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[ Abstract]

The standardized CPUE for blue shark, porbeagle and shortfin mako, which are the main
pelagic species in the SBT longline fishery, are calculated using the RTMP observer data from 1992
to 2010 with three mathematical models (CPUE lognormal model, CATCH negative binominal
model, Delta-lognormal model), respectively. While there were some fluctuations, remarkable
increasing or decreasing trends of standardized CPUE for the three species were not observed.
Moreover, distinct changes of body length composition are not recognized. Therefore, it is supposed

that there were not significant changes of stock status for these species from 1992 to 2010.
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[Introduction]

Many pelagic sharks consisting of mainly juvenile blue shark, porbeagle and shortfin mako
were caught by the tuna longline vessels in the SBT fishery (Matsunaga & Matsushita 2001). It was
considered that the stock status of these three pelagic shark species had been stable in the SBT
fishery ground by the trend of standardized CPUE gained from the data of RTMP observer program
(Matsunaga et al. 2001, Matsunaga & Nakano 2004, Matsunaga 2006, Matsunaga & Yokawa 2009).
In this document, the standardized CPUE for the three main shark species were updated as done in
2009 using the proper mathematical models with observer data obtained in the Japanese observer

program since 1992.
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[ Material and Methods]

Catch data collected in the RTMP observer program from 1992 to 2010 were used for the
analysis.

In order to standardize CPUE of sharks, generalized linear model was used in this analysis. We
used the CPUE model with log-normal error for blue shark, CATCH model with negative binominal
error for porbeagle and Delta-lognormal model for shortfin mako as done in the previous analysis.
The calculation was performed through GLM and GEM procedure of SAS/STAT package (Version

9.2). The following forms were assumed as full models respectively.

CPUE model

E (Log (CPUE + C)) = INC + YR + QT + AR + GE + INA + ERROR, ERROR ~ N (0,6°)
CATCH model

E (CATCH) = (Effort)*EXP (INC + YR + QT + AR + GE + INA) ~ NB (a., B)
Delta-lognormal model

E(Log (R/(1-R))) =INC + YR + QT + AR + GE + INC + (Log (Effort)) =~ R ~ Bin (p)

E(Log (CPUE)) =INC + YR + QT + AR + GE + INA

R: zero-catch ratio in the total operations, CPUE: nominal CPUE except zero-catch

where log: natural logarithm, CPUE: nominal CPUE (catch of sharks in number per 1000 hooks),
INC: intercept, YR: effect of year (1992-2010), QT: effect of season (2-4), AR: effect of area (4, 8,
9), GE: effect of gear type (number of hooks between floats; 5-8, 9-13), INA: two way interactions,
CATCH: nominal catch of sharks in number. YR, QT, AR and GE were incorporated as the main
effect. The area strata used for the analysis were 4, 8 and 9 (Fig. 1). In order to overcome the
problem of zero catch, 1.0 was uniformly added to each value of nominal CPUE as the constant

term.
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We made the model selection using the stepwise F-test and Chi-square-test (Dobson 1990).

Significant level was set to be one percentage.
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[Results and Discussion]
As a result of all test about the path that can be considered, the following models with many
explanatory variables were finally selected respectively.
Blue shark:
Log (CPUE + 1) =INC + YR + QT + AR + (AR*GE) + ERROR
Porbeagle:
CATCH = (Effort)*EXP (INC + YR + QT + AR + (AR*GE) + ERROR)
Shortfin mako:
Log (R/(1-R)) =INC + YR + QT + AR + (AR*GE) + ERROR + (Log (Effort))
Log (CPUE) = INC + YR + AR + (AR*QT) + ERROR

Table 1-3 are the results of ANOVA. Figure 2-8 show the standardized CPUE and residuals for
the three species.

The standardized CPUE for blue shark was low in the initial period (1992-1995) but increased
after then until 2000, decreased in the period of 2001-2002, become stable until 2008, was high in
2009 and dropped again in 2010. Though some fluctuations existed during this 19 years, continuous
trends of increase or decrease were not observed. Long-term trend of standardized CPUE for blue
shark in Indian Ocean and south Atlantic obtained from the Japanese logbook data were stable for
about 40 years from 1970 to 2010 and drastic changes were not observed (Hiraoka et al. 2012). So
the stock status of blue shark is estimated to be stable in the wide range of southern hemisphere
including SBT fishery ground.

The CPUE for porbeagle was stable as a whole, though temporal fluctuation existed. It is
supposed that the stock status of porbeagle has not changed drastically during the 19 years.

Though some fluctuations were observed, the CPUE for shortfin mako seems stable during the
research period. So the stock status of shortfin mako is not supposed to have changed much during
this period as the result in the south Atlantic obtained from the analysis of Japanese logbook data
(Kimoto & Yokawa 2011).

Figure 5-7 indicate the yearly changes and composition of body length (PCL) for the three
species by every six years and sex. Though the average and composition of body length shifted to
lower in some cases because many small individuals were caught, clear changes were not observed
throughout the research period in the three species. The situation most of catches were occupied by

immature sharks did not change during the period.
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[ Conclusion]
While there are some fluctuations, remarkable increasing or decreasing trends of standardized
CPUE for the three species are not observed. Moreover, distinct changes of body length composition
are not recognized. Therefore, it is supposed that there are not significant changes of stock status for

these species from 1992 to 2010.
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Table 1 Results of ANOVA for the finally selected model in the analysis of blue shark.

Source DF Sum of Square:Mean Square F Value Pr>F
Model 27 7011 26.0 46.7 <.0001
Error 9126 5075.1 0.6
Corrected Total 9153 5776.3
R-Square Coeff Var Root MSE 0gCPUE Mean

0.121 91.855 0.746 0.812
Source DF Type Ill SSMean Square F Value Pr>F
YR 18 404.2 225 40.4 <.0001
AR 2 150.7 75.4 135.5 <.0001
QT 2 9.7 49 8.7 0.0002
GE 1 14.6 14.6 26.3 <.0001
ARXxGE 2 13.1 6.5 11.7 <.0001
QT*GE 2 13.3 6.6 11.9 <.0001

Table 2 Results of ANOVA for the finally selected model in the analysis of bigeye thresher

Source DF Chi—Square Pr > ChiSq
YR 18 4415 <.0001
AR 2 860.8 <.0001
QT 2 29.3 <.0001
QT*GE 3 80.3 <.0001

Table 3 Results of ANOVA for the finally selected model in the analysis of shortfin mako

Source DF Chi—Square Pr > ChiSq

YR 18 182.9 <.0001

AR 2 309.8 <.000t1

QT 2 105.0 <.0001

AR*GE 3 70.0 <.0001
Source DF Type Il SS Mean Square F Value Pr>F
YR 18 15.8 09 3.8 <.0001
AR 2 1.6 0.8 3.5 0.0293
AR*QT 6 13.8 2.3 10.1 <.0001
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Fig.1 Area classification used for the analysis.
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Fig.3 Standardized residuals for blue shark analysis.
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Fig.5 Standardized residuals for porbeagle analysis.
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Fig.7 Standardized CPUE for shortfin mako.
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Fig.8 Qg-plots (upper) and standardized residuals (lower) for shortfin mako analysis.
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Fig.9 Yearly change (upper: average+SD) and composition (lower) of pre-caudal length
of blue shark (left: male right: female).
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Fig.10 Yearly change (upper: average+SD) and composition (lower) of pre-caudal length

of shortfin mako (left: male right: female).
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Fig.11 Yearly change (upper: average+SD) and composition (lower) of pre-caudal length

of porbeagle (left: male right: female).
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