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Abstract We tested a Fox model-based management procedure with TAC adjustment by directly using
recruitment information. CPUE of age 4 fish was used as an indicator of recruitment status. To examine
effects of such adjustment on MP performances, results from testing the MP with TAC adjustment were
compared with that from a MP without adjustment. Compared to the MP with no TAC adjustment, the MP
with adjustment set TAC distinguishably corresponding to 3 cases of recruitment condition, reference , no
autocorrelation, and reduced recruitment, i.e., catch more when recruitment is better or catch less when
recruitment is lower. In all the cases, ranges between 10™ and 90" quantiles of TAC were much wider for
the MP with adjustment than for the MP with no adjustment . Our results indicate that adding a mechanism
of TAC adjustment by discriminating between good and bad recruitments to the Fox model-based MP
merits considering. It should be also noted that there is a trade-off between adding the adjustment
mechanism and increase in TAC variance.

TAC Fox
4 CPUE

TAC

TAC
loth 9 Oth
TAC Fox
TAC



INTRODUCTION

A Fox model-based management procedure (MP) is one of candidate MP’s for southern
bluefin tuna, and its performances of this type of MP has been examined since the MPWS2
(e.g., Butterworth and Mori 2003, Polacheck et al. 2003). Although detailed TAC
specifications are different among Fox model-based MP’s tested in past, all the MP’s
specify TAC using MSY and Bysy estimated from the Fox model, and never directly utilize
recruitment information (e.g., CPUE for age 4 fish). It is possible to develop a MP in which
TAC specified by information from the Fox model is further adjusted corresponding to
recruitment condition. There was a concern noted in the last meeting that several indicators
(2000 acoustic survey, 2002 Australian surface fishery CPUE, Japanese longline CPUE of
age 4 fish in 2003) were consistent with a marked decline in recruitment in 1999 and 2000
(Anonymous 2003, p. 4). In contrast with this, there might be also a situation in which
actual recruitment is better than being assumed in MP evaluations. It is, therefore,
worthwhile to explore a possibility of developing a Fox model-based MP with TAC
adjustment by recruitment information. In this short paper, we report results from such

exploration.

STRUCTURE AND TAC SPECIFICATION OF TESTED MP
Fox Model

The structure of Fox model is exactly same as that used by Butterworth and Mori (2004).

Descriptions of the model and data used are summarized in their paper.

TAC Specification

First the TAC is calculated from the following equation using results from the Fox model:
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Bwmsy
where éMSY is the estimated maximum sustainable yield level (MSYL),
Y is a control parameter (here fixed to be 0.6),
w, a are control parameters,



MéYRy is the estimated maximum sustainable yield rate, calculated as MéYy/MSYL

(f,/In Kyfor the Fox model — note that these estimated values change with

year y as more data become available),

B, is the estimated biomass for year y, which (together with 7 and K ) is

re-estimated for each projection year, and

g(fy) is a function which reduces the TAC further if 7, is low,

The TAC reduction factor g(f,) is set to:

0 for 0<7, <r,
,\ 1 /. A
q(f,)= (F,—1,) forr <, <r,. )
r,—h
1 forr, <7,

We set r;=1.0, r,=1.5 as is in Butterworth and Mori (2003, 2004).

Then the TAC calculated as above is further adjusted by the following equation directly
using recruitment information to specify TAC for each future year (here utilized CPUE of

age 4 fish as an indicator of recruitment status):
TAC,,; = TAC,,, x(1+A) 3)

where A is the rate of TAC adjustment determined from the relationship between the
average of age 4 CPUE over the past 3 years and the adjustment rate. The function form of

this relationship is illustrated in Fig. 1.

Nominal CPUE of age 4 fish of Japanese longline fleet was used as past recruitment
information (Fig. 2). Future CPUE of age 4 fish was calculated from CPUE of age 4+ and
age composition of LL1 provided in the file “sbtOMdata” of the projection program by the

equation below:

Catc
CPUE Miges

aes = ———2+.CPUE
Catch,,.,

aged+ (4)

To examine effects of TAC adjustment by recruitment information, results from testing the

MP with TAC adjustment were compared with that from a MP without adjustment. Due to



time constraint, only the case in which the stability option is b (every 3 years) and the
tuning level is 1.1 was examined. In tuning processes, the control parameters, w and o

were varied, and were respectively set to 0.7 and 0.58 (for the MP with no TAC adjustment),
and to 0.557 and 0.3 (for the MP with TAC adjustment) as final values.

RESULTS AND DISCUSSION

Compared to the MP with no TAC adjustment (appeared as “no adjust” in figures), the MP
with adjustment (named DMN_25 2b but appeared as “adjust” in figures) sets TAC
distinguishably corresponding to 3 cases of recruitment condition, reference (“Ref”), no
autocorrelation (“No_AC"), and reduced recruitment (“Red_rec”), i.e., catch more when
recruitment is better or catch less when recruitment is lower (Fig. 3). Trends in median TAC
trajectory for the MP with no adjustment show continuous reduction of TAC over 30 years
whereas trends for the MP with adjustment stop declining and somewhat keep constant.

Timing and amount of changes in TAC vary depending upon recruitment condition.

In the reference case, TAC reduction of the MP with adjustment in the first few years was
greater than that of the MP with no adjustment (Fig. 3a). This may be because recruitment
in the reference case is still so low as to allow the MP with adjustment to discriminate the
situation as low recruitment. Thus, this is a correct response of the MP with adjustment to
the reference case.

In all the cases, ranges between 10" and 90™ quantiles of TAC are much wider for the MP
with adjustment than for the MP with no adjustment (Fig. 3). These results were expected
because the MP further adjusts TAC calculated from the Fox model corresponding to
recruitment status. In contrast, ranges between 10" and 90" quantiles of spawning
biomass are narrower for the MP with adjustment than for that with no adjustment. This

suggests that sacrificing TAC stability favors decreases in variance of spawning biomass.

Trends in median, 10" and 90" quantiles of TAC and spawning biomass, and all
performance statistics for the MP with adjustment for reference and all robustness tests are

summarized in Fig.4 for readers’ reference.

Our results indicate that adding a mechanism of TAC adjustment by discriminating between
good and bad recruitments to the Fox model-based MP merits considering. One of
advantages in using the Fox model-based MP (with no TAC adjustment) may be that
variance in TAC dynamics is not large, especially in the first few years (Fig. 3). This is

preferable from the manager and industry points of view. However, the MP with no



adjustment cannot respond promptly to recruitment condition and as a results it is possible
that the average catch over years becomes lower than actually expected when recruitment
is better, or stock is depleted by delayed TAC reduction when fairly low recruitment
continues for several years. The MP with TAC adjustment by directly using recruitment
information can promptly respond to such situations. So there is a trade-off between adding

the adjustment mechanism and increase in TAC variance.

We somewhat struggled to determine the function form of the relationship between the
average CPUE(age4) over 3 years and the TAC adjustment rate to discriminate between
good and bad recruitments (Fig. 2). One reason for this is that differences in recruitment
condition with respect to CPUE(age 4) are not so large as to clearly discriminate between
good and bad recruitments for reference, no autocorrelation, and reduced recruitment
cases (frequency distributions in Fig. 5 do not differ greatly). If the differences are much
greater, then defining a function form of CPUE(age 4) — TAC adjustment relationship will be
easier. However, the MP with adjustment discussed here can accordingly respond to
uncertainties of recruitment status assumed in the current MP evaluation, and thus this is

not really a problem here.
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Fig. 1. The function form of the relationship between the average of CPUE(age4) over 3

years and the TAC adjustment rate.
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Fig. 2. Normalized nominal CPUE of age 4 fish of Japanese longline fleet used as past

recruitment indicators.
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(c) Reduced recruitment case
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Fig. 3. Comparisons of results between Fox model-based MP’s with and without TAC
adjustment by recruitment information for 3 cases of reference, no autocorrelation, and reduced
recruitment. The tuning level is 1.1, the TAC stability option is b, and trials are 2,000 times.
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4. Results from testing a Fox model-based MP with TAC adjustment by recruitment

information (named DMN_25_2b). The tuning level is 1.1, the TAC stability option is b, and trials
are 2,000 times for reference, no autocorrelation and reduced recruitment cases, and 200 times
for other robustness tests.
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Fig. 4. (cont'd)
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Flg. 5. Frequencies of different values of age 4 CPUE for reference, no autocorrelation,
and reduced recruitment cases under constant 10,000 catch. The TAC stability option is b,

the simulation period is 30 years, trials are 2,000 times.
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