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Harvest policy considerations on retrospective bias and  
biomass projections

Juan L. Valero

Abstract

Different methods for assessing stock trends and status as well as different harvest policy 
approaches have been used in the management of PaciÞ c halibut. The current harvest policy relies 
on a constant target harvest rate of 0.215, except for areas of speciÞ c concern where the target 
harvest rate is 0.161. The target harvest rate is applied to a coastwide estimate of exploitable 
biomass that is partitioned by regulatory area based on IPHC survey weight-per-unit of effort. 
A retrospective pattern dating back at least to 2004 has continued to persist through 2011 and 
has resulted in stock assessment estimates of exploitable biomass (EBio) that show downwards 
revisions of biomass during successive years of up to 39% of the initial estimate.  Due to this 
retrospective pattern, coastwide realized harvest rates have been up to 62% higher than target 
harvest rates for some recent years. The performance of the harvest policy relative to reference 
points is also affected by the retrospective pattern. The revised female spawning biomass time 
trajectory is estimated to have dropped below the 30% (relative to unÞ shed) threshold for Þ ve 
consecutive years (2005 to 2009). Had the female spawning biomass been estimated below 30% 
at the time, a reduction in the target harvest rate to up to 0.14 would have been triggered following 
the current harvest control rule. Alternative ways are proposed to factor the retrospective issues 
in the harvest strategy. One way forward is to adjust the current target harvest rates downwards 
by a factor equal to the observed departure between original estimates of exploitable biomass and 
successive downwards revisions. Downward adjustment of current target harvest rates by 39% 
would result in 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 to addressing 
this retrospective pattern is to adjust target harvest rates based on departures between estimated 
realized harvest rates and target harvest rates. Downward adjustment of current target harvest rates 
would result in revised target harvest rates of 0.134 (down from 0.215) for all of Area 2 and Area 
3A and 0.100 (down from 0.161) for all of Area 4 and Area 3B. Five-year biomass projections that 
incorporate continuing declines in size at age, downward revisions of recruitment estimates and 
adjusted initial conditions to take into account retrospective bias result in stable or decreasing EBio 
depending on harvest rate levels. Adjusting initial conditions for retrospective bias does result 
in SBio being below the 30% biomass reference point threshold at the start of the projections. 
Depending on the assumed realized harvest rate levels during the projection time SBio is expected 
to remain below or to be above the 30% reference biomass threshold by 2017.

Evolution of the IPHC harvest policy

Management of PaciÞ c halibut has relied on different methods for assessing stock trends and 
status as well as different harvest policy approaches. Before the 1980s the stock status was based 
on analyses of annual catch and catch-per-unit of effort (CPUE) (Sullivan and McCaughran 1991, 
Clark 2003). During those years the notion of !normal yield" was the main tenet of management 
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(Thompson and Bell 1934, Thompson 1937, 1950), i.e. the yield expected to maintain a stable 
relationship between annual catch and CPUE. During the early 1980s, annual catch recommendations 
were calculated as a fraction of estimated annual surplus production in a period of historically 
low biomass estimates in an effort to rebuild stocks (Deriso and Quinn 1985). The stocks were 
considered rebuilt by 1984 and a constant harvest rate policy has been in place since 1985. The 
target harvest rate is applied to annual estimates of exploitable biomass as deÞ ned by the estimated 
commercial selectivity from the stock assessment. The target harvest rate has 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 to trends and status of 
indices) had reductions of target harvest rates to 0.15 in 2006 (IPHC regulatory areas 4B, 4CDE), 
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 (O26U32) halibut size range 
resulted in target harvest rate increases from 0.2 to 0.215 for areas 2A, 2B, 2C and 3A, and from 
0.15 to 0.161 for areas 3B, 4A, 4B and 4CDE. The higher harvest rates accommodate the direct 
deduction of O26U32 bycatch mortality, which previously had been factored into determination 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 that incorporates uncertainty 
in density-dependent growth responses, future levels and distribution of recruitment among areas, 
stock and environmental relationships, and selectivity curves (Clark and Hare 2006). Uncertainty 
in the annual stock assessment (other than random observation error on biomass estimates) was 
not incorporated in the simulations that form the basis of the current harvest strategy, nor has 
management uncertainty such as potential differences between recommended and established 
catch levels (Clark and Hare 2006). A recent review of the IPHC stock assessment and harvest 
policy (Francis 2008) pointed out that assuming that the realized harvest is the same as the target 
harvest could be a potential weakness of the current harvest policy. In response to the review, auto 
correlated errors in the assessment were included in the simulations and it was reported that the 
effect was relatively minor and that it was expected to result in a more frequent triggering of target 
harvest rate reduction (Hare and Clark 2008a). An example of realized harvest rate departures 
from the target harvest rates is the result of the misspeciÞ cation of closed-area assessments. In 
summary, area speciÞ c closed-area assessments were biased high because the main assumption, 
that of a closed population, was violated due to ongoing migration of halibut between areas. 
MisspeciÞ cation in the closed-area stock assessments resulted in realized harvest rates, estimated 
by recent coastwide stock assessments with survey-partitioned biomass, as much as three times 
higher than the target in areas 2B and 2C and as low as half the target harvest rate for Area 4 during 
part of the last decade (Fig. 2). Estimated coastwide realized harvest rates have increased from a 
low of 0.14 in 1997, the earliest year estimated by the current stock assessment, to a high of 0.32 in 
2007. Following the implementation of the coastwide assessment with survey-partitioned biomass 
realized harvest rates declined to 0.24, as estimated for 2011 by the assessment at the end of 2011.

An important caveat should be noted regarding the most recent estimates of realized harvest 
rates. It is common for most (if not all) age structured stock assessment models, to produce more 
uncertain estimates for the most recent year in comparison to estimates for previous years. There is 
greater uncertainty in the most recent stock assessment year because earlier years are informed by 
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more years of data, allowing for better tracking of cohorts as they pass through the Þ shery, while 
the most recent annual estimates have much less data. Furthermore, each year the assessment 
estimates population quantities (biomass, numbers at age, etc.) not only for the latest year, but also 
for all previous years included in the model. The re-estimation of values by subsequent assessments 
can be random (reß ecting mainly observation errors) or can show patterns of consistent, systemic 
downwards or upwards revisions of previous estimates. Such systematic revisions are termed 
retrospective patterns and the assessment model is said to have a retrospective problem (Legault 
2009). The retrospective problem has been described as a systematic inconsistency among a series 
of estimates of population size, or related assessment variables, based on increasing periods of 
data (Mohn 1999). Retrospective patterns can arise for many reasons (NRC 1998, Legault 2009) 
including bias in the data (e.g., catch misreporting, unaccounted for mortality) or different types of 
model misspeciÞ cation. Some types of model misspeciÞ cation could be due to parameters that are 
assumed to be constant/variable in the analysis but are variable/constant, as well misspeciÞ cation 
of commercial and/or survey catchability and/or selectivity (Parma 1993, Parma and Sullivan 
1996). As reviewed by NRC (1998) and Legault (2009), early abundance estimates can be 
consistently biased (either upward or downward) with respect to corresponding estimates obtained 
in later assessments (e.g., some Northwest and Northeast groundÞ sh stocks, PaciÞ c halibut, North 
Sea sole). In some cases, such as with PaciÞ c halibut, the retrospective pattern can change in 
direction, from underestimation to overestimation of biomass (Parma 1993). Risk associated with 
management actions when facing underestimation or overestimation of biomass are different 
depending on the emphasis of management goals. Consistent underestimation of biomass can lead 
to sub-optimal use of Þ shery resources (NRC 1998, Legault 2009). Extreme cases of consistent 
overestimation of stock abundance can have severe management consequenc  es as illustrated by 
the collapse of the Newfoundland northern cod and management issues on the Georges Bank 
yellowtail ß ounder (Walters and Maguire 1996, Walters and Pearse 1996, Walters and Martel 
2004, NRC 1998, Legault 2009). 

The coastwide stock assessment of PaciÞ c halibut has been showing a consistent retrospective 
pattern since at least 2004, by which previous estimates of exploitable biomass (Fig. 3) are 
estimated to be smaller in subsequent assessments (see Clark and Hare 2006, 2008; Hare 2011, 
2012). A recent external review of the IPHC stock assessment and harvest policy reported that the 
main problem with the current assessment was the signiÞ cant retrospective bias (Medley 2008). 
A concurrent external review (Francis 2008) stated that it can be difÞ cult to decide whether a 
retrospective trend is of concern, indicating a serious ß aw in the stock assessment model structure, 
or if the retrospective trend is the result of a random pattern of residuals around the observations. 
The probability of occurrence of a set of consecutive random observations can be calculated by 
assuming that for each year there is a 50% chance that the estimate of biomass from previous 
year#s stock assessment is revised downward and then multiplying the combined probability for 
all years with the observed pattern. During the external reviews data were available through 2007 
and the retrospective coastwide Þ ts were only available for three years (2004, 2005 and 2006). 
By random chance alone the probability of observing a downward revision of the previous year#s 
biomass estimates two years in a row, such as the pattern observed by the external reviewers, is 
25%. By random change alone the probability of observing a downward revision of the previous 
year#s biomass estimates Þ ve years in a row, such as the pattern observed in the stock assessments 
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, such as the pattern observed in the 
stock assessment through 2011, is 0.4%.

Stock assessment documents noted the retrospective pattern in the coastwide assessment since 
2007, when it was stated that the stock assessment !had not tracked very well for the last few 
years" (Clark and Hare 2008). Subsequent stock assessment documents described the retrospective 
pattern as relatively small or modest and that the trend of successively lowering all earlier EBio 
estimates had greatly tapered off, along with a consideration that the retrospective behavior did not 
weaken the assessment in any way (Hare and Clark 2009, Hare 2010, 2011).

There are alternative approaches to quantify and analyze retrospective bias in stock 
assessment models (Legault 2009). One approach is the within-model retrospective analysis, done 
by sequentially removing one year (or different set of years) of data from the latest assessment. 
This approach is mostly used to diagnose potential sources of retrospective bias. Another approach 
is the historical retrospective analysis, using the actual annual assessment estimates at the time 
each assessment was done. This report focuses on historical retrospective analysis and the range 
of years used reß ect the availability of historical annual coastwide stock assessments (2006 to 
2011). The historical retrospective analysis is most useful when comparing the performance 
of management actions and harvest strategy in the face of retrospective revisions of the actual 
management quantities as originally estimated in each assessment year, rather than those estimated 
by sequential removal of data if using the within-model retrospective approach. 

Inspection of the successive historical estimates of exploitable biomass (Fig. 3, Top), spawning 
biomass (Fig. 3, Bottom) and total biomass (Fig. 4) extracted from published stock assessments 
documents shows ongoing retrospective patterns. The magnitude of the retrospective pattern for 
the last year of the stock assessment#s estimated EBio has resulted in downward revisions of the 
initial EBio estimate of 14% in 2008, 15% in 2009, 18% in 2010 and 25% in 2011 in the Þ rst year 
following the assessment. As an example, the 2009 stock assessment estimated the 2010 EBio at 
the beginning of the year to be 334 M lb. Therefore, the 2010 yield calculations were based on 
this 334 M lb estimate of EBio. However, the 2009 stock assessment estimate of EBio in 2010, 
334 M lb, was revised down to 275 M lb (a decline of 18%) in the 2011 stock assessment. Yield 
calculations ultimately consist of multiplying target harvest rates times the estimated EBio for the 
year following the assessment. The 2010 catch has already been taken and is therefore Þ xed, even 
if the originally estimated EBio is revised downwards in future assessments. Continual downward 
revisions of EBio result in a consistent, ongoing upwards revision of realized harvest rates. This 
retrospective pattern affects the performance of biomass projections conducted following past 
(Fig. 3) and recent (Valero 2011, 2012) assessments. Biomass projections conducted in the recent 
past consistently indicated a quick turnaround of ongoing biomass declines and a fast biomass 
increase, only to be revised downwards and estimated to continue the declining trend by subsequent 
assessments.

The performance of the harvest policy relative to reference points is also affected by the 
retrospective pattern. For example, Hare (2011) notes that the revised female spawning biomass 
time trajectory seems to have dropped slightly below the spawning biomass (SBio) threshold 
(30% relative to unÞ shed). Given the retrospective bias and resulting overestimation of spawning 
biomass estimates the revised spawning biomass trajectory is estimated to have been below the 
30% threshold during Þ ve consecutive years, 2005 to 2009. Had the female spawning biomass 
been estimated below 30% at the time, a reduction in the target harvest rate would 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

Consistent retrospective bias is indicative of problems in the speciÞ cation of the stock assessment 
model (either the model itself or its use of available data). Therefore, conventional model-based 
measures of uncertainty of management parameters are not realistic because they are based on the 
structural assumptions of the model being correct (NRC 1998). Consistent retrospective bias can 
lead to biased management advice and could lead to continued overÞ shing of stocks, and loss of 
potential yield (Legault 2009). A direct approach to deal with retrospective biases is to identify the 
processes responsible for it and to address them in the stock assessment model structure and/or its 
use of available data. Identifying the ultimate driving process/processes of retrospective patterns 
has proven difÞ cult 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 in the provision of 
management advice have been developed in the Þ sheries context, including adjustment factors 
based on consistent past retrospective errors patterns applied to correct the estimates 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 estimated to have been 40% 
above the subsequently revised estimates, current estimates could be adjusted downward by 40% 
to compensate, assuming that similar bias would also be present in the last year#s estimate of 
abundance. Showell and Burbonnais (1994) applied this approach in the assessment of Scotian 
shelf silver hake populations and associated stock projections. Although ad hoc, downward 
adjustment of abundance estimates to account for retrospective patterns have been considered 
a sensible precautionary approach in cases of consistent overestimation of abundance (NRC 
1998). Legault and Terceiro (2008) analyzed alternative approaches to adjusting projections for 
groundÞ sh assessments, including reductions of Þ shing mortality and adjusting downwards the end 
of year/start of projection numbers produced by the assessment, these methods were considered 
appropriate to use for projections and were expected to minimize bias in the projections (Haist 
2008). Accounting for downward revisions of past estimates has been incorporated into recent 
projections of coastwide biomass for PaciÞ c halibut (Valero 2011, 2012). However, the impact 
of the retrospective pattern of persistent overestimation of EBio and resulting underestimation 
of realized harvest rates have not been incorporated into the IPHC harvest policy. A potential 
way forward is to adjust downwards current target harvest rates by a factor equal to the observed 
departure between original estimates of EBio and successive downwards revisions. Downward 
revisions of original estimates for 2006, 2007, 2008, 2009 and 2010 EBio are on the order of 25% 
to 39% one to Þ ve years following the assessment year (Fig. 6). However, for the available years, 
declining estimates of EBio have not stabilized and reductions in the estimates are still ongoing. 
As an example, an earlier version of this analysis used estimates up to the ones provided by the 
assessment at the end of 2010. The largest one year downward revision of EBio was 18%, and the 
largest cumulative downward revision was around 30%. Including the latest available assessment 
(at the end of 2011) brings the largest one year decline to 25% and a cumulative decline of almost 
40% from earlier estimates. Therefore, a working value of at least 39% downwards adjustment to 
the target harvest rate seems appropriate. In view of the ongoing decline of EBio estimates since 
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2006, with no evidence of stabilization for the earliest estimates the downwards adjustment could 
be higher and the proposed adjustment should be viewed as being in the lower range of potential 
adjustments. Downward adjustment of current target harvest rates by 39% would result in 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 departures between estimated 
realized harvest rates and target harvest rates. This attempts to capture not only departures due 
to retrospective problems but also due to implementation error of the target harvest rate due, for 
example, to departures between recommended and accepted catch limits, application of harvest 
control rule adjustments such as the recently modiÞ ed Slow Up-Fast Down. Realized harvest rates 
from the coastwide assessment with survey partitioned biomass have been estimated around 0.30-
0.32 (excluding the most recent estimates of realized harvest rates since the most recent estimates 
are the most uncertain) (Fig. 7). Similarly to the non-converged declines in original Ebio estimates, 
it can be expected that some of the realized harvest rate estimates will continue to be revised 
upwards. Therefore, a working value of 0.32 seems appropriate. This would imply realized harvest 
rates 62% higher than the target. Downward adjustment of current target harvest rates by 50% 
would result in revised target harvest rates of 0.143 (down from 0.215) for all of Area 2 and Area 
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 modiÞ cations to the target harvest rate are 
not a reduction of the originally intended target harvest rates determined by the simulation work 
(Clark and Hare 2006, originally 0.2, revised recently to 0.215). Instead, these are adjustments 
to take into account factors, such as retrospective issues and implementation errors that were not 
included in the original development of those target harvest rates. If the observed patterns leading 
to the consistent departure between realized and target rates as well as the ongoing downwards 
revision of EBio continues, then applying the adjustments is expected to reduce the magnitude of 
departures between realized and target harvest rates. On the other hand, if the observed retrospective 
patterns and departures between realized and target rates disappear or changes, then the proposed 
adjustments could be removed (Table 1). Potential outcomes under different decisions regarding 
adjusting or not current target rates are illustrated in Table 1. The axis of potential future states that 
we have no control on are listed as hypothesis on the future retrospective behavior of population 
estimates. The expected outcomes from making a particular decision under the different hypothesis 
are yield, conservation risk and potential realizations of harvest rates. For example: if the decision 
is to adjust target harvest rates and overestimation continues (with associated decline in biomass), 
the potential outcome is to have lower yields in both short and long terms, but with the expectation 
of reducing differences between realized and target harvest rates. On the other hand, if the decision 
is to continue to use status quo target harvest rates and overestimation continues, the outcome 
expected is the continuation of realized harvest rates higher than target harvest rates. Adjusting 
target harvest rates in the event of a change in retrospective downwards revision of biomass is 
expected to result in foregone yield in the short term. However, such change in the retrospective 
pattern would be expected to result in a re-evaluation of adjustments and eventual 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 described and illustrated 
for the initial conditions derived from the assessment at the end of 2010 in Valero (2012). Five-
year exploitable and spawning biomass projections were conducted using three scenarios described 
below. For all scenarios future recruitment is the stock assessment average estimate of numbers 
at age 6 halibut from 1996 to 2008. Initial conditions are based on population estimates from 
the WobbleSQ alternative Þ t of the coastwide stock assessment (Hare 2012). Given unresolved 
uncertainties on the accuracy of the initial numbers to start the biomass projections and the 
uncertainty on future trends in recruitment estimates, size-at-age and performance of target harvest 
rates these projections should be taken with caution. The goal of the projections is to illustrate the 
range of uncertainty on trends and status of the stock depending on assumptions on its dynamics and 
potential management actions. Projections under alternative assumptions, such as those presented 
in Valero (2011, 2012), result in intermediate projections to those presented in this report which 
focus on the retrospective bias as the largest uncertainty.

Status quo method (SQ)
Status quo projections follow the basic procedure and assumptions as the method 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 estimated for the last year of the assessment.
ii) 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 harvest rate (RR,S,N_
CHR)

This alternative assumes continuing downwards revisions of previous cohort strength and 
declining size-at-age (see Valero 2012), while starting projections at the downward revision of the 
estimated numbers at age. The numbers-at-age at the beginning of the year 2012 are revised down 
to account for cumulative downward revisions of the initial numbers-at-age for the projections. 
In this scenario the initial numbers at age (2012) were revised downwards 40%. Current target 
harvest rates are used and realized harvest rates are assumed to remain at 0.32, reß ecting recent 
departures between target and realized harvest rates (Fig. 7).

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

This scenario is the same as the previous one but uses adjusted target harvest 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 under status quo 

assumptions produce similar rapid increases in expected biomass as in projections produced after 
recent assessments (e.g., Fig. 3). Projections that incorporate continuing declines in size at age, 
downward revisions of recruitment estimates and adjusted initial conditions to take into account 
retrospective bias result in stable or decreasing EBio depending on harvest rate levels (Fig. 8, Top 
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panel). The SBio is estimated to be at 42% of unÞ shed conditions by the assessment at the end of 
2011 (Hare 2012). However, correcting the initial conditions for retrospective bias results in SBio 
to be below the 30% threshold at the start of the projections. Depending on the assumed realized 
harvest rate levels during the projection time SBio is expected to remain below or to be above the 
30% biomass reference point threshold by 2017.
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Table 1. Contingency table illustrating the potential effects of different management actions on short 
and long term yield, future potential management actions and risk under different hypothesis on 
the retrospective problem. •Adjusted target HR•: reduced target HR to factor in overestimation of 
past biomass and departures between target and realized HR. •Status quo target HR•: currently 
used target HR.

 Management action
 Adjusted target HR Status quo target HR
Retrospective 
hypothesis Short term Long term Short term 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 yield

 
higher yield 
lower than target HR  return to Status quo HR
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Figure 1. Evolution of target harvest rate levels in the PaciÞ c halibut Þ shery. The blue solid 
line represents overall target level except for areas of special concern represented 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 end of 2010 and survey 
apportionment of biomass, unadjusted (Top) and adjusted for hook competition and survey 
timing (Bottom). Horizontal lines represent area speciÞ c target harvest rates.
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Figure 3. Estimated trends of exploitable biomass (Top) and spawining biomass (Bottom) 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 lines are estimated 
trends for the year of the assessment, dashed lines are 5 year projections conducted at the end 
of each assessment year. Projections after the 2010 end of the year assessment as thin lines 
representing high, average and low forecasted recruitment. Time series obtained 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 halibut age 8 and older (Tbio) for stock 
assessments at the end of 2006, 2007, 2009, 2010 and 2011 and the subsequent retrospective 
downward revisions of through the years 2006 to 2010. Exploitable (Ebio) and female spawning 
(Sbio) biomass as estimated at the end of 2011 presented for reference. Time series obtained 
from Clark and Hare (2006, 2008), Hare and Clark (2008b, 2009), and Hare (2010, 2011, 2012).
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Figure 5. Top panel: Female spawning biomass (SB) estimates (M lb) for 1996 to 2012 as 
estimated by the stock assessment at the end of 2011 (time series obtained from Hare 2012). 
Horizontal lines are to threshold and limit biomass reference points corresponding to 20% 
(SB20%) and 30% (SB30%) of estimated unÞ shed female spawning biomass (SB0). Red oval 
highlights the Þ ve years (2005 to 2009) where SB is retrospectively estimated to have droped 
below SB30%. Revised target rates (HR) that would have been applied by the current harvest 
control rule (Bottom) are shown for each year. Color coding following Valero and Hare (2010)
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Figure 6. Original estimates of exploitable biomass (EBio) for the years 2005, 2006, 2007, 2008, 
2009, 2010 and 2011 and the subsequent retrospective downward revisions through the years 
2005 to 2011 as absolute (Top) and relative to intial values (Bottom). Time series obtained from 
Clark and Hare (2006, 2008), Hare and Clark (2008b, 2009), and Hare (2010, 2011, 2012).
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Figure 7. Evolution of target harvest rate levels in the PaciÞ c halibut Þ shery and coastwide 
(CW) realized harvest rates estimated from the end of the year 2011 stock assessment. The 
blue solid line represents overall target level except for areas of special concern represented 
by dashed green (4B, 4CDE), solid green (4A) and dashed orange (3B) lines. Realized harvest 
rates and the percentage departure from target harvest rate for 2007, 2008 and 2009 are 
highlighted.
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Figure 8. Exploitable (EBio) and spawning (SBio) biomass Þ ve-year projections following 
the assessment at the end of 2011. Solid lines with solid circles are estimates from WobbleSQ 
assessment Þ t (Hare 2012), dotted lines are projection under status quo assumptions (SQ). Other 
projections assume continuation of declines in estimates of past recruitment and size-at-age, 
and initial numbers reduced to reß ect retrospective bias with either adjusted (RR,S,N_AHR, 
dashed lines) or current (RR,S,N_CHR, solid lines) target harvest rates.
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