Report of the Second Stock Assessment Group Meeting
19-28 August 2001
Tokyo, Japan

1. Opening

1. The independent chair, Dr. John Annala, opened the meeting and welcomed
member delegations from Australia, Japan and New Zealand and observers from the
Republic of Korea and Taiwan.

2.  Mr. Brian Macdonald, the new Executive Secretary of CCSBT who replaced Mr.
Campbell McGregor in late July, was introduced to the participants. He emphasized
the importance of the work of the Stock Assessment Group and Scientific

Committee to the success of CCSBT8 in October 2001 in Miyako, Japan.

3. Each head of delegation introduced the members of their delegation. The list of

participants is at Attachment 1.

4. The representatives of Korea and Taiwan expressed their gratitude for being invited

to the meeting.

2. Appointment of rapporteurs

5. Each country appointed rapporteurs. A member of the Advisory Panel was assigned

to each agenda item to assist in drafting the report.

3. Adoption of agenda

6. The draft agenda was adopted with two revisions. The agreed agenda is at

Attachment 2

4. Admission of documents and finalization of document list



7. A draft list of documents for the meeting was submitted by participants, which is at
Attachment 3. The meeting assigned the documents against the agreed agenda
considering the main purpose of SAG meeting was to update the stock assessment.

The assignment of agenda items is also shown in Attachment 3.

5. Matters arising from SC5 and CCSBT7 (refer to docs CCSBT-SC/0108/Rep3, Rep
6)

5.1 Report on Stock Projection Models

8. During the Stock Assessment Process Workshop (Tokyo May 2000), a project was
initiated to verify Australian and Japanese stock projection software and identify
the sources of discrepancy. Dr. Ana Parma of the external Advisory Panel
co-ordinated the project and reported that it has been essentially completed.
Differences in projections were attributed to 6 sources, which were further
investigated. The advisory panel suggested 3 modifications related to: 1)
Stock-Recruitment parameter estimation, 2) implementation of stochastic
stock-recruitment variation and 3) choice of years for determining fishery
selectivity. The advisory panel recommendations were implemented and it was
verified that the different software routines produce very similar results given
identical initial conditions. The modified projections methods have been used in
results presented at the 2001 SAG.

5.2 Inputs to Assessments

9 Data inputs for the 2001 stock assessment were generated largely in accordance
with previous years (refer to documents CCSBT-SC/0108/21, /35). A number of
additional modifications were implemented according to the March 2001 SC
meeting (and subsequent correspondence for clarification of details). All time series
were updated to include the newest data , and a number of inputs were recalculated
to account for the change in growth curves, including catch-at-age matrices,
weight-at-age, tag releases, tag recoveries, tag reporting rates, variable and constant
squares and geostatistical CPUE indices. In addition, new CPUE indices (“proxy

geo-statistical” and “proxy B-ratio”), and catch-at-length matrices were generated.
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There were a number of concerns expressed about the data that need to be clarified
(refer to CCSBT-SC/0108/35). The Taiwanese longline catch includes deep sea
longline catch, fresh small longline catch and gillnet catch with assumed different
catch size. Some Taiwanese catch data of 1989-92 is included in both the longline
catch data and gillnet catch data resulting in double counting. These discrepancies
only became evident to participants during the meeting. The amount of double
counting is 107-319t in given years. Some discrepancies between the official and

verified Korean catch statistics and those used by the CCSBT were also noted.

In 2001, a number of issues arose during the input data and data exchange process
that substantially reduced the time available for assessment and analysis. The
input data generated by Japan and Australia contain some minor discrepancies that
have not been resolved (e.g implementation of substitution rules and CPUE
standardization). It was noted that development of a centralized CCSBT database
and unified data generation system should eliminate a number of the data problems
in the future.

Other related issues (task 2.3 from CCSBT-SC/0108/info02) were referred to
Agenda item 8.

Assessment Approaches to be used in 2001

Scientists from Australia and Japan presented overviews, based on
CCSBT-SC/0108/Info/06, of the stock assessment approaches each had used for the
2001 SBT stock assessment. Both had used a range of approaches including the
ADAPT VPA used in the past. Japan’s VPA approach (CCSBT-SC/0108/31) as
well as Australia’s (CCSBT-SC/0108/20) was the same as that used in 1998. In
addition, Japan had used a stock production model (CCSBT-SC/0108/24) which
builds on an earlier approach tabled at this meeting for background
(CCSBT-SC/0108/BGDO01). The third approach used by Japan was a cohort
analysis based on catch-at-size (CCSBT-SC/0108/32). In addition to the VPA,
Australia had tabled assessment approaches based in part on statistical catch-at-size
models presented in earlier CCSBT meetings. The statistical catch-at-age time
series model (CCSBT-SC/0108/19) is based on the approach of Hilborn et al. (1998).
Their statistical catch-at-size time series model (CCSBT-SC/0108/13) builds on



their earlier work, tabled as background (CCSBT-SC/0108/27). Australia noted
that while stock assessments had been done based on all of their three approaches,
only the ADAPT VPA and statistical catch-at-age approaches had been taken
through for projections.

7 SBT stock assessment

7.1 Biology and stock structure of SBT

14 CCSBT-SC/0108/12 and CCSBT-SC/0108/16 suggest that the current estimates of
mean age at maturity (8 years) was implausible and the age at 50% maturity should
be 11-12 years old based on the data from SBT caught on the spawning ground by
the Indonesian longline fishery. Information in paper 12 suggested that the absence
of 7 years old fish and low numbers of 8 years old fish in the Indonesian fishery is
not because fish in the size range for these ages are not caught but the fish in the
size range that are caught are small fish of older ages. Representativeness of the
catch in the Indonesian fishery with respect to the whole spawning stock, the
selectivity of the Indonesian fishery, and cohort strength on the age distribution of
the Indonesian catch were discussed. Australia stated that a range of alternative
hypotheses for the age at maturity should be considered that include older ages than
those currently considered in stock assessment runs. Members of the Advisory
Panel suggested that a value of age 8 seems unlikely for the mean age of maturity.
It was agreed that a technical sub-group on estimation of age at maturity list the
outstanding issues and decide how to treat age at maturity. It was agreed that
uncertainty exists about the age of maturity for SBT and that a range of values for
the age of 50% maturity should be considered in conducting assessments. The report
of the technical sub-group is shown in Attachment 4.

7.2 Country Reports

15 Australia, Japan, New Zealand, and Taiwan briefly presented reports on their
fisheries as a review of the information related to the stock assessment. It was
noted that as tuna farming has developed in Australia, the surface fishery now takes
over 99% of the Australian TAC in 2000-01. The longline fishery in NZ, after a
period of declining CPUE from at least 1980 to 1993 has increased to the levels seen



in the mid-1980s. This trend is, however, confounded by changes in areas fished.

7.3 Estimates of catch
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The issues related to the data inputs for 2001 assessment were discussed under this
agenda item. The data inputs used in Australian assessment were summarized in
CCSBT-SC/0108/21. It was noted that Japanese reference cases used the same input
data as Australia, but that different sets of data were also used in its sensitivity

analyses. Data used for size based analysis by Japan were in CCSBT-SC/0108/32.

CCSBT-SC/0108/35 presented a comparison of the Taiwanese longline catch-at-age
estimates with and without the Mauritius data, as well as those based on data
provided by Taiwan. The results indicated that different assumptions about
Taiwan’s catch produced very different catch-at-age patterns. This issue is

considered as part of the sensitivity analyses in some assessments.

CCSBT-SC/0108/17 reported Taiwanese catches and size distribution based on catch
monitoring in Mauritius and Cape Town. The meeting noted that the comparisons
between the logbook sampling by Australia and official Taiwanese catch statistics
showed close agreement. The study indicated that most SBT caught by the Taiwan
in the Indian Ocean are less than seven years old with a mode around age four and
in some years also age 6, which is different to the age distribution of the Japanese
longline fishery. It was noted that most length data presented in the paper were
converted from weight. Due to previous agreements on weight-to-length
conversion methods, a gap or hiatus often appeared in the resulting length frequency
estimates (e.g. Figure 7, page 15). The meeting noted that this reflects a general
problem related to how the weight-length relationship had been developed in the
1994 workshop, and should be corrected so that artificial patterns in the length
frequency data are avoided in the future. The authors of CCSBT-SC/0108/17
concluded that it would be inappropriate to use the size distribution of fish caught in
the Japanese longline fishery for estimating the size distribution of fish by the

Taiwanese fleet.

CCSBT-SC/0108/11 reported catch by the Indonesian longline fishery operating out
of Bali based on catch monitoring. The estimated SBT landing in 2000 was 980t,
which was less than half of the previous year. The meeting expressed a desire to

have geographical data collected so that changes in catch patterns (seasonality,
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magnitude of the catch, size composition) could be more carefully evaluated. It
was noted that there has been ongoing effort to collect such data, but that the
operational characteristics of this fishery make it difficult to collect reliable data of
this sort.

CCSBT-SC/0108/14 used simulation to examine the errors in the age distribution
produced using cohort slicing. The results indicated that with non-equilibrium age
composition, the catch-at-age numbers estimated using cohort slicing can have large
errors even for young ages. In discussion, it was suggested that it was important to
examine the effect of using cohort slicing on the estimate of cohort strength from the

assessments.

Australia addressed several issues related to catch and nominal catch rates in the
Japanese longline data (CCSBT-SC/0108/22). There is a trend in the ratio of the
reported landings to catch estimates over time with respect to number at age and
weight at age. The cause(s) of the deviation from one-to-one in the ratio is still
unknown and thus further work is needed to determine the sources of the
discrepancies. It was noted that this deviation had an impact only on the
estimation of surface catch as an input to assessments. Interpretation of the recent
age specific catch rate was confounded by inconsistency in changes and rebuilding
patterns among age classes. In particular, the high catch rate of age 4 and 5 for
cohorts born in the late 1980s and early 1990s did not result in correspondingly high
catch rates from these cohorts as they become older in spite of relatively low catches
from them. The document noted that reported catch rates in the EFP generally
exceed those reported in the commercial catches. Specifically, “...if the EFP catch
rates are representative of the catch rates that could be expected under normal
commercial operations, they raise questions both about the motivational factors
underlying where fishing occurs and how the catch rates should be interpreted in

terms of abundance.”

In response it was pointed out that the comparisons with the EFP related either to
different months, or to small and hence likely unrepresentative of commercial
fishing samples in the same month, and were thus of questionable reliability.
Several methods such as a Shepherd-Nicholson fit (an analysis of variance method
testing for year, age and cohort effects), plots by cohort, and residual plots were

suggested for further investigation of the nominal age-specific CPUE.
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A technical sub-group of the SAG was convened by Dr. R. Hilborn to discuss
fishery indicators including interpretations of catch rates. The sub-group’s report is
attached at Attachment 5.

CCSBT-SC/0108/28 presented the standardized CPUE indices by Japan using the
agreed interim method for the 2001 assessment . Although the CPUE indices
estimated by Australia (provided through communication prior to the meeting) and
by Japan showed similar trends, there were slight differences observed in trends. In
general, the catch and effort of Japanese longline data used for the CPUE indices is
based on log book information for all years except for the most recent year of the
assessment, for which mainly RTMP information was used. Retrospective analyses
indicated that this inconsistency of data sources caused differences between
logbook-based estimates and RTMP-based estimates for the most recent year
(CCSBT-SC/0108/28). For future years, Japan plans to develop indices based on
RTMP data in order to monitor recent changes of stock using a consistent data
source. However, the meeting agreed that the RTMP estimate of CPUE index for
year 2000 be used as a proxy in the 2001 assessment while keeping in mind the

potential bias induced by different sources of the last year’s data.

7.4 Catch-at-age/size assessments
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There was agreement within the SAG to consider the results of six different
assessment models developed by Japan and Australia and use them as a basis for

advice to the Scientific Committee.

The six assessment approaches and corresponding documents are:

Japanese ADAPT VPA — CCSBT-SC/0108/31

Australia ADAPT VPA — CCSBT-SC/0108/20.

Surplus-Production models (Japan)- CCSBT-SC/0108/24.

Statistical time series model based on catch-at-age (Australia)-
CCSBT-SC/0108/19.

Statistical catch-at-age/length model (Australia) — CCSBT-SC/0108/27 and 13.
Cohort analysis based on catch at length (Japan)- CCSBT-SC/0108/32.



ADAPT VPA stock assessments.
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Japan presented its ADAPT VPA results in CCSBT-SC/0108/31, using the 1997
priority set of options as the basis for the analysis. They presented results on the
effects of the modification of the inputs into the VPA, and on the effects of 6
plus-group options and two CPUE indices (B-ratio proxy and geo-proxy).

Results were presented for relative trends and absolute abundance values. Parental
biomass had steadily decreased since 1979, but has recently been increasing or
remained stable in the last few years. The amount of decrease and increase depends
on the plus-group assumptions. The assessment results are also very sensitive to the
CPUE indices and to whether the Australian or Japanese calculations of these
indices with the same assumptions are used, even though the differences between

these indices are very small.

A small working group was convened to evaluate why such big differences in VPA
results originate from small differences in CPUE series. The conclusion was that
there were conflicts in the data related to CPUE trends primarily for the plus group
and for younger ages in more recent years, and that these resulted in estimates that
were imprecise and hence very sensitive to minor changes in input data, particularly

assumptions and estimates of plus group abundance.

An analysis of Japanese ADAPT VPA results was presented in the context of
identifying robust trends and considering plausibility of different assumptions
(CCSBT-SC/0108/34). Absolute recruitment estimates are very robust both in
absolute and relative terms. This in turn translates into robust biomass estimates
for SBT of age 5-7. Age 8-11 estimates are also reasonably robust, but the 12+
biomass estimates which comprise the bulk of the spawning biomass are very
sensitive to assumptions. It was noted that several diagnostics might be useful
for defining plausibility of VPA results, including consideration of estimated fishing
mortality in different age classes, and arguments about minimum productivity levels
that are required to support observed catches. The plausibility of both very high
and very low age 12+ biomass is questionable on the grounds of unsustainability of
the resource throughout assessment period for the former case and extremely high

fishing mortality for the latter. The possibility of recruitment regime shifts was



noted. The document also noted that all VPA models examined showed a large peak
in total mortality and a rising recent trend for ages 1-4, in contrast to a generally

stable pattern of mortality for the other ages.

31 The Australian ADAPT VPA results from CCSBT-SC/0108/20 provide an update of
the preferred set of options specified by Australia and Japan in 1998. Weighted
average results were calculated to synthesize across the range of uncertainties
examined in each of the “preferred sets” . In general the VPAs had a poor fit to
the plus-group CPUE index and were sensitive to the inclusion of the continuity
term that linked the terminal age to the plus group (C1 plus-group model). Results
were presented for the different plus-group options, two CPUEs, and in the

“Australian preferred set”  for three ages of maturity (Age8,10 and 12), as well as
other uncertainties. Unlike the Japanese ADAPT VPA, results were not highly
sensitive to the choice of CPUE and whether the proxy geo or proxy B-ratio index
was used. Both the Australian and Japanese “preferred sets” indicated that current
parental biomass was 43-70%of the 1988 level, < 31-43% of the 1980 level and
<13-19% of the 1960 level. Recruitment was < 46-48% of the 1980 recruitment
level and the trend indicated a long term decline.  All of the VPAs showed
significant lack of fit. In discussion, it was argued that there was an inconsistency

between mortality rates and effort trends.

32 The overall conclusion from the both ADAPT VPA papers (CCSBT-SC/0108/20 and
31) is that recruitment estimates were reasonably robust to the various model
structure and data input uncertainties. Since 1980, relative trends in parental
biomass were generally similar between models, but absolute estimates of parental
biomass were very sensitive to the uncertainties examined. The combination of
fixed estimates of recruitment and the scaling of the parental biomass levels resulted

in a wide range of estimates for the productivity of the stock.
Surplus-Production Models

33 The application of age-aggregated (AAPM) and age-structured (ASPM) surplus
production models to the most recent SBT data was presented
(CCSBT-SWG/0011/16, CCSBT-SC/0108/24).  These models were proposed as a
simple alternative assessment with the potential to avoid several key problems in the

VPA, including plus-group specification, questionable catch-at-age data, and



contradictory age-specific CPUE indices. It was suggested that these models
might be more robust than the VPA, useful for making TAC decisions in a
management procedures framework and perhaps able to assist immediate TAC
advice. Each of the models (Fox, Schaefer, Age-Structured) was fitted to two
alternative CPUE indices based on the proxy-geostatistical and proxy-B-ratio time
series for a particular age-aggregation (and for biomass aggregation). The
age-structured production model had a possible advantage over the aggregated
models, in that the time lag between spawning and recruitment to the exploited
component of the biomass was taken into account. It was noted that a
delay-difference model might be worth considering to achieve a similar effect.
The addition of the three most recent years of data substantially improved the
precision with which productivity-related parameters were estimated. These
models generally fitted the CPUE indices very well, and estimated a continuous
biomass decline into the late 1980s, followed by relatively constant biomass (but
sometimes slightly increasing or decreasing) up to 2000. Current replacement
yield estimates, from a range of plausible models, suggested that the stock could

slowly increase or decline under current catch levels.

34 CCSBT-SC/108/24 stated that its results suggested current sustainable yields in the
region of average annual catches over the last decade of some 16 thousand tonnes,
consistent with broadly flat CPUE trends over this period. It was pointed out that a
number of results showed replacement yield estimates less than 16 thousand, and
there was considerable variation among different model results. Concerns were
raised about possible biases in the estimates of replacement yields due to not taking
into account of age structure. These are discussed further under the section dealing

with projections.

Statistical time series assessment based on catch-at-age data.

35 Australia presented a statistical time series assessment model based on catch-at-age
data (CCSBT-SC/0108/19). This builds on the work by Drs. Butterworth, Ianelli
and Hilborn. The Australian implementation of the model was modified in several
ways: more fisheries (4) were distinguished, different variances were used to
penalize recruitment deviations for the early and late periods, and the
catch-proportions- by- age component of the likelihood was broken into two

components (age 0-11 and age 12plus group, and proportions within the plus-group),

10
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which were assigned different weights (sample sizes) in the likelihood. Also, the
direct aging data for the Indonesian fishery were included with their own effective
sample size. The fixed age used to standardize selectivity for the
CPUE-abundance relationship was generalized to allow for alternatives ages, and
summing over several ages, to better account for possible effects of changes in

targeting.

Sensitivity of the results was presented for model uncertainty and data input
uncertainty for the suggested reference points and the estimate of steepness. The
model uncertainty included variations in the relative weights given to different
likelihood components. The results were very robust to a wide range of
uncertainties examined. Also, in contrast to VPAs, the results were insensitive to the
use of different CPUE indices. For data input uncertainty, sources examined were
similar to those used in the VPAs (maturity age 10 and agel2 — results for age 8
were handed out in an addendum to the paper, natural mortality, tag reporting rates,
CPUE, total catch-at-age). Estimates of recruitment and recruitment trends were
very robust. Results were much more sensitive to data input uncertainties than to
model uncertainties. The most influential uncertainties were natural mortality, tag
reporting rate and catch-at-age. The new data since 1998 led to more stable results,
consistently high productivity estimates (high steepness) and a strong signal of
decline in the parental biomass. The Indonesian direct ageing data appeared to be
highly informative. The model and current data did not allow for discrimination

between whether the stock was going up or down in recent years.

Overall the data input uncertainty set indicated that the current SSB is 49% of the
1988, 29% of the 1980 and 6% of pre-exploitation model. The effects of the use of
the auto correlation term in the recruitment series and a smaller variance in the early
recruitment estimates (to down weight information in the early catch-at-age data)
were discussed further and there was a recommendation from the Advisory Panel to
use a uniform variance for the stock-recruitment relationship throughout. In
response it was stated that results were presented both with auto- correlation and

with uniform variances but neither of these affected the results.
Questions were asked about the estimated increase in selectivity for older ages in the

Japanese longline fishery in recent years. It was noted that increases are estimated

by other assessment methods, and might have resulted from: 1) problems in the

11



estimation of growth and cohort slicing, 2) size-composition sampling errors in the
early years, 3) the possibility of the stock having gone through a period of very
low recruitment just prior to the start of the fishery. However, examination of
selectivity patterns over time in this statistical catch at age model indicated no major
shift to older ages in recent years. A shift in estimated selectivity of the spawning
fishery towards older ages was noticed. This corresponds to the time when the
main catch data from the spawning ground shifted from being taken by Japanese
vessels to Indonesian vessels. Japan noted that the possible implications of this shift
in terms of age at maturity (which could consequently be lower than indicated by
recent age composition data from the recent Indonesian fisheries — Figure8 of
CCSBT-SC/0108/12) were discussed.

Statistical approach based on catch-at-length/age

39 Assessment results from a statistical catch-at-age and —length “integrated analysis”
model were presented (CCSBT-SC/0108/13).  This model was formulated to avoid
two of the main problems perceived in the ADAPT VPAs. Catch-at-length
prediction was used instead of catch-at-age, to avoid cohort-slicing problems and a
large aggregated plus group (and the corresponding assumption of homogeneity for
all fish of age 12+ was used ). Catch was modeled directly from observed effort
(and transient effective effort deviations) instead of adopting GLM-standardized
CPUE as independent age-specific abundance indices. Additionally,
maturity-at-age was estimated within the model. The reference case demonstrated
a plausible fit to most of the data, with similar dynamics to the age-structured
assessments. Concern was expressed about the plausibility of an estimated increase
in selectivity of older ages in the Japanese longline fishery on the feeding grounds in
recent years. Sensitivity analyses indicated that sensible model behaviour was
dependent on the tagging data, while current status and productivity were sensitive
to several model assumptions. Catch-at-length/age data were reasonably fitted
across a wide range of dynamics, raising possible concerns about the actual
information content in cohort-slicing and/or the assumption of independent CPUE
indices in catch-at-age models. From the sensitivity trials, sets of “optimistic” and
“pessimistic” models were identified in terms of current stock status relative to 1980,
and stock-recruitment productivity. These models were then refitted with a range
of input data uncertainty (high and low mortality, high and low tag reporting rates).

The resulting range of estimated dynamics showed rather similar relative trends in

12



dynamics over the period 1970-2000. Parental biomass trends in the last several
years were fairly flat. Over the last two years, SSB may have been increasing or
decreasing depending on the input data (for both the optimistic and pessimistic
model sets), with a combined range of change to 91-121% of the 1998 level. The
resulting stock-recruitment curve “steepness” estimates ranged from 0.23-0.66, and
current spawning stock biomass estimates relative to 1980 ranged from 20-76 %.

Current biomass relative to the unfished levels was estimated at 4-11 %.

Cohort analysis based on catch at length

40 An exploratory application of cohort analysis based on catch-at-length was
presented by Japan (CCSBT-SC/0108/32). The model was developed, primarily,
to avoid the problem of estimating catch-at-age distributions from cohort-slicing.
The population was described by a joint age and length structure, and growth was
modeled on a 6-monthly basis via a transition matrix. The population dynamics
operated in a forward VPA fashion, where observed catch-at-length was removed
from the population. The likelihood function incorporated Indonesian spawning
ground age composition data, and GLM-standardized CPUE indices as independent
relative abundance indices for eight length classes. Various formulations were
explored, including changing the weightings in the objective function terms, and
allowing temporal changes in catchability for each length class. The model had
trouble fitting all the data simultaneously when allocating the same weight to CPUE
indices for different size groups, especially among large size groups. This
formulation did not fit the high CPUE values observed in large size groups from the
mid 1960s to the mid 1970s. This indicated that the shift from cohort slicing to the
use of size data did not cure the inconsistencies observed in the cohort-sliced
age-based among CPUE indices of older age groups. It was noted that the CPUE
conflict might result from the assumed independence of CPUE time series, and that
this problem affected all the age-based models that used multiple CPUE indices as
well. It was considered that the reliability of CPUE would differ according to size
groups because of the large differences in actual number of fish taken among size
groups. The model incorporating weighting on this basis was considered to be the
most plausible among models explored. The estimations were roughly consistent
with those of other models (ADAPT VPAs and the statistical model of
Dr.Butterworth et al.) based on different concepts.

13



Reference Points

41 A paper on fishing mortality reference points from the VPA and catch-at-age
models was presented by Australia (CCSBT-SC/0108/18). The reference points
presented integrate yield per recruit and stock recruitment considerations, assuming
current selectivities. ~ “The Australian and Japanese preferred set” ADAPT VPA
results suggested that current fishing mortality is above Fygsy, while the statistical
catch-at-age model reference points suggested Fyisy was probably not being
exceeded. Current fishing mortality was estimated to be in excess of the more

conservative reference points (Fry 1, FTY,O.Z)I regardless of the models examined.
42 In discussion, reservations were expressed about such reference points if estimated
stock recruitment relationships are not well determined. There is further

discussion of this topic under Agenda 7.5 on stock projections.

Summary of assessment model results

Frvo.1, Fryo2 and Frygo (where the suffix TY refers to total yield) are described by Punt,1993 (where they are
denoted by fy;, foo. They are equivalent concepts with respect to a total yield curve as Fy;, Fy, ,etc (Gulland and
Borema, 19??) are to a curve of yield per recruit plotted on fishing mortality rate. That is they are the levels of fishing
mortality rate at which the slope of the total yield curve is 10% or 20% or 0% of the slope of the curve at zero fishing
mortality. Clearly, since the 0% slope corresponds to the maximum of the total yield curve, Fryis equivalent to
Fumsy. Since Fryg 1, Fryo, must be on the ascending limb of the total yield curve they are more conservative reference
points than Frygo. A total yield curve is a plot against fishing mortality rate of either the equilibrium yield of a
production model or in dynamic pool/age structured-production models, the product of the yield per recruit and the
equilibrium recruitment to be expected at a given level of fishing mortality rate. The equilibrium recruitment is

calculated by reference to the fitted stock recruitment relationship and spawning stock per recruit curve.

Punt, A.E. 1993. The comparative performance of production-model and ad hoc tuned VPA  based feedback-control
management procedures for the stock of Cape hake off west coast of South Africa. pp.283-299. In: S.J. Smith, J.J.
Hunt and D. Rivard [Ed.] Risk evaluation and biological reference points for fisheries management. Can. J. Fish.

Aquat. Sci. Spec. Publ. 120
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43 A summary of assessment model results as follows:

At the time of the most recent round of quota reductions (1988), spawning stock
size was well below levels in 1980 and earlier and has declined further since then,
with a possible upturn in recent years.

The models consistently indicate a decline in recruitment with recruitments in the
1990s less than half of those in earlier years.

The models consistently indicate the combination of high recruitment and high
spawning stock in early years, with low recruitment and low spawning stock in
more recent years.

Overall, stock biomass has been roughly stable since the mid 1990s or early 1990s
(depending on the model) with possible slight increases or decreases — thus recent
removals are closed to recent surplus production.

Quota reductions in all fisheries in 1988 (and earlier) and subsequent changes in the
selectivity pattern for the surface fishery reduced fishing mortality rates and led to
an increase in abundance of younger fish.

It is unclear if the increases in young fish abundance have resulted in increases in
abundance of older ages.

Age structured models show strong autocorrelation in recruitment residuals that are
partially due to aging errors resulting from cohort slicing

If we assume constant catchability over time, there are inconsistencies in CPUE by
age or by size — some models partly resolve this by letting selectivity or catchability
change over time. This problem is especially strong in the plus group or larger
sizes. The problem may be related to difficulties in estimating catch-at-age
distributions and changing growth rates.

While there is considerable uncertainty in absolute stock sizes, models are much
more consistent regarding trends in abundance during the last decade.

There is general agreement that the new approaches tabled at this meeting resolve
some of the problems with the ADAPT VPA (and its associated cohort slicing) that
have been used for SBT.

44 A summary of the assessment model results is at Attachment 6.

7.5 Projections

45 A number of SBT stock projections were presented using different stock assessment
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model results and future catch scenarios.

Australia presented results based on both the ADAPT VPA and Statistical
Catch-at-age model approaches (CCSBT-SC/0108/23) but did not do projections
based on the statistical catch-at-length stock assessment model. With the Statistical
catch at age model approach the estimated probability of recovery was lower than
using the ADAPT approach. It was noted that of the two CPUE indices used, the
proxy for the Geostatistical was more optimistic than the proxy for the B-ratio. The
apparent lack of sensitivity to the plus-group options was due to the probabilities of
recovery being so low. ADAPT VPA based projections were run with both the
Australian and Japanese ‘“preferred” uncertainty sets. Other than the three
modifications suggested by the Advisory Panel, since the last SC meeting, the
projection approach is the same as that used in 1998. The intent of the analysis
was to provide directly comparable results with what Japan and Australia considered
“best” assessments in 1998. In this regard, the projection results are considerably
more pessimistic than those presented in 1998. For the Australian and Japanese
“preferred” uncertainty sets, the estimates of the probability of recovery to the 1980
level by 2020 were between 6-7% and the probability that the parental biomass
would be above the 2000 level in 2020 was between 24-57% under constant current
(2000) catch levels. Projection results for the statistical catch at age assessment
results yielded probability of recovery of less than 1% and an estimate of 18% that
the parental biomass would be above the 2000 level in 2020 under constant 2000
catch levels. All of the projection results yield low probability of recovery to the
1980 level by 2020. They also suggest that there is substantial probability of future
declines in parental biomass under current catches. Substantial catch reductions
would be required to ensure that there was a 50-75% probability of recovery and a
low probability of no further declines. Projection results are more pessimistic
under scenarios in which all future catches are taken by longline fisheries compared
to the current mixture of fisheries or scenarios with all surface catches for the
CCSBT catches.

In response to the last point , Japan pointed out that such conclusions rest heavily on
poorly estimated stock-recruitment relationships, and that yield per recruit
computations (see below) show opposite results. The presenter responded that
yield per recruit results did not provide a reliable basis for projecting recovery to

2020 in this situation. The presenter further responded that lack of fit was not an
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issue in the results from this paper (CCSBT-SC/0108/23) as the Statistical catch at
age results (CCSBT-SC/0108/19) showed good fits. The problems were more
likely to be with the ADAPT runs where the S/R relationship looks nearly linear.

Japan presented projections based on their age aggregated (AAPM) and age
structured (ASPM) production models (CCSBT-SC/0108/24). Projection results
were tabulated for various constant catch scenarios over the next 20 years with
bootstrap estimates of the 90% confidence intervals. The ASPM required
information about the proportion of the catch by different gear types and this was
achieved by assuming a split in the catch of 38% by the surface fishery and 62% by
longline fisheries as in 2000. The presenter noted that the AAPM based
projections based upon age 6-7 CPUE were more optimistic than the projections
based on CPUE biomass of ages 4+. The ASPM based projections were less
optimistic. This behaviour was linked, in part, to the strong decrease in selectivity at

older ages assumed for the longline fishery.

In discussion it was noted that projections based on age-aggregated production
models may not be appropriate because the current age structure is far from
equilibrium due to changes in the fishery and the large catches of juveniles in the
1980s. When questioned on the robustness of the model in these circumstances the
presenter argued that simple biased estimators may be preferable to more complex
and more variable ones. In respect to the questions of the adverse effects of a
non-stationary age structure on the models the presenter responded that general
simulation tests have shown this not to be a major concern, but that such tests have
not included cases where such time lags and changes in selectivity are occurring
together. Because the ASPM approach explicitly addresses these aspects it is, in
principle preferable to the AAPM approach.

Australia noted that projection results from age structured models suggest that the
effects of time lags and changed selectivities can result in substantially more
pessimistic projections. In particular catch projections were more pessimistic
(CCSBT-SC/0108/23) if all catches were assumed to be taken on older ages. This is
contrary to the predictions of ASPM, perhaps due to time lag effects

Japan also presented projection results based on their ADAPT VPA stock
assessments (CCSBT-SC/0108/31 & CCSBT-SC/0108/34). They noted three types
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of results corresponding to estimates of fishing mortality ranging from immediate
recovery (very high F) with the higher the estimate of F the faster the recovery, to
continuing substantial declines in the parental biomass (very low F). Neither of
these were considered reasonable, so both the high and low F scenarios were
rejected in favour of intermediate scenarios. In these papers estimates of
probability of recovery are not presented; instead plots of parental stock trajectories
are shown. The presenter noted that the projection results are driven by the 12+
biomass ; this is the portion of the stock where information is the least reliable and
there is no clear way to distinguish between scenarios where the plus-group biomass
is either very high or very low when the results are synthesised. As such results
should be viewed with caution. The documents also examined sustainability under a
range of catch combinations between surface and longline fisheries. The results
given in the document (CCSBT-SC/0108/34) indicated that the stock would be
sustainable under the current recruitment and catch levels and that a reduction in
surface catch would provide higher equilibrium spawning stock biomass. It was
noted that the sustainability of stock levels is highly sensitive to recent recruit

levels.

In discussion it was noted that the plausibility of the different VPA models in terms
of their fit to the input data meant that not all of the plotted trajectories should be
treated equally.

Japan also examined the behaviour of three fishery components (surface, longline
and spawning ground fisheries) in terms of yield-per-recruit (Y/R) and spawning
biomass-per-recruit (SB/R) in CCSBT-SC/0108/36. This analysis suggests that for
the same proportional removal rates, from a Y/R perspective the longline fishery
does better than the surface fishery while the reverse is true from a SB/R perspective.
Looking jointly at Y/R and SB/R (similar to a yield curve) the longline and
spawning ground fisheries do better in terms of estimated equilibrium total yield.

In discussion it was noted that shorter-term projections were likely to reverse this

effect due to time lag in the contribution of cohorts to the spawning stock.
Discussion was re-opened on CCSBT-SC/0108/18 in respect to the potential use of

F-reference points. Australia suggested that since F-reference points are not tied to

a constant catch they offer a different perspective on the stock. In discussion it was
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noted that a range of stock assessment models have been used that have qualitatively
different S/R relationships. While F-reference points that do not incorporate a
formal S/R relationship (eg Fo and Frep) are independent of its choice, the use of
such reference points open us to the criticism that we are ignoring S/R relationships.
Australia stated that for that reason they would prefer to include F,., because it gets
away from assumptions about the S/R relationship.  In response, it was stated by
Japan that the appropriateness or otherwise of the Frep® reference point depended
strongly on the form of the available stock-recruit plot, and further that the forms

evident for SBT suggested that it would not be appropriate for this resource.

Under discussion of future research Japan presented alternative computations related
to reference points, based upon yield per recruit, recent recruitment estimates, and
distinguishing between different fisheries. The results suggested F0.1 steady —state
yields of some 17000 tonnes for longline only fisheries, and some 10000 tonnes for
surface or spawning ground only fisheries. Concerns were raised but there was no

time for discussion.

An oral presentation was made by Australia of the aerial survey component of the
recruitment Monitoring Program with a view to determining whether aerial survey
results might be useful in evaluating which projection scenarios might be plausible.
Australia reported that since 1998, the aerial survey program and analyses has been
undergoing extensive review both internally in CSIRO and externally under the
collaborative recruitment monitoring program. This has been prompted by the fact
that the accumulated body of data collected in the program was suggesting that

some of the fundamental assumptions that had gone into the original design and

2

bas

Fiep (often also called Fy,.q )is described by Sissenwine and Shepherd 1987. Technically it is calculated on the

is of estimates of spawning stock and recruitment as the fishing mortality corresponding to the spawning stock

biomass per recruit ratio with half the historical observations of this ratio being higher and half lower. In some cases

it is calculated on the entire available historic record while in other cases it is calculated on a stated number of the

most recent estimates. Clearly, if it is used as a comparative basis, pre -agreement is needed on the years for which it

is to be calculated.

Sissenwine, M.P. and Shepherd, J.G. 1987. An alternative perspective on recruitment overfishing and biological

reference points. Can. J. Fish. Aquat. Sci. 44(4) 913-918.
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implementation may not be valid. In addition, there were increasing logistic
difficulties in terms of availability of spotters and planes for conducting the survey.
Particular concerns include: (1)That line transect approach for analyzing the data
appear inappropriate; (2)That the survey appears not to be able to provide
estimates by age; (3) There are consistent differences in the estimates of patch size
(i.e. total tonnes of fish) between different spotters. Given the variability among
spotters determining absolute (in contrast to relative) biomass is problematical; (4)
That a strip transect approach should be used for analysing the existing data and that
a variety of analytical approaches should be considered. Initial analyses have
yielded CV of 30-40%; and (5) Interpretation of the 1999 and 2000 survey results
are complicated by the fact that the surveys planes had one spotter/pilot and one
trainee spotter instead of the previous use of a spotter/pilot and one additional
trained spotter. The presenter emphasized that the primary focus of the aerial survey
has always been to produce a relative abundance index; it was never intended to

provide absolute abundance estimates.

It is not yet clear whether these data will be useful but the importance of developing
a juvenile index was reaffirmed. Work on archival tagging is still ongoing and it is
hoped that in subsequent meetings these data will be useful for scaling aerial
sightings estimates to absolute values. It was noted work on the analyses of archival
tags is on-going as part of the collaborative Recruitment Monitoring Programme and

results of this work when completed will be reported at future meetings.

CSIRO has initiated a pilot project to evaluate existing commercial spotting data.
The project is still in progress and final results are not available. It should be noted
that the amount of historic data that has been able to be retrieved from the industry
has been relatively small and patchy with no data in a large number of years. The
spatial coverage is also quite variable and highly concentrated and substantial
problems exist in interpreting them. Independent of these data, commercial spotters
have indicated that it is their impression that juvenile SBT abundance within the

Great Australian Bight has increased since the early 1990s.

Extensive discussion of the potential impact of the form of the stock recruitment
relationship on the projections led to general agreement that it is important to
explicitly consider the form of the relationship and not automatically fit a

Beverton-Holt model without considering the fit to the data. It was agreed that
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objective criteria needed to be used in deciding what form of the stock recruitment
curve should be used and that one needs to be careful about rejecting plausible

relationships based on short term deviations from the fitted curve.

Summary of Projection results:

61

62

- In general, assessments that resulted in low historical abundance/high-F
scenarios also indicated higher productivity and thus higher probability of stock
recovery. The opposite was true for high historical abundance and low productivity

scenarios.

- Projections made assuming status quo (2000) catches resulted in increasing or

decreasing biomass trends depending on model assumptions and input data.

- The 2000 global catch levels appear to be roughly close to replacement yield,
either below or above depending on small differences in the assessments.
Consequently projections show divergent trends under current catch levels ranging
from recovery to continued decline. As a result, overall probability statements about
whether the stock will increase or decrease if catch levels are maintained at the 2000

level are sensitive to the weightings given to alternative cases.

- Overall, few of the scenarios presented resulted in recovery to the 1980

spawning biomass level by year 2020 under status quo catches.

For projections based on specific assessment models:
- The high sensitivity of biomass trends estimated by the ADAPT VPA with
respect to small variations in CPUE indices in combination with different plus group
methods was amplified in the projections. These slight differences in data input

determined whether estimates of the stock would increase or decrease.

- Projections based on the statistical catch-at-age model showed stock decreases

at current catch levels for most scenarios.

- No projection results were tabled based on assessments using catch-at-length
data.
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- Results from the Fox AAPM surplus production model and the ASPM indicated
similar diversion of projections at current catches depending on CPUE time series

and assumptions used.

7.6 Fishery Indicators

63

64

Australia presented an update of a range of SBT fisheries indicators
(CCSBT-SC/0108/25), some of which had served as a basis for confirming model
outputs in the late 1980s. While there was considerable discussion of this paper
and the relevance of some indicators, it remains clear that the indicators examined
are not exhibiting the unambiguously negative stock status signals that were evident
in the late 1980s. From the indicators compiled, some suggest improving stock
condition while others suggest cause for continuing concern and some show no
trend. Japan also tabled results of several fishery indicators (CCSBT-SC/0108/34,
figure 13) which also showed a mixture of signs about the stock. It was noted that
the acoustic survey in the last two years had trouble locating schools of small SBT
and last year had found almost none. A tagging program operating at the same
time had similarly found trouble finding small SBT in an area immediately adjacent
to the Japanese survey. Increasing CPUE of juvenile SBT by the Australian
surface fishery (purse seine and pole-and-line) in recent years was noted
(CCSBT-SC/0108/34). However, in discussion the difficulties of interpreting CPUE
for purse seine and pole and line fisheries were noted. Also the CPUE for purse
seine was an index of catch per set and does not reflect the actual measure of
searching effort. Interpretation of the changes in CPUEs presented is also highly

confounded by operational and marketing factors.

Research and Technical requirements for future stock assessments

The adopted agenda was adjusted in light of discussions, to combine agenda items 8
and 9.

CPUE modeling alternatives for future assessments

65

Both Japan and Australia briefly presented their papers on future CPUE modeling.
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Japan applied tree regression methods (CART and CHAID algorithms) to estimate
standardized CPUE indices (CCSBT-SC/0108/30). CPUE trends by CART
appeared to be relatively time-invariant. Sums of squares for both CART and
CHAID were lower than that for GLM, and this indicates that GLM analyses can be
improved. Document CCSBT-SC/0108/29 by Japan discussed problems of the
B-ratio method originally developed by Campbell et al. (1995, 1996) and proposed a
simplified B-ratio method as a potential alternative. Japan considers that the B-ratio
indices are negatively biased because the assumption that fishermen are able to

target does not hold from observations of actual data.

Australia presented their view on future CPUE modeling based on
CCSBT-SC/0108/09.  The following approaches were identified for further
consideration; (1) joint Dbi-variate modeling of catch and effort
(CCSBT-SC/0108/10), (2) geo-statistical modeling (CCSBT-SC/0108/08), (3)
modeling consistently fished areas, and (4) explicit catch prediction based on effort.
Although the B-ratio model does not appear to be an adequate approach, the
relationship between the density of fish and distribution of fishermen is an important
factor to incorporate into the range of interpretations of catch and effort data.
Information needed to improve CPUE modeling was identified as follows; (1) finer
scale resolution information on catch, effort and size, (2) non-SBT catch, (3)
physical environment, (4) gear operating characteristics and, (5) the effects of
management decisions. These issues should be considered within the CPUE

component of the SRP.

Although the report of WG on the SRP (CCSBT-SC/0108/Info/02) indicated that the
Advisory Panel should select an appropriate CPUE modeling approach during the
SAG meeting, there was not enough time to discuss this issue adequately. A
technical sub-group of the SAG was convened by Dr. J. Pope to discuss future
alternative CPUE modeling. The meeting recommends examining the possible
need for a workshop on alternative CPUE modeling. The report of this sub-group
meeting is at Attachment 7.

Future assessment modelling directions

69

Two directions for the future work of the SAG and SC were discussed. These
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1)

2)

70

71

72

include:
work towards a management procedure for SBT which would be robust relative to a
wide variety of assessment models included in the evaluation of the management
strategy.
Work on future stock assessment models for SBT to directly advise on quota

recommendations.

The meeting stated its preference to work on developing a management procedure
rather than focus on reaching agreement on an interim assessment approach. Japan,
however noted that there were issues more pertinent to the Scientific Committee and
the Commission that would need to be considered in those fora when discussing this

issue further.

Given the population dynamics and long lived nature of SBT, it is unlikely that
updating the stock assessments in the next year or two would provide a substantially
different picture of the status of the stock. Cautions were raised against moving
towards less frequent assessments without adequately preparing frameworks to
respond to unexpected changes both in fisheries and stocks as well as our
perceptions. A preference was indicated to conduct the next formal assessment of
the stock in another 2-3 years. It was noted that the frequency of assessments will

be decided by the Commission.

The advisory panel was asked to give their advice on future directions for stock
assessment models. Their views were similar. They were encouraged to see the
wide range of models presented at this meeting. They suggested that new work on
the ADAPT VPA was not worth pursuing. They stated that future work should be
along the lines presented in the statistical models that incorporate length data and
direct aging data. They noted that these models are sometimes perceived to be
more complicated, but they in fact clarify some of the issues identified in the
ADAPT VPAs and do not require complex manipulation of the data outside of the
model. Under the framework of the statistical modelling approach a hierarchy of
models of differing complexity can be conducted and their fit to the data examined.
It was also suggested that the simpler production models might provide a
complementary perspective to the age/length models, while avoiding many of the
ADAPT-VPA problems.
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74

It was noted that it was unrealistic to expect the SC to provide adequate assessment
advice based on a single model. The meeting noted that the SC and Commission
requested the Advisory Panel lead the development of management procedures.
The Advisory Panel responded by submitting a proposed plan for developing

management procedures to be discussed at the SC.

The meeting also acknowledged the importance of further work on stock assessment
modelling approaches, which would include CPUE modelling alternatives. The
SAG recommends to the SC that for the purposes or advancing these two related
issues that a workshop in 2002 should be considered to address these issues in the

context of developing management procedures.

Additional reference points

75

76

77

At the Management strategy workshop in May 2000 it was recommended that
consideration of additional statistics for reporting assessment results should be
discussed at subsequent SAG and SC meetings. In this context Australia produced
paper 18 on additional reference points. They suggest that agreement should be
reached on a list of stock status reference points, projection-related reference points,
recent recruitment reference points and fishing mortality reference points. These
should be considered for provision of interim management advice while the

management procedures are developed.

Prior to the SAG, Australia and Japan exchanged lists of reporting statistics. The
SAG chair recommends that the SC discuss the process to develop a common set of

reporting statistics and produce an agreed list for use in future.

Japan commented that there was lack of clarity as to the purpose “ reference points”
were intended to serve, and this aspect should be further discuss in the Scientific

Committee.

Direct Aging

78

The SAG recommends to the SC that a direct aging workshop be held, for
discussion of comparison of aging procedures and establishment of a central otolith

archive. Each member was asked to prepare a report on the status of the collection
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of otoliths by each country, within its capability, for the SC next week.

Research Priorities

79 The following table summarizes agreements by the SAG under agenda Item 9

dealing with research priorities:

Research Activity Priority

Spawning Dynamics Low
Size/age at maturity* Low-High
CPUE on spawning grounds Medium
Length-weight conversion High
Cohort slicing Low
Uncertainty and bias in catch-at-size High
Catch substitution rules Medium
Direct aging High
Recruitment monitoring High
Archival Tagging High

*There were differing views on this topic.

9 Other Business

80 The only item raised under this agenda was the timing of the data exchange process

leading up to the regular SBT stock assessment. It was noted that since the current
agreement for exchange had been reached, the timeline had proven problematic with
several of the key data exchanges being late. The cumulative effect of the delays
was that up to 4-5 weeks was lost resulting in inadequate time for the analyses and
report preparation. These delays also resulted in papers only being available only
at the start of the SAG. While there was considerable understanding of the
difficulties that the timing of the existing process caused, it was noted that the
timing was a compromise between the timing of the annual Commission meeting
and the time when the most recent Japanese longline data would become available.
Therefore, it seemed unlikely that there would be much flexibility in the data
exchange schedule. It was also noted that several aspects of the exchange process
would be changing as the CCSBT moves towards a common database for
assessment and the arrival of the CCSBT database manager should alleviate some of
the present difficulties. The Secretariat signaled their intent to review the existing

procedure in consultation with the Parties after the new database manager has joined
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the Secretariat.
10 Finalisation and adoption of meeting report

81 The report of the meeting was adopted.

11 Close of meeting

82 The meeting was closed at 2:00pm, 28 August.

John Annala

The Chair of the 2™ meeting of Stock Assessment Group
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