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Abstract
This working paper provides update of Japanese catches of blue shark (Prionace glauca) caught by
Japanese offshore and distant-water longline fishery during 1994 and 2015 in the North Pacific.
Since the landings of sharks is frequently underestimated due to the lower value than any other
teleost species such as tunas and billfishes, total catches including retained and discard/released
catches were estimated using a product of the yearly changes in standardized CPUEs and the fishing
effort. The methods were almost similar to those used in the previous analyses. The results showed
that the total catches of blue shark in the North Pacific caught by Japanese offshore and distant-water
longline fishery had been decreasing since 1995 until 2015 due to the reduction in the fishing effort.
The estimated catches in recent five years were varied between 11,532 and 18,692 tons.

Introduction
Blue shark in the North Pacific is occasionally targeted and frequently caught as bycatch
by pelagic longline fisheries targeting tuna and billfish (Nakano 1994; Nakano and Seki 2003). Since
the market value of blue shark is lower than any other species such as tunas and billfishes, total
catches (retained and discarded catches) for blue shark landed in Japan is frequently underestimated.
Therefore, the total catches of blue shark (Prionace glauca) caught by Japanese offshore and
distant-water longline fishery in the North Pacific w ere estimated by multiplying the time series of
the abundance indices by those of fishing effort (Hiraoka et al., 2013b; Kai et al., 2014).
This document paper provides updated catch estimation of Japanese offshore and
distant-water longline fishery in the North Pacific from 1994 to 2015.

Materials and Methods
Data source
Set-by-set logbook data from Japanese offshore and distant water longline fishery are used
to standardize CPUE and to estimate the total catches of blue shark caught from 1994 to 2015. The
details of the logbook data are described in Kai et al. (2014).

Definition of four fleets
In consideration of the changes in the targeting species, operational areas, and effective
fishing effort, Japanese offshore and distant-water longline fishery were separated into four fleets
(Kai et al., 2014):
(i) Japanese offshore shallow-set longline fisheries (Kinkai-shallow),
(ii) Japanese offshore deep-set longline fisheries (Kinkai-deep),
(iii) Japanese distant-water shallow-set longline fisheries (Enyo-shallow),
(iv) Japanese distant-water deep-set longline fisheries (Enyo-deep),
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where categories of “Kinkai” and “Enyo” were defined by the tonnage of vessel (20-120 MT and
larger than 120 MT), and categories of “shallow -set” and “deep-set” were separated by number of
hooks between floats (HPF: smaller than 7 and larger than 6).

Estimation of total catch
Standardized CPUEs for four fleets were estimated using the data after filtering. Then the
catches were estimated using the total number of hooks as well as the CPUEs. The procedures are as
follows:

(1) Annual trends of the CPUEs for four fleets from 1994 to 2015 were standardized using the
following generalized linear models (Kai et al., 2014):
For “Kinkai-shallow” and “Enyo-shallow” during 1994 to 2015,
E[Catch]=exp{Intercept + Y + A + Q + F + T + Y*T + Q*T}offset(Effort)
𝐶𝑎𝑡𝑐ℎ ∼ NB(𝜇, 𝑘)
For “Kinkai-deep” during 1994 to 2015,
E[Catch]=exp{Intercept + Y + A + Q + G +A*G}offset(Effort),
For “Enyo-deep” during 1994 to 2015,
E[Catch]=exp{Intercept + Y + A + Q + G + P}offset(Effort),
where E[Catch] is expected total number of catch for blue shark, Effort is the number of hooks (x
1000) as an offset variable, Y is year (1994-2015), A is area (1-4), Q is quarter (Jan-Mar, Apr-Jun,
Jul-Sept, Oct-Dec), F is fishery (Offshore and Distant-water), T is target (10th percentile ranking of
swordfish CPUE), G is two types of gear sets (“Shallower-deep” (HBF < 15) and “deeper-deep”
(HBF > 14)), and P is two areas of prefectures (“Hokkaido and Tohoku” and “Others”; see at the
map in the Hiraoka et al., 2013a,b). These variables (Y, A, Q, F, T, G, and P) are defined as
categorical explanatory variables. Y*T, Q*T, and A*G are interactions between Y and T, Q and T,
and A and G respectively. NB stands for Negative binomial; 𝜇 is the mean; and 𝑘 is the dispersion
parameter.
(2) Total catch in number by fleets were estimated by multiplying each CPUE time series by the total
number of hooks by fleets.
(3) Total catch in weight were calculated by multiplying the catch in number by year, season and
area by the average weight of a blue shark by season and area (Table 2; Hiraoka et al. 2013a,b, Kai
et al. 2014). The blue shark is processed using two different processing methods: dress with fins
(“Kesennuma dress”) and dress without fins (“dress”) for the offshore and distant water fisheries,
respectively. We therefore used different conversion factors:1.7 for “Kinkai” and 2.0 for “Enyo”
(Semba et al., 2015). In summary, we corrected the weight data using two conversion factors:
(i)1.7/1.2 for Kinkai fleets
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(ii) 2.0/1.2 for Enyo fleet,

(4) Since Takahashi et al. (2012) suggested that the ratio of CPUE for “Enyo-deep” between
research and commercial longline is 13:1, the annual total catch in weight including retained
catch as well as discard/release of blue shark were raised by the value (i.e. 13 times).

Results
The estimated total catches (tons) of blue shark caught by Japanese offshore and
distant-water fishery tended to decrease since 1994 until 2015 due to the reduction in the fishing
effort (number of hooks x 1000) throughout the years (Table1, Figure 1). The annual trends of the
total catches were quite similar between updated and previous ones. Yearly changes in updated total
catches by fleets showed that the total catch of offshore (“Kinkai”) shallow-set had increased since
1994 until 2001, and then it had decreased until 2011 and it maintained stable around 5,000 tons
thereafter (Table1, Figure 2). Estimated total catch of distant-water deep had sharply decreased in
since 1995 and it had reached to the lowest value (3023 tons) in 2009. After that, the estimated
catches kept around 4000 tons except in 2010 and 2011.

Discussion
Our results suggested that the total catches of blue shark in the North Pacific caught by
Japanese offshore and distant-water longline fishery had been decreasing since 1994 until 2015 due
to the reduction in the fishing effort. Therefore, it is considered that the uptrends of the CPUE in
recent five years for Japanese offshore and distant water sallow -set longline fishery (Kai and
Shiozaki, 2016) is caused by the reduction of the fishing pressure. The abrupt increase of the catches
in 2010 and 2011 for distant-water deep-set longline fishery was unexplainable due to insufficient
information about the fishery. Tsunami in 2011 is unlikely to impact on the increase. We will need to
explore the reasons in future work.
When we standardize the CPUEs for the Japanese longline fishery, we used the same
models as those used in the previous analyses. Although, the method of the CPUE standardization
for the Japanese offshore and distant-water shallow-set longline fishery was justified by Hiraoka et
al. (2016), other methods for Japanese deep longline fishery are likely to include large uncertainties.
In future work, we should validate the CPUE trends using the fishery independent data such as
observer data.
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Table 1. Annual changes in estimated catch (tons), retained catch, and discarded/released catches of
North Pacific blue shark caught by Japanese offshore and distant-water longline fishery and the
fishing effort (number of hooks x 1000) from 1994 to 2015.

.

Table 2. Average body weight (kg) of blue shark by area and quarter.
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Figure 1. Yearly changes in updated total catches (tons), previous total catches (tons), and total
fishing effort (number of hooks x 1000) from 1994 to 2015.

Figure 2. Yearly changes in updated total catches (tons) by four fishery types from 1994 to 2015.
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