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Abstract

Different methods for assessing stock trends and status as well asndiffarvest policy
approaches have been used in the management btPadibut. The current harvest policy relies
on a constant target harvest rate of 0.215, except for areas dbcspencern where the target
harvest rate is 0.161. The target harvest rate is applied to a coasstidate of exploitable
biomass that is partitioned by regulatory area based on IPHC survey weightipof effort.

A retrospective pattern dating back at least to 2004 has continued i&t gexsugh 2011 and
has resulted in stock assessment estimates of exploitablessi¢ERio) that show downwards
revisions of biomass during successive years of up to 39% of the initrabgsti Due to this
retrospective pattern, coastwide realized harvest rates have beer62f higher than target
harvest rates for some recent years. The performance of the harvest pdiiey teleeference
points is also affected by the retrospective pattern. The revisedefepalvning biomass time
trajectory is estimated to have dropped below the 30% (relativeRshad) threshold folpve
consecutive years (2005 to 2009). Had the female spawning biomass beeteédigiav 30%

at the time, a reduction in the target harvest rate to up to 0.14 wouldémvériggered following
the current harvest control rule. Alternative ways are proposed to factotritepeetive issues
in the harvest strategy. One way forward is to adjust the current targesteates downwards
by a factor equal to the observed departure between original estimaigsaafable biomass and
successive downwards revisions. Downward adjustment of current target hate®siyr@9%
would result in revised target harvest rates of 0.131 (down from 0.215) for all of AreaAPeand
3A and 0.098 (down from 0.161) for all of Area 4 and Area 3B. Another approach to addressing
this retrospective pattern is to adjust target harvest rated basgepartures between estimated
realized harvest rates and target harvest rates. Downward adjustmaneéof arget harvest rates
would result in revised target harvest rates of 0.134 (down from 0.215) for all of AreaAPeand
3A and 0.100 (down from 0.161) for all of Area 4 and Area 3B. Five-year biomass projetébns t
incorporate continuing declines in size at age, downward revisions of recruéstenates and
adjusted initial conditions to take into account retrospective biak nrestable or decreasing EBio
depending on harvest rate levels. Adjusting initial conditions for retrospdutgedoes result
in SBio being below the 30% biomass reference point threshold at thefstiaet projections.
Depending on the assumed realized harvest rate levels during the prdjeati@Bio is expected
to remain below or to be above the 30% reference biomass threshold by 2017.

Evolution of the IPHC harvest policy

Management of Pdec halibut has relied on different methods for assessing stock trends and
status as well as different harvest policy approaches. Before the 198@scthstatus was based
on analyses of annual catch and catch-per-unit of effort (CPUE) (Sullivan andiyfe@a 1991,
Clark 2003). During those years the notion of Inormal yield" was the main tenetnaigement
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(Thompson and Bell 1934, Thompson 1937, 1950), i.e. the yield expected to maintdile a sta
relationship between annual catch and CPUE. During the early 1980s, anrfua@aattmendations

were calculated as a fraction of estimated annual surplus productiopeirod of historically

low biomass estimates in an effort to rebuild stocks (Deriso and Quinn T9&5stocks were
considered rebuilt by 1984 and a constant harvest rate policy has beereisiptee 1985. The
target harvest rate is applied to annual estimates of expliadrhass as thaed by the estimated
commercial selectivity from the stock assessment. The target heatestas changed over time
from a high of 0.35 in 1985 to 0.30 in 1993, 0.2 in 1996 to 0.25 in 2003, 0.225 in 2004 and 0.2
since 2006 (Fig. 1). During the last decade, areas of special concern (due tamckstitus of
indices) had reductions of target harvest rates to 0.15 in 2006 (IPHC regulatory at@PER,

2009 (IPHC regulatory area 4A) and 2010 (IPHC regulatory area 3B) (Fig. 1). In 2011, a change
in how the IPHC accounted for bycatch mortality in the 26 to 32 inch (026U32) hafibuange
resulted in target harvest rate increases from 0.2 to 0.215 for areas 2A, 2B, 2C and 84m

0.15 to 0.161 for areas 3B, 4A, 4B and 4CDE. The higher harvest rates accommodate the direct
deduction of 026U32 bycatch mortality, which previously had been factored into ohetéom of

the target harvest rate (Hare 2011).

Performance of target harvest rates relative to realized harv est rates

Current target rates have been determined by simulation modeling thabnatespncertainty
in density-dependent growth responses, future levels and distribution of recruitnoet areas,
stock and environmental relationships, and selectivity curves (Clark and Hare 200&taluhty
in the annual stock assessment (other than random observation error on bgimmetes) was
not incorporated in the simulations that form the basis of the current hatkasyy, nor has
management uncertainty such as potential differences between recommeddestablished
catch levels (Clark and Hare 2006). A recent review of the IPHC stock assg¢ssm harvest
policy (Francis 2008) pointed out that assuming that the realized harvestsane as the target
harvest could be a potential weakness of the current harvest policy.dnsegp the review, auto
correlated errors in the assessment were included in the simulatiortsaasdreported that the
effect was relatively minor and that it was expected to resalhiore frequent triggering of target
harvest rate reduction (Hare and Clark 2008a). An example of realized harvetpateires
from the target harvest rates is the result of the migdspatodbn of closed-area assessments. In
summary, area spéwi closed-area assessments were biased high because the orajptiass
that of a closed population, was violated due to ongoing migration of halibueédre areas.
Misspechbcation in the closed-area stock assessments resulted in realizext hatage estimated
by recent coastwide stock assessments with survey-partitioned bi@wassach as three times
higher than the target in areas 2B and 2C and as low as half the targst tedevior Area 4 during
part of the last decade (Fig. 2). Estimated coastwide realized heatesshave increased from a
low of 0.14 in 1997, the earliest year estimated by the current stock assedsrma high of 0.32 in
2007. Following the implementation of the coastwide assessment with qaxéiened biomass
realized harvest rates declined to 0.24, as estimated for 2011 by tlseresdesd the end of 2011.

An important caveat should be noted regarding the most recent estimadabzefd harvest
rates. It is common for most (if not all) age structured stock assessmeéeisiito produce more
uncertain estimates for the most recent year in comparison to estforgteevious years. There is
greater uncertainty in the most recent stock assessment year becheisgears are informed by
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more years of data, allowing for better tracking of cohorts as they pass throurgdng while

the most recent annual estimates have much less data. Furthermorgeaattte assessment
estimates population quantities (biomass, numbers at age, etmn)ynfir the latest year, but also

for all previous years included in the model. The re-estimation of valuebbgmient assessments
can be random (Recting mainly observation errors) or can show patterns of consistent, gystemi
downwards or upwards revisions of previous estimates. Such systemationg\dse termed
retrospective patterns and the assessment model is said to h&res@entive problem (Legault
2009). The retrospective problem has been described as a systeomatsistency among a series

of estimates of population size, or related assessment variadéesl bn increasing periods of
data (Mohn 1999). Retrospective patterns can arise for many reasons (NRC 1998,2065ult
including bias in the data (e.g., catch misreporting, unaccounted for mortalityfeoenlitypes of
model misspeéication. Some types of model missp®eition could be due to parameters that are
assumed to be constant/variable in the analysis but are variablaftpas well misspeecation

of commercial and/or survey catchability and/or selectivity (Parma 1993, Rarth&ullivan
1996). As reviewed by NRC (1998) and Legault (2009), early abundance estimates can be
consistently biased (either upward or downward) with respect to correspontitimates obtained

in later assessments (e.g., some Northwest and Northeast lgsbwstdcks, Palec halibut, North

Sea sole). In some cases, such as withPedualibut, the retrospective pattern can change in
direction, from underestimation to overestimation of biomass (Parma 1993). Rislatassaith
management actions when facing underestimation or overestimation of biomadiffeaent
depending on the emphasis of management goals. Consistent underestimatioass banead

to sub-optimal use dbshery resources (NRC 1998, Legault 2009). Extreme cases of consistent
overestimation of stock abundance can have severe management consequiinsgsitad by

the collapse of the Newfoundland northern cod and management issues on the Bankges
yellowtail Bounder (Walters and Maguire 1996, Walters and Pearse 1996, Walters and Martel
2004, NRC 1998, Legault 2009).

The coastwide stock assessment of Babalibut has been showing a consistent retrospective
pattern since at least 2004, by which previous estimates of exfdohaimass (Fig. 3) are
estimated to be smaller in subsequent assessments (see ClatararzD06, 2008; Hare 2011,
2012). Arecent external review of the IPHC stock assessment and harvestgumited that the
main problem with the current assessment was thebsigni retrospective bias (Medley 2008).

A concurrent external review (Francis 2008) stated that it can beuttifto decide whether a
retrospective trend is of concern, indicating a serfdavs in the stock assessment model structure,
or if the retrospective trend is the result of a random pattern of residoatslahe observations.
The probability of occurrence of a set of consecutive random observatiobge caiculated by
assuming that for each year there is a 50% chance that the estimaimasdfrom previous
year#s stock assessment is revised downward and then multiplying thieezbpriobability for

all years with the observed pattern. During the external reviews degaawaslable through 2007
and the retrospective coastwibs were only available for three years (2004, 2005 and 2006).
By random chance alone the probability of observing a downward revision of theysrgear#s
biomass estimates two years in a row, such as the pattern obserirerlexternal reviewers, is
25%. By random change alone the probability of observing a downward revision of tleugrevi
year#s biomass estimatas years in a row, such as the pattern observed in the stock aggessme
through 2008, is 3%. By random chance alone the probability of observing a downward revision
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of the previous year#s biomass estimates eight years in a row, shelpattern observed in the
stock assessment through 2011, is 0.4%.

Stock assessment documents noted the retrospective pattern in thvdecastessment since
2007, when it was stated that the stock assessment 'had not trackedelleigr the last few
years" (Clark and Hare 2008). Subsequent stock assessment documents desamdbespective
pattern as relatively small or modest and that the trend of succgdeiveting all earlier EBio
estimates had greatly tapered off, along with a consideration thatrtbepeaitive behavior did not
weaken the assessment in any way (Hare and Clark 2009, Hare 2010, 2011).

There are alternative approaches to quantify and analyze retrospectivén béssck
assessment models (Legault 2009). One approach is the within-model reivespeatysis, done
by sequentially removing one year (or different set of years) of data from thealsdessment.
This approach is mostly used to diagnose potential sources of retrospexgiveEnother approach
is the historical retrospective analysis, using the actual annuakas=g estimates at the time
each assessment was done. This report focuses on historical retrospeaiipges and the range
of years used fiect the availability of historical annual coastwide stock assa#sn(2006 to
2011). The historical retrospective analysis is most useful when comphegngetformance
of management actions and harvest strategy in the face of retrospectii@sewsfsthe actual
management quantities as originally estimated in each assessareratyer than those estimated
by sequential removal of data if using the within-model retrospective approach.

Inspection of the successive historical estimates of exploitaistealss (Fig. 3, Top), spawning
biomass (Fig. 3, Bottom) and total biomass (Fig. 4) extracted from publigi@dassessments
documents shows ongoing retrospective patterns. The magnitude of the retrogateivefor
the last year of the stock assessment#s estimated EBio haglresdte/nward revisions of the
initial EBIio estimate of 14% in 2008, 15% in 2009, 18% in 2010 and 25% in 2011knstheear
following the assessment. As an example, the 2009 stock assessimeatedstihe 2010 EBio at
the beginning of the year to be 334 M Ib. Therefore, the 2010 yield calculatioasased on
this 334 M |b estimate of EBio. However, the 2009 stock assessmenatesof EBio in 2010,
334 M Ib, was revised down to 275 M |b (a decline of 18%) in the 2011 stoclsmssesYield
calculations ultimately consist of multiplying target harvest ratess the estimated EBio for the
year following the assessment. The 2010 catch has already been taketharedasebxed, even
if the originally estimated EBio is revised downwards in future assessremtnual downward
revisions of EBio result in a consistent, ongoing upwards revision of realized thatess This
retrospective pattern affects the performance of biomass projectbodsiated following past
(Fig. 3) and recent (Valero 2011, 2012) assessments. Biomass projections comdiheteddent
past consistently indicated a quick turnaround of ongoing biomass declines atdi@rfaass
increase, only to be revised downwards and estimated to continue the déamingy subsequent
assessments.

The performance of the harvest policy relative to reference points iafédsted by the
retrospective pattern. For example, Hare (2011) notes that the revised fgaaihing biomass
time trajectory seems to have dropped slightly below the spawningagso(®Bio) threshold
(30% relative to ukshed). Given the retrospective bias and resulting overestimation of spawning
biomass estimates the revised spawning biomass trajectorynisitest to have been below the
30% threshold durindpve consecutive years, 2005 to 2009. Had the female spawning biomass
been estimated below 30% at the time, a reduction in the target thateesvould have been
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triggered during 2005-2009 following the current harvest control rule (Fig. 5). These target harvest
rate reductions (Fig. 5) should have been between 0.186 for 2005 and 0.14 for 2007 (Fig. 5).

Factoring retrospective issues in the harvest strategy

Consistentretrospective bias isindicative of problems in théxpion of the stock assessment
model (either the model itself or its use of available data). Therefore,rtmmad model-based
measures of uncertainty of management parameters are not realistisebihesy are based on the
structural assumptions of the model being correct (NRC 1998). Consistent retvespist can
lead to biased management advice and could lead to continudsluner of stocks, and loss of
potential yield (Legault 2009). A direct approach to deal with retrospecdéigesis to identify the
processes responsible for it and to address them in the stock assessdedrstructure and/or its
use of available data. Identifying the ultimate driving process/processesaspective patterns
has proven difcult for most stocks where it is present (NRC 1998, Mohn 1999, Legault 2009) and
the provision of management advice in the intervening time can be challenging.

Alternative approaches to take into account retrospective issues iprakesion of
management advice have been developed ifPsheries context, including adjustment factors
based on consistent past retrospective errors patterns applied to tterestimates used for
management (e.g., Showell and Bourbonnais 1994, NRC 1998, Haist 2008, Legault and Terceiro
2008). As an example, if original estimates of abundance were estimateveé been 40%
above the subsequently revised estimates, current estimates cadidsied downward by 40%
to compensate, assuming that similar bias would also be prestet last year#s estimate of
abundance. Showell and Burbonnais (1994) applied this approach in the asse$stgetian
shelf silver hake populations and associated stock projections. Althouglocaclownward
adjustment of abundance estimates to account for retrospective patdgendeen considered
a sensible precautionary approach in cases of consistent overestimatibonofince (NRC
1998). Legault and Terceiro (2008) analyzed alternative approaches to adjusticom®jer
groundesh assessments, including reductionesbiing mortality and adjusting downwards the end
of year/start of projection numbers produced by the assessment, these metteodensidered
appropriate to use for projections and were expected to minimigarbthe projections (Haist
2008). Accounting for downward revisions of past estimates has been incorporatescarit
projections of coastwide biomass for Rachalibut (Valero 2011, 2012). However, the impact
of the retrospective pattern of persistent overestimation of EBio and mgsutiderestimation
of realized harvest rates have not been incorporated into the IPHC harvegt Adgotential
way forward is to adjust downwards current target harvest rates by a fqeabit@the observed
departure between original estimates of EBio and successive downwardsnsevownward
revisions of original estimates for 2006, 2007, 2008, 2009 and 2010 EBio are on the order of 25%
to 39% one tdpve years following the assessment year (Fig. 6). However, for the avaiainte
declining estimates of EBio have not stabilized and reductions in theatest are still ongoing.
As an example, an earlier version of this analysis used estimateshgones provided by the
assessment at the end of 2010. The largest one year downward revision of EB384yasd the
largest cumulative downward revision was around 30%. Including the latest vagabssment
(at the end of 2011) brings the largest one year decline to 25% and a cunudeliive of almost
40% from earlier estimates. Therefore, a working value of at least 39% downwjaistsadt to
the target harvest rate seems appropriate. In view of the ongoing dediiBeoastimates since
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2006, with no evidence of stabilization for the earliest estimates thewnas adjustment could

be higher and the proposed adjustment should be viewed as being ineéhealoge of potential
adjustments. Downward adjustment of current target harvest rates by 39%resulidn revised
target harvest rates of 0.131 (down from 0.215) for all of Area 2 and Area 3A and 0.098 (down
from 0.161) for all of Area 4 and Area 3B.

Another approach is to adjust target harvest rates based on depaetwesnbestimated
realized harvest rates and target harvest rates. This attemistioecnot only departures due
to retrospective problems but also due to implementation error ofrtjet tearvest rate due, for
example, to departures between recommended and accepted catchapplitation of harvest
control rule adjustments such as the recently wetiSlow Up-Fast Down. Realized harvest rates
from the coastwide assessment with survey partitioned biomass havestiesated around 0.30-
0.32 (excluding the most recent estimates of realized harvest ratethsimeest recent estimates
are the most uncertain) (Fig. 7). Similarly to the non-converged declines in oEginastimates,
it can be expected that some of the realized harvest rate testimidl continue to be revised
upwards. Therefore, a working value of 0.32 seems appropriate. This would im@gaddervest
rates 62% higher than the target. Downward adjustment of current target haresdity 50%
would result in revised target harvest rates of 0.143 (down from 0.215) for all of AreaAPeand
3A and 0.107 (down from 0.161) for all of Area 4 and Area 3B.

It is important to keep in mind that these potential rrodlions to the target harvest rate are
not a reduction of the originally intended target harvest rates determined fiynthiation work
(Clark and Hare 2006, originally 0.2, revised recently to 0.215). Instead, these are adfustme
to take into account factors, such as retrospective issues and imglgomeetrors that were not
included in the original development of those target harvest rates. Ifsbevet patterns leading
to the consistent departure between realized and target ratedl as Wi ongoing downwards
revision of EBio continues, then applying the adjustments is expected te tbéumagnitude of
departures between realized and target harvest rates. On the otherthamihsérved retrospective
patterns and departures between realized and target rates disagbeagess, then the proposed
adjustments could be removed (Table 1). Potential outcomes under differsidrderzgarding
adjusting or not current target rates are illustrated in Table 1. Thefgxtential future states that
we have no control on are listed as hypothesis on the future retrospebivgobef population
estimates. The expected outcomes from making a particular decisionhendiierent hypothesis
are yield, conservation risk and potential realizations of harvest ratesaraple: if the decision
is to adjust target harvest rates and overestimation continues (sottiaied decline in biomass),
the potential outcome is to have lower yields in both short and long tarhveithy the expectation
of reducing differences between realized and target harvest rates. Gmethieaid, if the decision
is to continue to use status quo target harvest rates and overestinoationeas, the outcome
expected is the continuation of realized harvest rates higher thanhargest rates. Adjusting
target harvest rates in the event of a change in retrospective downwasitsnrefibiomass is
expected to result in foregone yield in the short term. However, such chahger@trospective
pattern would be expected to result in a re-evaluation of adjustmedhiteventual return to
unadjusted target harvest rates.
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Biomass projections following estimates at the end of 2011

The methodology and assumptions for the biomass projections are describkasaated
for the initial conditions derived from the assessment at the end of 201Ceno 2012). Five-
year exploitable and spawning biomass projections were conductedhuemgdenarios described
below. For all scenarios future recruitment is the stock assessmeageestimate of numbers
at age 6 halibut from 1996 to 2008. Initial conditions are based on populaiimatestfrom
the WobbleSQ alternativiet of the coastwide stock assessment (Hare 2012). Given unresolved
uncertainties on the accuracy of the initial numbers to start the @opmagctions and the
uncertainty on future trends in recruitment estimates, size-at-age and pertohtarget harvest
rates these projections should be taken with caution. The goal of thetjmag is to illustrate the
range of uncertainty on trends and status of the stock depending on assumptiahgamiiss and
potential management actions. Projections under alternative assumptanasghose presented
in Valero (2011, 2012), result in intermediate projections to those preseritasl iaport which
focus on the retrospective bias as the largest uncertainty.

Status quo method (SQ)

Status quo projections follow the basic procedure and assumptionsnasttioel used up to
last year#s assessment (Hare and Clark 2006, Hare 2011), namely:

i) Size-at-age is assumed to remain the same as that estiondbedast year of the assessment.

i) A constant realized harvest rate equal to the target harvest rate (HR=0.2).

iii) The initial population numbers are projected without error.

iv) There are no downward revisions of previous recruitment estimates.

Reduced recruitment, size-at-age and initial numbers, status quo target haest rate (R,
CHR)

This alternative assumes continuing downwards revisions of previous cohort stredgth a
declining size-at-age (see Valero 2012), while starting projections @wrevard revision of the
estimated numbers at age. The numbers-at-age at the beginning of the yeae26¢i&ed down
to account for cumulative downward revisions of the initial numbers-at-age fordjeetmpns.

In this scenario the initial numbers at age (2012) were revised downwards 40%. Gugent
harvest rates are used and realized harvest rates are assumed t@atré32inr&ecting recent
departures between target and realized harvest rates (Fig. 7).

Reduced recruitment, size-at-age and initial numbers, adjusted target harvest rate (R,
AHR)

This scenario is the same as the previous one but uses adjuptetidavest rates to factor in
retrospective bias to achieve realized harvest rates of 0.2.

Biomass projection results

Projections under different scenarios are shown in Figure 8. Projections uridsrgsta
assumptions produce similar rapid increases in expected biomagsragctions produced after
recent assessments (e.g., Fig. 3). Projections that incorporate continuingsdieckize at age,
downward revisions of recruitment estimates and adjusted initial conditidake into account
retrospective bias result in stable or decreasing EBio depending on hatedstels (Fig. 8, Top
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panel). The SBio is estimated to be at 42% dfsined conditions by the assessment at the end of
2011 (Hare 2012). However, correcting the initial conditions for retrospectiveeliass in SBio

to be below the 30% threshold at the start of the projections. Dependihg assumed realized
harvest rate levels during the projection time SBio is expected tirrdralow or to be above the
30% biomass reference point threshold by 2017.
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Table 1. Contingency table illustrating the potental effects of different management actions on short

and long term yield, future potential management actions

and risk under fferent hypothesis on

the retrospective problem. «Adjusted target HRe: reduced target HR to factorin overestimation of
past biomass and departures between target and realized HR. «Status qterget HRe: currently

used target HR.

Management action

Adjusted target HR

Status quo target HR

Retrospective

hypothesis Short term Long term Shortterm  Long term

Overestimation

continues lower yield lower yield higher yield  conservation risk

higher than target HR

No retrospective issue lower yield lower yield higher yield  higher yield
return to Status quo HR

Underestimation starts lower yield higher yield higher yieldchigher yield

return to Status quo HF

lower than target HR
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Figure 1. Evolution of target harvest rate levels in the Pabr halibut bshery. The blue solid
line represents overall target level except for areas of special coneceepresented by dashed
green (4B, 4CDE), solid green (4A) and dashed orange (3B) lines.
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Figure 2. Realized harvest rates estimated from the assessment at the ehd010 and survey
apportionment of biomass, unadjusted (Top) and adjusted for hook competition ansurvey
timing (Bottom). Horizontal lines represent area speéic target harvest rates.
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Figure 3. Estimated trends of exploitable biomass (Top) and spawining biomadottom) for

stock assessments at the end of 2006, 2007, 2008, 2009, 2010 and 2011 and the subsequent
retrospective downward revisions of through the years 2006 to 2010. Solid liree® estimated

trends for the year of the assessment, dashed lines are 5 year praij@as conducted at the end

of each assessment year. Projections after the 2010 end of the year assedsasethin lines
representing high, average and low forecasted recruitment. Time seriebtained from Clark

and Hare (2006, 2008), Hare and Clark (2008b, 2009), and Hare (2010, 2011, 2012).
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Figure 4. Estimated trends of total biomass of habut age 8 and older (Thio) for stock
assessments at the end of 2006, 2007, 2009, 2010 and 2011 and the subsequent retraspecti
downward revisions of through the years 2006 to 2@1 Exploitable (Ebio) and female spawning
(Sbhio) biomass as estimated at the end of 2011 presented for reference. Tgages obtained
from Clark and Hare (2006, 2008), Hare and Clark (R08b, 2009), and Hare (2010, 2011, 2012).
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Figure 5. Top panel: Female spawning biomass (SB) estimates (M Ib) for 1996 to 2012 as
estimated by the stock assessment at the end of 2011 (time series obtaineohfHare 2012).
Horizontal lines are to threshold and limit biomass reference pointsorresponding to 20%
(SB20%) and 30% (SB30%) of estimated ulrshed female spawning biomass (SBO). Red oval
highlights the bve years (2005 to 2009) where SB is retrospectively estimated to have droped
below SB30%. Revised target rates (HR) that would havseen applied by the current harvest
control rule (Bottom) are shown for each year. Color coding following Valero anéiare (2010)
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Figure 7. Evolution of target harvest rate levels in the Pabc halibut Pshery and coastwide
(CW) realized harvest rates estimated from the end of the year 2011 stock assesnt. The
blue solid line represents overall target level except for areas gfecial concern represented
by dashed green (4B, 4CDE), solid green (4A) and dashed orange (3B) linesaliked harvest

rates and the percentage departure from target harvest rate for 2007, 2008 and 2009 are
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Figure 8. Exploitable (EBio) and spawning (SBio) biomaskve-year projections following
the assessment at the end of 2011. Solid lines with solid circles astimates from WobbleSQ
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