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Executive Summary

The 2009 stock assessment document for yellowfin tuna in the Western and Central Pacific
Ocean was reviewed. To do this appropriately it was necessary to also read through the 2007
assessment and a few other documents.

The authors of the 2009 assessment have made a real effort to pre-empt critical review by
including diagnostics and their own critical review of the strengths and weaknesses of the
assessment. They identified where the data were weakest, where the model fits were poorest,
and which assumptions and structural decisions were most influential. With this list in mind
they were also able to include a list of the most valuable future research and extra data
gathering that could be conducted to improve the assessment. This is an excellent assessment
that provides a fine example of how to present a complex assessment to a wide audience.

The data sources for the assessment were appropriate and, although there can always be more
data at a better resolution and with more detail, it proved adequate to provide an assessment
that can be used to assess the status of the yellowfin stock in the western and central Pacific
Ocean.

Multifan-CL is the only assessment framework available that could address the complexity of
the different data streams and the multitude of fisheries and gear types that make up this
fishery. Its design lends itself to generating large amounts of diagnostic output and this lends
itself to producing self-critical assessments. The stock assessment methods have been applied
properly and are adequate and appropriate for this species and the types of data available. The
assessment should be reliable but this will only really be determined through time and
repeated assessments.

Many changes were made to the assessment model in 2009 relative to 2007 but these were all
adequately defended and the range of sensitivities to the assumptions and structural decisions
made were adequate to characterize the models performance and how these decisions and
changes affected that performance. The sensitivity analyses conducted appear thorough and
sufficiently complete to provide the necessary confidence in the model outputs. Further work
is needed to characterize the affect of differences in the growth of younger ages expressed in
different regions, in addition, the affect of the new approach to calculating the reproductive
potential on the spawning biomass performance measures should be expanded.

A wide range of stock performance measures such as Beyrrent/Bmsy Or Beurrent/Beurrent F=0, Were
provided and the performance of the fishery summarized in phase plots of some of these
ratios. This is a positive direction to go in, but if a decision has to be made about which
measures to adopt or to move to then it is recommended that the management decisions that
might derive from using the alternatives be considered retrospectively for a number of years
so that an informed decision can be made that can be agreed to by all members of the
WCPFC.

No projections were made in this current assessment and if such projections are required in
future, then these should be specified in some detail so that the implications of specific
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scenarios can be examined, rather than generalized outputs that may not be particularly
informative.

The authors provide a detailed list of research recommendations but a shorter list would
include a consideration of the integrity and accuracy of the varied catch and effort time series.
In addition, the methods used to standardize the longline catch rate data and the relationship
between longline catch rates and yellowfin tuna abundance would benefit greatly from closer
examination. Finally, more work is needed to characterize the growth of the younger age
classes across the regions and the means for including that in the assessment examined.
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Background

Statement and History of the Problem
Background

Yellowfin tuna (Thunnus albacares) comprise a significant component of the tuna fishery
undertaken in the Western and Central Pacific Ocean (WCPO). The fishery is characterized
by spatial heterogeneity in the catches (most is taken in Region 3; see Figure 1), as well as
numerous nations and fishing methods participating. Each of these factors adds complications
to the data collection. This is a relatively large fishery with catches varying from 370,000 —
440,000 metric tonnes since 2000.
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Figure 1. The spatial structure used in the WCPO Yellowfin stock assessment with an indication of the
relative catches (copied for the convenience of those reading this review, directly from Langley et al.,
2009).

The first formal stock assessment was conducted in 1999 with annual assessments following
up until 2007. The 2009 assessment, the subject of this review, is an expansion/extension of
the 2007 assessment with an update on available data but also with some important structural
and parameter changes. The assessment framework is in MultifanCL (Fournier et al, 1998;
described formally for yellowfin by Hampton and Fournier, 2001), which for yellowfin tuna
uses a spatially disaggregated, length-based, age-structured population model to describe the
stock dynamics (six regions, quarterly time periods from 1952 — 2008, 28 quarterly age
classes, 95 2-cm size classes, and 24 fisheries — defined by region, gear and nationality). The
data available consist of catch, effort, length-frequency and weight frequency data from the
various fisheries identified as contributing to the yellowfin fishery. There are also tag-release-
recapture data used to inform aspects of the assessment. The data are stratified by fishery,
region, and quarterly time period. Data are available for the various fisheries in different
amounts and with different levels of detail.
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The 2009 assessment uses the same spatial and fishery structure as used in the 2007
assessment. The catch, effort, and size composition data were all updated to include more
recent data but there were also significant changes to the model inputs. These changes were
varied and included changes to the catch history for the purse seine fisheries and the
Philippines fisheries, refinements to CPUE indices for the longline fisheries, an alternative
natural mortality at age schedule, and an alternative estimate of spawning fraction. In
addition, some structural changes were also considered, such as alternative relative weights
attributed to the likelihood contributions from longline CPUE and longline size-frequency
data, the presence or absence of effort creep in the long-line fisheries and alternative
steepness parameters defining the spawning-stock — recruitment relationship. The selection of
the different possible combinations deemed most plausible was set as the base case and the
various alterations to the 2007 model were introduced as alternative scenarios so that
comparisons could be made.

An important difference between the 2007 and 2009 assessments is that the 2007 assessment
attempted to estimate steepness of the spawner-recruit relationship (usually a very difficult
thing to do with any accuracy) whereas the 2009 assessment fixed steepness at different given
values, with a base case value of 0.75. The importance of this is that the current assessment is
markedly more optimistic than the 2007 assessment and this is largely due to the steepness
value increasing from the estimated 0.62 to the fixed 0.75. In the 2007 assessment there was a
47% probability that there was overfishing (Fcurent Was larger than Fysy) was occurring
(Langley et al., 2007). However, the 2009 assessment concludes that the stock is neither
overfished nor that overfishing is occurring.

Review Activities

The documents listed in the first part of Appendix 1 were received on 1 1m August 2010. The
other documents listed in Appendix 1 were obtained from a variety of sources but especially
from the WCPOFC web site. While the review documents were limited to the 2009
assessment and the structural sensitivity analysis of the 2007 assessment, for a more informed
review the other documents in Appendix 1 were also of value in understanding the changes
that had occurred between the two assessments and the context in which these assessments
were conducted.

DISCLAIMER
The information in this review has been provided by way of review only. The author makes

no representation, express or implied, as to the accuracy of the original information and
accepts no liability whatsoever for either its use or any reliance placed on it.
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Summary of Findings

The authors of the 2009 assessment have made an excellent effort to pre-empt any critical
review. They have provided a detailed breakdown of the weaknesses and strengths of the
current assessment, have identified where further work would be beneficial, and compared the
various choices made during the assessment. While constraints of time mean that all
assessments can be improved, this one provides a good example of how to present a stock
assessment.

1. Comment on the adequacy and appropriateness of data sources for stock assessment.

This is a complex assessment that combines information from six regions and 24 fleets or
fisheries, which are defined by region, gear used and nationality. Obtaining representative
data from such a diverse and dispersed fishery must present extremely difficult operational
problems.

The data available consist of catch, effort, length-frequency and weight frequency data from
the various fisheries identified as contributing to the yellowfin fishery. In addition there is tag
release - recapture data that informs the movement and growth estimates within the
assessment. All data are stratified by fishery, region, and quarterly time periods. Data are
available for the various fisheries in different amounts and with different levels of detail. In
some cases operational data appear to be available on a set by set basis whereas in other cases
only aggregate data at a 5° x 5° block are available. It is striking that the total catches included
in the model can be lower than the summation of total reported catches (Langley ef al., 2009,
Figure. 4). It 1s reported that this is because of difficulties in separating some of the
aggregated catch estimates. Clearly there would be benefits in collecting even aggregate data
at a finer spatial resolution (though it is understood that there might be difficulties in getting
domestic policies to match the needs or wishes of this multi-national fishery; Langley et al.,
2008).

Catch per unit effort data can be influential in any stock assessment but with such a complex
fishery with so many components and contributors, there is a strong need to standardize this
data in an attempt to remove the effects of such factors as who is fishing with what particular
gear. This is done for the principal longline fisheries but it would undoubtedly be helpful to
the assessment to be able to do this for some of the other significant fisheries. No doubt the
WCPEFEC is attempting to improve the capture of operational data from other fisheries, and
these attempts should be encouraged and should continue.

Some of the variations between the 2007 and 2009 assessments related to the input data. Most
importantly, an alternative data set for the purse seine catches has been developed based on
work that demonstrated that previous catch estimates, especially in Region 3 (the most
important for catch), were biased low. Even though there remained considerable uncertainty
with respect to this new catch series the corrected catch series were considered to be more
reliable than the original catch series as used in the 2007 assessment and so the amended
series were used in the base case for the 2009 assessment. The work to revise and correct such
data series should be applauded and continued but the implications also need to be examined
carefully. Contrasting the residuals from the purse seine fishery in region 3 between the 2007
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and 2009 assessment (Figure 2) demonstrates some differences but considering the other
changes in the assessment there is a close resemblance with an increasing variance in more
recent years (although there are some wider residuals around 1990 that do not appear in the
2009 assessment).
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Figure 2. A comparison of the total catch residuals from the 2007 assessment (left panel) with
the 2009 assessment (right panel). The 2007 graph has been stretched along the y-axis to give
it approximately the same scale as the 2009 assessment graph.

While all regions are important, the scale of the fishery in region 3 suggests greater attention
should be paid to the quality of the assessment fits to the data from region 3. Thus the
presence of minor trends in the residuals of the total catch in the early longline ALL data and
in the early ASS purse seine data in region 3 suggests that those data series may benefit from
re-examination. It may also be beneficial to elucidate the reason behind the expanding
variance in the purse seine catch residuals.

In summary, the data sources used in the assessment are definitely appropriate and from the
perspective of being able to generate an internally consistent assessment (mostly) they are
also adequate. However, the work on the purse seine catch time series demonstrates that there
are likely to be real benefits from continued examination and review of the available data. At
the same time, if operational data can be collected for more fisheries this would become
advantageous for the fishery into the future once time series of such improved data are
developed. This is clearly a long term process that needs to be institutionalized.

2. Review the assessment methods: determine if they are reliable, properly applied, and
adequate and appropriate for the species, fisheries, and available data.

The underlying assessment framework is the Multifan-CL software. Given the complexity of
the internal structure of this fishery there are no other frameworks that could permit the
inclusion of so many of the different fisheries with so many different gears, and include the
spatial structure implicit in the operation of the fishery. It might be possible to produce an
assessment using simpler models, for example, by using an age-structured production model
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(Nishida, 2008). However, it would not be a simple matter trying to include the full diversity
of the Western and Central Pacific Ocean fishery in such a framework. The Multifan-CL
assessment framework appears to be the optimum approach at present in that it can include
the various fisheries and their varied data and even include tagging data results that contribute
to estimates of movement and growth within the assessment framework. By including all of
these estimates within the single estimation framework, interactions between uncertain values
can be combined and the whole should provide better estimates of the intrinsic uncertainty in
the assessment. The real value of this is that there should be less chance of being mistakenly
over-confident in any conclusions.

The current strategy of selecting a base case and presenting numerous sensitivities to
changing the various options should be continued. In addition, the structural sensitivity
analysis (Harley et al., 2009) provides a valuable exploratory tool for examining the
implications of different choices and their potential interactions. This may involve a large
commitment in computing time but it is recommended that this approach be continued as it is
an efficient way to discover the most influential components in the assessment and acts as a
guide to further work on improving data sets or subordinate analyses.

There are many model configurations possible within the Multifan-CL framework and the
selection of the base case scenario is obviously a challenging task. The eight main model
options investigated in the 2009 assessment (plus the two options trying to mimic the 2007
assessment), represent a reasonable attempt to characterize the effect of the selection made
across the major options in the model. All share the steepness = 0.75 option, and the
alternative correct purse seine catch series, although one option explored the effect of using
the old time series of purse seine catches. There is also explicit consideration of the effect of
varying the weightings applied to longline catch rate series and size-distributions, and in
addition there was the option of including effort creep or not (implemented by increasing the
catchability coefficients). In addition, all of the important influences and changed factors were
explored for their relative effects on the assessment. By examining a wide range of different
combinations of the available options for input data, model assumptions, and structural
variations, the behaviour of the model in the face of the data and the uncertainty over details
of model implementation are well characterized.

The authors of the assessment report demonstrate an excellent working knowledge of how to
implement a Multifan-CL assessment so it is simple to conclude that the assessment was
properly applied and appropriate for the species. The robustness of the outputs to an array of
changes also indicates that the assessment is reliable but this can only really be determined by
conducting a Management Strategy Evaluation. However, to conduct a MSE simulation for
this fishery would be a huge undertaking and there are many alternative analyses that could be
pursued rather than this.

Finally, it is asked whether the assessment methods are adequate for this species. This is
difficult to answer except to say that no other method is available that can provide such a
comprehensive assessment as Multifan-CL in the face of such complexity and such varied
data inputs, so in that fashion it is clearly adequate. But of course, assessments can always be
improved. The surprising outcome with the current assessment is the major change in the
model conclusions relative to the 2007 assessment. With all the changes there remains little
evidence that the stock is either overfished or that overfishing is occurring. Figure 57 in the



Haddon — Review of Yellowfin Tuna Assessment August 2010 Page 9 of 24

assessment is a valuable graphic (the phase plot of F/Fysy against SB/SBysy for the
numerous model sensitivities) in that it enables one to grasp the effects of different
combinations of the many options considered in the current assessment. In none of the
combinations was there an indication that the Spawning Biomass to SBysy ratio was below
one (in other words there was no evidence that the stock was overfished). The only
combinations that suggested there was a chance that overfishing might be occurring were
those sensitivities that included a steepness of only 0.55 (less than the 0.62 estimated in the
2007 assessment), but even with that circumstance the ratio of Feyprent to Fymsy was only just
greater than 1.0.

The justifications for altering the inputs and structure of the 2007 assessment are dispersed
through the 2009 document but nevertheless, the effect of the changes are tested appropriately
and the impacts of the changes are discussed and explained in sufficient detail to see that the
authors have the necessary evidential support or adequate arguments for their choices. An
example 1s where the effect of the selection of the steepness value is explored (e.g. Figure 58).
It is clear that setting the steepness to a particular value leads to relatively tight likelihood
profiles over stock status indices such as Beuren/Bmsy. By generating composite likelihood
profiles the approximate effect of uncertainty in the steepness parameter can be indicated. The
authors appear to have tried hard to pre-empt criticisms that could have been leveled if they
had not explored these effects. It is noteworthy that the results of 2009 assessment are
markedly different to those from the 2007 assessment. This does not mean that the assessment
is not reliable because the authors have made the effort to explain the sources of the
differences and justify acceptance of the changes made to the modelling and data.

In short, the stock assessment methods have been applied properly and are adequate and
appropriate for this species and the types of data available. Whether the assessment is reliable
will really only be determined through time and repeated assessments.

3. Evaluate the assessment model configuration, assumptions, and input data and
parameters (fishery, life history, and spawner recruit relationships): determine if data are
properly used, input parameters seem reasonable, models are appropriately configured,
assumptions are reasonably satisfied, and primary sources of uncertainty accounted for.

By examining structural and input sources of uncertainty the authors of the 2009 assessment
appear to have tried hard to pre-empt criticism about there implementation of this assessment
framework. This is a very well executed stock assessment.

Because the steepness parameter is so influential on the outcome more discussion could have
been provided over the choice of the array of fixed steepness value chosen. However, the
range of values covers the plausible range and their attempts to generate combined likelihood
profiles of the main management reference points across the given values of steepness is a
reasonable compromise and is preferable to attempting to estimate steepness from the
available data. The estimated annual recruitment time series (Langley et al., 2009, Fig. 37)
indicates highly variable recruitment across regions with some unexplained extreme events in
some regions early in the fishery. It is not surprising that the 2007 estimates of steepness were
so poorly determined (Langley et al., 2007, Fig 50; the fact that the outcome then was so
influenced by the prior used is also of concern when trying to characterize the full uncertainty
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involved in this estimate). The decision to move to an array of fixed steepness values rather
than attempt to estimate steepness is a reasonable step in the face of the uncertainty associated
with trying to estimate its value. However, there is no attempt to explain why 0.75 was
considered a “moderate value of steepness” when the mode of the estimates was 0.62 (or
lower depending on which prior was used). Fortunately, it is only the lowest value of
steepness used (0.55) that suggested that overfishing might be occurring. When the combined
likelihood profiles are examined none indicate fishery problems.

The fixed array of natural mortality with age may appear unusual in that it starts high, drops
as might be expected but then rises again before dropping again. However, this is consistent
with the observed change in sex ratio as the fish age and is explained by increased mortality
of females with the onset of maturity. This appears like a sensible explanation but it would be
more convincing if evidence (perhaps from tag return rates by gender) could be gathered that
related to this issue. The authors have included a consideration of the potential impact of
higher natural mortality on the youngest ages, which was identified as one of the key
uncertainties in the assessment. The analyses conducted and comparisons made between the
alternative natural mortality schedules again cover plausible values and identify their effects.

Once again the main models considered along with the larger array of combinations of the
various inputs and data alternatives demonstrate the relative effects and the interactions that
occur among the array of model variants. Given the past experience and stock assessments of
this fishery, the selected input parameters appear reasonable.

The model configuration chosen leads generally to internally consistent outcomes that mostly
match expectations from what is known of the biology. However, that is not to say there are
no problems with the fit of the model to all data streams. There are some significant
deviations between some of the predicted time series and some of the observed data. The
authors, however, provide a detailed description of such deviations/failures in Section 5.4 “Fit
diagnostics .... for the base case 2009” as well as in the Discussion and Conclusion section,
and they appear to have identified all the important sources of internal inconsistency.

A possibly important issue for which no complete solution is presented is the failure of the
model to adequately fit the smallest size modes in some of the longline fisheries and also in
other fisheries (Langley et al., 2009, Fig 19). This appears to be due to the estimates of the
growth of the younger age classes being biased high, especially in region 3, the most
important in the fishery. However, as it is currently structured it is not possible to include
heterogeneous growth between regions in the model. The authors suggest conducting a
separate assessment for each region as one potential solution although presumably this would
ignore movement between areas and other spatially important components of the fishery. It is
recommended that this be explored further attempting to account for movement among
regions. Possibly some regions can be considered together, as it appears that it 1s primarily
region 3 that exhibits different (slower) growth, however this may be because the growth
expressed in other regions was not examined or plotted.

There is discussion of the tag data and details are given of various biases, but with such
spatial structuring the fits to data appear reasonable. What is missing, however, is any
commentary on what can be done about how four of the estimates of tag recovery rates bump
up against the upper limit allowed (Langley et al., 2009, Figure 36). This may be due, as
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stated, to the small number of returns from those fisheries but the affect of this misfit should
be explored or at least commented on in more detail.

Another place where an obvious mismatch between the model and the data occurs is with the
estimate of median fish length in the Japanese purse seine fishery (Langley et al., 2009,
Figure 20). As identified in the assessment document, this is clearly due to a major change in
fishing behaviour rather than a change in the stock. As a data stream that would benefit from
further exploration this is an obvious candidate. Another possible option would be to treat the
Japanese purse seine fishery as if it were two fleets one from 1970 to about 1985 and the other
from about 1985 to the present. Imposing time blocking on time series of data contains the
danger of making ad hoc changes to improve model fits; however, in this case, the change is
so marked and consistent that there was clearly some large change that has not been captured
by the current description of the fishery. Bubble plots of residuals for the fit to the length
frequency data (Figure 21) are useful for following trends in residuals but are clearly
unnecessary for the Japanese purse seine fishery. Another advantage of using Multifan-CL is
that there is a plethora of diagnostic output and related plots.

In general, the model assumptions and parameterization (as described in Section 4: “Model
Description — structural assumptions, parameterization, and priors”, provides a clear
description of what the modellers did and how they did it. The assumptions about the stock-
recruitment relationship are clearly important and the decision to impose only a weak penalty
on deviations from the Beverton — Holt relationship seems to be a reasonable solution to the
problem of implementing such a relationship in a spatially disaggregated model. The
inclusion of movement can only be done in a limited manner (assuming that movement
patterns are invariant with age — which intuitively seems like a poor assumption); however,
without more and extensive tagging data there is little else that can be done about that.

The change adopted in the method of calculating the spawning biomass is an attempt to move
to a statistic that should more closely indicate the true spawning biomass. However, it is not
clear how the estimates of spawning biomass are influenced by the “substantial reduction in
the reproductive potential for older age classes relative to the values used in the 2007
assessment” (p13). The previous method of calculating the reproductive potential used the
relative biomass of both sexes above the age of female maturity. With the sex ratio of the
larger fish changing towards a male dominated ratio the new method of calculating the
reproductive potential is a sensible change, but it would be useful to have more discussion as
to the implications of this change. This may be an area where further research may be
warranted.

4. Evaluate the adequacy of the sensitivity analyses in regard to completeness and
incorporation of results.

The envelopes surrounding the predicted management reference points appear as reasonably
smooth distributions of outcomes. The patterns appear clear and do not exhibit major gaps or
unexpected shifts or changes. Again Figure 57 (the phase plot of F/Fysy against SB/SBusy
for the numerous model sensitivities) provides a clear demonstration that the sensitivities
cover the space of variation within the model and also provides some insight into how the
various combinations interacted on the outcomes.
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The attempt to include an approximate mimic of the 2007 assessment was an excellent idea.
Given the numerous changes made to the input data and various constants it would not be
possible to step change by change from the 2007 assessment to the 2009 assessment.
Nevertheless, the strategy adopted gives the reader insight into how the changes altered the
outcomes from the assessment.

In some of the sensitivity analyses the weights attributed to the different sources of likelithood
were modified. As correctly identified by the authors the final likelihoods of these variants are
not directly comparable to those models which were not changes structurally. It would be
helpful to identify those models which were directly comparable and those which are not in
the graphical and tabular representations (for example in Table 7). But this is a minor point.

In brief, the sensitivity analyses conducted appear thorough and sufficiently complete to
provide the necessary confidence in the model outputs.

5. Comment on the proposed population benchmarks and management parameters (e.g.,
MSY, Fmsy, Bmsy, MSST, MFMT); if necessary, recommended values for alternative
management benchmarks (or appropriate proxies) and clear statements of stock status.

The authors present a wide range of stock performance measures and their ratios, which is
good practice as long as their individual implications are understood by those making
decisions about the consequent management. As is often the case, the ratios are less variable
between model variants than the absolute values and, as the authors point out, those ratios
based on one current value and one equilibrium estimated value tend to be more variable than
those produced from two equilibrium estimated performance measures. Nevertheless, ratios
such as Beyrrent/Bo 0or Feurrent/Fumsy are reasonably well understood and their implications appear
meaningful to a wide audience. Such more traditional measures should continue to be used
but not to the exclusion of other, potential more informative measures.

Given the short lived nature of yellowfin tuna and the variable recruitment that appears to
happen in different regions the ratio Beyrrent With Beurent p=0 1S also of real interest as potentially
being a more representative measure of the current state of the stock. As a measure of stock
depletion it may be more meaningful than the more usual Beyrent/Bo 01 SBeuyrren/ SBumsy. As this
fishery seems less likely ever to achieve anything other than a long term equilibrium then the
notion of By or even Bysy may give an artificially optimistic view of the potential production,
especially if the trends predicted in the recruitment are real and continue downwards. It would
be useful to continue to present the Beyrrent, ;=0 measure and examine its use in more detail. As
with all of these ratios and performance measures, once the question of how different
management would be under one or the other ratio or measure can be determined, an
informed decision can be made as to which to adopt as a guide to management.

The authors use phase plots (or Kobe plots in the Tuna world) of F/Fysy against SB/SBysy to
illustrate the stock status to good effect. This is both with the optimum model (as in Figure
55) and with the array of sensitivity model runs (as in Figure 57). There may be some value in
adding the 95% confidence intervals derived from the likelihood profiles across the steepness
parameters to highlight the degree of uncertainty in the analysis, but otherwise these are
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useful tools for illustrating current status in a simple, summary manner. There may be some
value in plotting up in a similar way some of the other combinations of ratios possible.

It is simple to suggest a diverse array of possibilities but in the end it is best to limit any
exposition to those summaries that capture how the stock has been changing through time.
There is value in consistency through time in what measures and ratios of measures are used.
These should continue to be used while exploring how the relatively new non-equilibrium
measures and ratios would perform is they were used instead.

6. Evaluate the adequacy, appropriateness, and application of the methods used to project
future population status.

In any spatially disaggregated stock assessment model, future projections for conducting risk
assessments of alternative management options are made much more difficult by the need to
include solutions to the spatial distribution of recruitment and of effort. In this case this is
even more difficult because of the multitude of different fishing gear used among the different
fisheries.

In this assessment no specific projections were made of the future implications of alternative
management options. This may reflect a difficulty that the assessment scientists faced in the
2007 assessment. The authors (Langley et al, 2007) appear to have been further hampered by
a need to conform to WCPFC conservation and management measures (specifically that effort
should not increase above current levels and that purse seine effort should not exceed either
2004 levels or the average of levels from 2001 — 2004. The authors made a series of
assumptions that match the constraints but also account for the recent increases in Philippine
and Indonesian domestic fisheries as well as accounting for those fisheries where catchability
was variable. To solve the recruitment problem the authors used the estimated stock
recruitment relationship and the recruitment produced was spread among regions based on the
long term average distribution. This is a very difficult thing to predict and electing to use the
average distribution seems reasonable. However, later statements (e.g. “if recruitment remained
distributed among regions in accordance to the recent pattern of recruitment then the probability of the

stock size falling below the B, level would be greatly increased.” (p30) suggest that the average
distribution of recruitment might fail to capture the usual variation in recruitment that occurs.

All of these assumptions appear reasonable, however, as the authors state, the particular
outcome of the stock projections would be very sensitive to variations in the assumptions
listed. The description of the projection makes it appear as if the projection was conducted in
a deterministic fashion. I assume that because the projections are very sensitive to the
assumptions used, that had an array of options been trialed and the results combined in an
effort to capture the real uncertainty, then the result seems likely to have been uninformative.
In essence, the projections were saying that if recruitment returns to the long term average and
effort remains about the same then the stock biomass is likely to move towards Bysy. What is
not being said is that there 1s no knowing whether that is what recruitment will do, especially
as the long term trend in recruitment appears to be downward.

If forward projections are so uncertain and yet they are still wanted, it may be more useful to
those managing this resource if those managers specify the scenarios whose implications they
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would like to know about. For example, if the trend in recruitment continues downwards at
the same rate as recently, what would be the implications?

7. Suggest research priorities to improve our understanding of essential population and
fishery dynamics necessary to formulate best management practices.

As with all complex fisheries this is a difficult question to answer; however, once again the
authors have made an excellent effort throughout the document to identify areas of weakness
that could benefit from further research effort. Their 13" conclusion on page 35 provides a
detailed list of where the assessment would benefit from further research and what further
data might be collected (e.g. age frequency data from the commercial catch) to improve the
assessment.

Selecting from among the possibilities remains difficult but one guide is in the statement that
“The biomass trends in the model are strongly driven by the time-series of catch and GLM
standardised effort from the principal longline fisheries.” p2.

Firstly, there have already been important changes made to the stock assessment through
reviews of important time series of catch data. For each important time series of data it would
be useful to know whether there are further reviews possible or whether the catch and effort
history available can become the agreed history. Given probable difficulties in funding this
would not entail actually conducting the further reviews, but a first step would be determining
if such reviews might even be possible.

Secondly, it is disappointing that even though the longline catches only make up less than
20% of the catches (and a much lower percentage of the numbers caught) it is their catch rates
that inform the assessment. This is disappointing because in one of the main longline fisheries
(LL ALL 3) there are inconsistent signals from the size distribution data and the catch rate
data. I agree with the authors that it would be useful to further investigate the methods used to
standardize the longline CPUE data and also the relationship between standardized longline
CPUE and yellowfin tuna abundance.

While the model diagnostics are generally remarkably good (for such a diverse and complex
fishery) there remain some standout failures of fit (to some of the size frequency data) that
indicates that a single growth curve for the geographical extent of the WCPO yellowfin
fishery is a poor assumption. That is, the assumption that the length at age and the weight at
length relationships are spatially invariant are known to be false. Even though currently it is
not yet possible to include heterogeneity of growth into the assessment model it would be
useful to conduct geographical specific growth studies to determine the real extent of this
issue. The primary issue appears to be with juvenile growth, so movement may not be such a
large problem. Once the scale of this problem is known, then options for including this into
the full assessment might be suggested.

As with all suggestions for further research, there needs to be a consideration of the relative
value of such further work to the assessment and the likelihood of obtaining sufficient
resources to conduct the work and complete it successfully. All of the suggestions made in the
13" conclusion might be valuable but some will be simpler to implement than others.
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Conclusions/Recommendation

1. Comment on the adequacy and appropriateness of data sources for stock assessment.

The data are complex and varied but there are clearly some problems that still need to be
addressed. There would be value in reviewing the various data series, as has been done for the
purse seine fishery catches, to increase confidence that all that can be done has been done.
The work to revise and correct the various time series of catches is applauded and should be
continued and expanded. In addition, initiatives aimed at improving the detail and resolution
of data as it is currently collected should be pursued. Similar agencies such as CCAMLR have
solutions to issues of confidentiality; if that is one of the problems, then such solutions may
be useful to the WCPFC. In summary, the data sources used in the assessment are definitely
appropriate and from the perspective of being able to generate a mostly internally consistent
assessment they are also adequate (though there are places where they can be improved).

2. Review the assessment methods: determine if they are reliable, properly applied, and
adequate and appropriate for the species, fisheries, and available data.

The use of Multifan-CL as the assessment vehicle is the only option currently available that
can handle the diverse array of different fisheries and data streams. It is able to generate the
wide range of diagnostic statistics, which lends itself to the production of multiple graphical
diagnostic plots allowing the assessment scientists to generate the self critical detailed
assessment that the authors of the 2009 assessment have produced. The inclusion of the varied
sensitivities testing the implications of the multiple choices that could be made over the
structural form and emphasis placed on different data streams is also best practice.

In short, the stock assessment methods have been applied properly and are adequate and
appropriate for this species and the types of data available. While it should be reliable this
will only really be determined through time and repeated assessments.

3. Evaluate the assessment model configuration, assumptions, and input data and
parameters (fishery, life history, and spawner recruit relationships): determine if data are
properly used, input parameters seem reasonable, models are appropriately configured,
assumptions are reasonably satisfied, and primary sources of uncertainty accounted for.

By examining structural and input sources of uncertainty the authors of the 2009 assessment
appear to have tried hard to pre-empt criticism about there implementation of this assessment
framework.

The decision to include fixed values of steepness was a reasonable solution to the difficulty
presented in attempts to estimate steepness within the modelling framework. This decision is
emphasized because of the influence steepness has directly on the productivity. In addition,
the growth characteristics are very influential on potential productivity. The assessment
exhibited weaknesses with respect to how growth is estimated, with clear deviations from
expected growth rates in important parts of the fishery. This is a significant problem that
needs attention. Also, the new method of calculating reproductive potential appears to be a
marked improvement over the previous approach used; however, this is an area that also



Haddon — Review of Yellowfin Tuna Assessment August 2010 Page 16 of 24

needs further exploration and its implications for the model outcomes, particularly in
performance measures involving spawning biomass, which need to be examined in more
detail.

4. Evaluate the adequacy of the sensitivity analyses in regard to completeness and
incorporation of results.

The treatment given to the sensitivities was through and adequate to generate the confidence
that the model outputs were internally consistent. Including an attempt to mimic the 2007
assessment structure was also a useful tool.

In brief, the sensitivity analyses conducted appear thorough and sufficiently complete to
provide the necessary confidence in the model outputs.

5. Comment on the proposed population benchmarks and management parameters (e.g.,
MSY, Fmsy, Bmsy, MSST, MFMT); if necessary, recommended values for alternative
management benchmarks (or appropriate proxies) and clear statements of stock status.

It appears that decisions still need to be made over what performance measures to use as a
summary of stock status and to provide management advice. A mixture of equilibrium based
and non-equilibrium based measures were provided. Intuitively the non-equilibrium based
measures, such as Beyrent p=0 are attractive with this short lived, highly variable and relatively
unstable species. However, the more traditional equilibrium based measures such as Bygsy or
By and their related ratios still have value in being easily understood. If a decision has to be
made about which measures to adopt or to move to, then it is recommended that the
management decisions that might derive from using the alternatives be considered
retrospectively for a number of years so that an informed decision can be made that can be
agreed to by all members of the WCPFC.

6. Evaluate the adequacy, appropriateness, and application of the methods used to project
future population status.

No projections were made in this present assessment. However, because of the great
complexity of this fishery and the uncertainty that this introduces to such forward projections,
if projections are still required it is recommended that these be specified in some detail by
managers so that specific implications can be examined.

7. Suggest research priorities to improve our understanding of essential population and
fishery dynamics necessary to formulate best management practices.

The authors provide a detailed list of potentially beneficial research in the 13" conclusion.
However, if a shorter list is required, then of immediate value and concern is the
consideration of the integrity and accuracy of the various catch series. In addition, the
methods used to standardize the longline catch rate data (which is so influential in the
assessment) and the relationship between longline catch rates and yellowfin tuna abundance
would benefit greatly from close examination. Finally, growth appears to be heterogeneous
among regions in this fishery but this is not included in the assessment model. More work is



Haddon — Review of Yellowfin Tuna Assessment August 2010 Page 17 of 24

needed to characterize the growth of the younger age classes across the regions and the means
for including that in the assessment examined.
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2.Review the assessment methods: determine if they are reliable, properly applied, and
adequate and appropriate for the species, fisheries, and available data.

3.Evaluate the assessment model configuration, assumptions, and input data and
parameters (fishery, life history, and spawner recruit relationships): determine if data
are properly used, input parameters seem reasonable, models are appropriately
configured, assumptions are reasonably satisfied, and primary sources of uncertainty
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incorporation of results.
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7.Suggest research priorities to improve our understanding of essential population and
fishery dynamics necessary to formulate best management practices.



