles eaten at 50% abundance shown in Figure 2C may appear as
improbably high. However, this increase corresponds to a maximum PP of 0.92 at 40% abundance -
well within the confidence limits of our contemporary estimate, and a minimum annual survival rate

Ex. A, p. 15





Case 3:10-cv-00271-TMB Document 136-1 Filed 02/08/12 Page 16 of 24

for the most vulnerable age class of 13-24 months of 49%. The latter is within the confidence limits
of our contemporary estimate, and still above the estimated juvenile survival for the height of the
decline as per York [37].

Implications of a Type I1I numerical and functional response

Our framework suggests female recruitment as a key mechanism by which predation may drive the
overall reproductive output and the potential trajectory function. From a positive potential trajectory
at peak abundance down to the greatest pup deficit at 40-50% abundance, the percentage of adult
females directly consumed by predators actually drops from 3.6% to 3.5%, but female recruitment
concurrently drops from 51% to only 23% (Fig. 3C). Even without any changes in natality high
predation on juveniles could effectively cut the reproductive potential of the population in half. Even
if actual natality were to increase above the contemporary regional estimate of 0.69 [25] to 1.0, this
would merely shift the equilibrium density from 20% to about 32% abundance. At higher
abundance, the potential trajectory function would remain negative. Only significantly reduced
consumption of juveniles at intermediate densities would lead to a positive potential trajectory at all
abundances greater than 20%, and to full recovery. Rather than resulting in a plain predator pit
from direct consumption of sea lions, the age-structured sigmoid response vields a predation-driven
productivity pit mediated by female recruitment from which the population cannot escape even at a
theoretical natality of 1.0 without reduced predation pressure.

Even though our density-dependent conceptual framework with age-structured predation rates
provides the most parsimonious explanation for all observed vital rate dynamics, it is important to
consider that actual dynamics could be heavily influenced by other factors affecting non-specialist
predators. In particular at low abundance levels, numerical consumption of sea lions may be subject
to the availability of alternate prey. Considering the broad scale declines of many upper trophic
marine vertebrates in the Guif of Alaska, Aleutian Island and Bering Sea region (see introduction)
the applicability of a Type III response at and above 20% abundance may not necessarily result in
reduced predation at lower abundance that typically provides a refuge from predation in a predator
pit scenario [52], [53]. In addition, over broad periods of time such as the western Steller sea lion
decline both non-predation causes of mortality and natality may vary. Within our framework
predation at the levels estimated for 100% abundance alone would not initiate a decline (Fig. 3C).
However, at the estimated pre-decline natality of 0.63 [21] a decrease in overall, cross-sectional
survival from 85.1% to 83.1% could initiate a decline. Such a reduction in overall survival and thus
the early decline could have been initiated by a comparably small reduction in carrying capacity [9],
[59].

Conclusions

Our data and model do not support the hypotheses derived from extant age-structured demographic
models for the western Steller sea lion of recently recovered juvenile survival and depressed
reproductive rates, for our study area. Instead, our data demonstrate continued low juvenile
survival in the Prince William Sound/Kenai Fjords region of the Gulf of Alaska, and indirectly confirm
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recently published empirical studies in support of high reproductive rates. Our results on
contemporary predation rates combined with a density dependent conceptual framework suggest
predation on juvenile sea lions as the largest impediment to recovery of the species in the eastern
Gulf of Alaska region. Our data and model do not however allow the determination of historic causes
of the decline, nor of primary factors driving population trajectories outside of the study region.
Nevertheless, our conceptual framework generally suggests the distinct possibility of predation as a
major component of Steller sea lion population dynamics in particular at intermediate and low
abundance levels. The framework also highlights the necessity for demographic models based on
age-structured census data to incorporate the differential impact of predation on multiple vital rates,
in order to gain credibility. As highlighted by Boyd in 2010 [59], the applicability of extant
population models fitted to census data are limited by unknown and non-stationary error structures
within datasets, including population structure data. The empirical validation of the functional and
numerical response applicable to Steller sea lions and their predator and the impact of the

availability of alternate prey (to the sea lions' predators) thus emerge as key research objectives in
particular for regions of continuing decline.

SUPPORTING INFORMATION

Table $1,

Contemporary Steller sea lion vital rate schedules for the eastern Gulf of Alaska {(LHX-
eGoA). The age classes listed (/) comprise months 1 through 12 for the first year, months 13
through 24 for the second year, and so forth. The survivorship schedules s, list the proportion of

animals that were alive at the beginning of each year, that survive to the end of year /. PP;is the
proportion of mortality (1-s) attributed to predation, for each year /. Mortality schedules m; list the

proportion of animals consumed by predators (p) and those that died from other causes (np) by the
end of each year /. The minimum birth rate Nmi» (for definition see methods) for an equilibrium

survivorship schedule is listed. Also listed are two survivorship schedules from Holmes et al, [21] for
pre-decline conditions (HFYS-Pre for 1976-1982), as well for the 1998-2006 period (HFYS-06).
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16. Assessment of the Atka mackerel stock in the Bering Sea/Aleutian
Islands

Sandra Lowe, James lanelli, Mark Wilkins, Kerim Aydin, Robert Lauth, and Ingrid Spies
Executive Summary
Relative to the November 2009 SAFE report, the following substantive changes have been made in the

assessment of Atka mackerel.

Summary of Changes in Assessment Inpuls
1. Fishery catch data were updated.

2. The 2009 fishery age composition data were added.
3. 2009 fishery catch- and weight-at-age values were added.
4. The 2010 Aleutian Islands survey data were included (biomass, length and age compositions, weight-

at-age values).

5. The 2010 selectivity vector (equivalent to the estimated vector for 2000-2009) was used for
projections.

6. TFor 2011 and 2012 we assume that 64% of the BSAl-wide ABC is likely to be taken under proposed

- Steller Sea Lion Reasonable and Prudent Alternatives (SSL RPAs), This percentage was applied to

the 2011 maximum permissible ABC, and that amount was assumed to be caught in order to estimate
the 2012 ABCs and OFL values.

7. The apporlionment scheme which is based on the most recent 4-survey weighted average is updated
to include the 2010 survey biomass distribution (2002, 2004, 20006, 2010).

8. The distribution of survey biomass for area 541 used in the apportionment calculations has been
updated to include the southern Bering Sea area whicl is consistent with the assessment and fishery
management of that area for Atka mackerel.

Summary of Changes in the Assessment Methodology

The general modeling approach remained unchanged this year. However, a refinement was made to the
change-points (shift to one year later) for the blocks of years with conslant selectivity which correspond
approximately to the foreign fishery, the joint venture fishery, the domestic fishery prior to Steller sea lion
regulations, and the domestic fishery post Steller sea lion regulations.
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Summary of Assessment Resulls

This year

Quantity/Status 2011 2012
M (natural mortality) 0.30 0.30
Specified/recommended Tier 3a 3a
Projected biomass (ages 3-) 437,600

Female spawning biomass (t)

Projected 146,000° 130,500’
Biwss 261,100 261,100
B 104,400 104,400
Bisu 91,400 91,400
Fors 0.468 0.468
maxkF, g (maximum allowable = F ) 0.384 0.384
Specified/recommended Fype- 0.384 0.384

Specified/recommended OFL (1)
Specified/recommended ABC (1)

101,200 92,200’
85,300 77,900’

Is the stock being subjected to overfishing? No No
Is the stock currently overfished? No No
Is the stock approaching a condition of being

overfished? No No

These values were caleulated assuning reduced catch levels under proposed SSL RPAs,

{. The addition of the 2009 fishery age composition and the 2010 survey age composition impacted
the estimated magnitude of the 1999 and 2000 year classes which both increased 7%, the 2001
year class which increased 22%, and the magnitude of the 2006 year class which increased 12%
refative to Jast year’s assessment.

2. The mean recruitment (1978-2008) from the stochastic projections is 550 million recruits (10%
higher than last year’s mean estimale for 1978-2007), which gives an estimated By level of
104,400 t and an estimated Bj;sy level of 91,400 t, up about 10% from last year’s estimates of By
and Bisy .

The projected female spawning biomass for 2011 is estimated at 146,000 t which is 56% of
unfished spawning biomass and above B 0, (104,400 t), thereby placing BSAI Atka mackerel in
Tier Ja. The 2011 estimate of spawning biomass is up about 31% from last year's estimate for
2010. It should be noted that the projecled female spawning biomass estimates for 2011 and
2012 assumed reduced catches under proposed SSL RPAs.

LI

4, The projected age 3+ biomass at the beginning of 2011 is estimated at 437,600 ¢, up about 13%
from last year’s estimate for 2010.

5. The current selectivity-at-age vector used for projections differs slightly (slightly higher
selectivity for ages 3-6 and lower selectivity after age 7) from the fishery selectivity pattern used
in last year’s projections. This change in selectivity resulted in an 8% decrease in this year’s
estimates of F s and Fise, relative to ldast year’s estimaies.

6. The projected 2011 yield at F = 0.384 is 85,300 1, which is 15% higher than last year’s
estimate for 2010. Despite the decrease in the estimate of /s, the biomass estimales are up
relative 1o last year’s projections, resulting in increased FF . yields.

7. The projected 2011 overfishing level at Fyse (7= 0.468) is 101,200 t, which is 15% higher than
fast year’s estimate for 2010.
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Apportionment
The apportionments of the 2011 and 2012 recommended ABCs based on the most recent 4-survey
weighted average are:

2011 () 2012 (4

Eastern (5414-5.BSea) 40,300 36,800
Central (542) 24,000 21,900
Western (543) 21,000 19,200

Total 85,300 77,900

Responses 1o comments by the Scientific and Statistical Committee (SSC)

SSC Comments on Assessmenis in General

From the December 2009 SSC minutes: “The SSC notes that the Aleutian Island bottom trawl survey was
last conducted in 2006. Several stocks in the Aleutian Islands are in Tier 5 and above. However, reliable
biomass estimates are required in order 1o maintain Tier 5 and higher status. If the Aleutian Island
bottom trawl survey is not conducted in 2010, this may jeopardize the current tier status of these stocks.
Additionally, the bottom trawl survey is an important source of ecosystem information for this important
region. Thus, the SSC places a high priority on conducting a survey in 2010." The Aleutian Islands
survey was conducted in 2010 and results from this survey (including the age composition) were
incorporated into the current assessment. The age composition from the 2010 survey provided important
vear class strength information, corroborating an above average 2006 year class and providing
preliminary indications of an above average 2007 year class.

Comments Specific to the Atka Mackerel Assessment

From the December 2009 SSC minutes: "The current area apportionment of Atka mackerel in the Al is
based on a weighted average of the biomass from surveys conducted in 2000, 2002, 2004 and 2006 (page
1002 of the SAKFI chapter). With the upconming release of the status quo Biological Opinion for Steller
Sea Lions and consequent renewed interest in Atka mackerel, up-to-date biomass and distribution data
Jor one of their major prey items would seem prudent, even given the known issues of survey adequacy for
Atka mackerel. Thus, we reiterate the importance of conducting an Aleution Islands bottom trawl survey
in 2010, The current assessment recommends an updated apportionment based on a weighted average of
the biomass from surveys conducted in 2002, 2004, 2006, and 2010. [n addition, the apportionments
were revised to include biomass from the southern Bering Sea as part of area 541. This is consistent with
the assessment which includes Bering Sea/Aleutian Islands data and the fishery management of arca 541
which includes the southern Bering Sea for Atka mackerel.

“The SSC asks that the diet data in Figure 16.25 be updated with data more recent than 1993, We also
note that the two pie charts in that figure are reversed (predator pie chart shouwld be chart B) 7. The pie
charts in Figure 16.25 have been reversed so that they correspond to the caption. We agree thal the prey
and predator data need to be updated for Atka mackerel. Available updated diet data will be incorporated
into the next assessment. Updating the predator data is hindered by the lack of funding for analysis of
Aleutian Islands food habit data in general. We will provide updates to the extent possible in the next
assessment.

Ex. B, p. 4

NPEMC Bering Sea and Aleatian Islands SAFLE
Page 1249





Case 3:10-cv-00271-TMB Document 136-2 Filed 02/08/12 Page 5 of 37

BSAI Atka Mackerel December 2010

16.1 Introduction

Native Names. In the Aleut languages, Atka mackerel are known as tmadgi- { among the Eastern and
Atkan Aleuts and Atkan of Bering Island. They are also known as «avyi- { among the Attuan Aleuts
(Sepez ef al. 2003).

Distribution

Atka mackerel (Pleurogrammus monopterygius) are widely distributed along the continental shelf across
the North Pacific Ocean and Bering Sea from Asia lo North America. On the Asian side they extend from
the Kuril Islands to Provideniya Bay (Rutenburg 1962); moving eastward, they are distributed throughout
the Komandorskiye and Aleutian Islands, north along the eastern Bering Sea shelf, and through the Gulf
of Alaska to southeast Alaska.

Early life history

Atka mackerel are a substrate-spawning fish with male parental care. Single or multiple clumps of
adhesive eggs are laid on rocky substrates in individual male territories within nesting colonies where
males brood eggs for a protracted period. Nesting colonies are widespread across the continental shelf of
the Aleutian Islands and western GOA down to bottom depths of 144 m (Lauth er af. 2007b). Historical
data from ichthyoplankton tows done on the outer shelf and slope off Kodiak Island in the 1970°s and
1980's (Kendall and Dunn 1985) suggest that nesting colonies may have existed at one time in the central
Gulf of Alaska. Possible factors limiting the upper and lower depth limit of Atka mackerel nesting habitat
include insufficient light penetration and the deleterious effects of unsuitable water temperatures, wave

surge, or high densities of kelp and green sea urchins (Gorbunova 1962, Lauth ef al. 2007b, Zolotov
1993),

Incubation times for developing eggs decrease logarithmically with an increase in water temperature and
range from 39 days at a water temperature of 12.2° to 169 days at 1.6 °C, however, an incubation water
tenmperature of 15°C was lethal to developing embryos (Guthridge and Hillgruber 2008). In the eastern
and central Aleutian Islands, larvae hatch from October to January with maximum hatching in late
November (Lauth ef o/, 2007a). Afler hatching, larvae are neustonic and about 10 mm in length (Kendall
and Dunn 1985). Along the outer shelf and slope of Kadiak Island, larvae caught in the fall were about
10.3 mm compared to larvae caught the following spring which were about 17.6 (Kendall and Dunn
1985). Larvac and fry have been observed in coastal areas and at great distances offshore (>500 km) in
the Bering Sea and North Pacific Ocean (Gorbunova 1962, Materese er af. 2003, Mel'nikow and Efimkin
2003).

The Bering-Aleatian Salmon International Survey (BASIS) project studies salmon during their time at the
high seas, and has conducted standardized surveys of the upper pelagic layer in the eastern Bering Sea
(EBS) shelf using a surface trawl. In addition to collecting data pertaining to salmon species, BASIS also
collected and recorded information for many other Alaskan fish species, including juvenile Atka
mackerel. The EBS shelf was sampled during the mid-August through September time period from 2004
to 2006 and juvenile Atka mackere! with lengths ranging fronm 150-200 mm were distributed along the
outer shelf' in the southern EBS shelf and along the outer middle shelf between St. George and St
Matthew Islands (Appendix B in Lowe et al. 2007). The fate or ecological role of these juveniles is
unknown since adult Atka mackerel are much less common or absent in annual standardized bottom trawl
surveys in the EBS shelf (Lauth and Acuna 2009)

Reproductive ecolog,
Atka mackerel have a promiscuous mating system involving elaborate color patterns and social behaviors
with the reproductive cycle consisting of three phases: 1) establishing territories; 2) spawning, and 3)
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brooding (Lauth ef al. 2007a). In early June, a fraction of the adult males end scheoling and diurnal
behavior and begin aggregating and establishing territories on rocky substrate in nesting colonies (Lauth
et al, 2007a). The widespread distribution and broad depth range ol nesting colonies suggests that
previous conjecture of a concerted nearshore spawning migration by males in the Aleutian Islands is not
accurate (Lauth ef al. 2007b). Geologic, oceanographic, and biotic features vary considerably among
nesting colonies, however, nesting labitat is invariably rocky and perfused with moderate or strong
currenis (Lauth e al. 2007b). Many nesting sites in the Aleutian Islands are inside fishery trawl exclusion
zones which may serve as de fucto marine reserves for protecting Atka mackerel (Cooper and McDermott
2010b).

The spawning phase begins in late July, peaks in early September, and ends in mid-October (Lauth ef a/.

2007a). Mature females spawn an average of 4.6 separate batches of eggs during the 12-week spawning
period or about one egg batch every 2.5 weeks (McDermott ef al. 2007). After spawning ends, territorial
males with nests continue to brood egg masses until hatching. Higher water temperatures in the range of
water temperatures observed in nesting colonies, (3.9°C to 10.5°C, Gorbunova 1962, Lauth ez al. 2007b),
can result in long incubation times extending the male brooding phase into January or February (Lauth e
al. 2007a).

Prey and predators

Adult Atka mackere] in the Aleutians consume a variety of prey, but principally calanoid copepods and
euphausiids (Yang 1999), and are consumed by a variety of piscivores, including groundfish (e.g., Pacific
cod and arrowtooth flounder, Livingston ef al. unpubl, manuscr.), marine mammals (e.g., northern fur
seals and Sieller sea lions, Kajimura 1984, NMFS 1995, Sinclair and Zeppelin 2002), and seabirds (e.g.,
thick-billed murres, tufted puffins, and short-tailed shearwaters, Springer er al. 1999).

Predation on Atka mackerel eggs by cottids and other hexagrammids is prevalent during the spawning
season as is cannibalism by other Atka mackerel of both sexes (heterocannibalism) and by males from
their own nest (filial cannibalism; Canino et af. 2010, Yang 1999, Zolotov 1993). Filial egg cannibalism
is a common phenomenon in species with extended paternal care.

Nichol and Somerton (2002) examined the diurnal vertical migrations of Atka mackerel using archival
tags and related these movements to light intensity and current velocity. Atka mackerel displayed strong
diel behavior, with vertical movements away from the bottom occurring almost exclusively during
daylight hours, presumably for feeding, and little to no movement at night {where they were closely
associated with the bottom),

Stock structure

A morphological and meristic study suggests there may be separate populations in the Gulf of Alaska and
the Aleutian Islands (Levada 1979). This study was based on comparisons ol samples collected off
Kodiak Island in the central Gulf, and the Rat Islands in the Aleutians. Leg (1985) also conducted a
morphological study of Atka mackerel from the Bering Sea, Aleutian Islands and Guif of Alaska. The
data showed some differences (although not consistent by area for each characteristic analyzed),
suggesling a certain degree of reproductive isolation. Results from an allozyme genetics study comparing
Atka mackere! samples from the western Gulf of Alaska with samples from the eastern, central, and
western Aleutian Islands showed no evidence of discrete stocks (Lowe er al. 1998). A survey of genetic
variation in Atka mackerel using microsatellite DNA markers provided little evidence of genetic
structuring over the species range, although slight regional heterogeneity was evident in comparisons
between some areas (Canino ef af. 2010). Samples collected from the Aleutian Islands, Japan, and the
Gulf of Alaska did not exhibit genetic isolation by distance or a consistent pattern of differentiation.
Examination of these results over time (2004, 2006) showed temporal stability in Stalemate Bank but not
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at Seguam Pass. These results indicate a lack of structuring in Atka mackerel over a large portion of the
species range, perhaps reflecting high dispersal, a recent population expansion and large effective
population size, or some combination of all these factors (Canino ef al. 2010),

The question remains as to whether the Aleutian Island (Al) and Gulf of Alaska populations of Atka
mackerel should be managed as a unit stock or separate populations given that there is a lack of consistent
genetic stock structure over the species range. There are significant differences in population size,
distribution, recruitment patterns, and resilience lo fishing suggesting that management as separate stocks
is appropriate, Bottom trawl surveys and fishery data suggest that the Atka mackere! population in the
GOA is smaller and much more patchily distributed than that in the Al, and composed alimost entirely of
fish >30 cm in length. There are also more areas of moderate Atka mackerel density in the Al than in the
GOA. The lack of small fish in the GOA suggests that Atka mackerel recruit to that region differently
than in the Al. Nesting sites have been located in the Guif of Alaska in the Shumagin Islands (Lauth er
al. 2007a), and historical ichthyoplankton data from the 1970’s around Kodiak Island indicate there was a
spawning and nesting population even further to the east (Kendall and Dunn 1985), but the source of
these spawning populations is unknown. They may be migrant fish from strong year classes in the
Aleutian Islands or a self-perpetuating population in the Gulf, or some combination of the two. The idea
that the western GOA s the eastern extent of their geographic range might also explain the greater
sensitivity to fishing depletion in the GOA as rellected by the history of the GOA fishery since the early
1970s. Catches of Atka mackerel from the GOA peaked in 1975 at about 27,000 t. Recruitment to the Al
population was low from 1980-1985, and catches in the GOA declined to 0 in 1986. Only after a series of
large year classes recruited to the Al region in the late 1980s, did the population and fishery reestablish in
the GOA beginning in the early 1990s. After passage of these year classes through the population, the
GOA population, as sampled in the 1996 and 1999 GOA bottom trawl surveys, has declined and is very
patchy in its distribution. Most recently, the strong 1998 and 1999 year classes documented in the
Aleutian Islands showed up in the Gulf of Alaska. Leslie depletion analyses using historical Al and GOA
fishery data suggest that catchability increased from one year to the next in the GOA fished areas, but
remained the same in the Al areas (Lowe and Fritz 1996; 1997), These differences in population
resilience, size, distribution, and recruitment support separate assessments and management of the GOA
and Al stocks and a conservalive approach to management of the GOA portion of the population.

Management units

Amendment 28 to the Bering Sca/Aleutian Islands (BSAI) Fishery Management Plan became effective in
mid-1993, and divided the Aleutian subarea into three districts at 177°W and 177°E for the purposes of
spatially apportioning TACs. Since 1994, the BSAI Atka mackerel TAC has been allocated to the three
regions (541 Eastern Aleutians, 542 Central Aleutians, 543 Western Aleutians) based on the average
distribution of biomass estimated from the Aleutian Islands bottom trawl surveys.

16.2 Fishery
16.2.1 Catch history

Annual catches of Atka mackere! in the eastern Bering Sea (EBS) and Aleutian Islands (Al) regions
increased during the 1970s reaching an initial peak of over 24,000 t in 1978 (see BSAI SAFE Table 3).
Atka mackerel became a reported species group in the BSA1 Fishery Management Plan in 1978. Catches
(including discards and community development quota [CDQ] catches), corresponding Acceptable
Biological Catches (ABC), Total Allowable Catches (TAC), and Overfishing Levels (OFL) set by the
North Pacific Fishery Management Council (Council) from 1978 to the present are given in Table 16.1.

From 1970-1979, Atka mackerel were landed off Alaska exclusively by the distant water fleets of the
U.S.S.R., Japan and the Republic of Korea. U.S, joint venture fisherics began in 1980 and dominated the
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landings of Atka mackerel from 1982 through 1988. Total landings declined from 1980-1983 primarily
due to changes in target species and allocations to various nations vather than changes in stock abundance.
Catches increased quickly thereafter, and from 1985-1987 Atka mackerel catches averaged 34,000 t
annually, dropping to a low of 18,000 t in 1989, The last joint venture allocation of Atka mackerel off
Alaska was in 1989, and since 1990, all Atka mackerel landings have been made by U.S. fishermen.
Beginning in 1992, TACs increased steadily in response to evidence of a large exploitable biomass,
particularly in the central and western Aleutian Islands.

16.2.2 Description of the Directed Fishery
The patterns of the Atka mackerel fishery generally reflect the behavior of the species: (1) the fishery is
highly localized and usually occurs in the same few locations each year; (2) the schooling semi-pelagic
nature of the species makes it particularly susceptible to trawl gear fished on the bottom; and (3) trawling
occurs almost exclusively at depths less than 200 m. In the early 1970s, most Atka mackerel catches were
in the western Aleutian Islands (west of 180°W longitude). In the late 1970s and through the 1980s,
fishing effort moved eastward, with the majority of landings occurring near Seguam and Amlia Islands.
In 1984 and 1985 the majority of landings came from a single 1/2° latitude by 1° longitude block bounded
by 52°30™N, 53°N, 172°W, and 173°W in Seguam Pass (73% in 1984, 52% in 1985). Areas fished by the
Atka mackerel fishery from 1977 to 1992 are displayed in Fritz (1993). Areas of 2010 fishery operations
are shown in Figure 16.1.

16.2.3 Management History t

Prior to 1992, ABCs were allocated to the entire Aleutian management district with no additional spatial
management. However, because of increases in the ABC beginning in 1992, the Council recognized the
need to disperse fishing effort throughout the range of the stock to minimize the likelihood of localized
depletions. In 1993, an initial Atka mackerel TAC of 32,000 t was caught by 11 March, almost entirely
south of Seguam Island. This initial TAC release represented the amount of Atka mackerel that the
Council thought could be appropriately harvested in the eastern portion of the Aleutian Islands subarea
(based on the assessment for the 1993 fishery; Lowe 1992). In mid-1993, however, Amendment 28 to the
Bering Sea/Aleutian Islands (BSAI) Fishery Management Plan became effective, dividing the Aleutian
subarea into three districts at 177°W and 177°E for the purposes of spatially apportioning TACs (Figure
16.1). On 11 August 1993, an additional 32,000 t of Atka mackerel TAC was released to the Central
(27,000 t) and Western (5,000 t) districts, Since 1994, the BSAI Atka mackerel TAC has been allocated to
the three regions based on the average distribution of biomass estimated from the Aleutian 1slands bottom
trawl surveys. Table 16.2 gives the time series of BSAT Atka mackerel catches, corresponding ABC and
TAC by region.

In June 1998, the Council passed a fishery regulatory amendment that proposed a four-year timetable to
temporally and spatially disperse and reduce the level of Atka mackerel fishing within Steller sea lion
critical habitat (CH) in the BSAI Islands. Temporal dispersion was accomplished by dividing the BSAI
Atka mackerel TAC into two equal seasonal allowances, an A-season beginning lanuary 1 and ending
April 15, and a B-season from September | to November 1. Spatial dispersion was accomplished through
‘a planned 4-year reduction in the maximum percentage of each seasonal allowance that could be caught
within CH in the Central and Western Aleutian Islands. This was in addition to bans on trawling within
10 nm of all sea lion rookeries in the Aleutian district and within 20 nm of the rookeries on Seguam and
Agligadak Islands (in area 541), which were instiluted in 1992, The goal of spatial dispersion was to
reduce the proportion of each seasonal allowance caught within CH to no mote than 40% by the year
2002. No CH allowance was established in the Eastern subarca because of the year-round 20 nm traw]
exclusion zone around the sea lion rookeries on Seguam and Agligadak 1slands that minimized effort
within CH. The regulations implementing this four-year phased-in change to Atka mackerel fishery
management became effective on 22 January 1999 and lasted only 3 years (through 2001). In 2002, new
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regulations affecting management of the Atka mackerel, pollock, and Pacific cod fisheries went into
effect. Furthermore, all trawling was prohibited in CH from 8 August 2000 through 30 November 2000
by the Western District of the Federal Court because of violations of the Endangered Species Act (ESA).

As part of the plan to respond to the Court and comply with the ESA, NMFS and the NPFMC formulated
new regulations for the management of Steller sea lion and groundfish fishery interactions that went into
effect in 2002. The objectives of temporal and spatial fishery dispersion, cornerstones of the 1999
regulations, were retained. Season dates and allocations remained the same (A season; 50% of annual
TAC from 20 January to 13 April; B season: 50% from | September to [ November). However, the
maximum seasonal catch percentage from CH was raised from the goal of 40% in the 1999 regulations to
60%. To compensate, effort within CH in the Central (542) and Western (543) Aleutian fisheries was
limited by allowing access to each subarea to half the fleet at a time. Vessels fishing for Atka mackerel
are randomly assigned to one of two teams, which start fishing in either area 542 or 543. Vessels may not
switch areas until the other team has caught the CH allocation assigned to that area. In the 2002
regulations, trawling for Atka mackerel was prohibited within 10 nm of all rookeries in areas 542 and
543; this was extended to 15 nm around Buldir [sland and 3 nm around all major sea lion haulouts.
Steller sea lion CH east of 178 W in the Aleutian district, including all CH in subarea 541 and a 1°
Jongitude-wide portion of subarea 542, is closed to directed Atka mackere! fishing.

Most recently, the Draft 2010 Biological Opinion has found that the fisheries for Alaska groundfish in the
Bering Sea and Aleutian Islands and Gulf of Alaska, and the cumulative effects of these fisheries, are
likely to jeopardize the continued existence of the western distinct population segment (DPS) of Steller
sea lions, and also likely to adversely modify the designated critical habitat of the western DPS of Steller
sea lions. Because this Biological Opinion has found jeopardy and adverse modification of critical
habitat, the agency is required to implement reasonable and prudent alternatives (RPAs) to the proposed
actions (the fisheries). The Draft Biological Opinion includes proposed RPAs which require changes in
groundfish fishery management in Management Sub-areas 543, 542, and 541 in the Aleutian Islands
Management Area. NOAA Fisheries intends to complete the final Biological Opinion and to implement
the direct final rule measures before the start of the 2011 fishery in January.

Amendment 80 to the BSAI Groundfish FMP was adopted by the Council in June 2006 and implemented
for the 2008 fishing year. This action allocates several BSAT non-pollock trawl groundfish species among
trawl fishery sectors, and facilitates the formation of harvesting cooperatives in the non-American
Fisheries Act (non-AFA) trawl catcher/processor sector. Bering Sea/Aleutian Islands Atka mackerel is
one of the groundfish species directly affected by Amendment 80. In addition, a Best Practices
Cooperative has been formed under Amendment 80 which includes most of the participants in the BSAI
Atka mackerel fishery.

16.2.4 Bycatch and Discards

Atka mackerel are not commonly caught as bycatch in other directed Aleutian Islands fisheries. The
largest amounts of discards of Atka mackerel, which are likely under-size fish, occur in the directed Atka
mackerel trawl fishery. Atka mackerel are also caught as bycatch in the trawl Pacific cod and rockfish
fisheries. Northern and light dusky rockfish are caught in the Aleutian Islands Atka mackerel {ishery.
While the 2008 and 2009 discards of northern rockfish as a total of the Atka mackerel catch were 5 and
4%, respectively, the actual amount of northern catches (discards and retained) accounts for a large
portion of the Al northern TAC. The 2008 fishery caught 2,722 t of northern rockfish, about 33% of the
2008 Al northern TAC. The 2009 Atka mackerel fishery caught 2,700 t of northern rockfish which
accounted for 38% of the northern TAC.
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Discard data have been available for the groundfish fishery since 1990. Discards of Atka mackerel for
1990-1999 have been presented in previous assessments (Lowe ef al. 2003). Aleutian Islands Atka
mackerel discard data from 2000 to the present are given in Table 16.3.

The discards and discard rate of Atka mackerel in the Atka mackerel fishery increased dramatically in
2002 (Table 16.3). The 2002 fishery caught large numbers of 3 and 4 year olds from the 1998 and 1999
year classes. Small fish from the very large 1999 year class may have contributed to the increased
discarding in the 2002 fishery. The discards and discard rate increased again in 2003; the 2003 fishery
caught large numbers of 3 and 4 year olds from the 1999 and 2000 year classes, and small fish from the
2000 year class may have contributed to the increased discarding in the 2003 fishery. The 2004 discard
rate decreased despite the appearance of the above average 2001 year class; the 2004 fishery appeared to
have retained larger numbers of 3-year old fish than previous years (Lowe ef al. 2005). The discard rate
decreased dramatically in 2005. The 2006 discard rate continued to decline, and rates have been 2-3%
unti] 2009 when the discard rate increased to nearly 4% (Table 16.3). The increase in 2009 may be due to
large numbers of small fish from the 2007 year class.

Until 1998, discard rates of Atka mackerel by the target fishery have generally been greatest in the
western Al (543) and lowest in the east (541, Lowe e a/. 2003). Afler 1998 and up until 2003, discard
rates have been higher in the central Al (542) and have remained lowest in the east (subarea 541, Table
16.4). However, in 2003, the discard rate in the eastern (541) and western Al (543) nearly doubled, and
the western rate exceeded the central area rate (Table 16.4). In the 2004 fishery, the discard rates
decreased in both the central and western Aleutians (542 & 543) while the eastern rate increased again.
The 2005 discard rates dropped significantly in all three areas, contributing to the large overall drop in the
2005 discard rate shown above. Discard rates have continued to decrease in eastern Al (541) since 2005
(Table 16.4).

16.2.5 Fishery Length Frequencies

From 1977 to 1988, commercial catches were sampled for length and age structures by the NMFS foreign
fisheries observer program. There was no JV allocation of Atka mackerel in 1989, when the fishery
became fully domestic. Since the domestic observer program was not in full operation until 199G, there
was little opportunity to collect age and length data in 1989. Also, the 1980 and 1981 foreign observer
samples were small, so these data were supplemented with length samples taken by R.O.K. fisheries
personnel from their commercial landings. Data from the foreign fisheries are presented in Lowe and
Fritz (1996).

Atka mackerel length distributions from the 2009 and preliminary 2010 fisheries by management area are
shown in Figures 16.2 and 16.3, respectively. The modes at about 37-43 cm in the 2009 BSAI fishery
length distributions represent the 2006 year class (Figure 16.4). The available 2010 fishery data are
presented and should be considered preliminary (Figure 16.3). Preliminary data from the 2010 BSAI
fisheries showed similar distributions to the 2009 distributions with modes at about 36-42 cm (Figure
16.3).

16.2.6 Steller Sea Lions and Atka mackerel Fishery Interactions
Since 1979, the Atka mackerel fishery has occurred largely within areas designated in 1993 as Steller sea
lion eritical habitat (20 nm around rookeries and major haulouts). While total removals from critical
habitat may be small in relation to estimales of lotal Atka mackerel biomass in the Aleutian region,
fishery harvest rates in localized areas may have been high enough to affect prey availability of Steller sea
lions (Section 12.2.2 of Lowe and Fritz 1997). The localized pattern of fishing for Atka mackerel
apparently does not affect fishing success from one year to the next since local populations inthe
Aleutian Islands appear to be replenished by immigration and recruitment. However, this pattern could
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have created temporary reductions in the size and density of localized Atka mackerel populations which
may have affected Steller sea lion foraging success during the time the fishery was operating and for a
period of unknown duration alter the fishery closed. As a consequence, the NPFMC passed regulations in
1998 and 2001 (described above in Section 16.2.3) to disperse fishing effort temporally and spatially as
well as reduce effort within Steller sea lion critical habitat.

NMFS is investigating the efficacy of trawl exclusion zones as a fishery-Steller sea lion management tool,
and trying to determine the local movement rates of Atka mackere! through tagging studies. In August
1999, the AFSC conducted a pilot survey to explore the variance in survey catches of Atka mackerel and
the feasibility of tagging as methods to determine small-scale changes in abundance and distribution. The
tagging work was very successful and tagging surveys have been conducted near Seguam Pass (in area
541) in August 2000, 2001 and 2002 (McDermott et al. 2005). Resulls indicate that the 20 nm trawl
exclusion zone around the rookeries on Seguam and Agligadak Islands is effective in minimizing
disturbance to prey fields within them. The boundary of the 20 nm trawl exclusion zone at Seguam
appears to occur at the approximate boundary of two naturally occurring assemblages. The movement
rate between the two assemblages is small. Therefore, the results obtained here regarding the efficacy of
the trawl exclusion zone may not generally apply to other, smaller zones to the west. The tagging work
has been expanded and tagging was conducted inside and outside the 10 nm trawl exclusion zones in
Tanaga Pass (in 2002), near Amchitka Island (in 2003) and off Kiska Istand (in 2006). Movement rates at
Tanaga pass and Kiska Island appear similar to those at Seguam with the trawl exclusion zones forming
natural boundaries to local aggregations. Movement rates at Amchitka appear to be higher relative to
Seguam (pers. comm. Elizabeth Logerwell and Susanne McDermott, AFSC). The boundaries at
Amchitka bisect Atka mackerel habitat unlike Seguam and Tanaga.

16.3 Data

16.3.1 Fishery Data

Fishery data consist of total catch biomass from 1977 to 2009 and partial 2010 catch data (Table 16.1).
Also, length measurements collected by observers and otoliths read by the AFSC Age and Growth Lab
(Table 16.5) were used to create age-length keys to determine the age composition of the catch from
1977-2009 (Table 16.6). In previous assessments (prior to 2008), the catch-at-age in numbers was
compiled using total annual BSAI catches and global (Aleutian-wide) year-specific age-length keys. The
formulas used are described by Kimura (1989). As with the length frequencies, the age data for 1980-
1981 and 1989 presented problems. The commercial catches in 1980 and 1981 were not sampled for age
structures, and there were too few age structures collected in 1989 to construct a reasonable age-length
key. Kimura and Ronholt (1988) used the 1980 survey age-fength key to estimate the 1980 commercial
catch age distribution, and these data were further used to estimate the 1981 commercial catch age
distribution with a mixture model (Kimura and Chikuni 1987). However, this method did not provide
satisfactory resulis for the 1989 catch data and that year has been excluded from the analyses (Lowe e/ al.
2007).

An alternative approach o compiling the calch-at-age data was adopted in the 2008 assessment in
response 1o issues rajsed during the 2008 Center for independent Experts (CIE) review of the Aleutian
Islands Atka mackerel and pollock assessments. This method uses stratified catch by region (Table 16.2)
and compiles (to the extent possible) region-specific age-length keys stratified by sex. This method also
accounts for the relative weights of the catch taken within strata in different years. This approach was
applied to catch-at-age data alter 1989 (the period when consistent observer data were available) and
follows the methods described by Kimura (1989) and modified by Dorn (1992; Table 16.6). Briefly,
length-stratified age data arc used to construct age-length keys for each stratum and sex. These keys are
then applied to randomly sampled catch length frequency data. The stratum-specific age composition

Ex. B, p. 11
NPFMC Bering Sea and Aleutian Isfands SAFE
Page 1256





Case 3:10-cv-00271-TMB Document 136-2 Filed 02/08/12 Page 12 of 37

December 2010 ) BSAI Atka Mackerel

estimates are then weighted by the catch within each stratum to arrive at an overall age composition for
cach year. In summary, estimates of the proportion of catch-at-age ave derived from the mean of the
bootstrap sampling of the revised catch-at-age estimates. The bootstrap method also allows evaluation of
sample-size scalings that better reflect inter-annual differences in sampling and observer coverage.

Since body mass is applied in this estimation, stratum-weighted mean weights-at-age are available with
the estimates of catch-at-age. The three strata for the Atka mackerel coincide with the three management
areas (castern, central, and western regions of the Aleutian Islands). This method was used to derive the
age compositions for 1990-2009 (the period for which all the necessary information is readily available).
Prior to 1990, the catch-age composition estimates remain the same as in previous assessiments.

The most notable features of the estimated catch-at-age data (Table 16.6) are the strong 1975, 1977, 1999,
2000, and 2001 year classes, and large numbers of the 2006 year class which showed up in the 2009
fishery. The 1975 year class appeared strong as 3 and 4-year-olds in 1978 and 1979. It is unclear why
this year class did not continue to show up strongly after age 4. The 1977 year class appeared strong
through 1987, after entering the fishery as 3-year-olds in 1980. The 2002 fishery age data showed the
first appearance in the fishery of the strong 1999 year class, and the 2003 and 2004 fishery data showed
the first appearance of large numbers from the 2000 and 2001 year classes, respectively. The 2009
fishery data was dominated by 3-year-olds of the 2006 year class, and continued to show the presence of
the 2001 year class (Table 16.6 and Figure 16.4). The progression of the 2001 year class is clearly
evident in the modes of the 2007, 2008, and 2009 {ishery age data (Figure 16.4).

Atka mackerel are a summer-fall spawning fish that do not appear to lay down an otolith annulus in the
first year (Anderl ef al., 1996). For stock assessment purposes, one year is added to the number of otolith
hyaline zones determined by the Alaska Fisheries Science Center Age and Growth Unit. All age data
presented in this report have been corrected in this way.

16.3.2 Survey Data

Atka mackerel are a difficult species to survey because: (1) they do not have a swim bladder, making
them poor targets for hydroacoustic surveys; (2) they prefer hard, rough and recky bottom which makes
sampling with survey bottom trawl gear difficult; and (3) their schooling behavior and patchy distribution
result in survey estimates with large variances. Despite these shortcomings, the U.S.-Japan cooperative
trawl surveys conducted in 1980, 1983, 1986, and the 1991, 1994, 1997, 2000, 2002, 2004, 2006, and
2010 domestic trawl surveys, provide the only direct estimates of population biomass from throughout the
Aleutian Islands region. Furthermore, the biomass estimales from the early U.S-Japan cooperative
surveys are not directly comparable with the biomass estimates obtained from the U.S. trawl surveys
because of differences in the net, fishing power of the vessels, and sampling design (Barbeaux ef /.
2003).

Aleutian Islands trawl survey biomass estimates of Atka mackerel varied from 63,215 tin 1980 to
489,486 tin 1983, and 1,21,148 t in 1986 (Table 16.7). However, the high value for 1986 is not directly
comparable to previous estimates. During the 1980 survey, no successful sampling occurred in shallow
waters (<100 m) around Kiska and Amchitka Islands, and during the 1983 survey very few shallow water
stations were successfully trawled. However, during the 1986 survey, several stations were successfully
trawled in waters less than 100 m, and some produced extremely large catches of Atka mackerel. In
1986, the biomass estimate from this one depth interval alone totaled 1,011,991 t in the Ceniral Aleutians
(Table 16.7), or 90% of the total biomass of Atka mackerel in the Aleutian Islands. This was a 908,403 1
increase over the 1983 biomass estimate for the same stratum-depth interval. The 1986 biomass estimale
is associated with a large coefficient of variation (0.80). Due to differences in area and depth coverage of
the surveys, it is not clear how this biomass estimate compares to earlier years. ‘
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The most recent Aleutian Islands biomass estimate from the 2010 Aleutian Islands bottom trawl survey is
844,571 1, up 16% relative to the 2006 survey estimate (no survey was conducted in 2008, Table 16.8).
The breakdown of the Aleutian biomass estimates by area corresponds to the management sub-districts
(541-Eastern, 542-Central, and 543-Western). The increase in biomass in the 2010 survey is largely 4
result of the increase in biomass found in the Western area (252,819 t in 2010 up from 100,693 t in 2006),
despite a large decrease in the Central area. Relative to the 2006 survey, the 2010 biomass estimates are
up 151% in the Western area, down 29% in the Central area, and up 13% in the Eastern area (Figure
16.5), The 95% confidence inferval about the mean total 2010 Aleutian biomass estimate is 162,039-
1,527,102 t. The coefficient of variation (C'F) of the 2010 mean Aleutian biomass is 40% (Table 16.8).

The distribution of biomass in the Western, Central, and Eastern Aleutians and the southern Bering Sea
shifled between each of the surveys, and most dramatically in area 541 in the 2000 survey (Figure 16.5).
The 2000 Eastern Aleutian area biomass estimate (900 t) was the lowest of all surveys, contributing only
0.2% of the total 2000 Aleutian biomass and represented a 98% decline relative to the 1997 survey. The
extremely low 2000 biomass estimate for the Eastern area has not been reconciled, but there are several
factors that may have had a significant impact on the distribution of Atka mackerel that were discussed in
Lowe e/ al. (2001). We note that the distribution of Atka mackerel in the Eastern area is generally
patchier, and up until the 2004 survey, the area-specific variances for the Fastern area have always been
high relative to the Central and Western areas. Lowe ef al. (2001) suggest that a combination of several
factors coupled with the typically patchier distribution of Atka mackerel in area 541 may have impacted
the distribution of the fish such that they were not available a1 the surveyed stations at the time of the
2000 survey,

The 2010 survey showed that the Eastern area contributed 47% of the total biomass which is nearly
identical to the proportion detected in the 2006 survey, and represents the largest proportions in the time
series (Table 16.8).

In 1994 for the first time since the initiation of the Aleutian triennial surveys, a significant concentration
of biomass was detected in the southern Bering Sea area (66,603 1). This occurred again in 1997 (95,680
1), 2002 (59,883 1), and 2004 survey (267,556 t, Table 16.8). These biomass estimates are a result of large
catches from a single haul encountered north of Akun Island in all four surveys. In addition, large catches
of Atka mackerel in the 2004 survey were also encountered north of Unalaska Island, with a particularly
large haul in the northwest corner of Unalaska Island (Figure 16.6). The 2004 southern Bering Sea strata
biomass estimate of 267,556 t is the largest biomass encountered in this area in the survey time series.
The CV of the 2004 southern Bering Sea estimate is 43%, much lower than previous years as several
hauls contributed to the 2004 estimate. The 2006 survey estimated only 12,284 t of biomass (CF=44%)
from the southern Bering Sea arca. Most recently, the 2010 survey estimated 102,755 t of biomass in the
southern Bering Sea (CF=86%). As in past surveys, this biomass estimate is the result of a large catch
from a single haul encountered north of Akun Island.

Areas with large catches of Atka mackere! during the 2004 survey included north of Akun Island and
Unalaska Islands, Seguam Pass, Tanaga Pass, Kiska Island, Buldir Island, and Stalemate Bank (Figure
16.6). Similar to the 2004 survey, areas with large catches of Atka mackerel in the 2006 survey included
Seguam Pass, Tanaga Pass, Kiska Island, and Stalemate Bank (Figure 16.6). In the most recent 2010
survey, areas of large catches included north of Akun Island, northwest of the Islands of Four Mountains,
Seguam Pass, Kiska Island, Buldir Island, and Stalemate Bank (Figure 16.6). 1n the 2002, 2004, 2006,
and 2010 surveys Atka mackerel were much less patchily distributed relative to previous surveys and
were encountered in 55, 60, 51, and 57% of the hauls respectively, which are the highest rates of
encounters in the survey time series,

Ex. B, p. 13

NPFMC Bering Sea and Aleutian Islands SAFE
Page 1258





Case 3:10-cv-00271-TMB Document 136-2 Filed 02/08/12 Page 14 of 37

December 2010 BSAI Atka Mackerel

The average bottom temperatures measured in the 2000 survey were the lowest of any of the Aleutian
surveys, particularly in depths less than 200 m where 99% of the Atka mackerel are caught in the surveys
(Figure 16.7). The average bottom temperatures measured in the 2002 survey were the second lowest of
the Aleutian surveys, but significantly higher than the 2000 survey and very similar to the 1994 survey.
The average bottom temperatures measured in the 2006 and 2010 surveys were slightly above the 2002
survey and very similar to the 1994 survey temperatures (Figure 16.7).

There is greater confidence in Atka mackerel biomass estimates from bottom trawl surveys of the
groundfish community of the Aleutian Islands (Al) than the Gulf of Alaska (GOA). First, the coefficients
of variation (C'V) of the mean Atka mackerel biomass estimates have been considerably smaller from
recent Al surveys compared to recent GOA surveys: 0.20, 0.17, and 0.28 from the 2002, 2004, 2006 Al
surveys, respectively, compared with 1.00, 0.35, 0.50, and 0.46 from the 2001, 2003, 2005, and 2007
GOA surveys. However, it is noted that the most recent 2010 survey was associated with a CV of 40%,
which is the highest C¥ in the domestic trawl survey time series. Second, while patchy in its distribution
compared to other groundfish species, Atka mackerel have been much more consistently encountered in
the Al than the GOA surveys, appearing 55%, 60, 51, and 57%% of the hauls in the 2002, 2004, 2006,
and 2010 Al surveys, compared to 10%, 44%, 29%, and 20% of the hauls in the Shumagin area in the
2001, 2003, 2005, and 2007 GOA surveys, respectively. For these reasons we utilize bottom trawl
surveys to assess the relative abundance of Atka mackerel in the Aleutian Islands, but do not consider the
highly variable estimates of biomass from the GOA surveys useful for tracking abundance trends.

Survey Length Frequencies

The 2000, 2002, 2004, and 2006 bottom trawl surveys and the fishery catch data revealed a strong east-
west gradient in Atka mackerel size, with the smallest fish in the west and progressively larger fish to the
east, (Figure 16.8 in Lowe ef al. 2003, 2003, 2009). The 2010 survey length frequency distributions also
show a strong cast-west gradient in Atka mackere! size (Figure 16.8). The 2010 survey length frequency
distributions from the Eastern area showed a mode of fish at 44 cm, larger than the Central and Western
fish, and similar to the size distribution of fish sampled from the southern Bering Sea with a mode of 45
cm (Figure 16.8).

Survey Age Frequencies

The age compositions from the 2004, 2006, and 2010 Aleutian surveys are shown in Figure 16.9. The
2004 survey age data is basically comprised of 3, 4, and 5-year olds of the 1999, 2000, and 2001 year
classes, and is dominated by 3-year olds of the 2001 year class (Figure 16.9). The 2006 survey still
indicated large numbers from the 1999 year class and a very low number of fish from the 2002 year class.
The fishery catch data also confirmed very low numbers of the 2002 year class. The 2006 survey and
fishery saw an unusually high number of 2 year olds from the 2004 year class (Figure 16.9 and Table
16.6). The 2007 fishery data confirmed a large number of 3 year olds from the 2004 year class. The most
recent 2010 survey age composition is dominated by 3 and 4-year olds of the 2006 and 2007 year classes.
The 2009 fishery data confirmed the strong presence of the 2006 year class in {ishery catches. The mean
ages of the 2004, 2006, and 2010 surveys are 4.2, 5.3, and 5.3 years, respectively,

Survey Abundance Indices

A partial time series of relative indices from the 1980, 1983, 1986, and 1991 Aleutian Islands surveys had
been used in the previous stock synthesis assessments (Lowe ef al. 2001). The relative indices of
abundance excluded biomass from the 1-100 m depth strata of the Southwest Aleutian Islands region
(west of 180°) due to the lack of sampling in this stratum in some years. Because the excluded area and
depth stratum have consistently been found to be locations of high Atka mackerel biomass in later
surveys, it was determined that the indices did not provide uscful additional information to the model.
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Analyses to determine the impact of omitting the relative time series showed that results without the
relative index are more conservative (Lowe et al, 2002),

16.4 Analytic approach

The 2002 BSAIT Atka mackerel stock assessment introduced a new modeling approach implemented
through the “Stock Assessment Toolbox® (an initiative by the NOAA Fisheries Office of Science and
Technology) that evaluated favorably with previous assessments (Lowe er ol 2002). This approach used
the Assessment Model for Alaska (AMAK)' from the Toolbox, which is similar to the stock synthesis
application (Methot 1989, 1990; Fournier and Archibald 1982) used for Aleutian Islands Atka mackerel
from 19912001, but allows for increased flexibility in specifying models with uncertainty in changes in
fishery selectivity and other parameters such as natural mortality and survey catchability (Lowe ef al,
2002). This approach (AMAK) has also been adopted {or the Aleutian Islands pollock stock assessment
(Barbeaux et ol 2004).

The Assessment Model for Alaska is developed using ADMode! Builder language (Fournier 1998) and
follows from the structure presented in lanelli and Fournier (1998). ADMB is a C++ software language
extension and automatic differentiation library that is now freely available. It allows for estimation of
large numbers of parameters in non-linear models using automatic differentiation.

" AMAI. 2005. A statistical catch al age model for Alaska, version 1.07.1. NOAA
Fisheries Toolbox. NEFSC, Woaods Hole, MA. Updated 2010 version available on request to authors.
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16.4.1 Model structure

The AMAK models catch-at-age with the standard Baranov catch equation. The population dynamics
follows numbers-at-age over the period of cateh history (here 1977-2010) with natural and age-specific
fishing mortality occurring throughout the 11-age-groups that are modeled (1-11+). Age I recruitment in
each year is estimated as deviations from a mean value expected from an underlying stock-recruitment
curve. Deviations between the observations and the expected values are quantified with a specified error
model and cast in terms of a penalized log-likelihood. The overall log-likelihood (L) is the weighted sum
of the calculated log-likelihoods for each data component and model penalties. The component weights
are inversely propottional to the specified (or in some cases, estimated) variances. Appendix Tables A-1
~ A-3 provide a description of the variables used, and the basic equations describing the population
dynamics of Atka mackerel as they relate to the available data. The quasi? likelihood components and the
distribution assumption of the error structure are given below:

CV or sample size

Data component Years of data Likelihood form N)
Catcl biomass 1977-2010 Lognormal CVF=5%
Fishery catch age composition 1977-2010 Multinomial Year specific ¥=25-234
1991, 1994, 1997
Survey biomass 2001, 2604, 2006, 2010 LLognormal Average CP=26%
Survey age composition 1986, 1991, 1994, 1997
2001, 2004, 2006, 2010 Multinomial N=50
Recruitment deviations Lognormal
Stock recruitment curve Lognormal
Selectivity smoothness (in age-
coefTicients, survey and fishery) Lognomal
Selectivity change over tme (fishery only) Lognormal
Priors (where applicable) L.ognormal

The age-composition components are heavily influenced by the sample size assumptions specified for the
multinomial likelihood. Since sample variances of our catch-at-age estimates are available (Dorn 1992),
“effective sample sizes” (N, ;) can be derived as follows (where 7 indexes year, and j indexes age):

Py (1=0.4)

o= ()

1)

where p, , is the proportion of Atka mackerel in age group f in year i plus an added constant of 0.01 to
provide some robustness. The variance of p,  was obtained from the estimates of variance in catch-at-

age. Thompson and Dorn (2003, p. 137) and Thompson (AFSC pers. comm.) note that the above is a
random variable that has its own distribution. Thompson and Dorn (2003) show that the harmonic mean
of this distribution is equal to the true sample size in the multinomial distribution. This property was used
to obtain sample size estimates for the (post 1989) fishery numbers-at-age estimates (scaled to have a
mean of [00; earlier years were set to constant values):

4

Quasi likelihood is used here because model penaltics (not strictly relating to data) are included.
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1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988
25 25 25 25 50 50 50 50 50 50 50 50
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
47 35 10 10 66 59 117 16 82 219 234 104
2002 2003 2004 2005 2006 2007 2008 2009
136 133 133 89 117 89 144 150

An ageing error conversion matrix is used in the assessment model to translate model population numbers
at age to expected fishery catch at age. We estimated this matrix using an ageing error model fit to the
observed percent agreement at ages 2 through 10. Mean percent agreement is close to 100% at age 2 and
declines to 54% at age 10. Annual estimates of percent agreement are variable, but show no obvious
trend, hence a single conversion matrix for all years in the assessment model was adopted. The model is
based on a linear increase in the standard deviation of ageing error and the assumption that ageing error is
normally distributed. The model predicts percent agreement by taking into account the probability that
both readers are correct, both readers are off by one year in the same direction, and both readers are off by
two years in the same direction. The probability that both readers agree and were off by more than two
years was considered negligible,

Parameters estimated independently

Natuwral Mortality
Natural mortality (M) is a difficult parameter to estimate reliably. One approach we took was to use the
regression mode! of Hoenig (1983) which relates total monality as a function of maximum age. His
equation is:

In(Z) = 1.46 - 1.01(In(Tmax)).

Where 7 is total instantancous mortality (the sum of natural and fishing mortality, Z=AM-+F), and Tmax is
the maximum age. The instantancous total mortality rate can be considered an upper bound for the
natural mortality rate if the fishing mortality rate is minimal. The calch-at-age data showed a 14-year-old
fish in the 1990 fishery, and a |5-year-old in the 1994 fishery. Assuming a maximum age of 14 years and
Hoenig's regression equation, Z was estimated to be 0.30 (Lowe 1992). Since fishing mortality was
refatively low in 1990, natural mortality has been reasonably approximated by a value of 0.30 in past
assessments.

An analysis was undertaken to explore alternative methods to estimaie natural mortality for Atka
mackerel (Lowe and Fritz, 1997). Several methods were employed based on correlations of M with life
history parameters including growth parameters (Alverson and Carney 1975, Pauly 1980, Charnov 1993),
longevity (Hoenig 1983), and reproductive polential (Roff 1986, Rikhter and Efanov 1976). Atka
mackerel appear to be segregated by size along the Aleutian chain. Thus, natural mortality estimates
based on growth parameters would be sensitive Lo any sampling biases that could result in under- or aver-
estimation of the von Bertalanffy growth parameters. Fishery data collections are more likely to be
biased as the fishery can be more size selective and concentrates harvests in specific areas as opposed to
the surveys. Natural mortality estimates derived from fishery data ranged from 0.05 to 1.13 with a mean
of 0.53. Natural mortality estimates, excluding those based on fishery data, ranged from 0.12 to 0.74 with
a mean value o' 0.34, The current assumed value of 0.3 is consistent with these values, Also, a value of
0.3 is consistent with values of A/ derived by the methods of Hoenig (1983) and Rikhter and Efanov
(1976) which do not rely on growth parameters (Lowe and Fritz, 1997).

The 2003 assessment explored the use of priors on M. resulting in drastically inflated biomass levels
(Figure 16.11 in Lowe et al. 2003). Independent studics are being conducted outside the assessment

Ex. B, p. 17
NPEMC Bering Sea and Aleutian Islands SAFE
Page 1262





Case 3:10-cv-00271-TMB Document 136-2 Filed 02/08/12 Page 18 of 37

December 2010 BSAI Atka Mackere!

which may provide further information to configure appropriate prior distributions for M. In the current
assessment, a natural mortality value of 0.3 was used in the assessment model.

Length and Weight al Age

Atka mackerel exhibit large annual and geographic variability in length at age. Because survey data
provide the most uniform sampling of the Aleutian Islands region, data from these surveys were used to
evaluate variability in growth (Kimura and Ronholt 1988, Lowe e/ al. 1998). Kimura and Ronholt (1988)
conducted an analysis of variance on length-at-age data from the 1980, 1983, and 1986 U.S.-Japan
surveys, and the U.S.-U.S.S.R. surveys in 1982 and 1985, stratified by six areas. Results showed thai
fength at age did not differ significantly by sex, and was smallest in the west and largest in the east. More
recent analyses by Lowe et al. (1998) corroborated differential growth in three sub-areas of the Aleutian
Islands and the Western Gulf of Alaska. Based on the work of Kimura and Ronholt (1988), and annual
examination of length and age data by sex which has found no differences, growth parameters are
presented for combined sexes. Parameters of the von Bertalanfty length-age equation and a weight-length
equation have been calculated for (1) the combined 1986, 1991, and 1994 survey data for the entire
Aleutians region, and for the Eastern (541) and combined Central and Western (542 and 543) subareas,

and (2) the combined 1990-96 fishery data for the same areas:
Data source L {cm) K 1
86, 91& 94 surveys

Areas combined 41.4 0.439 -0.13
541 42.1 0.652 0.70)
542 & 543 40.3 0.425 -(0.38

1990-96 fishery
Areas combined 41.3 0.670 0.79
541 44.1 0.518 0.35
542 & 543 40.7 0.562 0.37

Length-age equation: Length (em) = L..{ 1-exp[-K(age-)]}

Both the survey and fishery data show a clear east to west size cline in fength at age with the largest fish
found in the castern Aleutians. '

The weight-length relationship determined from the same data sets are as follows:
weight (kg) = 9.08E-06 x length (cm) *®" (86, 91 & 94 surveys; N = 1,052)
weight (kg) = 3.72E-05 = length (cm) > (1990-1996 fisheries; N = 4,041).

The observed differences in the weight-length relationships from the survey and fishery data, particularly
in the exponent of length, probably reflect the differences in the timing of sample collection. The survey
data were all collected in summer, the spawning period of Atka mackerel when gonad weight would
contribute the most to total weight. The fishery data were collected primarily in winter, when gonad
weight would be a smaller percentage of total weight than in summer.

Year-specific weight-at-age estimates are used in the model to scale fishery and survey catch-at-age (and
the modeled numbers-at-age) to total catch biomass and are intended to represent the average weight-at-
age of the catch. Separate annual survey weights-at-age are complied {or expanding modeled numbers
into —age-selected- survey biomass levels (Table 16.9). Specifically, survey estimates of length-at-age
were obtained using year-specific age-length keys. Weights-at-age were estimated by multiplying the
length distribution at age from the age-length key, by the mean weight-at-length from each year-specific
data set (DeRobertis and Williams 2008). In addition, a single vector of weight-at-age values based on
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the 2004, 2006, and 2010 surveys is used to derive population biomass from the modeled numbers-at-age
in order to allow for better estimation of current biomass (Table 16.9).

The fishery weight-at-age data presented in previous assessments (prior to 2008) were compiled based on
unweighted, unstratified (Aleutian-wide) fishery catch-age samples to construct the year-specific age-
length keys (see Table 16.8 in Lowe e/ al. 2007). Beginning with the 2008 assessment, the weights-at-
age for the post 1989 fishery reflect stratum-weighted values based on the relative catches. The fishery
weight-at-age data presented in Table 16.9 for 1990 to 2009, were compiled using the two-stage catch-
estimation scheme described above in the Fishery Data section. Prior to 1990, the fishery weight-at-age
estimates are as in previous assessments and given in Table 16.9.

Maturity at Age and Length

Female maturity at length and age were determined for Aleutian Islands Atka mackerel (McDermott and
Lowe, 1997). The age at 50% maturity is 3.6 years, Length at 50% maturity differs by area as the length
at age differs by Aleutian Islands sub-arcas:

Length at 50% maturity (cm)

Eastern Aleutians (541) 3591
Central Aleutians (542) 33.55
Western Aleutians (543) 33.64

The maturity schedules are given in Table 16.10. Cooper and McDermott (2010a) examined spatial and
temporal variation in Atka mackerel female maturity at length and age. Maturity at length data varied
significantly between different geographic arcas and years, while maturity at age data failed to indicate
differences and corroberated the age at 50% maturity determined by McDermott and Lowe (1997).

Parameters estimated conditionally

Deviations between the observations and the expected values are quantified with a specified error
structure. Lognormal error is assumed for survey biomass estimales and fishery catch, and a multinomial
error structure is assumed for survey and fishery age compositions. These error structures are used to
estimate the following parameters conditionally within the model.

Fishing Mortality

Fishing mortality is parameterized to be separable with a year component and an age (selectivity)
component in all models. The selectivity relationship is modeled with a smoothed non-parametric
relationship that can take on any shape (with penalties controlling the degree of change and curvature
specified by the user; Table A-2). Sclectivity is conditioned so that the mean value over all ages will be
equal to one. To provide regularity in the age component, a moderate penalty was imposed on sharp
shifts in selectivity between ages using the sum of squared second differences (log-scale). In addition, the
age component parameters are assumed constant for ages 10 and older. Asymptotic growth is reached at
about age 9 to 10 years. Thus, it seemed reasonable to assume that selectivity of fish older than age 10
would be the same. Prior to the 2008 assessment, selectivity had been allowed to vary annually with a
low constraint as described in the 2002 assessment (Lowe et al. 2002). As suggested by the 2008 CIE
reviewers, we adopted a new model configuration with blocks of years with constant selectivity which
correspond approximalely to the foreign fishery, the joint venture fishery, the domestic fishery prior to
Steller sea lion regulations, and the domeslic fishery post Steller sea lion regulations. This model
configuration, with a refinement to the change-points in the fishery selectivity blocks is used in the
current assessment. See Model Evaluation (below) for a discussion of the shift in the blocks of years with
constant selectivity.
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Survey Selectivity and Catchability

For the bottom trawl survey, selectivity-at-age follows a paramelerization similar to the fishery
selectivity-at-age presented above (except with no allowance for time-varying selectivity). Here we
specified that the average selectivity-at-age for the survey is equal to | over ages 4-10. This was done to
standardize the ages over which selectivity most reasonably applies.

The 2003 assessment explored the use of a prior on survey catchability (¢) through AMAK with mixed
results that were difficult to interpret biologically (Lowe er a/. 2003). In the 2004 assessment we
presented a model (Model 4, Lowe ef al. 2004), with a moderate prior on ¢ (mean = 1.0, ¢® = 0.2%) which
was accepted and used as the basis for the ABC and OFL specifications since 2004, Our assumptions on
survey catchability have not changed for the current assessiment.

Recruitment

The Beverton-Holt form of stock recruitment relationship based on Francis (1992) was used (Table A-2).
Values for the stock recruitment function parameters aand fare calculated from the values of Ry (the
number of O-year-olds in the absence of exploitation and recruitment variability) and the “steepness™ of
the stock-recruit relationship (&, Table A-2). The “steepness” parameter is the fraction ol £y to be
expected (in the absence of recruitment variability) when the mature biomass is reduced to 20% of its
pristine level (Francis 1992). Past assessments have assumed a value of 0.8. A value of /1= 0.8 implies
that at 20% of the unfished spawning stock size, an expected value of 80% of the unfished recruitment
level will result. Model runs exploring other values of 7 and the use of a prior on /7 were explored in
previous assessments (Lowe er af. 2002), but were found to have little or no bearing on the stock
assessment results and were not carried forward for further evaluation at the time. As in past years, we
assumed /1 = 0.8 for all model runs since previous work showed that assessment results were insensitive
to this assumption (and given the Tier 3 status does not affect future projections).

16.5 Model Evaluation

In response to issues raised during the 2008 Center {or Independent Experts (CIE) review of the Aleutian
Islands Atka mackere] and pollock assessments, we changed a number of aspects of the input data and
made refinements to the model configuration in the 2008 assessment, In summary, these changes
focused on a more consistent approach to include survey data, the incorporation of a lower age+ bin
(11+), caleulated samples sizes for fishery catch-at-age data, revised compilation of catch- and weight-at-
age data using a two-stage catch-estimation scheme based on stratified (by area) catch biomass and catch-
at-age fishery samples, inclusion of an age~-misclassification matrix, and incorporating blocks of years
with constant selectivity. These changes were evaluated in a step-wise fashion and presented in Lowe ez
al. (2008).

The changes to the input data allowed lor a more consistent approach and the change in the model
configuration of fishery selectivity allowed for much greater parsimony with slight improvements to
survey biomass fit at the cost of only a slight decrease in fishery age composition fits (Lowe et af. 2008).
The revised model configuration assumed blocks of years with constant selectivity corresponding
approximately to the foreign fishery, the joint venture fishery, the domestic fishery prior to Steller sea lion
regulations, and the domestic fishery post Steller sea lion vegulations. This model configuration was
accepted by the SSC and used to set the 2009 and 2010 BSAT Atka mackerel ABCs and OFLs. Inthe
current assessment we use the same model configuration, however we explore the impact of a shift in the
change-points for the blocks of years with constant selectivity (shift | year earlier, and shift | year later).

Key results from the model runs with the 1 year shifts compared to status quo (last year’s model) are
presented in Table 16.11. The best overall -log likelihood fit was achieved with a shift in the blocks 1
year later. This improvement was attribuled to an improved fit 1o the fishery age compositions relative to
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a shift | year eatlier and status quo. The refined model with a shift 1 year later had the lowest AIC value
and was selected as our preferred configuration. The revised blocks with a shift 1 year later correspond
approximately to the foreign fishery (1977-1984), the joint venture fishery (1985-1992), the domestic
fishery prior to Steller sea lion regulations (1993-1999), and the domestic fishery post Steller sea lion
regulations (2000-2010).

Key results from the 2009 Model and the 2010 Model incorporating refinements to the change-points for
the fishery selectivity blocks are given in Table 16.12.

16.6 Model Results

The results discussed below are based on the 2010 Model with updated fishery catch- and weight-at-age
values, 2009 fishery data, 2010 Aleutian Islands survey data, 4 time periods each with constant
selectivity, and other minor changes including refinements to the change-points in the fishery selectivity
as described above.

16.6.1 Selectivity

For Atka mackerel, the estimated selectivity patterns are particularly important in describing their
dynamics. Previous assessments have focused on the transitions between ages and time-varying
selectivity (Lowe er gl 2002). The current assessiment estimates selectivity at age schedules for 4 time
periods in the fishery and a single selectivity pattern for the survey (Figures 16.10-16.13, Table 16.13).

The fishery catches essentially consist of fish 3-11 years old, although a 15-year-old fish was found in the
1994 fishery. The fishery exhibits a slight dome-shaped selectivity pattern which is more pronounced
priot to 1992 during the foreign and joint venture fisheries blocks (1977-1984 and 1985-1992, Figures
16.10-16.11). After 1992, fishery selectivity patterns are divided into 2 blocks of years (1993-1999,
2000-2010) each with constant selectivity. The patterns between these two blocks are fairly similar but
do show slight differences at ages 3-7 and more notable differences at age 8 and older. Fish older than
age 9 make up a very small percentage of the population each year, and the differences in the selectivity
assumptions for the older ages are not likely to have a large impact. However, differences in selectivity
for ages 3-8 can have a significant impact. The recent pattern for the years 2000-2010 reflects the large
numbers of fish from the 1999, 2000, 2001, and 2006 year classes (Figure 16.11, Table 16.6), The age at
50% selectivity is estimated at about age 4 for both time periods (Figure 16.11). It is important to note
the maturity-at-age vector (age at 50% maturity is 3.6 years, Figure 16,11). The estimated selectivity
patterns since 1991 indicate the fishery is harvesting mature older fish relative to the foreign and joint
venture fisheries. The estimated fishery selectivity patterns from the most recent time period from the
current assessment are compared with the recent period from last year’s assessment and are very similar
(Figure 16.12). Relative to last year, the current estimated fishery selectivity shows slight differences
with higher selectivily between the ages of 3 and 7, and lower selectivity after age 8. This is a reflection
of the large numbers of 3 year olds (2006 year class) observed in the 2009 fishery catches, and the
decreased presence of the 1999 year class in the fishery catches.

Survey catches are mostly comprised of fish 3-9 years old. However, the 2010 survey showed significant
numbers of 9-11 year olds of the 1999, 2000, and 2001 year classes. A ld-year old fish was found in the
1994 survey and a 15-year old fish was found in the 2000 survey. The current configuration estimates a
smoothed nearly asymptotic pattern (Figure 16.13), which differs from last year’s estimate which
exhibited a slightly dome-shaped selectivity pattern (Figure 16.13 in Lowe ef al. 2009). Relative to last
year, the current estimated survey selectivity pattern is nearly identical for ages 1-7. However, after age
7, the updated patiern shows higher selectivity reflecting the continued strong presence of the 1999, 2000,
and 2001 year classes as 9-11 year olds (Figure 16.9).
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16.6.2 Abundance Trend

The estimated time series of total numbers at age are given in Table 16,14, The estimated time series of
total biomass (ages |+) with approximate upper and lower 95% confidence limits are shown in Figure
16.14 and given in Table 16.15. A comparison of the spawning biomass trend from the current and
previous assessments (Figure 16.15, Table 16.15) indicates consistent trends throughout the time series,
i.c., biomass increased during the early 80s and again in the late 80s to early 90s. After the estimated
peak spawning biomass in 1993, spawning biomass declined for nearly 10 years until 2001, thereafter,
spawning biomass began a steep increase which continued to 2005. The estimated historical biomass
Jevels prior to 1989 are higher relative to last year’s assessment. This is attributed to a small increase in
the estimated magnitude of the 1977 year class. Although the increase in magnitude of the 1977 year
class was small (8%), this year class was a dominant year class in the time series and was persistently
observed for several years. The estimated biomass levels after 1997 in the current assessment are higher
than previously projected. This is attributed to revised estimates of recruitment from the 1999,:2000,
2001, and 2006 year classes which increased by 17%, 17%, 22%, and 12%, respectively (Table 16.16,
Figure 16.16a).

16.6.3 Recruitment Trend

The estimated time series ol age 1 recruits from the current assessment and the 2007 assessment is shown
in Figure 16.16a and given in Table 16.16. The strong 1999 year class is most notable in the current
assessment, followed by the 1977, 1989, and 2001 year classes. The addition of the 2009 fishery and
2010 survey age composition data impacted the estimated magnitude of the 2006 and 2007 year class
which increased 12 and 53% respectively, relative to last year’s assessment (Figure 16.16a). Although,
the estimated magnitude of the 2007 year class increased 53%, they were only observed as 3-year olds in
the 2010 survey and arc associated with a high degree of variability. The 2009 fishery data was
dominated by 3-year-olds of the 2006 year class, and continued to show the presence of the 2001 year
class (Table 16.6 and Figure 16.4). The 2010 survey data are dominaled by the 2006 and 2007 year
classes and continued to show the presence of the 1999, 2000, and 2001 year classes (Figure 16.9). The
1999 and 2001 year classes are estimated to be two of the four largest year classes in the time series
(approximately 1.3 and 1.4 billion recruils, respectively) due to the persistent observations of these year
classes in the 2009 fishery and the 2010 survey (Figures 16.4 and 16.9). The current assessment
estimates above average (greater than 20% of the mean) recruitment from the 1977, 1988, 1992, 1995,
1998, 1999, 2000, 2001, 2006 and 2007 year classes (Figure 16.16a).

The average estimated recruitment from the time series 1978-2008 is 550 million fish and the median is
387 million fish (Table 16.16). The eutire time series of recruitments (1977-2009) includes the 1976-
2008 year classes. The Alaska Fisheries Science Center has recognized that an environmental “regime
shift” affecting the long-term productive capacity of the groundfish stocks in the BSAI occurred during
the period 1976-1977. Thus, the average recruitment value presented in the assessment is based on year
classes spawned after 1976 (1977-2007 year classes). Projections of biomass are based on estimated
recruitments from 1978-2008 using a stochastic projection model described below.

16.6.4 Trend in Exploitation

The estimated time series of fishing mortalities on fully selected age groups and the catch-to-biomass (age
3+) ratios are given in Table 16.17 and shown in Figure 16.17.

16.6.5 Model Fit

A summary of key results from the 2010Model are presented in Table 16,12, The coefficient of variation
or CV (reflecting uncertainty) about the 2010 biomass estimate is 19% and the CFs on the strength of the
1999 and 2001 year classes at age 1 ave 19 and 22%, respectively (Table 16.12). Overall estimated
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recruitment variability for BSAI Atka mackerel is high (0.639). Sample size values were calculated for
the fishery data and fixed at 50 for the bottom trawl survey data. The modet estimated an average fishery
elfective sample size (V) of 124 and average survey effective N of 51, which compares well with the
fixed value, The overall residual mean square error (RMSE) for the survey is estimated at 0.208 (Table
16.12). The RMSE is in line with estimates of sampling-error C'Vs for the survey which range from 14-
40% and average 26% over the time series. The sampling-error variances should be considered as
minimal estimates. Other sources of uncertainty (e.g., due to spatial variability and environmental
conditions) can inflate the uncertainly associated with survey biomass estimates.

Figure 16.18 compares the observed and estimated survey biomass abundance values for the Bering
Sea/Aleutian Islands. The large decrease in biomass indicated by the 1994 and 1997 surveys followed by
the large increases in biomass from the 2000 and 2002 surveys appear to be consistent with recruitment
patterns. However, the large increase observed in the 2004 survey could not be fit. In the 2004 survey,
an unusually high biomass (270,000 t) was estimated for the southern Bering Sea area, This value
represented 30% of the entire 2004 BSAI survey biomass estimate. The 2006 survey indicates a
downward trend which is consistent with the population age composition at the time. The most recent
2010 survey biomass estimate indicates a large increase that was not predicted by the assessment model.
The 2010 survey biomass estimate for the southern Bering Sea was also unusually high (102,800 1) and
represented a 735% increase over the 2006 southern Bering Sea estimate, We note that the models
predicted survey biomass trend is very conservative relative 1o the recent (2000, 2002, 2004, 2006, and
2010) observed bottom trawl survey biomass values (Figure 16.18). :

The fits to the survey and fishery age compositions for the 2010 Model are depicted in Figures 16.19 and
16.20, respectively. The model fits the fishery age composition data well particularly after 1995, and the
survey age composition data less so. This reflects the fact that the sample sizes for age and length
composition data are higher for the fishery in some years than the survey. These figures also highlight the
patterns in changing age compositions over time. Note that the older age groups in the fishery age data
are largely absent until around 1985 when the 1977 year class appears. We also note that the 2009 fishery
observed slightly greater numbers than expected of 3-year olds of the 2006 year class, and significantly
fewer numbers than expected of the 4, 5, and 6-year olds of the 2005, 2004, and 2003 year classes (Figure
16.20). Recent fishery age composition fits may indicate the need for another change-point for the recent
(2000-2009) selectivity block,

16.7 Projections and harvest alternatives

16.7.1 Amendment 56 Reference Points

Amendment 56 to the BSAI Groundfish Fishery Management Plan (FMP) defines “overfishing level”
(OFL), the fishing mortality rate used to set OFL (Fyu), the maximum permissible ABC, and the fishing
mortality rate used to set the maximum permissible ABC (max Fyp). The fishing mortality rate used to
set ABC (F i) may be less than this maximum permissible level, but not greater. The overfishing and
maximum allowable ABC fishing mortality vates are given in terms of percentages of unfished female
spawning biomass (Fypps,), on fully selected age groups. The associated long-term average female
spawning biomass that would be expected under average estimated recruitment from 1978-2008 (550
million age | recruits) and F equal (0 Fye; and Fisy, ave denoted By and Bjsy, respectively. The Tiers
require reference point estimates for biomass level determinations. We present the following reference
points for BSA] Atka mackere! for Tier 3 of Amendiment 56. For our analyses, we compuled the
following values from the 2010 Model results based on recruitment from post-1976 spawning events:
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B = 261,100 t female spawning bioniass
Bue; = 104,400t female spawning biomass
Bisss = 91,400 1 female spawning biomass

16.7.2 Specification of OFL and Maximum Permissible ABC

In the current assessment, the 2010 Mode] is configured with 4 time periods of constant selectivity. The
last time period (2000-2009) reflects the domestic fishery after implementation of Steller sea lion
protection measures. This selectivity pattern is shown in Figure 16.12 and used for projection purposes.
The following rates are based on the 2000-2009 selectivity pattern estimated by the 2010 Model:

Full selection /s

Faaie 0.311
Faws 0.384
Fises 0.468
15010/ e, 0.810

For specification purposes to project the 2011 ABC, we assumed that the full TAC would be taken in
2010 (74,000 ). For projecting to 2012, an expected catch in 2011 is required. Typically this value is set
to a recommended ABC, in this case the 2011 recommended ABC (85,300 t). However, recognizing that
the proposed Steller Sea Lion RPA’s will likely be in effect in 2011, it may be more prudent to assume
the stock-wide catch based on a reduced overall BSAl-wide Atka mackerel catch for 2011, To arrive at
such a reduction we assumed that only trace amounts of Atka mackerel (as bycatch in other fisheries)
would be taken from Area 543 (Western Aleutian Islands) and about half of the allocation to Area 542
(Central Aleutian Islands) would be {aken. We estimated that about 64% of the BSAl-wide ABC is likely
to be taken. This percentage was applied to the maximum permissible 2011 ABC and that amount was
assumed o be caught in order to estimate the 2012 ABC and OFL values.

It is important to note that for BSAT Atka mackerel, projected female spawning biomass calculations
depend on the harvest strategy because spawning biomass is estimated at peak spawning (August). Thus,
projections incorporate 7 months of the specified fishing mortality rate.  For the 2010 Model, the
projected year 2011 female spawning biomass (SSB,y) is estimated to be 146,000 t under an assumed
2010 catch of 74,000 t and reduced 2011 catch reflecting the RPA adjustment to the 2011 ABC. The
projected 2011 female spawning biomass estimate is above the By, value of 104,400 t, placing BSAI
Atka mackerel in Tier 3a. The maximum permissible ABC and OFL values under Tier 3a are:

Year Catch ABC OF1. SSB
2011 534,600 85,300 101,200 146,000

2012 50,000 77,900 92,200 130,500

Note that the 2011 and 2012 maximum permissible Fpe® Fue = 0384 and Fp=Fss; = 0.468; also,

catches in 2011 and 2012 are less than the recommended ABCs to reflect expected catch reductions under
Steller Sea Lion RPAs.

16.8 ABC Recommendation

Observations and characterizations ol uncertainty in the Atka mackerel assessment are noted for ABC
considerations.

1) Trawl survey estimates of Aleutian Islands biomass are highly variable; the 2000, 2002, and 2004
survey estimates showed 40, 50, and 15% increases respectively. The 2006 survey estimate of
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Aleutian Islands biomass decreased 18% relative 1o the 2004 survey. The 2008 survey was not
conducted. The most recent 2010 survey increased 16% relative to the 2006 survey.

2) Under an Fu; harvest strategy with no SSL RPA catch reductions, 2011 female spawning
biomass is projected to be above B,gy but drop below in 2013 to 2016 (Figure 16.21 and Table
16.18 Scenario 1). Under an Fy; harvest strategy and assuming SSL RPA catch reductions, 2011
female spawning biomass is projected to be above B, for the full time series (2011-2023, Table
16.18 Scenario 2).

3) The model’s predicted survey biomass trend is very conservative relative to 2000, 2002, 2004,
2006 and 2010 observed bottom trawl survey biomass values (Figure 16.18).

4) The 2009 fishery data is dominated by 3-year-olds of the 2006 year class, and continued to show
the presence of the strong 2001 year class (Table 16.6 and Figure 16.4).

5) The 2010 survey age composition is dominated by 3 and 4-year olds of the 2006 and 2007 year
classes. The bottom trawl surveys have been a consistently good indicator of incoming year class
strengths.

6) Currently we estimate the 1999 year class to be the largest in the time series (but with a moderate
degree of uncertainty: CV=19%).

We believe the current model configuration provides an improved assessment of BSA] Atka mackerel
relative to past mode! configurations, Given the current stock size, the appearance of three consecutive
strong year classes which still persist in the population, an above average 2006 year class, and preliminary
indications of an above average 2007 year class, the maximum permissible is precautionary and
acceptable for Atka mackerel. We note that the maximum permissible reference fishing mortality rate
(Fanc) is higher than the natural mortality rate. This is a due to the fact that estimated fishery selectivity-
at-age is significantly older than the maturity-at-age. That is, the fishery targets the older mature portion
of the population that have had opportunities to spawn. Actual fishing mortality rates have been below
Fuue . For perspective, a plot of relative harvest rate (%, /F;54,) versus relative female spawning biomass
(B/B;se) is shown in Figure 16.22. For most of the time series (including the 2010 data point), the
current assessment estimates that relative harvest rates have been below 1, and the relative spawning
biomass rates have been greater than 1.0 (Figure 16.22).

The probability of female spawning biomass dropping below B,y in the next five years is very low
(Figure 16.23).

The 2011 yield associated with the maximum permissible Fyy.; fishing mortality rate of 0.384 is
85,300 t, which is our 2011 ABC recommendation for BSAl Atka mackerel.

The 2012 yield associated with the maximum permissible Fpc fishing mortality rate of 0.384 and
assuming 2011 catch reductions, is 77,900 t, which is our 2012 ABC recommendation for BSAI
Atka mackerel.

The 2011 ABC recommendation represenis a 15% increase from the Council’s 2010 ABC. This is
consistent with higher estimates of the magnitude of the 1999, 2000, 2001, and 2006 year classes.

16.8.1 Area Allocation of Harvests

Amendment 28 of the Bering Sea/Aleutian Islands Fishery Management Plan divided the Aleutian
subarea into 3 districts at 177° E and 177° W longitude, providing the mechanism to apportion the
Aleutian Atka mackerel TACs. The Council used a 4-survey (2000, 2002, 2004, and 2006) weighted
average to apportion the 2010 ABC. The rationale for the weighting scheme was described in Lowe e/
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al. (2001). The 2010 survey provides updated information for the apportionment, and we drop the 2000
survey and incorporate the 2010 survey distribution. In addition, the distribution of survey biomass used
in the apportionment calculations has been updated to include the southern Bering Sea area in area 541.

This is consistent with the assessment and fishery management of area 541 for Atka mackerel. The data
used to derive the percentages for the weighting scheme are given below:

Recommended 2011 &
2002 2004 2006 2010 2010 Apportionment 2012 Apportionment
541" 30.26% 44.20% 48.91% 52.57% 32.2% 47.27%
542 38.94% 23.27% 37.51% 20.74% 40.0% 28.09%
543 30.80% 32.52% 13.58% 26.69% 27.8% 24.64%
Weights 8 12 18 27

Nncludes eastern Aleutian Islands and southern Bering Sea areas.

The apportionments of the 2011 and 2012 recommended ABCs based on the most recent 4-survey

weighted average are:

2011 2012
Eastern (541) 40,300 36,800
Central (542) 24,000 21,900
Western (543) 21,000 19,200
Total 85,300 77,900

16.9 Standard Harvest Scenarios and Projection Methodology

A standard set of projections is required for each stock managed under Tiers 1, 2, or 3, of Amendment 56.
This set of projections encompasses seven harvest scenarios designed to satisfy the requirements of
Amendment 56, the National Environmental Policy Act, and the Magnuson-Stevens Fishery Conservation
and Management Act (MSFCMA).

For each scenario, the projections begin with the vector of 2010 numbers at age estimated in the
assessment. This vector is then projected forward to the beginning of 2011 using a fixed value of natural
mortality of 0.3, the recent schedule of selectivity estimated in the assessment (in this case the 2000-2009
selectivity), and the best available estimate of total {year-end) catch for 2010 (in this case assumed equal
1o the 2010 TAC of 74,000 t). In each subsequent year, the fishing mortality rate is prescribed on the
basis of the spawning biomass in that year and the respective harvest scenario. In each year, recruitment
is drawn from an inverse Gaussian distribution whose parameters consist of maximum likelihood
estimates determined from recruitments estimated in the assessment, Spawning biomass is computed in
each year based on the time of peak spawning {August) and the maturity and population weight schedules
described in the assessment. Total catch is assumed to equal the catch associated with the respective
harvest scenario in all years. This projection scheme is run 500 times to obtain distributions of possible
future stock sizes, fishing mortality rates, and caiches.

Five of the seven standard scenarios will be used in a Supplemental Environmental Impact Statement
prepared in conjunction with the final SAFE. These five scenarios, which are designed to provide a range
of harvest alternatives that are likely to bracket the final TAC for 2011, are as follows (“max F,-" refers
to the maximum permissible value of 7 under Amendment 56):

Scenario I: Inall future years, 7 is sél equal to max Fype. (Rationale: Historically, TAC has been

constrained by ABC, so this scenario provides a likely upper limit on future TACs.)
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Scenario 2:  In all future years, F'is set equal to a constant fraction of max F pc, where this fraction is
equal to the ratio of the Flypc value for 2011 recommended in the assessment to the max
Fipe for 2011, (Rationale: When F ¢ is set at a value below max Fape, it is often set at
the value recommended in the stock assessment), Note: We used this scenario to project
the BSAL stock assuming catch reductions that may occur under proposed SSL RPAs.

Seenario 3: In all future years, I is set equal to the 2006-2010 average F, (Rationale: For some
stocks, TAC can be well below ABC, and recent average / may provide a better
indicator of Fyye than Fype.)

Scenario 4:  In all future years, F is set equal to F754. (Rationale; This scenario represents a very
conservative harvest rate and was requested by the Alaska Regional Office based on
public comment.)

Scenario 51 In all future years, F is set equal to zero, (Rationale: In exireme cases, TAC may be set
at a level close to zero.)

Two other scenarios are needed to satisfy the MSFCMAs requirement to determine whether a stock is
currently in an overfished condition or is approaching an overfished condition. These two scenarios are
as follows (for Tier 3 stocks, the MSY level is defined as Bys):

Scenario 6 In all future years, /'is set equal to Fory,. (Rationale: This scenario determines whether a
stock is overfished. Ifthe stock is expected to be 1) above its MSY level in 2010 or 2)
above ¥ of its MSY level in 2010 and above its MSY level in 2020 under this scenario,
then the stock is not overfished.)

Scenario 7: In 2011 and 2012, F is set equal to max Fype, and in all subsequent years, F is set equal
to Fopy. (Rationale: This scenario determines whether a stock is approaching an
overfished condition. If the stock is expected to be above its MSY level in 2023 under
this scenario, then the stock is not approaching an overfished condition.)

16.9.1 Status determination

The projections of female spawning biomass, fishing mortality rate, and catch corresponding to the seven
standard harvest scenarios are shown in Table 16.18. Harvest scenarios #6 and #7 are intended to permit
determination of the status of a stock with respect to its minimum stock size threshold (MSST). Any
stock that is below its MSST is defined to be overfished. Any stock that is expected to fall below its
MSST in the next two years is defined to be approaching an overfished condition. Harvest scenarios #6
and #7 are used in these determinations as follows:

Is the stock overfished? This depends on the stock’s estimated spawning biomass in 2010:
a) If spawning biomass for 2010 is estimated to be below %4 B;se , the stock is below its MSST.
b) If spawning biomass for 2010 is cstimated to be above Bjsy, the stock is above its MSST.

¢) If spawning biomass for 2010 is estimated to be above ¥ Bjsy, but below Bjse,, the stock’s status
relative to MSST is determined by referring to harvest scenario #6 (Table 16.18). If the mean
spawning biomass for 2020 is below Bjsy, the stock is below its MSST. Otherwise, the stock is
above its MSST.
[s the stock approaching an overfished condition? This is determined by referring to harvest scenario #7:
a) If the mean spawning biomass for 2013 is below ¥ B;su, the stock is approaching an overfished
condition.

b) If the mean spawning biomass for 2013 is above B;sy, the stock is not approaching an overfished
condition.
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¢) If the mean spawning biomass for 2013 is above V2 Bjsy but below Bysy, the determination
depends on the mean spawning biomass for 2023. If the mean spawning biomass for 2023 is
below Bssq, the stock is approaching an overfished condition. Otherwise, the stock is not
approaching an overfished condition.

In the case of BSA] Atka mackerel, spawning biomass for 2010 is estimated to be above B;sy;. Therefore,
the stock is above its MSST and is not overfished. Mean spawning biomass for 2013 under scenario 7 in
Table 16.18 is above Bisss therefore, the slock is not approaching an overfished condition.

16.10 Ecosystem Considerations

Steller sea lion food habits data (from analysis of scats) from the Aleutian Islands indicate that Atka
mackerel is the most common prey item throughout the year (NMFS 1995, Sinclair and Zeppelin 2002).
The prevalence of Atka mackerel and walleye pollock in sea lion scats reflected the distributions of each
fish species in the Aleutian Islands region. The percentage occurrence of Atka mackere] was
progressively greater in samples taken in the central and western Aleutian Islands, where most of the Atka
mackerel biomass in the Aleutian Islands is located. Conversely, the percentage occurrence of pollock
was greatest in the eastern Aleutian Islands.

Bottom contact fisheries could have direct negative impacts on Atka mackerel by destroying egg nests
and/or removing the males that are guarding nests (Lauth ef al. 2007b); however, this has not been
examined quantitatively. Analyses of historic fishery CPUE revealed that the fishery may create
temporary localized depletions of Atka mackerel, and historic fishery harvest rates in localized areas may
have been high enough to affect prey availability of Steller sea lions (Section 12.2.2 of Lowe and Fritz
1997). The localized pattern of fishing for Atka mackerel could have created temporary reductions in the
size and density of localized Atka mackerel populations which may have affected Steller sea lion foraging
success during the time the fishery was operating and for a period of unknown duration after the fishery
closed.

16.10.1 Ecosystem effects on BSAI Atka mackerel
Prey availability/abundance frends

Figure 16.24 shows the food web of the Aleutian Islands summer survey region, based on trawl survey
and food habits data, with an emphasis on the predators and prey of Atka mackerel (see the current
Ecosystem Assessment’s ecosystemn modeling results section for a description of the methodology for
constructing the food web),

Adult Atka mackerel in the Aleutians consume a variety of prey, but are primarily zooplankiivors,
consuming mainly euphausiids and calanoid copepods (Yang 1996, Yang 2003). Food habits data from
1990-1994 indicates that Atka mackerel feed on calanoid copepods (40%) and euphausiids (25%)
followed by squids (10%), juvenile pollock (6%), and finally a range of zooplankton including fish larvae,
benthic amphipods, and gelatinous filter feeders (Fig. 16.25a). While Figure 16.25a shows an aggregate
diet for the Aleutians management regions, Atka mackerel diet data also show a longitudinal gradient,
with euphausiids dominating diets in the east and copepods and other zooplankton dominating in the
west. Greater piscivory, especially on myctophids, occurs in the island passes (Ortiz, 2007) Monitoring
trends in Atka mackerel prey populations may, in the future, help elucidate Atka mackerel population
trends. However, there is no long-term time series of zooplankton, squid, or small forage fish abundance
information available.

Some preliminary results of sensitivity analysis suggest that Atka mackerel foraging in the Aleutian
Islands may have a relatively strong competitive effect on walleye pollock distribution and abundance, as
opposed 1o the Bering Sea where pollock may be more bottom-up (prey) controlled, or the Gulf of Alaska

Ex. B, p. 28

NPFMC Bering Sea and Aleutian Islands SAFE
Page 1273





Case 3:10-cv-00271-TMB Document 136-2 Filed 02/08/12 Page 29 of 37

BSAL Atka Mackerel December 2010

where pollock may be top-down (predator) controlled (Aydin er al. 2007). Since these sensitivity
analyses treat the Aleutian Islands as a single “box model”, it is possible that this is a mitigating or
underlying factor for the geographical separation between Atka mackerel and pollock as a partitioning of
foraging habitat.

Predator population trends

Atka mackerel are consumed by a variety of piscivores, including groundfish {e.g., Pacific cod, Pacitic
halibut; and arrowtooth flounder, Livingston ef al. unpubl. manuscr.), marine mammals (e.g., northern
tur seals and Steller sea lions, Kajimura 1984, NMFS 1995, Sinclair and Zeppelin 2002), skates, and
seabirds (e.g., thick-billed murres, tufted puffins, and short-tailed shearwaters, Springer es al. 1999).
Apportionment of Atka mackerel mortality between fishing, predation, and unexplained mortality, based
on the consumption rates and food habits of predators averaged over 1990-1994 is shown in Figure 16.26.
During these years, approximately 20% of the Atka mackerel exploitation rate (as calculated by stock
assessment) was due to the fishery, 62% due to predation, and 18% “unexplained”, where “unexplained”
is the difference between the stock assessment total mortality and the sum of fisheries exploitation and
quantified predation. This unexplained mortality may be due to data uncertainty, or Atka mackerel
mortality due to disease, migration, senescence, elc.

Of the 62% of mortality due to predation, a little less than half (25% of total) is due to Pacific cod
predation, and one quarter (15% of total) due to Steller sea lion predation, with the remainder spread
across a range of predators (Figure 16.25b), based on Steller sea lion diets published by Merrick ef al.
(1997} and summer fish food habits data from the REEM food habits database.

If converted to tonnages, this translates to 100,000-120,000 t/year of Atka mackere] consumed by
predatory fish (of which approximately 60,000 t is consumed by Pacific cod), and 40,000-80,000 t/year
consumed by Steller sea lions during the early 1990s. Estimating the consumption of Atka mackerel by
birds is more difficult to quantify due to data limitations: based on colony counts and residency times,
predation by birds, primarily kittiwakes, fulmars, and puffins, on all forage and rockfish combined in the
Aleutian Islands is at most 70,000 t/year (Hunt ez ol 2000). However, colony specific diet studies, for
example for Buldir Island, indicate that the vast majority of prey found in these birds is sandlance,
myctophids, and other smaller forage fish, with Atka mackerel never specilically identified as prey items,
and “unidentified greenlings” occurring infrequently (Dragoo ef al. 2001). The food web model’s
estimate, based on foraging overlap between species, estimates the total Atka mackerel consumption by
birds to be less than 2,000 t/year, While this might be an underestimate, it should be noted that most
predation would occur on juveniles (<lyear old) which is not counted in the stock assessment’s total
exploitation rates.

The abundance trends of Aleutian Islands Pacific cod has been quite variable, alternating between
increases and decreases in recent surveys, and Aleutian Islands arrowtooth flounder has been increasing.
Northern fur seals are showing declines, and Steller sea lions have shown some slight increases. The
population trends of seabirds are mixed, some increases, some decreases, and others stable. Seabird
population trends could potentially affect juvenile Atka mackerel mortality. Declining trends in predator
abundance could lead to possible decreases in Atka mackerel mortality, while increases in predator
biomass could potentially increase the mortality.

Changes in habital guality

Interestingly, strong year classes of Al Atka mackerel have occurred in years of hypothesized climate
regime shifts 1977, 1988, and 1999, as indicated by indices such as the Pacilic Decadal Oscillation
(Francis and Hare 1994, Hare and Mantua 2000, Boldt 2005). Bailey et of. (1995) noted that some fish
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species show strong recruitment at the beginning of climate regime shifts and suggested that it was due to
a disruption of the community structure providing a temporary release from predation and competition. 1t
is unclear if this is the mechanism that influences Atka mackerel year class strength in the Aleutian
Islands. El Nino Southern Oscillation (ENSQ) events are another source of climate forcing that
influences the North Pacific. Hollowed ef a/. (2001) found that gadids in the GOA have a higher
proportion of strong year classes in ENSO years. There was, however, no relationship between strong
year classes of Al Atka mackerel and ENSO events (Hollowed er al. 2001).

Bottom temperature

Atka mackerel demonstrate schooling behavior and prefer hard, rough and rocky bottom substrate. Eggs
are deposited in nests on rocky substrates between 15 and 144 m depth (Lauth ef a/. 2007b). The
spawning period in Alaska occurs in late July to October (McDermott and Lowe 1997, Lauth ef al.
2007b). During the incubation period egg nests are guarded by males, who will be on the nests until mid-
January, given that females have been observed to spawn as late as October and given the length of the
egg incubation period (McDermott and Lowe 1997, Lauth ef al. 2007b, Lauth ef al. 2007a). The
distribution of Atka mackerel spawning and nesting sites are thought to be limited by water temperature
(Gorbunova 1962). Temperatures below 3°C and above 15°C are lethal to eggs or unfavorable for
embryonic development depending on the exposure time (Gorbunova 1962). Temperatures recorded at
Alaskan nesting sites, 3.9 - 10.7 °C, do not appear to be limiting, as they were within this range (Lauth er
al. 2007b).

The 2000 Aleutian Islands summer bottom temperatures indicated that 2000 was the coldest year
followed by summer boltom temperatures from the 2002 survey, which indicated the second coldest year
(Figure 16.7). The 2004 Al summer bottom temperatures indicated that 2004 was an average year, while
the 2006 and 2010 bottom temperatures were slightly below average. Bottom temperatures could
possibly affect fish distribution, but there have been no directed studies, and there is no time series of data
which demonstrates the effects on Al Atka mackerel,

16.10.2 Atka mackerel fishery effects on the ecosystem

Atka mackerel fishery contribution to bycatch

The levels of bycatch in the Atka mackere! fishery of prohibited species, forage fish, HAPC biota, marine
mammals, birds, and other sensitive non-target species is relatively low except for the species which are
noted in Table 16.19 and discussed below.

The Atka mackerel fishery has very low bycatch levels of some species of HAPC biota, e.g. seapens and
whips. The bycatch of sponges and coral in the Atka mackerel fishery is highly variable. It is notable
that in the fast 3 years (2007-2009), the Atka mackerel fishery has taken on average about 52 and 25%,
respectively of the total Aleutian Islands sponge and coral catches. [t is unknown if the absolute levels of
sponge and coral bycatch in the Atka mackerel fishery are of concern.

The bycatch of skates, which are considered a sensitive or vulnerable species based on life history
parameters, is noted in Table 16.19. Skate bycatch in the Aleutian Islands Atka mackerel fishery is
variable and has averaged 158 t in the last 3 years (2007-2009). Over this same time period, the Atka
mackerel fishery has taken an average of 13% of the total Aleutian Islands skate bycatch. 1t is unknown if
the absolute levels of skate bycatch in the Atka mackerel fishery are of concern.

The bycatch of sculpin is notable and has averaged about 570 t from 2007 to 2009. This level of bycatch
represents an average of 53% of the total Aleutian [slands sculpin bycatch. It is unknown if the absolute
levels of sculpin bycatch in the Atka mackerel fishery are of concern.
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Fishing gear effects on spawning and nesting habital

Bottom contact fisheries could have direct negative impacis on Atka mackerel by destroying egg nests
and/or removing the males that are guarding nests (Lauth ef al. 2007b); however, this has not been
examined guantitatively. It was previously thought that all Atka mackerel migrated to shallow, nearshore
areas for spawning and nesting sites. When nearshore bottom (rawl exclusion zones near Steller sea lion
rookeries were implemented this was hypothesized to eliminate much of the overlap between bottom
trawl fisheries and Atka mackerel nesting areas (Fritz and Lowe 1998). Lauth er al. (2007b), however
found that nesting sites in Alaska were “...widespread across the continental shelf and found over a much
broader depth range...”. The use of bottom contact fishing gear, such as bottom trawls, pot gear, and
longline gear, utilized in July to January could, therefore, still potentiaily affect Atka mackerel nesting
areas, despite trawl closures in nearshore areas around Steller sea lion rookeries.

Indirect effects of bottom contact fishing gear, such as effects on fish habitat, may also have implications
for Atka mackerel. Living substrate that is susceptible to fishing gear includes sponges, seapens, sea
anemones, ascidians, and bryozoans (Malecha ef al. 2005). Of these, Atka mackerel sampled in the
NMFS bottom trawl survey are primarily associated with emergent epifauna such as sponges and corals
(Malecha er al. 2005, Stone 2006). Effects of fishing gear on these living substrates could, in turn, affect
fish species that are associated with them.

Concentration of Atka mackerel catches in time and space

Steller sea lion protection measures have spread out Atka mackerel harvests in time and space through the
implementation of seasonal and area-specific TACs and harvest limits within sea lion critical habitat.
However, this is still an issue of possible concern and research efforts continue to monitor and assess the
availability of Atka mackerel biomass in areas of concern. Also, in some cases the sea lion protection
measures have forced the fishery to concentrate in areas outside of critical habitat that had previously
experienced lower levels of exploitation. The impact of the fishery in these areas outside of critical
habitat is unknown,

Atka mackerel fishery effects on amount of large size Atka mackerel

The numbers of large size Atka mackerel are largely impacted by highly variable year class strength
rather than by the directed fishery. Year to year differences are attributed to natural fluctuations.

Atka mackerel fishery contribution to discards and offal production

There is no time series of the offal production from the Atka mackerel fishery. The Atka mackerel
fishery has contributed on average about 1,180 t of non-target discards in the Aleutian Islands from 2007
to 2009. Most of the Atka mackerel fishery discards of target species are comprised of small Atka
mackerel. The average discards of Atka mackerel in the Atka mackerel fishery have been about 1,800 t
over 2007-2009.

Atka mackerel fishery effects on Atka mackerel age-at-maturity and fecundity

The effects of the fishery on the age-at-maturity and fecundity of Atka mackerel are unknown. Studies
were conducted to determine age-at-maturity (MeDermott and Lowe 1997, and Cooper and MceDermott
2010a) and fecundity (McDermott 2003, McDermott er al. 2007) of Atka mackerel. These are recent
studies and there are no earlier studies for comparison on fish from an unexploited population. Further
studies would be needed to determine if there have been changes over time and whether changes could be
attributed to the fishery.
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16.11 Data gaps and research priorities

Regional and seasonal food habits data for Aleutian Islands is very limited. No time series of information
is available on copepod and euphausiid abundance in the Aleutian Islands which would provide
information on prey availability and abundance trends. Studies to determine the impacts of
environmental indicators such as temperature regime on Atka mackerel are needed. Further studies to
determine whether there have been any changes in life histary parameters over time (e.g. fecundity, and
weight- and length-at-age) would be informative. More information on Atka mackerel habitat preferences
would be useful to improve our understanding of Essential Fish Habitat (EFH), and improve our
assessment of the impacts to habitat due to fishing. Better habitat mapping of the Aleutian Islands would
provide information for survey stratification and the extent of trawlable and untrawlabie habitat.
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17. Assessment of the Atka mackerel stock
in the Bering Sea/Aleutian Islands

Sandra Lowe, James lanelli, Mark Wilkins,
Kerim Aydin, Robert Lauth, and Ingrid Spics

Executive Summary
Relative fo the November 2010 SAFE report, the following substantive changes have been made in the
assessment of Atka mackerel.

Summary of Changes in Assessment Inpuls

Fishery catch data were updated.

The 2010 fishery age composition data were added.

2010 fishery catch- and weight-at-age values were added.

For 2012 and 2013 we assume that 64% of the BSAT-wide ABC is likely to be taken under the
implemented Steller Sea Lion Reasonable and Prudent Alternatives (SSL RPAs). This percentage was
applied to the 2012 maximum permissible ABC, and that amount was assumed to be caught in order
to estimate the 2013 ABCs and OFL values.

Rl

Summaiy of Changes in the Assessment Methodology

There were no changed in the assessment methodology; the general modeling approach remained
unchanged this year

Responses to comments by the Scientific and Statistical Committee (SSC)

SSC Comments on Assessments in General

The SSC requested that complete runs for model alternatives be available and also that the best estimate
of current-year catches be used. We used our best estimate of what the total catch is in 2011 and also can
provide alternative model runs upon request.

Comments Specific to the Atka Mackerel Assessment

In the December 2010 $SC minutes they noted that the residual pattern for the survey was poor. In
response, the ability to allow a random walk for any survey catchability coefficients was implemented and
estimated for a three year period. This is presented below as Model 2.
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Summary of Assessment Results

As estimated or As estimated or
specified last year for: recommended this year for:
2011 2012 2012 2013
Quantity
M (natural mortality rate) 0.30 (.30 0.30 0.30
Tier 3a 3a Ja Ja
Projected total (age 3+) biomass (1) 437,600 na 405,347 375,541
Female spawning biomass (t)
Projected 146,000 130,500 128,813/ 103,848’
Broos 261,100 261,100 255,662 255,662
By 104,400 104,400 102,265 102,265
Bisy; 91,400 91,400 89,482 89,482
maxF e . 0.384 0.384 0.384 0.384
Fape 0.384. 0.384 | 0.384 0.384
OFL (1) 101,200 92,200 96,548 78,260’
maxABC (t) 85,300 77,900 81,399 67,067
ABC (1) 85,300 77,900’ 81,399 67,067
As determined last year for: As determined this year for:
Status 2009 2010 2010 2011
Overfishing No n/a No n/a
Overfished n/a No n/a No
Approaching overfished wa No n/a No

" These values were calculated assuming reduced catch levels under SSI. RPAs.

Apportionment

The apportionments of the 2012 and 2013 recommended ABCs based on the most recent 4-survey

weighted average are:

NPEMC Bering Sea and Alewtion Islands SAFE

2012 (D) 2013 (1)
Eastern (541+S.BSea) 38,477 31,703
Central (542) 22,865 18,839
Western (543) 20,057 16,525
Total 81,399 67,067
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Introduction

Native Names: In the Aleut languages, Atka mackerel are known as tmadgi- { among the Eastern and
Atkan Aleuts and Atkan of Bering Island. They are also known as favyi- { among the Attuan Aleuts
(Sepez ef al. 2003).

Distribution

Atka mackere! (Pleurogrammus monopterygius) are widely distributed along the continental shelf across
the North Pacific Ocean and Bering Sea from Asia to North America. On the Asian side they extend from
the Kuril Islands to Provideniya Bay (Rutenburg 1962); moving eastward, they are distributed throughout
the IKomandorskiye and Aleutian Islands, north along the castern Bering Sea shelf, and through the Gulf
of Alaska to southeast Alaska.

Early life history

Atka mackerel are a substrate-spawning fish with male parental care. Single or multiple clumps of
adhesive eggs are laid on rocky substrates in individual male territories within nesting colonies where
males brood eggs for a protracted period. Nesting colonies are widespread across the continental shelf of
the Aleutian Islands and western GOA down to bottom depths of 144 m (Lauth ef al. 2007b). Historical
data from ichthyoplankton tows done on the outer shelf and slope off Kodiak Island in the 1970’s and
1980°s (Kendall and Dunn 1985) suggest that nesting colonies may have existed at one time in the central
Gulf of Alaska. Possible factors limiting the upper and Jower depth limit of Atka mackerel nesting
habitat include insufficient light penetration and the deleterious effects of unsuitable water temperatures,
wave surge, or high densities of kelp and green sea urchins (Gorbunova 1962, Lauth ef al. 2007b, Zolotov
1993),

Incubation times for developing eggs decrease logarithmically with an increase in water temperature and
range from 39 days at a water temperature of 12.2° to 169 days at 1.6 °C, however, an incubation water
temperature of 15°C was lethal to developing embryos (Guthridge and Hillgruber 2008). In the eastern
and central Aleutian Islands, larvae hatch from October to January with maximum hatching in late
November (Lauth et al. 2007a). After hatching, larvae are neustonic and about 10 mm in length (Kendall
and Dunn 1985). Along the outer shelf and slope of Kodiak Island, larvae caught in the fall were about
10.3 mm compared to larvae caught the following spring which were about 17.6 (Kendall and Dunn
1985). Larvae and fry have been observed in coastal areas and at great distances offshore (=500 km) in
the Bering Sea and Notth Pacific Ocean (Gorbunova 1962, Materese ef al. 2003, Mel nikow and Efimkin
2003).

The Bering-Aleutian Salmon International Survey (BASIS) project studies salmon during their time at the
high seas, and has conducted standardized surveys of the upper pelagic layer in the eastern Bering Sea
(EBS) shelf using a surface trawl. In addition to collecting data pertaining to salmon species, BASIS also
collected and recorded information for many other Alaskan fish species, including juvenile Atka
mackerel, The EBS shelf was sampled during the mid-August through September time period from 2004
to 2006 and juvenile Atka mackerel with lengths ranging from 150-200 min were distributed along the
outer shelf in the southern EBS shelf and along the outer middle shelf between St. George and St
Matthew Islands (Appendix B in Lowe et al. 2007). The fate or ecological role of thesc juveniles is
unknown since adult Atka mackerel are much less common or absent in annual standardized bottom trawl
surveys in the EBS shelf (Lauth and Acuna 2009)

Reproductive ecology
Male Atka mackerel exhibit elaborate color patterns during mating. The reproductive cycle consists of
three phases: 1) establishing territories; 2) spawning, and 3) brooding (Lauth ef «/. 2007a). In carly June,
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a fraction of the adult males end schooling and diurnal behavior and begin aggregating and establishing
territories on rocky substrate in nesting colonies (Lauth ef al. 2007a). The widespread distribution and
broad depth range of nesting colonies suggests that previous conjecture of a concerted nearshore
spawning migration by males in the Aleutian Islands is not accurate (Lauth ez al. 2007b). Geologic,
oceanographic, and biotic features vary considerably among nesting colonies, however, nesting habitat is
invariably rocky and perfused with moderate or strong currents (Lauth ez al. 2007b), Many nesting sites
in the Aleutian Islands are inside fishery trawl exclusion zones which may serve as de facto matine
reserves for protecting Atka mackerel (Cooper and McDermott 2008).

The spawning phase begins in late July, peaks in early September, and ends in mid-October (Lauth ef al.
2007a). Mature females spawn an average of 4.6 separate batches of eggs during the 12-week spawning
period or about one egg batch every 2.5 weeks (McDermott ef al. 2007). After spawning ends, territorial
males with nests continue to brood egg masses until hatching, Higher water temperatures in the range of
water temperatures observed in nesting colonies, 3.9°C to 10.5°C (Gorbunova 1962, Lauth ef a/. 2007b),
can result in long incubation times extending the male brooding phase into January or February (Lauth e
al. 2007a).

Prey and predarors

Adult Atka mackerel in the Aleutians consume a variety of prey, but principally calanoid copepods and
euphavsiids (Yang 1999), and are consumed by a variety of piscivores, including groundfish (e.g., Pacific
cod and arrowtooth flounder, Livingston et ol. unpubl. manuscr.), marine mammals (e.g., northern fur
seals and Steller sea lions, Kajimura 1984, NMFS 1995, Sinclair and Zeppelin 2002), and seabirds (e.g.,
thick-billed murres, tufted puffins, and short-tailed shearwaters, Springer e al. 1999).

Predation on Atka mackerel eggs by cottids and other hexagrammids is prevalent during the spawning
season as is cannibalism by other Atka mackerel of both sexes (heterocannibalism) and by males from
their own nest (filial cannibalism; Canino er al. 2008, Yang 1999, Zolotov 1993). Filial egg cannibalism
is a common phenomenon in species with extended paternal care.

Nichol and Somerton (2002) examined the diurnal vertical migrations of Atka mackerel using archival
tags and related these movements to light intensity and current velocity. Atka mackerel displayed strong
diel behavior, with vertical movements away from the bottom occurring almost exclusively during
daylight hours, presumably for feeding, and little to no movement at night (where they were closely
associated with the bottom).

Stock structure

A morphological and meristic study suggests there may be separate populations in the Gulf of Alaska and
the Aleutian Islands (Levada 1979). This study was based on comparisons of samples collected off
Kodiak Island in the central Gulf, and the Rat Islands in the Aleutians. Lee (1985) also conducted a
morphological study of Atka mackere! from the Bering Sea, Aleutian Islands and Gulf of Alaska. The
data showed some diffcrences (although not consistent by area for each characteristic analyzed),
suggesting a certain degree of reproductive isolation. Results from an allozyme genetics study comparing
Atka mackerel samples from the western Gulf of Alaska with samples from the eastern, central, and
western Aleutian Islands showed no evidence of discrete stocks (Lowe ef al. 1998). A survey of genetic
variation in Atka mackerel using microsatellite DNA markers provided little evidence of genetic
structuring over the species range, although slight regional heterogeneity was evident in comparisons
between some areas (Canino et al. 2010), Samples collected from the Aleutian Islands, Japan, and the
Gulf of Alaska did not exhibit genctic isolation by distance or a consistent pattern of differentiation.
Examination of these results over time (2004, 2006) showed temporal stability in Stalemate Bank but not
at Seguam Pass. These results indicate a lack of structuring in Atka mackerel over a large portion of the
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species range, perhaps reflecting high dispersal, a recent population expansion and large effective
population size, or some combination of all these factors (Canino et al, 2010).

The question remains as to whether the Aleutian Island (Al) and Gulf of Alaska populations of Atka
mackerel should be managed as a unit stock or separate populations given that there is a lack of consistent
genetic stock structure over the species range. There are significant differences in population size,
distribution, recruitment patterns, and resilience to fishing suggesting that management as separate stocks
is appropriate. Bottom trawl surveys and fishery daia suggest that the Atka mackerel population in the
GOA is smaller and much more patchily distributed than that in the Al, and composed almost entirely of
fish >30 cm in length. There are also more areas of moderate Atka mackerel density in the Al than in the
GOA. The lack of small fish in the GOA suggests that Atka mackerel recruit to that region differently
than in the Al. Nesting sites have been located in the Gulf of Alaska in the Shumagin Islands (Lauth et
al. 2007a), and historical ichthyoplankton data from the 1970°s around Kodiak Island indicate there was a
spawning and nesting population even further to the east (Kendall and Dunn 1985), but the source of
these spawning populations is unknown. They may be migrant fish from strong year classes in the
Aleutian Islands or a self-perpetuating population in the Gulf, or some combination of the two. The idea
that the western GOA is the castern extent of their geographic range might also explain the greater
sensitivity to fishing depletion in the GOA as reflected by the history of the GOA fishery since the early
1970s. Catches of Atka mackerel from the GOA peaked in 1975 at about 27,000 t. Recruitment to the Al
population was low from 1980-19835, and catches in the GOA declined to 0 in 1986. Only after a series of
large year classes rectuited to the Al region in the late 1980s, did the population and fishery reestablish in
the GOA beginning in the early 1990s. After passage of these year classes through the population, the
GOA population, as sampled in the 1996 and 1999 GOA bottom trawl surveys, has declined and is very
patchy in its distribution. Most recently, the strong 1998 and 1999 year classes documented in the
Aleutian Islands showed up in the Gulf of Alaska. Leslie depletion analyses using historical Al and GOA
fishery data suggest that catchability increased from one year to the next in the GOA fished areas, but
remained the same in the Al areas (Lowe and Fritz 1996; 1997). These differences in population
resilience, size, distribution, and recruitment support separate assessments and management of the GOA
and Al stocks and a conservative approach to management of the GOA portion of the population,

Management units

Amendment 28 to the Bering Sea/Aleutian Islands (BSAI) Fishery Management Plan became effective in
mid-1993, and divided the Aleutian subarea into three districts at 177°W and 177°E for the purposes of
spatially apportioning TACs. Since 1994, the BSAI Atka mackerel TAC has been allocated to the three
regions (541 Eastern Aleutians, 542 Central Aleutians, 543 Western Aleutians) based on the average
distribution of biomass estimated from the Aleutian Islands bottom trawl surveys.

Fishery

Catch history

Annual catches of Atka mackerel in the castern Bering Sea (EBS) and Aleutian Islands (Al) regions
increased during the 1970s reaching an initial peak of over 24,000 t in 1978 (see BSAl SATE Table 3).
Atka mackerel became a reported species group in the BSAI Fishery Management Plan in 1978. Catches
(including discards and community development quota [CDQ] catches), corresponding Acceptable
Biological Catches (ABC) and Total Allowable Catches (TAC) set by the North Pacific Fishery
Management Council (Council) from 1978 to the present are given in Table 17.1.

From 1970-1979, Atka mackerel were landed off Alaska exclusively by the distant water fleets of the
U.$.S.R., Japan and the Republic of Korea. U.S. joint venture fisheries began in 1980 and dominated the

landings of Atka mackerel from 1982 through 1988. Total landings declined from 1980-1983 primarily
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due to changes in target species and allocations to various nations rather than changes in stock abundance.
Catches increased quickly thereafter, and from 1985-1987 Atka mackerel catches averaged 34,000 t
annually, dropping to a low of 18,000 tin 1989. The last joint venture allocation of Atka mackerel off
Alaska was in 1989, and since 1990, all Atka mackerel landings have been made by U.S. fishermen.
Beginning in 1992, TACs increased steadily in response to evidence of a large exploitable biomass,
particularly in the central and western Aleutian Islands.

Description of the Directed Fishery
The patterns of the Atka mackerel fishery generally reflect the behavior of the species: (1) the fishery is
highly localized and usually occurs in the same few locations each year; (2) the schooling semi-pelagic
nature of the species makes it particularly susceptible to trawl gear fished on the bottom; and (3) trawling
occurs almost exclusively at depths less than 200 m. In the early 1970s, most Atka mackerel catches were
in the western Aleutian Islands (west of 180°W longitude). In the late 1970s and through the 1980s,
fishing effort moved eastward, with the majority of landings occurring near Seguam and Amlia Islands.
In 1984 and 1985 the majority of landings came from a single 1/2° latitude by 1° longitude black bounded
by 52°30'N, 53°N, 172°W, and 173°W in Seguam Pass (73% in 1984, 52% in 1985). Areas fished by the
Atka mackerel fishery from 1977 to 1992 are displayed in Fritz (1993). Areas of 2010 and 2011 fishery
operations are shown in Figure 17.1.

Management History

Prior to 1992, ABCs were allocated to the entire Aleutian management district with no additional spatial
management. However, because of increases in the ABC beginning in 1992, the Council recognized the
need to disperse fishing effort throughout the range of the stock to minimize the likelihood of localized
depletions. In 1993, an initial Atka mackerel TAC of 32,000 t was caught by 11 March, almost entirely
south of Seguam Island. This initial TAC release represented the amount of Atka mackerel that the
Council thought could be appropriately harvested in the eastern portion of the Aleutian Islands subarea
(based on the assessment for the 1993 fishery; Lowe 1992). In mid-1993, however, Amendment 28 to the
Bering Sea/Aleutian Islands (BSAI) Fishery Management Plan became effective, dividing the Aleutian
subarea into three districts at 177°W and 177°E for the purposes of spatially apportioning TACs (Figure
17.1). On 11 August 1993, an additional 32,000 t of Atka mackerel TAC was released to the Central
(27,000 t) and Western (5,000 t) districts. Since 1994, the BSAT Atka mackerel TAC has been allocated to
the three regions based on the average distribution of biomass estimated from the Aleutian Islands bottom
trawl surveys. Table 17.2 gives the time series of BSAI Atka mackerel catches, corresponding ABC and
TAC by region,

In June 1998, the Council passed a fishery regulatory amendment that proposed a four-year timetable to
temporally and spatially disperse and reduce the level of Atka mackerel fishing within Steller sea lion
critical habitat (CH) in the BSAI Islands. Temporal dispersion was accomplished by dividing the BSAI
Atka mackerel TAC into two equal seasonal allowances, an A-season beginning January | and ending
April 15, and a B-season from September | to November 1. Spatial dispersion was accomplished through
a planned 4-year reduction in the maximum percentage of each seasonal allowance that could be caught
within CH in the Central and Western Aleutian Islands. This was in addition to bans on trawling within
10 nm of all sea lion rookeries in the Aleutian district and within 20 nm of the rookeries on Seguam and
Agligadak Islands (in area 541), which were instituted in 1992. The goal of spatial dispersion was to
reduce the proportion of each seasonal allowance caught within CH to no more than 40% by the year
2002. No CH allowance was established in the Eastern subarea because of the year-round 20 nm trawl
exclusion zone around the sea lion rookeries on Seguam and Agligadak Islands that minimized effort
within CH. The regulations implementing this four-year phased-in change to Atka mackerel fishery
management became effective on 22 January 1999 and lasted only 3 years (through 2001). In 2002, new
regulations affecting management of the Atka mackerel, pollock, and Pacific cod fisheries went into
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effect. Furthermore, all trawling was prohibited in CH from 8 August 2000 through 30 November 2000
by the Western District of the Federal Court because of violations of the Endangered Species Act (ESA).

As part of the plan to respond to the Court and comply with the ESA, NMFS and the NPFMC formulated
new regulations for the management of Steller sea lion and groundfish fishery interactions that went into
effect in 2002. The objectives of temporal and spatial fishery dispersion, cornerstones of the 1999
regulations, were retained. Season dates and allocations remained the same (A season: 50% of annual
TAC from 20 January to 15 April; B season: 50% from 1 Scptember to 1 November). However, the
maximum seasonal catch percentage from CH was raised from the goal of 40% in the 1999 regulations to
60%. To compensate, effort within CH in the Central (542) and Western (543) Aleutian fisheries was
limited by allowing access to each subarca to half the fleet at a time. Vessels fishing for Atka mackerel
are randomly assigned to one of two teams, which start fishing in either area 542 or 543. Vessels may not
switch areas until the other team has caught the CH allocation assigned to that area. In the 2002
regulations, trawling for Atka mackerel was prohibited within 10 nm of alf rookerics in areas 542 and
543: this was extended to 15 nm around Buldir Island and 3 nm around all major sea lion haulouts.
Steller sea lion CH east of 178°W in the Aleutian district, including all CH in subarea 541 and a 1°
longitude-wide portion of subarea 542, is closed to directed Atka mackeret fishing.

Most recently, the 2010 NMTS Biological Opinion found that the fisheries for Alaska groundfish in the
Bering Sea and Aleutian Islands and Gulf of Alaska, and the cumulative cffects of these fisheries, are
likely to jeopardize the continued existence of the western distinet population segment (DPS) of Steller
sea lions, and also likely to adversely modify the designated critical habitat of the western DPS of Steller
sea lions. Because this Biological Opinion found jeopardy and adverse modification of critical habitat,
the agency is required to implement reasonable and prudent alternatives (RPAs) to the proposed actions
(the fisheries). The Biological Opinion includes RPAs which require changes in groundfish fishery
management in Management Sub-areas 543, 542, and 541 in the Aleutian Islands Management Area,
NOAA Fisheries implemented the direct final rule measures before the start of the 2011 fishery in
January. The RPAs specific to Atka mackerel are listed below:

In Area 543:

- Prohibit retention by all federally permitted vessels of Atka mackerel and Pacific cod.

. Establish a TAC for Atka mackerel sufficient to support the incidental discarded catch that may occur
in other targeted groundfish fisheries (e.g., Pacific ocean perch).

- Eliminate the Atka mackerel platoon management system in the HLA.

In Area 542:

. Close waters from 0-3 nm around Kanaga Island/Ship Rock to directed fishing for groundfish by
federally permitted vesscls.

. Set TAC for Area 542 to no more than 47 percent of the acceptable biological catch (ABC).

. Between 177 E {o 179 W longitude and 178 W to 177 W Jongitude, close critical habitat from 0-20 nm
to directed fishing for Atka mackerel by federally permitted vessels year round.
Between 179 W to 178 W longitude, close critical habitat from 0-10 nm to directed fishing for Atka
mackerel by federally permitted vessels ycar round. Between 179 W and 178 W longitude, close
critical habitat from 10-20 nm to directed fishing for Atka mackerel by federally permitted vessels not
participating in a harvest cooperative or fishing a CDQ allocation.

- Add a 50:50 seasonal apportionment to the CDQ allocation to mirror seasonal apportionments for Atka
mackere! harvest cooperatives,

. Limit the amount of Atka mackerel harvest allowed inside critical habitat to no more than 10 percent of
the annual allocation for each harvest cooperative or CIQ group. Evenly divide the annual critical
habitat harvest limit between the A and BB seasons.
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- Change the Atka mackerel seasons to January 20, 12:00 noon to June 10, 12:00 noon for the A season
and June 10, 12:00 noon to November 1, 12;00 noon for the B season.
- Eliminate the Atka mackerel platoon management system in the HLA.

In Area 541
« Change the Bering Sea Area 541 Atka mackerel seasons to January 20, 12:00 noon to June 10, 12:00
noon for the A season and June 10,12:00 noon to November 1, 12:00 noon for the 13 season.,

- Close the Bering Sea subarea year round to directed fishing for Atka mackerel.

Amendment 80 to the BSAI Groundfish FMP was adopted by the Council in June 2006 and implemented
for the 2008 fishing year. This action allocates several BSA} non-pollock traw} groundfish species among
trawl fishery sectors, and facilitates the formation of harvesting cooperatives in the non-American
Fisheries Act (non-AFA) trawl catcher/processor sector. Bering Sea/Aleutian Islands Atka mackerel is
one of the groundfish species directly atfected by Amendment 80. In addition, a Best Practices
Cooperative has been formed under Amendment 80 which includes most of the participants in the BSAI
Atka mackerel fishery.

Bycatch and Discards

Atka mackerel are not commonly caught as bycatch in other directed Aleutian Islands fisheries. The
largest amounts of discards of Atka mackerel, which are likely under-size fish, occur in the directed Atka
mackerel trawl fishery. Atka mackerel are also caught as bycatch in the trawl Pacific cod and rockfish
fisheries. Northern and light dusky rockfish are caught in the Aleutian Islands Atka mackerel fishery.
While the 2008 and 2009 discards of northern rockfish as a total of the Atka mackerel catch were 5 and
4%, respectively, the actual amount of northern catches (discards and retained) accounts for a large
portion of the Al northern TAC. The 2008 fishery caught 2,722 t of northern rockfish, about 33% of the
2008 Al northern TAC. The 2009 Atka mackerel fishery caught 2,700 t of northern rockfish which
accounted for 38% of the northern TAC.
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Discard data have been available for the groundfish fishery since 1990. Discards of Atka mackerel for
1990-1999 have been presented in previous assessments (Lowe et al. 2003). Aleutian Islands Atka
mackere! discard data from 2000 to the present are given below:

Discard
Year Fishery Discarded (t) Retained (f) Total () Rate (%)
2000 Atka mackerel 2,388 43,977 46,365 5.1
All others 201 272 473
All 2,589 44,249 46,838
2001 Atka mackerel 3,832 55,744 59,567 6.4
All others 551 1,217 1,768
All 4,384 56,961 61,344
2002 Atka mackerel 7,125 36,112 43,237 16.5
All others 239 1,205 1,443
All 7,364 37,317 44,680
2003 Atka mackerel 9,209 41,994 51,203 18.0
All others 709 1,076 1,785
All 9,918 43,070 52,988
2004 Atka mackerel 6,709 45,841 52,550 12.8
All others 448 407 855
All 7,157 46,248 53,405
2005 Atka mackerel 2,403 55,359 57,762 4.2
All others 264 448 712
All 2,608 55,806 58,474
2006 Atka mackerel 1,558 56,603 58,161 2.7
All others 326 232 558
All 1,884 36,835 58,719
2007 Atka mackerel 1,595 53,593 55,188 2.9
All others 73 474 554
All 1,668 54,067 55,735
2008 Atka mackerel 1,087 53,757 54,483 2.0
All others 72 2,774 2,846
All 1,159 56,531 57,690
2009 Atka mackerel 2,618 67,116 69,733 3.8
All others 283 2,546 2,829
All 2,901 69,661 72,563
2010 Atka mackerel 3,626 57,667 61,293 5.9
All others 65 1,261 1,326
All 3,691 58,928 62,619

The discards and discard rate of Atka mackerel in the Atka mackerel fishery increased dramatically in
2002. The 2002 fishery caught large numbers of 3 and 4 year olds from the 1998 and 1999 year classes.
Small fish from the very large 1999 year class may have contributed to the increased discarding in the
2002 fishery. The discards and discard rate increased again in 2003; the 2003 fishery caught large
numbers of 3 and 4 year olds from the 1999 and 2000 year classes, and small fish from the 2000 year
class may have contributed to the increased discarding in the 2003 fishery. The 2004 discard rate
decreased despite the appearance of the above average 2001 year class; the 2004 fishery appeared to have
retained larger numbers of 3-year old tish than previous years (Lowe et al. 2005). The discard rate
decreased dramatically in 2005. The 2006 discard rate continued to decline, and rates have been 2-3%
until 2009 when the discard rate increased to nearly 4%. The increases in 2009 and 2010 may be due to
large numbers of small fish from the 2006 and 2007 year classes.
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Until 1998, discard rates of Atka mackerel by the target fishery have generally been greatest in the
weslern Al (543) and lowest in the east (541, Lowe ez of. 2003). After 1998 and up until 2003, discard
rates have been higher in the central Al (5§42) and have remained lowest in the east (541). However, in
2003, the discard rate in the eastern (541) and western Al (543) nearly doubled, and the western rate
exceeded the central area rate. In the 2004 fishery, the discard rates decreased in both the central and
western Aleutians (542 & 543) while the eastern rate increased again. The 2005 discard rates dropped
significantly in all three areas, contributing to the large overall drop in the 2005 discard rate shown above,
Discard rates have continued to decrease in eastern Al (541) since 2005.

Aleutian Islands Subarea

Year 541 542 543
2000 Retained (t) 13,798 20,720 9,458
Discarded (t) 163 1,484 742

Rate 1% 7% 7%

2001 Retained (1) 7,632 28,678 19,333
Discarded (t) 54 3,102 676

Rate 1% 10% 3%

2002 Retained (t) 3,607 17,156 15,348
Discarded (t) 213 4,827 2,085

Rate 6% 22% 12%

2003 Retained (t) 5,626 22,566 14,877
Discarded (t) 709 4,998 4,210

Rate 11% 18% 22%

2004 Retained (1) 3,161 20,560 16,527
Discarded (t) 520 3,610 3,027

Rate 14% 12% 15%

2005 Retained (t) 3,356 33,598 18,852
Discarded (1) 305 1,472 891

Rate 8% 4% 5%

2006 Retained (t) 4,013 38,447 14,374
Discarded (1) 232 1,389 263

Rate 5% 4% 2%

2007 Retained (1) 19,752 25,475 8,847
Discarded (t) 169 1,248 251

Rate 1% 5% 3%

2008 Retained (t) 18,701 21,725 16,105
Discarded (1) 18 745 395

Rate 0.1% 3% 2%

2009 Retained (t) 25,734 28,349 15,578
Discarded (t) 439 1,722 741

Rate 2% 6% 5%

2010 Retained (1) 18,539 22,941 17,448
Discarded (t) 386 2,120 1,184

Rate 2% 8% 6%

Fishery Length Frequencies

From 1977 to 1988, commercial catches were sampled for length and age structures by the NMFS foreign
fisheries observer program. There was no JV allocation of Atka mackerel in 1989, when the fishery
became fully domestic. Since the domestic observer program was not in full operation until 1990, there
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was little opportunity to collect age and length data in 1989. Also, the 1980 and 1981 foreign observer
samples were small, so these-data were supplemented with length sam ples taken by R.O.K. fisheries
personnel from their commercial landings. Data from the foreign fisheries are presented in Lowe and
Fritz (1996).

Atka mackerel length distributions from the 2010 and 2011 fisheries by management area are shown in
Figures 17.2 and 17.3, respectively. The modes at about 37-44 om in the 2010 BSA1 fishery length
distributions represent the 2006 year class. The available 2011 fishery data are presented and should be
considered preliminary, Preliminary data from the 2011 BSAI fisheries showed a smaller length
distribution in the catches from area 542. This may be due to increased catches from Petrel Bank which
have historically had smaller fish.

Steller Sea Lions and Atka mackere! Fishery Interactions
Since 1979, the Atka mackerel fishery has occurred largely within areas designated in 1993 as Steller sea
lion critical habitat (20 nm around rookeries and major haulouts). While total removals from critical
habitat may be small in relation to estimates of total Atka mackerel biomass in the Aleutian region,
fishery harvest rates in localized arcas may have been high enough to affect prey availability of Steller sea
lions (Section 12.2.2 of Lowe and Fritz 1997). 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
Aleutian Islands appear to be replenished by immigration and recruitment. However, this patiern could
have created temporary reductions in the size and density of localized Atka mackerel populations which
may have affected Steller sea lion foraging success during the time the fishery was operating and for a
period of unknown duration after the fishery closed. As a consequence, the NPEMC passed regulations in
1998 and 2001 (described above) to disperse fishing effort temporally and spatially as well as reduce
effort within Steller sea lion critical habitat.

NMEFS is investigating the efficacy of trawl exclusion zones as a fishery-Steller sea lion management tool,
and trying to determine the local movement rates of Atka mackerel through tagging studies. In August
1999, the AFSC conducted a pilot survey to explore the variance in survey catches of Atka mackerel and
the feasibility of tagging as methods to determine small-scale changes in abundance and distribution. The
tagging work was very successful and tagging surveys have been conducted near Seguam Pass (in arca
541) in August 2000, 2001 and 2002 (McDermott ef al. 2005). Results indicate that the 20 nm trawl
exclusion zone around the rookeries on Seguam and Agligadak Islands is effective in minimizing
disturbance to prey fields within them. The boundary of the 20 nm trawl exclusion zone at Seguam
appears to occur at the approximate boundary of two naturally occurring assemblages. The moevement
rate between the two assemblages is small. Therefore, the results obtained here regarding the efficacy of
the trawl exclusion zone may not generally apply to other, smaller zones to the west. The tagging work
has been expanded and tagging was conducted inside and outside the 10 nm trawl exclusion zones in
Tanaga Pass (in 2002), near Amchitka Island (in 2003) and off Kiska Isiand (in 2006). Movement rates at
Tanaga pass and Kiska Island appear similar to those at Seguam with the trawl exclusion zones forming
natural boundaries to local aggregations. Movement rates at Amchitka appear to be higher relative to
Seguam (pers. comm. Elizabeth Logerwell and Susanne McDermott, AFSC). The boundaries at
Amchitka bisect Atka mackerel habitat unlike Seguam and Tanaga.

Data

Fishery Data
Fishery data consist of total catch biomass from 1977 to 2010 and partial 2011 catch data (Table 17.1).
Also, length measurements collected by observers and otoliths read by the AFSC Age and Growth Lab
(Table 17.3) were used to create age-length keys to determine the age compasition of the catch from
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1977-2010 (Table 17.4). In previous assessments (prior to 2008), the catch-at-age in numbers was
compiled using total annual BSAI catches and global (Aleutian-wide) year-specific age-length keys. The
formulas used are described by Kimura (1989). As with the length frequencies, the age data for 1980-
1981 and 1989 presented problems. The commercial catches in 1980 and 1981 were not sampled for age
structures, and there were too few age structures collected in 1989 to construct a reasonable age-length
key. Kimura and Ronholt (1988) used the 1980 survey age-length key to estimate the 1980 commercial
catch age distribution, and these data were further used to estimate the 1981 commercial catch age
distribution with a mixture model (Kimura and Chikuni 1987). However, this method did not provide
satisfactory results for the 1989 catch data and that year has been excluded from the analyses (Lowe et al.
2007).

An alternative approach to compiling the catch-at-age data was adopted in the 2008 assessment in
response to issues raised during the 2008 Center for Independent Experts (CIE) review of the Aleutian
Islands Atka mackerel and pollock assessments. This method uses stratified catch by region (Table 17.2)
and compiles (to the extent possible) region-specific age-length keys stratified by sex. This method also
accounts for the relative weights of the catch taken within strata in different years. This approach was
applied to catch-at-age data after 1989 (the period when consistent observer data were available) and
follows the methods described by Kimura (1989) and modified by Dorn (1992; Table 17.4). Briefly,
length-stratified age data are used to construct age-length keys for each stratum and sex. These keys are
then applied to randomly sampled catch length frequency data. The stratum-specific age composition
estimates are then weighted by the catch within each stratum to arrive at an overall age composition for
each year, In summary, estimates of the proportion of catch-at-age are derived from the mean of the
bootstrap sampling of the revised catch-at-age estimates. The bootstrap method also allows evaluation of
sample-size scaling that better reflect inter-annual differences in sampling and observer coverage. Since
body mass is applied in this estimation, stratum-weighted mean weights-al-age are available with the
estimates of catch-at-age. The three strata for the Atka mackerel coincide with the three management
areas (eastern, central, and western regions of the Aleutian Islands). This method was used to derive the
age compositions for 1990-2010 (the period for which all the necessary information is readily available).
Prior to 1990, the catch-age composition estimates remain the same as in previous assessments.

The most notable features of the estimated catch-at-age data (Table 17.4) are the strong 1975, 1977, 1999,
2000, and 2001 year classes, and large numbers of the 2006 year class which showed up in the 2009 and
2010 fisheries. The 1975 year class appeared strong as 3 and 4-year-olds in 1978 and 1979. It is unclear
why this year class did not continue to show up strongly after age 4. The 1977 year class appeared strong
through 1987, after entering the fishery as 3-year-olds in 1980. The 2002 fishery age data showed the
first appearance in the fishery of the strong 1999 year class, and the 2003 and 2004 fishery data showed
the first appearance of large numbers {rom the 2000 and 2001 year classes, respectively. The 2009 and
2010 fishery data are dominated by 3 and 4-year-olds, respectively of the 2006 year class, and continued
to show the presence of the 2001 year class (Table 17.4).

Atka mackerel are a summer-fall spawning fish that do not appear to lay down an otolith annulus in the
first year (Anderl er al., 1996). For stock assessment purposes, one year is added to the number of otolith
hyaline zones determined by the Alaska Fisheries Science Center Age and Growth Unit, All age data
presented in this report have been corrected in this way.

Survey Data _
Atka mackerel are a difficult species to survey because: (1) they do not have a swim bladder, making
them poor targets for hydroacoustic surveys; (2) they prefer hard, rough and rocky bottom which makes
sampling with survey bottom trawl gear difficult; and (3) their schooling behavior and patchy distribution
result in sutvey estimates with large variances, Despite these shortcomings, the U.S.~Japan cooperative
trawl surveys conducted in 1980, 1983, 1986, and the 1991, 1994, 1997, 2000, 2002, 2004, 2006, and
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2010 domestic trawt surveys, provide the only direct cstimates of population biomass from throughout the
Alcutian Islands region. Furthermore, the biomass estimates from the early 1J.S-Japan cooperative
surveys are not directly comparable with the biomass estimates obtained from the U.S. trawl surveys
because of differences in the net, fishing power of the vessels, and sampling design (Barbeaux e al.
2003).

Aleutian Islands traw! survey biomass estimates of Atka mackerel varied from 63,215 tin 1980 to
489,486 t in 1983, and 1,121,148 t in 1986 (Table 17.5). However, the high value for 1986 is not directly
comparable to previous estimates. During the 1980 survey, no successful sampling occurred in shallow
waters (<100 m) around Kiska and Amchitka Islands, and during the 1983 survey very few shallow water
stations were successfully trawled. However, during the 1986 survey, several stations were successfully
trawled in waters less than 100 m, and some produced extremely large catches of Atka mackerel, In
1986, the biomass estimate from this one depth interval alone totaled 1,01 1,991 tin the Central Aleutians
(Table 17.5), or 90% of the total biomass of Atka mackerel in the Aleutian Islands. This was a 908,403 t
increase over the 1983 biomass estimate for the same stratum-depth interval. The 1986 biomass estimate
is associated with a large coefficient of variation (0.80). Due to differences in area and depth coverage of
the surveys, it is not clear how this biomass estimate compares 10 earlier years.

The most recent Aleutian Islands biomass estimate from the 2010 Aleutian Islands bottom trawl survey is
844,571 t, up 16% relative to the 2006 survey estimate (no survey was conducted in 2008, Table 17.6).
The breakdown of the Aleutian biomass estimates by area corresponds to the management sub-districts
(541-Eastern, 542-Central, and 543-Western). The increasc in biomass in the 2010 survey is largely a
result of the increase in biomass found in the Western area (252,819 t in 2010 up from 100,693 t in 2006),
despite a large decrease in the Central arca. Relative to the 2006 survey, the 2010 biomass estimates are
up 151% in the Western area, down 29% in the Central area, and up 13% in the Eastern area (Figure
17.4). The 95% confidence interval about the mean total 2010 Aleutian biomass estimate is 162,039~
1,527,102 t. The coefficient of variation (C'V) of the 2010 mean Aleutian biomass is 40% (Table 17.6).

The distribution ot biomass in the Western, Central, and Eastern Aleutians and the southern Bering Sea
shifted between each of the surveys, and most dramatically in area 541 in the 2000 survey (Figure 17.4).
The 2000 Eastern Aleutian area biomass estimate (900 t) was the lowest of all surveys, contributing only
0.2% of the total 2000 Aleutian biomass and represented a 98% decline relative to the 1997 survey. The
extremely low 2000 biomass estimate for the Eastern area has not been reconciled, but there are several
factors that may have had a significant impact on the distribution of Atka mackerel that were discussed in
Lowe ¢f al (2001). We note that the distribution of Atka mackerel in the Fastern area is generally
patchier, and up until the 2004 survey, the area-specific variances for the Eastern area have always been
high relative to the Central and Western areas. Lowe et al. (2001) suggest that a combination of several
factors coupled with the typically patchier distribution of Atka mackerel in area 541 may have impacted
the distribution of the fish such that they were not available at the surveyed stations at the time of the
2000 survey.

The 2010 survey showed that the Eastern area contributed 47% of the total biomass which is nearly
identical to the proportion detected in the 2006 survey, and represents the largest proportions in the time
series (Table 17.6).

In 1994 for the first time since the initiation of the Aleutian triennial surveys, a significant concentration
of biomass was detected in the southern Bering Sea area (66,603 t). This occurred again in 1997 (95,680
1), 2002 (59,883 t), and 2004 survey (267,556 t, Table 17.6). These biomass estimates are a result of large
catches from a single haul encountered north of Akun Island in all four surveys. In addition, large catches
of Atka mackerel in the 2004 survey were also encountered north of Unalaska Island, with a particularly
Jarge haul in the northwest corner of Unalaska Istand, The 2004 southern Bering Sca strata biomass
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estimate of 267,556 t is the largest biomass encountered in this arca in the survey time series. The CV of
the 2004 southern Bering Sea estimate is 43%, much lower than previous years as several hauls
contributed to the 2004 estimate. The 2006 survey estimated only 12,284 t of biomass (C'V=44%) from
the southern Bering Sea area. Most recently, the 2010 survey estimated 102,755 t of biomass in the

from a single haut encountered north of Akun 1sland.

Areas with large catches of Atka mackerel during the 2004 survey included north of Akun Island and
Unalaska Islands, Seguam Pass, Tanaga Pass, Kiska Island, Buldir 1sland, and Stalemate Barik (Figure
17.5). Similar to the 2004 survey, areas with large catches of Atka mackere! in the 2006 survey included
Seguam Pass, Tanaga Pass, Kiska Island, and Stalemate Bank (Figure 17.Error! Bookmark not
defined,). In the most recent 2010 survey, areas of large catches included north of Akun Island,
northwest of the Islands of Four Mountains, Seguam Pass, Kiska Island, Buldir Island, and Stalemate
Bank (Figure 17.Error! Bookmark not defined.). In the 2002, 2004, 2006, and 2010 surveys Atka
mackerel were much less patchily distributed relative to previous surveys and were encountered in 55, 60,
51, and 57% of the hauls respectively, which are the highest rates of encounters in the survey time series.

The average bottom temperatures measured in the 2000 survey were the lowest of any of the Aleutian
surveys, particularly in depths less than 200 m where 99% of the Atka mackerel are caught in the surveys
(Figure 17.5). The average bottom temperatures measured in the 2002 survey were the second lowest of
the Aleutian surveys, but significantly higher than the 2000 survey and very similar to the 1994 survey.
The average bottom temperatures measured in the 2006 and 2010 surveys were slightly above the 2002
survey and very similar to the 1994 survey temperatures.

There is greater confidence in Atka mackerel biomass estimates from bottom traw! surveys of the
groundfish community of the Aleutian Islands (Al) than the Gulf of Alaska (GOA). First, the coefficients
of variation (C¥) of the mean Atka mackerel biomass estimates have been considerably smaller from
recent Al surveys compared to recent GOA surveys: 0.20, 0.17, and 0.28 from the 2002, 2004, 2006 Al
surveys, respectively, compared with 1.00, 0.35, 0.50, and 0.46 from the 2001, 2003, 2005, and 2007
GOA surveys. However, it is noted that the most recent 2010 survey was associated with a CV of 40%,
which is the highest CV in the domestic trawl survey time series. Second, while patchy in its distribution
compared to other groundfish species, Atka mackerel have been much more consistently encountered in
the AJ than the GOA surveys, appearing 55%, 60, 51, and 57%% of the hauls in the 2002, 2004, 2006,
and 2010 AT surveys, compared to 10%, 44%, 29%, and 20% of the hauls in the Shumagin area in the
2001, 2003, 2005, and 2007 GOA surveys, respectively. For these reasons we utilize bottom trawl
surveys to assess the relative abundance of Atka mackere! in the Aleutian Islands, but do not consider the
highly variable estimates of biomass from the GOA surveys useful for tracking abundance trends.

Survey Length Frequencies

The 2000, 2002, 2004, and 2006 bottom trawl surveys and the fishery catch data revealed a strong east-
west gradient in Atka mackerel size, with the smallest fish in the west and progressively larger fish to the
cast, (Figure 17.8 in Lowe er al. 2003, 2005, 2009). The 2010 survey length frequency distributions also
show a strong east-west gradient in Atka mackere! size (Figure 17.7). The 2010 survey length frequency
distributions from the Eastern area showed a mode of fish at 44 ¢m, larger than the Central and Western
fish, and similar to the size distribution of fish sampled from the southern Bering Sea with a mode of 45
cm (Figure 17.6).

Survey Age Frequencies
The 2004 survey age data is basically comprised of 3, 4, and 5-year olds of the 1999, 2000, and 2001 year
classes, and is dominated by 3-year olds of the 2001 year class (Figure 17.7). The 2006 survey still
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indicated large numbers from the 1999 year class and a very low number of fish from the 2002 year class.
The fishery catch data also confirmed very low numbers of the 2002 year class. The 2006 survey and
fishery saw an unusually high number of 2 year olds from the 2004 year class (Table 17.4). The 2007
fishery data confirmed a large number of 3 year olds from the 2004 year class. The most recent 2010
survey age composition is dominated by 3 and 4-year olds of the 2006 and 2007 year classes. The 2009
fishery data confirmed the strong presence of the 2006 year class in fishery catches. The mean ages of the
2004, 2006, and 2010 surveys are 4.2, 5.3, and 5.3 years, respectively.

Survey Abundance Indices

A partial time series of relative indices from the 1980, 1983, 1986, and 1991 Aleutian Islands surveys had
been used in the previous stock synthesis assessments (Lowe et al. 2001). The relative indices of
abundance excluded biomass from the 1-100 m depth strata of the Southwest Aleutian Islands region
(west of 180°) due to the lack of sampling in this stratum in some years. Because the excluded area and
depth stratum have consistently been found to be locations of high Atka mackerel biomass in later
surveys, it was determined that the indices did not provide useful additional information to the model.
Analyses to determine the impact of omitting the relative time series showed that results without the
relative index are more conservative (Lowe et al. 2002).

Analytic approach

The 2002 BSAT Atka mackerel stock assessment introduced a new modeling approach implemented
through the “Stock Assessment Toolbox* (an initiative by the NOAA Fisheries Office of Science and
Technology) that evaluated favorably with previous assessments (Lowe ef al. 2002). This approach used
the Assessment Model for Alaska (AMAK)' from the Toolbox, which is similar to the stock synthesis
application (Methot 1989, 1990; Fournier and Archibald 1982) used for Aleutian [slands Atka mackerel
from 1991-2001, but allows for increased flexibility in specifying models with uncertainty in changes in
fishery selectivity and other parameters such as natural mortality and survey catchability (Lowe et al.
2002). This approach (AMAK) has also been adopted for the Aleutian Islands pollock stock assessment
(Barbeaux et al. 2004).

The Assessment Model for Alaska is developed using ADModel Builder language (Fournier 1998) and
follows from the structure presented in lanelli and Fournier (1998). ADMB is a C--+ software language
extension and automatic differentiation library that is now freely available. It allows for estimation of
large numbers of parameters in non-linear models using automatic differentiation.

Model structure

The AMAK models catch-at-age with the standard Baranov catch equation. The population dynamics
follows numbers-at-age over the period of catch history (here 1977-2010) with natural and age-specific
fishing mortality occurring throughout the 11-age-groups that are modeled (1-1 1+). Age lrecruitment in
each year is estimated as deviations from a mean value expected from an underlying stock-recruitment
curve. Deviations between the observations and the expected values are quantified with a specified error
model and cast in terms of a penalized log-likelihood. The overall log-likelihood (1) is the weighted sum
of the calculated log-likelihoods for each data component and model penalties. The component weights
are inversely proportional 1o the specified (or in some cases, estimated) variances. Appendix Tables A-1
- A-3 provide a description of the variables used, and the basic equations describing the poputation

T AMAIL 2011, A statistical catch at age model for Alaska, version 2.0. NOAA version available on request to
authors.
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dynamics of Atka mackerel as they relate to the available data. The quasi® likelihood components and the
distribution assumption of the error structure are given below:

CV or sample size

Data component Years of data Likelthood form N
Cateh biomass 1977-2010 Lognormal CV=5%
Fishery catch age composition 1977-2010 Multinomial Year specific N=25-234
1991, 1994, 1997
Survey biomass 2001, 2004, 2006, 2010 Lognormal Average ('V=26%
Survey age composition 1986, 1991, 1994, 1997
2001, 2004, 2006, 2010 Multinomial N=50)
Recruitment deviations Lognormal
Stock recruitment curve Lognormal
Selectivity smoothness (in age-
coefficients, survey and fishery) Lognormal
Selectivity change over time (fishery only) Lognormal
Priors (where applicable) Lognormal

The age-composition components are heavily influenced by the sample size assumptions specitied for the
multinomial likelihood. Since sample variances of our catch-at-age estimates are available (Dorn 1992),
“effective sample sizes” (N, ;) can be derived as follows (where 7 indexes year, and j indexes age):

where p, , is the proportion of Atka mackerel in age group / in year i plus an added constant of 0.01 to
provide some robustness. The variance of p, , was obtained from the estimates of variance in catch-at-

age. Thompson and Dorn (2003, p. 137) and Thompson (AFSC pers. comm.) note that the above is a
random variable that has its own distribution. Thompson and Dorn (2003) show that the harmonic mean
of this distribution is equal to the true sample size in the multinomial distribution. This property was used
to obtain sample size estimates for the (post 1989) fishery numbers-at-age estimates (scaled to have a
mean of 100; earlier years were set to constant values):

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

25 25 25 25 50 50 30 50 50 50 50 50
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
47 35 10 10 66 59 117 16 82 219 234 104

2002 2003 2004 2005 2006 2007 2008 2009 2010
136 133 133 89 117 39 144 150 150

An ageing error conversion matrix is used in the assessment model to translate model population numbers
at age to expected fishery catch at age. We estimated this matrix using an ageing error model fit to the
observed percent agreement at ages 2 through 10. Mean percent agreement is close to 100% at age 2 and
declines to 54% at age 10. Annual estiinates of percent agreement are variable, but show no obvious
trend, hence a single conversion matrix for all years in the assessment model was adopted. The model is

? Quasi likelihood is used here because model penalties (not strictly relating to data) are included.
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based on a lincar increase in the standard deviation of ageing error and the assumption that ageing ervor is
normally distributed. The model predicts percent agreement by taking into account the probability that
both readers are correct, both readers are off by one year in the same direction, and both readers are off by
two years in the same direction. The probability that both readers agree and were off by more than two
years was considered negligible.

Parameters estimated independently
Natural Mortality
Natural mortality (M) is a difficult parameter to estimate reliably. One approach we took was to use the
regression model of Hoenig (1983) which relates total mortality as a function of maximum age. His
equation is:

In(Z) = 1.46 - 1.01(In(Tmax)).
Where Z is total instantaneous mortality (the sum of natural and fishing mortality, Z=M+F), and Tmax is
the maximum age. The instantancous total mortality rate can be considered an upper bound for the
natural mortality rate if the fishing mortality rate is minimal. The catch-at-age data showed a 14-year-old
fish in the 1990 fishery, and a 15-year-old in the 1994 fishery. Assuming a maximum age of 14 years and
Hoenig's regression equation, Z was estimated to be 0.30 (Lowe 1992). Since fishing mortality was
relatively low in 1990, natural mortality has been reasonably approximated by a value of 0.30 in past
assessnents.

An analysis was undertaken to explore alternative methods to estimate natural mortality for Atka
mackerel (Lowe and Fritz, 1997). Several methods were employed based on correlations of M with life
history parameters including growth parameters (Alverson and Carney 1975, Pauly 1980, Charnov 1993),
longevity (Hoenig 1983), and reproductive potential (Roff 1986, Rikhter and Efanov 1976). Atka
mackerel appear (o be segregated by size along the Aleutian chain. Thus, natural mortality estimates
based on growth parameters would be sensitive to any sampling biases that could result in under- or over-
estimation of the von Bertalanffy prowth parameters, Fishery data collections are more likely to be
biased as the fishery can be more size selective and concentrates harvests in specific areas as opposed to

- the surveys. Natural mortality estimates derived from fishery data ranged from 0.05 to 1.13 with a mean
of 0.53. Natural mortality estimates, excluding those based on fishery data, ranged from 0.12 to 0.74 with
a mean value of 0.34. The current assumed value of 0.3 is consistent with these values. Also, a value of
0.3 is consistent with values of M derived by the methods of Hoenig (1983) and Rikhter and Efanov
(1976) which do not rely on growth parameters (L.owe and Fritz, 1997).

The 2003 assessment explored the use of priers on M, resulting in drastically inflated biomass levels
(Figure 17.11 in Lowe e/ al. 2003). Independent studies are being conducted outside the assessment
which may provide further information to configure appropriate prior distributions for #4. In the current
assessment, a natural mortality value of 0.3 was used in the assessment model.

Length and Weight at Age

Atka mackerel exhibit large annual and geographic variability in length at age. Because sutvey data
provide the most uniform sampling of the Aleutian Islands region, data from these surveys were used to
evaluate variability in growth (Kimura and Ronholt 1988, Lowe ef al. 1998). Kimura and Ronholt (1988)
conducted an analysis of variance on length-at-age data from the 1980, 1983, and 1986 U.S.-Japan
surveys, and the U.S.-U.S.S.R. surveys in 1982 and 1985, stratified by six areas. Results showed that
length at age did not differ significantly by sex, and was smallest in the west and largest in the east. More
recent analyses by Lowe ef al. (1998) corroborated differential growth in three sub-areas of the Aleutian
Islands and the Western Gulf of Alaska. Based on the work of Kimura and Ronholt (1988), and annual
examination of length and age data by sex which has found no differences, growth parameters are
presented for combined sexes. Parameters of the von Bertalanffy length-age equation and a weight-length
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equation have been calculated for (1) the combined 1986, 1991, and 1994 survey data for the entire
Aleutians region, and for the Fastern (541) and combined Central and Western (542 and 543) subareas,

and (2) the combined 1990-96 fishery data for the same areas:

Data source L.{cm) K 1
86, 91& 94 surveys

Areas combined 41.4 0.439 -0.13
541 42.1 0.652 0.70)
542 & 543 40.3 0.425 -0.38

1990-96 fishery
Areas combined 41.3 0.670 0.79
541 44,1 0.518 0.35
542 & 543 40.7 0.562 0.37

Length-age equation: Length (em) = L, {1-exp[-K(age-15)]}

Both the survey and fishery data show a clear east to west size cline in length at age with the largest fish

found in the eastern Aleutians.

The weight-length relationship determined from the same data sets are as follows:

weight (kg) = 9.08E-06 x length (cm) > (86, 91 & 94 surveys; N = 1,052)
weight (kg) = 3.72E-05  length (cm) *“* (1990-1996 fisheries; N = 4,041).

The observed differences in the weight-length relationships from the survey and fishery data, particularly
in the exponent of length, probably reflect the differences in the timing of sample collection. The survey
data were all collected in summer, the spawning period of Atka mackerel when gonad weight would
contribute the most 1o total weight. The fishery data were collected primarily in winter, when gonad

weight would be a smaller percentage of total weight than in summer.

Year-specific weight-at-age estimates are used in the model to scale fishery and survey catch-at-age (and
the modeled numbers-at-age) to total catch biomass and are intended to represent the average weight-at-
age of the catch. Separate annual survey weights-at-age are complied for expanding modeled numbers
into --age-selected- survey biomass levels (Table 17.7). Specifically, survey estimates of length-at-age
were obtained using year-specilic age-length keys. Weights-at-age were estimated by multiplying the
length distribution at age from the age-length key, by the mean weight-at-length from cach year-specific
data set (De Robertis and Williams 2008). [n addition, a single vector of weight-at-age values based on
the 2004, 2006, and 2010 surveys is used to derive population biomass from the modeled numbers-at-age

in order to allow for better estimation of current biomass (Table 17.7).

The fishery weight-at-age data presented in previous assessments (prior to 2008) were compiled based on
unweighted, unsiratified (Aleutian-wide) fishery catch-age samples to construct the year-specific age-
length keys (see Table 17.8 in Lowe er al. 2007). Beginning with the 2008 assessment, the weights-at-
age for the post 1989 fishery reflect stratum-weighted values based on the relative catches, The fishery
weight-at-age data presented in Table 17.7 for 1990 to 2010, were compiled using the two-stage catch-
estimation scheme described above in the Fishery Data section. Prior to 1990, the fishery weight-at-age
estimates are as in previous assessments and given in Table 17.7.
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Maturity at Age and Length

Female matutity at length and age were determined for Aleutian Islands Atka mackerel (McDermott and
Lowe, 1997). The age at 50% maturity is 3.6 years. Length at 50% maturity differs by area as the length
at age differs by Aleutian Islands sub-areas:

Length at 50% maturity (cm)

Eastern Aleutians  (541) 35.91
Central Aleutians (542) 33.55
Western Aleutians (543) 33.64

The maturity schedules are given in Table 17.8. Cooper and McDermott (2008) examined spatial and
temporal variation in Atka mackerel female maturity at length and age. Maturity at length data varied
significantly between different geographic arcas and years, while maturity at age data failed to indicate
differences and corroborated the age at 50% maturity determined by McDermott and Lowe (1997).

Parameters estimated conditionally

Deviations between the observations and the expected values are quantified with a specified error
structure. Lognormal error is assumed for survey biomass estimates and fishery catch, and a multinomial
error structure is assumed for survey and fishery age compositions. These error structures are used to
estimate the following parameters conditionally within the model.

Fishing Mortality

Fishing mortality is parameterized to be separable with a year component and an age (sclectivity)
component in all models. The selectivity relationship is modeled with a smoothed non-parametric
relationship that can take on any shape (with penalties controlling the degree of change and curvature
specified by the user; Table A-2). Selectivity is conditioned so that the mean value over all ages will be
equal to one. To provide regularily in the age component, a moderate penalty was imposed on sharp
shifts in selectivity between ages using the sum of squared second differences (log-scale). In addition, the
age component parameters are assumed constant for ages 10 and older. Asymptotic growth is reached at
about age 9 to 10 years. Thus, it seemed reasonable to assune that selectivity of fish older than age 10
would be the same. Prior to the 2008 assessment, selectivity had been allowed to vary annually with a
low consiraint as described in the 2002 assessment (Lowe er al. 2002). As suggested by the 2008 CIE
reviewers, we adopted a new model configuration with blocks of years with constant selectivity which
correspond approximately to the foreign fishery, the joint venture fishery, the domestic fishery prior to
Steller sea lion regulations, and the domestic fishery post Steller sca lion regulations. This model
configuration, with a refinement to the change-points in the fishery selectivity blocks implemented last
year, is used in the current assessment.

Survey Selectivity and Catchability

For the bottom trawl survey, selectivity-at-age follows a parameterization similar to the fishery
selectivity-at-age presented above (except with no allowance for titme-varying selectivity). Here we
specified that the average selectivity-at-age for the survey is equal to 1 over ages 4-10. This was done to
standardize the ages over which selectivity most reasonably applies.

The 2003 assessment explored the use of a prior on survey catchability (g) through AMAK with mixed
results that were difficult to interpret biologically (Lowe ez al. 2003). In the 2004 assessment we
presented a model (Model 4, Lowe et al. 2004), with a moderate prior on ¢ (mean= 1.0, 0* = 0.2%) which
was accepted and used as the basis for the ABC and OFL, specifications since 2004. Our assumptions on
survey catchability have not changed for the current assessment.
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The Beverton-Holt form of stock recruitment relationship based on Francis (1992) was used (Table A-2).
Values for the stock recruitment function parameters awand Sare calculated from the values of Rp(the
number of 0-year-olds in the absence of exploitation and recruitment variability) and the “steepness™ of
the stock-recruit relationship (A, Table A-2). The “steepness” parameter is the fraction of Ry to be
expected (in the absence of recruitment variability) when the mature biomass is reduced to 20% of its
pristine level (Francis 1992). Past assessments have assumed a value of 0.8, A value of 4 = 0.8 implies
that at 20% of the unfished spawning stock size, an expected value of 80% of the unfished recruitment
level will result. Model runs exploring other values.of 4 and the use of a prior on k2 were explored in
previous assessments (Lowe et /. 2002), but were found to have little or no bearing on the stock
assessment results and were not carried forward for further evaluation at the tinie. As in past years, we
assumed /7 == 0.8 for all model runs since previous work showed that assessment results were insensitive
to this assumption (and given the Tier 3 status does not affect future projections).

Model Evaluation

In responsc to issues raised during the 2008 Center for Independent Experts (CIE) review of the Aleutian
Islands Atka mackerel and pollock assessments, we changed a number of aspects of the input data and
made refinements to the model configuration in the 2008 assessment. In summary, these changes
focused on a more consistent approach to include survey data, the incorporation of a lower age+ bin
(11+), calculated samples sizes for fishery catch-at-age data, revised compilation of catch- and weight-at-
age data using a two-stage catch-estimation scheme based .on stratified (by area) catch biomass and catch-
at-age fishery samples, inclusion of an age-misclassification matrix, and incorporating blocks of years
with constant selectivity. These changes were evaluated in a step-wise fashion and presented in Lowe et
al. (2008).

The changes to the input data allowed for a more consistent approach and the change in the model
configuration of fishery selectivity allowed for much greater parsimony with slight improvements to
survey biomass fit at the cost of only a slight decrease in fishery age composition fits (Lowe et al. 2008).
The revised model configuration assumed blocks of years with constant selectivity corresponding
approximately to the foreign fishery, the joint venture fishery, the domestic fishery prior to Steller sea lion
regulations, and the domestic fishery post Steller sea lion regulations. This model configuration was
accepted by the SSC and used to set the 2009-2011 BSAT Atka mackerel ABCs and OFLs. In the current
assessment we use the same model configuration. However we explored implementation of a random
walk for a transition set of years in survey catchability as one approach to help resolve the poor residual
pattern identified by the SSC in Dec. 2010. This model alternative is referred to as “Model 2.7

Key results from the 2010 Model and the 2011 Model incorporating refinements to the change-points for
the fishery selectivity blocks are given in Table 17.9.

Model Results

The results discussed below are based on the 2011 Model with updated fishery catch- and weight-at-age
valtues, 2010 fishery data, 2010 Aleutian Islands survey data, and 4 time periods each with constant
selectivity as described above.

Selectivity
For Atka mackerel, the estimated selectivity patterns are particularly important in deseribing their
dynamics. Previous assessments have focused on the transitions between ages and time-varying
selectivity (Lowe f ¢l 2002)., The current assessment estimates selectivity at age schedules for 4 time
periods in the fishery and a single selectivity pattern for the survey (Figures 17.8-17.11, Table 17.10). The
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current 201 1 selectivity estimate is similar to last year and is shifted to fish that have already reached
maturity (Figure 17.9).

The fishery catches essentially consist of fish 3-11 years old, although a 15-year-old fish was found in the
1994 fishery. The fishery exhibits a slight dome-shaped selectivity pattern which is more pronounced
prior to 1992 during the foreign and joint venture fisheries blocks (1977-1984 and 1985-1992, Figure
17.9). After 1992, fishery selectivity patterns are divided into 2 blocks of years (1993-1999, 2000-2011)
each with constant sclectivity. The patterns between these two blocks are fairly similar but do show slight
differences at ages 3-7 and more notable differences at age 8 and older. Fish older than age 9 make up a
very small percentage of the population cach year, and the differences in the selectivity assumptions for
the older ages are not likely to have a large impact. However, differences in selectivity for ages 3-8 can
have a significant impact. The recent pattern for the years 2000-2011 reflects the large numbers of fish
from the 1999, 2000, 2001, and 2006 year classes (Table 17.4). The age at 50% selectivity is estimated at
about age 4 for both time periods. It is important to note the maturity-at-age vector (age at 50% maturity
is 3.6 years). The estimated selectivity patterns since 1991 indicate the fishery is harvesting mature older
fish refative to the foreign and joint venture fisheries.

Survey catches are mostly comprised of fish 3-9 years old. However, the 2010 survey showed significant
numbers of 9-11 year olds of the 1999, 2000, and 2001 year classes. A 14-year old fish was found in the
1994 survey and a 15-year old fish was found in the 2000 survey. The current configuration estimates a
smoothed nearly asymptotic pattern (Figure 17.10), which differs from previous year’s estimates which
exhibited a slightly dome-shaped selectivity pattern (Figure 17.13 in Lowe et al. 2009). The current
estimated survey selectivity pattern is nearly identical to last year’s estimate.

Abundance Trend

The estimated time series of total numbers at age are given in Table 17.11. The estimated time series of
total biomass (ages 1+) with approximate upper and lower 95% confidence limits are shown in Figure
17.11 and given in Table 17.12. A comparison of the spawning biomass trend from the current and
previous assessments (Table 17.12) indicates consistent trends throughout the time series, i.e., biomass
increased during the early 80s and again in the late 80s to early 90s. After the estimated peak spawning
biomass in 1993, spawning biomass declined for nearly 10 years until 2001 (Figure 17.12). Thereatter,
spawning biomass began a steep increase which continued to 2005.

Recruitment Trend

The estimated time series of age 1 recruits indicates the strong 1977 and 1999 year class are the most
notable in the current assessment, followed by the 1989 and 2001 year classes (Figure 17.13). The 1999
and 2001 year classes are estimated to be two of the four largest recent year classes in the time series
(approximately 1.4 and 1.0 billion recruits, respectively) due to the persistent observations of these year
classes in the 2010 fishery and in the 2010 survey. The current assessment estimates above average
(greater than 20% of the mean) recruitment from the 1977, 1988, 1992, 1995, 1998, 1999, 2000, 2001,
2006 and 2007 year classes (Figure 17.13).

The average estimated recruitment from the time serics 1978-2009 is 542 million fish and the median is
363 million fish (Table 17.13). The entire time series of recruitments (1977-2010) includes the 1976-
2009 year classes. The Alaska Fisherics Science Center has recognized that an environmental “regime
shift” affecting the long-term productive capacity of the groundfish stocks in the BSAI occurred during
the period 1976-1977. Thus, the average recruitment value prescnted in the assessment is based on year
classes spawned after 1976 (1977-2008 year classes). Projections of biomass are based on estimated
recruitments from 1978-2009 using a stochastic projection model described below.
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Trend in Exploitation

The estimated time series of fishing mortalities on fully selected age groups and the catch-to-biomass (age
3+) ratios are given in Table 17.14 and shown in Figure 17.14.

Model Fit

A summary of key results from the 2011 Model are presented in Table 17.9. The coefficient of variation
or ('V (reflecting uncertainty) about the 2011 biomass estimate is 19% and the C'Vs on the strength of the
1999 and 2001 year classes at age 1 are 18 and 22%, respectively (Table 17.9). Overall estimated
recruitment variability for BSAI Atka mackerel is high (0.62). Sample size values were calculated for the
fishery data and fixed at 50 for the bottom trawl survey data. The model estimated an average fishery
effective sample size (V) of 129 and average survey effective N of 54, which compares well with the
fixed value. The overall residual mean square error (RMSE) for the survey is estimated at 0.25 (Table
17.9). The RMSE is in line with estimates of sampling-error C¥s for the survey which range from 14-
40% and average 26% over the time series. The sampling-error variances should be considered as
minimal estimates. Other sources of uncertainty (e.g., due to spatial variability and environmental
conditions) can inflate the uncertainty associated with survey biomass estimates.

Figure 17.15 compares the observed and estimated survey biomass abundance values for the Bering
Sea/Aleutian Islands and the two models that were evaluated this year. The Jarge decrease in biomass
indicated by the 1994 and 1997 surveys followed by the large increases in biomass from the 2000 and
2002 surveys appear to be consistent with recruitment patterns. However, the large increase observed in
the 2004 survey fit poorly in both models. In the 2004 survey, an unusually high biomass (270,000 1) was
estimated for the southern Bering Sea arca. This value represented 30% of the entire 2004 BSAI survey
biomass estimate, The 2006 survey indicates a downward trend which is consistent with the population
age composition at the time. The most recent 2010 survey biomass estimate indicates a large increase that
was not predicted by the assessment model, The 2010 survey biomass estimate for the southern Bering
Sea was also unusually high (102,800 t) and represented a 735% increase over the 2006 southern Bering
Sea estimate. We note that the model’s predicted survey biomass trend is very conservative relative to the
recent (2000, 2002, 2004, 2006, and 2010) observed bottom trawl survey biomass values (survey
catchability is greater than 1).

The f{its to the survey and fishery age compositions for Model 1 are depicted in Figures 17.16 and 17.17,
respectively. The model fits the fishery age composition data well particularly after 1995, and the survey
age composition data less so. This reflects the fact that the sample sizes for age and length composition
darta are higher for the fishery in some years than the survey. These figures also highlight the patterns in
changing age compositions over time. Note that the older age groups in the fishery age data are largely
absent until around 1985 when the 1977 year class appears. Recent fishery age composition fits may
indicate the need for another change-point for the recent (2000-2010) selectivity block.

Projections and harvest alternatives

Amendment 56 Reference Points

Amendment 56 to the BSAI Groundfish Fishery Management Plan (FMP) defines “overfishing level”
(OFL), the fishing mortality rate used to set OFL (F;), the maximum permissible ABC, and the fishing
mortality rate used to set the maximum permissible ABC (max Fype). The fishing mortality rate used to
set ABC (F.,-) may be less than this maximum permissible level, but not greater., The overfishing and
maximum allowable ABC fishing mortality rates are given in terms of percentages of unfished female
spawning biomass (Fypey;), on fully selected age groups. The associated long-term average female
spawning biomass that would be expected under average estimated recruitiment from 1978-2009 (542
miltion age 1 recruits) and F equal to Fyy and Fisy, are denoted B e, and Bjsy;, vespectively. The Tiers

Ex. C, p. 23

NPEMC Bering Sea and Aleution Islands SAFE
Page 1100





Case 3:10-cv-00271-TMB Document 136-3 Filed 02/08/12 Page 24 of 37

December 2001 BSAT Atka mackerel

require reference point estimates for biomass level determinations. We present the following reference
points for BSAI Atka mackerel for Tier 3 of Amendment 56. For our analyses, we computed the
following values from the 2011 Model results based on recruitment from post-1976 spawning events:

Brows, = 255,662 t female spawning biomass

Buee = 102,265 t female spawning biomass

Bis, = 89,482 t feinale spawning biomass

Specification of OFL and Maximum Permissible ABC

In the current assessment, the Model is configured with 4 time periods of constant selectivity. The last
time period (2000-2010) reflects the domestic fishery after implementation of Steller sea lion protection
measures. This selectivity pattern is shown in Figure 17.9 and used for projection purposes, The
following rates are based on the 2000-2010 selectivity estimates:

Full selection Fs

Foon 0.221
Fao 0.384
Fyses 0469
Faon s 0.504

For specification purposes to project the 2012 ABC, we assumed that the full TAC would be taken in
2011 (53,080 t). For projecting to 2013, an expected catch in 2012 is required. Typically this value is set
to a recommended ABC, in this case the 2012 recommended ABC. However, recognizing that the Steller
Sea Lion RPA’s require TAC reductions, we assume the stock-wide catch based on a reduced overall
BSAl-wide Atka mackerel catch for 2012. To arrive at such a reduction we assumed that only trace
amounts of Atka mackerel (as bycatch in other fisheries) would be taken from Arca 543 (Western
Aleutian Islands) and about half of the allocation to Area 542 (Central Aleutian Islands) would be taken.
We estimated that about 64% of the BSAl-wide ABC is likely to be taken. This percentage was applied
to the maximum permissible 2012 ABC and that amount was assumed to be caught in order to estimate
the 2013 ABC and OFL values.

1t is important to note that for BSAI Atka mackerel, projected female spawning biomass calculations
depend on the harvest strategy because spawning biomass is estimated at peak spawning (August). Thus,
projectjons incorporate 7 months of the specified fishing mortality rate. For the 2011 Model, the
projected year 2012 female spawning biomass (SSB2;2) is estimated to be 128,813 t under an assumed
2011 catch of 53,080 t and reduced 2012 catch reflecting the RPA adjustment to the 2012 ABC. The
projected 2012 female spawning biomass estimate is above the By, value of 102,265 t, placing BSAI
Atka mackerel in Tier 3a. The maximum permissible ABC and OFL values under Tier 3a are:

Year Catch ABC OFL SSB
2012 53,080 81,399 96,548 128,813
2013 52,005 67,067 78,260 103,848

Note that the 2012 and 2013 maximum permissible Fape = Fun = 0.384 and For=Fssy = 0.469; also,
catches in 2012 and 2013 are less than the recommended ABCs to reflect expected catch reductions under
Steller sea lion RPAs.
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ABC Recommendation

Observations and characterizations of uncertainty in the Atka mackerel assessment are noted for ABC
considerations.

1} Trawl survey cstimates of Aleutian Islands biomass are highly variable; the 2000, 2002, and 2004
survey estimates showed 40, 50, and 15% increases respectively. The 2006 survey estimate of
Aleutian Islands biomass decreased 18% relative to the 2004 survey. The planned 2008 survey
was not conducted. The most recent 2010 survey increased 16% relative to the 2006 survey.

2) Under an [y, harvest strategy and assuming SSL RPA catch reductions, 2012 female spawning
biomass is projected to be above B g5 but drop below in 2014 10 2017 (Figure 17.18 and Table
17.15 Scenario 1).

3) The model’s predicted survey biomass trend is very conservative relative to 2000, 2002, 2004,
2006 and 2010 observed bottom trawl survey biomass values.

4) The 2009 and 2010 fishery data are dominated by 3 and 4-year-olds, respectively, of the 2006
year class, and the 2010 data indicates a strong presence of the 2007 year class (Table 17.4).

5) The 2010 survey age composition is dominated by 3 and 4-year olds of the 2006 and 2007 year
classes. The bottom trawl surveys have been a consistently good indicator of incoming year class
strengths,

6) Currently we estimate the 1999 year class to be the largest in the time series (but with a moderate
degree of uncertainty: CV=18%).

We believe the current model configuration provides an improved assessment of BSAI Atka mackerel
relative to past model configurations. Given the current stock size, the appearance of three consecutive
strong year classes which still persist in the population, an above average 2006 year class, and preliminary
indications ol an above average 2007 year class, the maximum permissible is precautionary and
acceptable for Atka mackerel. We note that the maximum permissible reference fishing mortality rate
(Fanc) is higher than the natural mortality rate. This is due to the fact that estimated fishery selectivity-at-
age is significantly older than the maturity-at-age. That is, the fishery targets the older mature portion of
the population that had opportunities to spawn, Actual fishing mortality rates have been below Fy . For
perspective, a plot of relative harvest rate (F,/Fisy) versus relative female spawning biomass (B/B3s4) is
shown in Figure 17.19. For most of the time series (including the 2011 data point), the current
assessiment estimates that relative harvest rates have been below 1, and the relative spawning biomass
rates have been greater than 1.0,

The probability of female spawning biomass dropping below Bay; in the next five years is very low
(Figure 17.20).

The 2012 yield associated with the maximum permissible F o, fishing mortality rate of 0.384 is
81,399 t, which is our 2012 ABC recommendation for BSAI Atka mackerel.

The 2013 yiceld associated with the maximum permissible Fz¢ fishing mortality rate of 0.384 and
assuming 2012 catch reductions, is 67,067 t, which is our 2013 ABC recommendation for BSAI

Atka mackerel,

The 2012 ABC recommendation down slightly from the Council’s 2011 ABC but above the projéctions
from last year’s assessment for 2012 by 4%.
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Area Allocation of Harvests

Amendment 28 of the Bering Sea/Aleutian Islands Fishery Management Plan divided the Aleutian
subarea into 3 districts at 177° E and 177° W longitude, providing the mechanism to apportion the
Aleutian Atka mackerel TACs. The Council used a 4-survey (2000, 2002, 2004, and 2006) weighted
average to apportion the 2010 ABC. The rationale for the weighting scheme was described in Lowe ¢!
al. (2001). Last year the 2010 survey provided updated information for the apportionment, and we
dropped the 2000 survey and incorporated the 2010 survey distribution. In addition, the distribution of
survey biomass used in the apportionment calculations was updated to include the southern Bering Sea
arca in arca 541, This is consistent with the assessment and fishery management of area 541 for Atka
mackerel. The data used to derive the percentages for the weighting scheme are given below:

Recommended 2012 &
2002 2004 2006 2010 2011 Apportionment 2013 Apportionment
541" 30.26% 44.20% 48.91% 52.57% 47.27% 47.27%
542 38.94% 23.27% 37.51% 20.74% 28.09% 28.09%
543 30.80% 32.52% 13.58% 26.69% 24.64% 24.64%
Weights 8 12 18 27

'Includes eastern Aleutian Istands and southern Bering Sea areas.

The apportionments of the 2012 and 2013 recommended ABCs based on the most recent 4-survey
weighted average are.

2012 2013
Eastern (541) 38,477 31,703
Central (542) 22,865 18,839
Western (543) 20,057 16,525
Total 81,399 67,067

Standard Harvest Scenarios and Projection Methodology

A standard set of projections is required for each stock managed under Tiers 1, 2, or 3, of Amendment 5.
This set of projections encompasses seven harvest scenarios designed to satisfy the requirements of
Amendment 56, the National Environmental Policy Act, and the Magnuson-Stevens Fishery Conservation
and Management Act (MSFCMA).

For each scenario, the projections begin with the vector of 2011 numbers at age estimated in the
assessment. This vector is then projected forward to the beginning of 2021 using a fixed value of natural
mortality of 0.3, the recent schedule of selectivity estimated in the assessment (in this case the 2000-2010
selectivity), and the best available estimate of total (year-end) catch for 2011 (in this case assumed equal
to the 2011 TAC of 53,080 t). In each subsequent year, the fishing mortality rate is prescribed on the
basis of the spawning biomass in that year and the respective harvest scenario. In each year, recruitment
is drawn from an inverse Gaussian distribution whose parameters consist of maximum likelihood
estimates determined from recruitments estimated in the assessment. Spawning biomass is computed in
cach year based on the time of peak spawning (August) and the maturity and population weight schedules
described in the assessment. Total catch is assumed to equal the catch associated with the respective
haivest scenario in all years. This projection scheme is run 500 times to obtain distributions of possible
future stock sizes, fishing mortality rates, and catches, :
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Five of the seven standard scenarios will be used in a Supplemental Environmental Impact Statement
prepared in conjunction with the final SAFE. These five scenarios, which are designed to provide a range
of harvest alternatives that are likely to bracket the final TAC for 2012, are as follows “max Fap07 refers
to the maximum permissible value of Fu- under Amendment 56):

Scenario 11 In all future years, I is set equal to max F,pe. (Rationale: Historically, TAC has been
constrained by ABC, so this scenario provides a likely upper limit on future TACs.).
Note: We used this scenario to project the BSAI stock assuming catch reductions that
may occur under SSL RPAs.

Scenario 2: In all future years, F'is set equal to a constant fraction of max Fg¢, where this fraction is
equal to the ratio of the F, 5. value for 2012 recommended in the assessment to the max
Fypc for 2012. (Rationale: When Fpe is set at a value below max Fpe, it is often set at
the value recommended in the stock assessment). Note: We used this scenario to project
the BSAI stock assuming catch redyctions that may occur under SSI RPAs.

Seenario 31 In all future years, F is set equal to the 2006-2011 average F. (Rationale: For some
stocks, TAC can be well below ABC, and recent average F may provide a better
indicator of Iy than Fype.)

Scenario 4: In all future years, F is set equal to Fyses. (Rationale: This scenario represents a very
conservative harvest rate and was requested by the Alaska Regional Office based on
public comment,)

Scenario 5 In all future years, F is set equal to zero. (Rationale: In extreme cases, TAC may be set
at a level close to zero.)

Two other scenarios are needed to satisfy the MSFCMA’s requirement to determine whether a stock is
currently in an overfished condition or is approaching an overfished condition. These two scenarios are
as follows (for Tier 3 stocks, the MSY level is defined as Bjsu;):

Scenario 6: In all future years, F is set equal to For. (Rationale: This scenario determines whether a
stock is overfished. If the stock is expected to be 1) above its MSY level in 2011 or 2)
above ¥z of its MSY level in 2011 and above its MSY level in 2021 under this scenario,
then the stock is not overfished.)

Scenario 7. In 2012 and 2013, F is set equal to max F,ipc, and in all subsequent years, F' is set equal
to Forr. (Rationale: This scenario determines whether a stock is approaching an
overfished condition. If the stock is expected to be above its MSY level in 2024 under
this scenario, then the stock is not approaching an overfished condition.)

Status determination

The projections of female spawning biomass, fishing mortality rate, and catch corresponding to the seven
standard harvest scenarios are shown in Table 17.15. Harvest scenarios #6 and #7 arc intended to permit
determination of the status of a stock with respect to its minimum stock size threshold (MSST). Any
stock that is below its MSST is defined to be overfished. Any stock that is expected to fall below its
MSST in the next two years is defined to be approaching an overfished condition. Harvest scenarios #6
and #7 are used in these determinations as follows:

Is the stock averfished? This depends on the stock’s estimated spawning biomass in 2011
a) If spawning biomass for 2011 is estimated to be below ¥4 Bjsq , the stock is below its MSST.
b) If spawning biomass for 2011 is estimated to be above Bjs.,, the stock is above its MSST.

¢) If spawning biomass for 2011 is estimated to be above % Bys but below Bise, the stock’s status
relative to MSST is determined by referring to harvest scenario #6 (Table 17.15). If the mean
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spawning biomass for 2021 is below Bjsuw, the stock is below its MSST. Otherwise, the stock is
above its MSST.

Is the stock approaching an overfished condition? This is determined by referring to harvest scenario #7:

a) Ifthe mean spawning biomass for 2014 is below % Bysy, the stock is approaching an overfished
condition, -

b) Ifthe mean spawning biomass for 2014 is above Bjsy;, the stock is not approaching an overfished
condition,

¢) Ifthe mean spawning biomass for 2014 is above ¥z Bisy; but below Bjsy, the determination
depends on the mean spawning biomass for 2024, If the mean spawning biomass for 2024 is
below Bisy, the stock is approaching an overfished condition. Otherwise, the stock is not
approaching an overfished condition.

In the case of BSAI Atka mackerel, spawning biomass for 2011 is estimated to be above Bjsy. Therefore,
the stock is above its MSST and is not overfished. Mean spawning biomass for 2014 under scenario 7 in
Table 17.15 is above Bssw therefore, the stock is not approaching an overfished condition.

Ecosystem Considerations

Steller sea lion food habits data (from analysis of scats) from the Aleutian Islands indicate that Atka
mackerel is the most common prey item throughout the year (NMFS 1995, Sinclair and Zeppelin 2002).
The prevalence of Atka mackerel and walleye pollock in sea lion scats reflected the distributions of each
fish species in the Aleutian Islands region. The percentage occurrence of Atka mackerel was
progressively greater in samples taken in the central and western Aleutian Islands, where most of the Atka
mackerel biomass in the Aleutian Islands is located. Conversely, the percentage occurrence of pollock
was greatest in the eastern Aleutian Islands.

Bottom contact fisheries could have direct negative impacts on Atka mackerel by destroying egg nests
and/or removing the males that are guarding nests (Lauth et al. 2007b); however, this has not been
examined quantitatively. Analyses of historic fishery CPUE revealed that the fishery may create
temporary localized depletions of Atka mackerel, and historic fishery harvest rates in localized areas may
have been high enough to affect prey availability of Steller sea lions (Section 12.2.2 of Lowe and Fritz
1997). The localized pattern of fishing for Atka mackerel could have created temporary reductions in the
size and density of localized Atka mackerel populations which may have affected Steller sea lion foraging
success during the time the fishery was operating and for a period of unknown duration after the fishery
closed.

Ecosystem effects on BSAIL Atka mackerel

Prey availability/abundance trends

Figure 17.22 shows the food web of the Aleutian Islands summer survey region, based on trawl] survey
and food habits data, with an emphasis on the predators and prey of Atka mackerel (sec the current
Ecosystem Assessment’s ecosystem modeling results section for a description of the methodology for
constructing the food web).

Adult Atka mackerel in the Aleutians consume a variety of prey, but are primarily zooplanktivors,
consuming mainly euphansiids and calanoid copepods (Yang 1996, Yang 2003). Food habits data from
1990-1994 indicates that Atka mackerel feed on calanoid copepods (40%) and euphausiids (25%)
followed by squids (10%), juvenile pollock (6%), and finally a range of zooplankton including fish larvae,
benthic amphipods, and gelatinous filter feeders (Fig. 17.25a). While Figure 17.23a shows an aggregate
diet for the Aleutians management regions, Atka mackerel diet data also show a longitudinal gradient,
with euphausiids dominating diets in the cast and copepods and other zooplankton dominating in the
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west. Greater piscivory, especially on myctophids, occurs in the island passes (Ortiz, 2007) Monitoring
trends in Atka mackerel prey populations may, in the future, help elucidate Atka mackerel population
trends. However, there is no long-term time series of zooplankton, squid, or smalt forage fish abundance
information avaitable.

Some preliminary results of sensitivity analysis suggest that Atka mackerel foraging in the Aleutian
Islands may have a relatively strong competitive effect on walleye pollock distribution and abundance, as
opposed to the Bering Sea where pollock may be more bottom-up (prey) controlled, or the Gulf of Alaska
where pollock may be top-down (predator) controlled (Aydin er af. 2007). Since these sensitivity
analyses treat the Aleutian Islands as a single “box model™, it is possible that this is a mitigating or
underlying factor for the geographical separation between Atka mackerel and pollock as a partitioning of
foraging habitat.

Predator population trends

Atka mackerel are consumed by a variety of piscivores, including groundfish (e.g., Pacific cod, Pacific
halibut, and arrowtooth flounder, Livingston ef ¢/, unpubl. manuscr.), marine mammals (e.g., northern
fur seals and Steller sea lions, Kajimura 1984, NMFS 1995; Sinclair and Zeppelin 2002), skates, and
seabirds (e.g., thick-billed murres, tufied pulfins, and short-tailed shearwaters, Springer e/ al. 1999).
Apportionment of Atka mackerel mortality between fishing, predation, and unexplained mortality, based
on the consumption rates and food habits of predators averaged over 1990-1994 is shown in Figure 17.24.
During these years, approximatety 20% of the Atka mackerel exploitation rate (as calculated by stock
assessment) was due to the f{ishery, 62% due to predation, and 18% “unexplained”, where “unexplained”
is the-difference between the stock assessment total mortality and the sum of fisheries exploitation and
quantified predation. This unexplained mortality may be due to data uncertainty, or Atka mackerel
mortality due to disease, migration, senescence, etc.

Of the 62% of mortality due to predation, a little less than half (25% of total) is due to Pacific cod
predation, and one quarter (15% of total) due to Steller sea lion predation, with the remainder spread
across a range of predators (Figure 17.23b), based on Steller sea lion diets published by Merrick es al.
(1997) and summer fish food habits data from the RELM food habits database.

If converted to tonnages, this translates to 100,000-120,000 t/year of Atka mackerel consumed by
predatory fish (of which approximately 60,000 t is consumed by Pacific cod), and 40,000-80,000 t/ycar
consumed by Steller sea lions during the early 1990s. Estimating the consumption of Atka mackerel by
birds is more difficult to quantify due to data limitations: based on colony counts and residency times,
predation by birds, primarily kittiwakes, fulimars, and puffins, on ali forage and rockfish combined in the
Aleutian Islands is at most 70,000 t/year (Hunt es al. 2000). However, colony specific diet studies, for
example for Buldir Island, indicate that the vast majority of prey found in these birds is sandlance,
myctophids, and other smaller forage fish, with Atka mackerel never specifically identified as prey items
and “unidentified greenlings” occurring infrequently (Dragoo er al. 2001). The food web model’s
estimate, based on foraging overlap between species, estimates the total Atka mackerel consumption by
birds to be less than 2,000 t/year. While this might be an underestimate, it should be noted that maost
predation would occur on juveniles (<Iyear old) which is not counted in the stock assessment’s total
exploitation rates.

)

The abundance trends of Aleutian Islands Pacific cod has been quite variable, alternating between
increases and decreases in recent surveys, and Aleutian Islands arrowtooth flounder has been inereasing,
Northern fur seals are showing declines, and Stcller sea lions have shown some slight increases. The
population trends of seabirds are mixed, some increases, some decreases, and others stable. Seabird
population trends could potentially affect juvenile Atka mackerel mortality, Declining trends in predator
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abundance could lead to possible decreases in Atka mackerel mortality, while increases in predator
biomass could potentially increase the mortality.

Changes in habital quality

Interestingly, strong year classes of Al Atka mackerel have occurred in years of hypothesized climate
regime shifts 1977, 1988, and 1999, as indicated by indices such as the Pacific Decadal Oscillation
(Francis and Hare 1994, Hare and Mantua 2000, Boldt 2005). Bailey ez al. (1995) noted that some fish
species show strong recruitment at the beginning of climate regime shifts and suggested that it was due to
a disruption of the community structure providing a temporary release from predation and competition. It
is unclear if this is the mechanism that influences Atka mackerel year class strength in the Aleutian
Islands. El Nino Southern Oscillation (ENSO) events are another source of climate forcing that
influences the North Pacific. Hollowed e al. (2001) found that gadids in the GOA have a higher
proportion of strong year classes in ENSO years. There was, however, no relationship between strong
year classes of Al Atka mackerel and ENSO events (Hollowed et al. 2001).

Bottom temperature

Atka mackerel demonstrate schooling behavior and prefer hard, rough and rocky bottom substrate. Eggs
are deposited in nests on rocky substrates between 15 and 144 m depth (Lauth er al. 2007b). The
spawning period in Alaska occurs in late July to October (McDermott and Lowe 1997, Lauth ez ol.
2007b). During the incubation period egg nests are guarded by males, who will be on the nests until mid-
January, given that females have been observed to spawn as late as October and given the length of the
egg incubation period (McDermott and Lowe 1997, Lauth ef al. 2007b, Lauth ef ol. 2007a). The
distribution of Atka mackerel spawning and nesting sites are thought to be limited by water temperature
(Gorbunova 1962). Temperatures below 3°C and above 15°C are lethal to eggs or unfavorable for
embryonic development depending on the exposure time (Gorbunova 1962). Temperatures recorded at
Alaskan nesting sites, 3.9 - 10.7 °C, do not appear to be limiting, as they were within this range (Lauth et
al. 2007b).

The 2000 Aleutian Islands summer bottom temperatures indicated that 2000 was the coldest year
followed by summer bottom temperatures from the 2002 survey, which indicated the second coldest year
(Figure 17.6). The 2004 Al summer bottom temperatures indicated that 2004 was an average year, while
the 2006 and 2010 bottom temperatures were slightly below average. Bottom temperatures could
possibly affect fish distribution, but there have been no directed studies, and there is no time series of data
which demonstrates the effects on AT Atka mackerel,

Atka mackerel fishery effects on the ecosystem

Atka mackerel fishery contribution to bycaich

The levels of bycatch in the Atka mackerel fishery of prohibited species, forage fish, HAPC biota, marine
mammals, birds, and other sensitive non-target species is relatively low except for the species which are
noted in Table 17.16 and discussed below.

The Atka mackerel fishery has very low bycatch levels of some species of HAPC biota, e.g. seapens and
whips. The bycatch of sponges and coral in the Atka mackerel fishery is highly variable. It is notable
that in the last 3 years (2007-2009), the Atka mackerel fishery has taken on average about 52 and 25%,
respectively of the total Aleutian Islands sponge and coral catches. It is unknown if the absolute levels of
sponge and coral bycatch in the Atka mackerel fishery are of concern.

The bycatch of skates, which are considered a sensitive or vulnerable species based on life history

parameters, is noted in Table 17.16. Skate bycatch in the Aleutian Islands Atka mackerel fishery is
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variable and has averaged 158 t in the last 3 years (2007-2009). Over this same time period, the Atka
mackerel fishery has taken an average of 13% of the total Aleutian Islands skate bycatch. It is unknown if
the absolute levels of skate bycatch in the Atka mackerel fishery are of concern.

The bycatch of sculpin is notable and has averaged about 570 t from 2007 10 2009. This level of bycatch
represents an average of 53% of the total Aleutian Islands sculpin bycatch. Tt is unknown if the absolute
levels of sculpin bycatch in the Atka mackerel fishery are of concern.

Fishing gear effects on spawning and nesting habitat

Bottom contact fisheries could have direct negative impacts on Atka mackerel by destroying egg nests
and/or removing the males that are guarding nests (Lauth ez al. 2007b); however, this has not been
examined quantitatively. It was previously thought that all Atka mackerel migrated to shallow, nearshore
areas for spawning and nesting sites. When nearshore bottom trawl exclusion zones near Steller sea lion
rookeries were implemented this was hypothesized to eliminate much of the overlap between bottom
trawl fisheries and Atka mackerel nesting areas (Fritz and Lowe 1998). Lauth ez al. (2007b), however
found that nesting sites in Alaska were “...widespread across the continental shelf and found over a much
broader depth range...”. The use of bottom contact fishing gear, such as bottom trawls, pot gear, and
longline gear, utilized in July to January could, therefore, still potentially affect Atka mackerel nesting
areas, despite trawl closures in nearshore areas around Steller sea lion rookeries.

Indirect effects of bottom contact fishing gear, such as effects on fish habitat, may also have implications
for Atka mackerel. Living substrate that is susceplible to fishing gear includes sponges, seapens, sea
anemones, ascidians, and bryozoans (Malecha ef o/ 2005). Of these, Atka mackerel sampled in the
NMF'S bottom trawl survey are primarily associated with emergent epifauna such as sponges and corals
(Malecha et al. 2005, Stone 2006). Effects of fishing gear on these living substrates could, in turn, affect
fish species that are associated with them.

Concentration of Atka mackerel catches in time and space

Steller sea lion protection measures have spread out Atka mackerel harvests in time and space through the
implementation of seasonal and area-specific TACs and harvest limits within sea lion critical habitat.
[owever, this is still an issue of possible concern and research efforts continue to monitor and assess the
availability of Atka mackercl biomass in areas of concern. Also, in some cases the sea lion protection
measures have forced the fishery 1o concentrate in areas outside of critical habitat that had previously
experienced lower levels of exploitation. The impact of the fishery in these areas outside of critical
habitat is unknown.

Atka mackerel fishery effects on aimount of large size Atka mackerel

‘The numbers of large size Atka mackerel are largely impacted by highly variable year class strength
rather than by the directed fishery. Year to year differences are attributed to natutal fluctuations.

Atka mackerel fishevy contribution to discards and offal production

There is no time series of the offal production from the Atka mackerel fishery. The Atka mackerel
fishery has contributed on average about 1,180 t of non-target discards in the Aleutian Islands from 2007
to 2009. Most of the Atka mackerel fishery discards of target species are comprised of small Atka
mackerel. The average discards of Atka mackerel in the Atka mackerel fishery have been about 1,800 t
over 2007-2009.
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Atka mackerel fishery effects on Atka mackerel age-at-maturity and Sfecundity

The effects of the fishery on the age-at-maturity and fecundity of Atka mackerel are unknown. Studies
were conducted 1o determine age-at-maturity (McDermott and Lowe 1997, Cooper and McDermott 2008)
and fecundity (McDermott 2003, McDermott ef al. 2007) of Atka mackerel. These are recent studies and
there are no earlier studies for comparison on fish from an unexploited population. Further studies would
be needed to determine if there have been changes over time and whether changes could be attributed to
the fishery.

Data gaps and research priorities

Regional and seasonal food habits data for Aleutian Islands is very limited. No time series of information
is available on copepod and euphausiid abundance in the Aleutian Islands which would provide
information on prey availability and abundance trends. Studies to determine the impacts of’
environmental indicators such as temperature regime on Atka mackerel are needed. IFurther studies to
determine whether there have been any changes in life history parameters over time (e.g. fecundity, and
weight- and length-at-age) would be informative. More information on Atka mackerel habitat preferences
would be useful to improve our understanding of Essential Fish Habitat (EFH), and improve our
assessment of the impacts to habitat due to fishing. Better habitat mapping of the Aleutian Islands would
provide information for survey stratification and the extent of trawlable and untrawlable habitat.
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The expectations for sea lions comes from assuming that what happened following earlier RPAs
from prior BiOps concerning the WDPS in the eastern Aleutian Islands and the GOA will be
repeated with the current RPAs for the western and central Aleutians.

Predicting Responses to RPAs
Two ways of predicting the effects of RPAs on sea lion recovery were investigated in the BiOp:

e a multi-species, scientific approach, and
e asingle-species, empirical approach (our labels).

In the multi-species approach, food webs of known predator-prey relationships, including sea
lions, were modeled. Randomly selected sets of parameter values represented different versions
of reality so that simulated results followed a probability distribution. Simulated fisheries were
restricted, and responses of the species, including sea lions, were directly predicted. Advantages
of this approach are that it encapsulated what is known of the structure of the food web, and
directly predicts the response of sea lions to fishery restrictions. The disadvantage is that the
relative strengths of connections in the food web are not well known despite knowing the form of
the food web.

Results from multi-species modeling described in the BiOp generally show that restricting
fisheries does not appreciably increase sea lion biomass. We discussed two such modeling
efforts in our Chapter 4, one for the Gulf of Alaska (Dorn et al. 2005; NMFS 2006), and the
other for the western and central Aleutian Islands (Aydin 2010). Summarizing the results from
the study on the Gulf of Alaska:

“For Steller sea lions, the model predicts that the cessation of fishing would cause
Steller sea lions to increase in biomass (50% confidence intervals [sic] is between 2-
10% increase). It is important to note that this effect, similar to that for pollock, is
also dampened over time.” [BiOp, 253]

As stated in Chapter 4, reliance on a 50% confidence interval to indicate an “increase” in the
biomass of sea lions is lamentable, especially since that simulated increase is temporary. The
convention in statistical analysis is a 1-in-20 chance of error in judgment (o = 0.05), not the 1-in-
2 chance implied with the 50% confidence interval (oo = 0.50). In short, no long-term effects
were predicted in sea lion biomass in the GOA from restrictions on fishing in the two previous
BiOps. These results indicate that any increases in sea lion biomass in the GOA due to restricting
fisheries will be short-lived at best.

Results from modeling the western and central Aleutian food web are marginally better, at least
from closing fisheries on Atka mackerel (Aydin 2010). An expected increase of 6% (our
interpolations from Figure 4.8) in sea lion biomass was predicted with restrictions on the Atka
mackerel fishery in the area, but how many years were needed to realize that increase in the
simulations was not specified. No effect on sea lion biomass was predicted for restricting the
fisheries for Pacific cod (Figure 4.7).
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The second approach was to use single-species empirical models to predict the consequences of
RPAs in the current BiOp instead of multi-species models. The “single-species” part of this
approach is characterized in the BiOp as:

“It is recognized that the projections reported in lanelli et al. (2010b) are based on
single species models, which do not take into account multispecies interactions (e.g.,
predation).” [BiOp, 362]
*“... the single-species stock assessment model draws projected recruitment from
density-independent past recruitment rather than assuming a stock-recruitment
relationship.” [BiOp, 255]

The “empirical part” of the approach is the inference that similar RPAs in two previous BiOps
were associated with increases in sea lion biomass in the eastern Aleutian Islands and the GOA
in the last decade. This approach is not based on science, but is based on experience. The
inference was explained in a series of bulleted points in [BiOp, 375], the core of which are:

“Overall population trends for non-pups were stable (i.e., trend in abundance was -
0.1%) from 2000-2008 in this sub-region.”(the GOA and the eastern Aleutian Islands)
[BiOp, 375]

“Overall population trends for pups were increasing (i.e., increase in number of pups
born between 2001/2002 and 20009 [sic] was 6%) in this sub-region.” [BiOp, 375]

*“... For example, if the number of sea lions in the western Aleutian Islands sub-region
increased by 6.0 percentage points per year by closing the western Aleutian Islands
sub-region to commercial fishing and if the number of sea lions in the central Aleutian
Islands sub-region increased by 1.5 percentage points per year by adding additional
restrictions to commercial groundfish fisheries in the central Aleutian Islands, and if all
other trends by subregions remained constant through 2018, the resulting rate of
increase for the entire western DPS of Steller sea lion would be approximately 2.5%
per year, no two juxtaposed areas would be in significant decline, and no single area
would have a realized a decline of 50% or more.”’[BiOp, 375]

These quotes can be distilled down to the phrase “what worked there and then, will work here
and now” with “what” being fishery restrictions, “there” being the GOA and eastern Aleutian
Islands, “then” representing the previous decade, and “here” being the western and central
Aleutian Islands. This empirical link is needed because there is no model for sea lions in the suite
of independent single-species models. Such a link is an integral part of the multi-species models.

The rationale given as to why the single-species, empirical approach was chosen over the
approach based on multi-species models is the uncertainty associated with the latter models:

“Thus, NMFS examined the results of both single-species and multispecies models of
reduced Atka mackerel and Pacific cod fishing mortality in the Aleutian Islands overall
and in Area 543. As noted in Van Kirk et al. (2010), the decision of which approach to
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use depends on the objectives. Trade-offs must be made between the advantage of
greater biological realism via multispecies information and the disadvantage of
increased uncertainty due to additional model complexity (Van Kirk et al. 2010). Here
we note that uncertainties inherent with the assumptions of single-species approaches
become magnified in multispecies models. Therefore, NMFS believes that given the
information available, it is premature to add more assumptions to the models predicting
predator-prey responses and has relied on the results of the single species models to a
greater extent than the multispecies models in predicting the effects of the RPA.” [BiOp,
362]

This rationale is flawed. By rejecting food-web models in favor of single-species models, NMFS
has not reduced uncertainty so much as hidden it. With this choice of approach, NMFS has
disregarded the facts that Pacific cod eat Atka mackerel, that fisheries take both species, that
there is a background of prey for sea lions that is not fished, and that by their own admission:

“Mammal-eating killer whales and/or predation from other sources can have
considerable impact on SSL populations, particularly when a sub-region is comprised
of only small numbers of SSLs.””[BiOp, 111]

It is true that food-web models will have more parameters than single-species models and are
more complex. However, using single-species models in this instance ignores the strongest
scientific information available—the knowledge that the dynamics of these species are linked.
Using single-species models as was done in evaluating the effectiveness of RPAs ignores best
science in favor of methods that have a guaranteed outcome. The advice in Van Kirk et al.
(2010) is to pick the simplest model that meets objectives, not just pick the simplest model.
Single-species modeling of biomass for Atka mackerel and for Pacific cod may be sufficient to
set a target reference point for groundfish fisheries, but establishing an optimal harvest rate is not
the objective of a Section 7 consultation.

By using independent, single-species models without a stock-recruit relationship, NMFS
guaranteed that virtual fish biomass would rise with virtual restrictions. The exact methods used
in the single-species modeling were not described in lanelli et al. (2010a), so we do not know the
exact methods they used. However, the modeling is simple in concept. We therefore constructed
a single-species model for our review. We selected the simple single-species model By =
(Ret+Bt)SmSk where B is biomass, Sy the survival rate from “natural” causes and Sg a survival
rate from fishing. Simulations were independently conducted by randomly and independently
drawing recruitment (R;) from a normal probability distribution with mean and SD arbitrarily
chosen (19, 5). Serial correlation among recruitments and density-dependent effects were not
modeled. Other parameters were B, «— 80, Sy« 0.9, and Sg < 0.9 for ten years, then Sp« 1
thereafter. We found (Figure 6.1) that the arbitrary choice of parameters we used appeared to
have been fortuitous, in that a beginning and stable biomass increased 120% in the
demonstration, almost exactly the projected 119% increase of Pacific cod in Area 543 from
lanelli et al. (2010b) as reported in the BiOp (see Table 6.1).
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Figure 6.1.—Demonstration of a single-species biomass model before and after virtual fishing
ceased. Six trajectories are displayed. Model is described in text.

The irony here is that use of single-species models in the second approach is moot. The inference
at the heart of the “empirical” part of this single-species, empirical approach associates fisheries
with sea lions without the need to reference prey biomass at all.

NMFS is faced with a dilemma in that their own multi-species modeling shows that previous
restrictions on fisheries from two previous BiOps were inconsequential to sea lion recovery in
the eastern Aleutian Islands and the Gulf of Alaska. Nominal increases in sea lion biomass were
not statistically significant in simulations, and then waned with time:

“For Steller sea lions, the model predicts that the cessation of (all) fishing would
cause Steller sea lions to increase in biomass (50% confidence intervals [sic] is
between 2-10% increase). It is important to note that this effect, similar to that for
pollock, is also dampened over time.” [BiOp, 253]

Results from NMFS multi-species models for the Gulf of Alaska and the eastern Aleutian Islands
are consistent with the only statistical investigation (Calkins 2008) that covers the period after
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Table 6.3.—Estimated catch rates, estimated biomass, and catch of Pacific
cod in the western and central Gulf of Alaska (GOA) from 1999 through
2009. Averages are for the shaded years and are to be compared back to
statistics for 1999. [From parts of BiOp, Tables 5.5, 5.6]

Est. Catch Rates Estimated Biomass Catch
Western  Central Western Central Western Central
Year GOA GOA GOA GOA GOA GOA

1999 17% 17% 140,108 259,755 23,150 45,132
2000 15% 14% 142,290 235,612 21,867 32,440

2001 10% 13% 144,473 211,469 14,161 27,366
2002 14% 13% 125,723 189,751 17,177 25,201
2003 20% 18% 106,974 168,033 21,801 30,675
2004 20% 21% 110,631 165,950 21,798 34,625
2005 16% 18% 114,288 163,866 18,078 29,428
2006 18% 17% 111,120 161,534 20,091 27,612
2007 18% 20% 107,952 159,202 19,220 32,006
2008 16% 17% 128,512 214,601 20,973 37,532
2009 12% 11% 149,072 270,000 17,248 30,151

Average 16% 16% 124,104 194,002 19,241 30,704

application of the first set of RPAs (2001). Calkins (2008) found 13 statistically non-significant
associations, 7 significant positive ones, and 0 significant negative ones between fishing for
Pacific cod and sea lion numbers (our Chapter 3, Tables 3.1, 3.2). Another interpretation of the
results in Calkins (2008) is that restrictions in the RPAs for the earlier BiOps were sufficient to
make fishing an inconsequential source of mortality for Pacific cod, essentially turning the
fishery into a means of indexing abundance of Pacific cod (and an explanation for significant,
positive associations). However, a perusal of estimated harvest rates for the eastern Aleutian
Islands/Gulf of Alaska indicate that harvest rates changed little before and after restrictions in
2001 (Table 6.3). If fishing was an inconsequential source of mortality of Pacific cod after 2001,
then it must have also been an inconsequential source before.

8 October, 2011 Page 67
Ex.D,p.7





Case 3:10-cv-00271-TMB Document 136-4 Filed 02/08/12 Page 8 of 8
Scientific Review of the Biological Opinion (2010)

Summary

NMFS chose to demonstrate the effectiveness of RPAs in the BiOp using single-species
modeling, rather than the multispecies modeling of Aydin (2010). This choice required NMFS to
embrace the assumption that restricting fisheries worked in the Gulf of Alaska, and should
therefore work to the same degree in the western and central Aleutian Islands. Unfortunately, this
assumption is contrary to results from multi-species modeling for the western and central
Aleutian Islands, and contrary to multi-species modeling for earlier restrictions in the Gulf of
Alaska. Ironically, using this empirical argument makes the results of single-species modeling
of prey populations reported in the BiOp irrelevant to justifying the effectiveness of RPAs. The
correct approach to gauging the effectiveness of RPAs in this BiOp would have been to include
ecosystem considerations that rely on multi-species, food-web models that directly include sea
lions.

Evidence presented in the BiOp from multispecies modeling indicates unequivocally that any
future increase or stabilization in sea lion biomass in the western and central Aleutian Islands
will not be due to restricting fisheries for Pacific cod. Multispecies modeling by Aydin (2010)
predicted no effect on sea lion biomass from lowering harvest rates in Pacific cod fisheries.
Multispecies modeling to test the efficacy of past RPAs on Pacific cod for the Gulf of Alaska
and Eastern Aleutian Islands from past BiOps indicate those RPAs to have been ineffective as
well. These latter results undercut the proposition central to the empirical argument in the BiOp
that restricting fisheries worked in the Gulf of Alaska, and are in line with statistical studies
involving Pacific cod (see our Chapter 3) and scientific evidence we discussed in Chapter 4.

In contrast, some modeling evidence presented in this BiOp indicates that halting fishing for
Atka mackerel in the western and central Aleutian Islands might cause sea lion biomass to
increase. Aydin (2010) predicted a 6% increase (our interpolations from their Figure 4.8) in sea
lion biomass with a 10% percentage point reduction in the mortality rate for Atka mackerel.
Because the harvest rate in the Atka mackerel fishery is 8%, the virtual 10 percentage point
reduction represents closure of the fishery plus an additional two percentage point reduction in
the mortality rate for this species. Unfortunately certain critical bits of information relative to
evaluating this finding were not in the BiOp. Most notably, the BiOp does not explain or discuss:

e How would mortality be reduced the two extra percentage points beyond the closure of
the virtual fishery?

e How many years are needed to realize virtual increases in sea lion biomass?

e Will these virtual increases persist? and

e What would the virtual effect of closing cod and mackerel fisheries be on sea lion
biomass?

Without providing information to answer such questions, the relevance of these simulations
cannot be evaluated. However, this evaluation is probably of marginal value, considering that a
meta-analysis of statistical studies described in our Chapter 3 showed no negative effects of
fishing for Atka mackerel in the western and central Aleutian Islands on sea lion demographics
in at least the last 20 years—or considering scientific evidence is inconsistent with fishery-driven
nutritional stress affecting sea lions (our Chapter 4).
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