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Summary

Hourly CPUE pattern of target and non-target species were estimated by the data collected
by longline observers in relation to the time of sun rise and sun set, to investigate the effect of time
zone of longline gear setting on the catches of target and bycatch species. The catch rate of southern
bluefin tuna peaked in time bins of 5 — 6 hours after sunrise, while no large differences were observed
in the CPUE level in time bins of -4 - +4 hours from sun rise. The catch rate of bigeye tunas and
albacores peaked at daytime, catch rate of swordfish increased around sunset. Non-target species
caught in various timing, especially the catch rate of non-target species tended to remain certain level
after sunset. Bycatch rate of seabirds dramatically decreased in the nighttime from that in the day time
including nautical dawn. Especially, bycatch rate remained low level after one hour before sunrise.
From these results indicated that efficient setting operation timing varied between target species and

that the night setting would very effective for seabird mitigation.
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Introduction

Setting fishing operation at an appropriate time of the day for catch would be efficient and
result in a minimum negative effect on the ecosystem. On the other hand, seabird bycatch mitigation
measure such as setting at a time when seabird is rarely caught is one of recommended measure. It is
crucial to consider a variation of catch/bycatch rate among setting the time zone for managing fisheries.

In our study, setting time zone when catch rate of a target and non-target species is high, or
when bycatch rate of seabird is high was examined. In particular, the setting time of a hook was
estimated from hauling time of the hook, difference time from sunrise and sunset in the day to the
setting time of the hook was calculated, and catch and bycatch numbers of each hook were hourly
aggregated. Operated hooks humbers were estimated from observed time and catch and bycatch rate

was calculated.
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Materials and methods

Japanese scientific observer data of south of 250 S in 2014 was used for analysis. Area and
season were combined and examined.

Assuming hauling each hook at a constant time interval, the setting time of each hook were
estimated from hauling time of the hook. We considered which end of the line was started to haul for
the estimation. Sunrise time and sunset time were calculated in each setting date, a difference to set
time for each caught species from the sunrise/sunset time were calculated and catch number and

bycatch number were hourly aggregated.



Observation start and end time in setting period were estimated observation start and end
time of observer in hauling period as the same manner of estimation of catch number. Observation
duration in the setting period was calculated hourly. Also, to obtain hook number per time unit, total
hooks number were divided by total setting time. Observed hook number for each hour was calculated
by multiplying hook number per time unit and observation duration for each hour.

1000 was multiplied to catch/bycatch number for each hour and the number was divided by

observed hook number for each hour to obtain catch and bycatch rate (CPUE) in each hour.
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Results

Figure 1 shows catch rate of target species for each hour. The catch rate of southern bluefin
tuna (Thunnus maccoyii) remained constant high level from four hours before sunrise. And it presented
relatively high level from one hour before sunset to sunset. The catch rate of the bigeye tuna (Thunnus
obesus) increased from three hours before sunset and it peaked at two-three hours after sunrise. It
remained low level after sunset. The catch rate of the albacore (Thunnus alalunga) was similar to that
of bigeye, increased from three hours before sunrise, peaked at three hours after sunrise and decreased.
It remained low level after sunset. The catch rate of striped marlin (Tetrapturus audax) was varied
regardless of sunrise or sunset except became high level at one-two hours after sunset. Catch rate of
swordfish (Xiphias gladius) indicated low level around sunset while it indicated high level during three
hours before sunset to nighttime.

Figure 2 shows catch and bycatch rate of non-target species for each hour. Bycatch rate of



seabirds remained low level at a few hours before sunrise and suddenly increased at one hour before
sunrise; nautical dawn. Also, it remained low level or zero after sunset. The catch rate of blue shark
(Prionace glauca) remained constant level regardless of day and night and tended to decrease at six
hours after sunset. The catch rate of shortfin mako (Isurus oxyrinchus) stayed low level from a few
hours before and after sunset but increased from three hours before sunset, peaked at one-two hours
after sunset and decreased after that. Catch rate of escolar (Lepidocybium flavobrunneum) was higher
level during three hours before sunset to after sunset than that during a few hours before to after sunrise.
The catch rate of oilfish (Ruvettus pretiosus) appear both in a day and at a night, but especially, high
level at two to four hours after sunrise and one hour after sunset.

Figure 3 shows bycatch rate of seabirds in each species group for each hour. Bycatch rate of
the Buller’s albatross group (Thalassarche bulleri bulleri and Thalassarche bulleri platei), the grey-
headed albatross (Thalassarche chrysostoma), the giant petrels (Macronectes halli and Macronectes
giganteus) and the white-chinned petrel (Procellaria aequinoctialis) increased in one hour before
sunrise; nautical dawn or/and sunrise and after that gradually decreased. On the other hand, bycatch
rate of the Indian yellow-nosed albatross (Thalassarche carteri) peaked at four hours after sunrise and
after that, rapidly decreased. Bycatch rate of black-browed albatross group (Thalassarche melanophris
and Thalassarche impavida) shy-type albatross (Thalassarche cauta steadi and Thalassarche cauta
cauta) and wandering albatross group (Diomedea exulans, Diomedea dabbenena, Diomedea gibsoni

and Diomedea antipodensis) remained constant level from nautical dawn to five hours after sunrise.
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Discussion

In our study, catch rate for each setting hour was estimated. In our study, catch rates of target
and bycatch species were calculated by one hour bins of time of hook casted to the sea. Because time
of hook casting was adjusted to sun rise/sun set, effect of season and latitude of operational point,
which may change the time of sun rise and sun set, can be canceled. The estimation of casted time of
hook was conducted using simple proportional equation of start and end time of gear setting and
retrieving, and time of fish unloaded. In this estimation, hooks were assumed to be casted and retrieved
at regular interval. Thus, when accidents during operation such as entanglements of lines and/or
retrieving of active large fishes, which usually take long time, were occurred, estimated casting time
of hook with fish would be biased. Also, the data used in this study is collected in 2014 only which
may not cover all fishing area and season with sufficient number of data.  This indicate the fact that
the general trend of the estimated CPUE pattern by relative time bins to the sun rise/sun set should
reflect the actual event occurred in the fishery, but small scale patterns like subtle increase/decrease of
CPUEs should be taken as noise derived from insufficient coverage of data.

Because fish remain to have potential to be hooked from the setting time of the hook to the
hauling time of the hook, our result does not indicate direct hooking time but we consider that it would
show potential high catch rate time zone. Young et al. (1997) indicated from stomach
contents analysis of southern bluefin tuna that feeding activity peaked at the morning and the evening

in the offshore area, though lacking the data from midnight to 8 a.am.  Our result of southern bluefin



tuna indicated that this species could be anticipated a certain amount of catch rate even in the four
hours before sunrise, which is a new finding. Ito and Sakai (2016) indicated that southern bluefin tuna
foraged fish and squid at about fifty percents from stomach contents analysis obtained from Japanese
longline fisheries and they would forage this food from 4 hours before sunrise to daytime.

Sift of catch rate among sunrise and sunset of bigeye tuna was similar to albacore. Since
those two species would be hooked during daytime, while they would be not hooked during nighttime.
This indicated that these species would forage daytime at the depth range where Japanese longliners
set their gear. Young et. al. (2010) showed that albacores were hooked at daytime while bigeye tunas
were hooked at nighttime from the information of hook timer. Thus, our result disagreed with the result
from Young et al. (2010). As an exploratory analysis, we checked the effect of area and season and
these did not change the trend of the CPUE among each hour. Also, since a number of observed hooks
was enough to examination around 4 hours before and after sunrise, it is unlikely to the result from
the error from few observations. Kobayashi and Yamaguchi (1971) shows that bigeye tuna catch rate
is high in morning setting in the equatorial area of eastern Pacific. Not only albacores but also bigeye
tunas would forage prey item during daytime from our result.

On the other hand, catch rate of swordfish had high during before and after sunset. This
result agreed with hooking time observed in Young et al. (2010). These results indicated that active
foraging time would be day time in bigeye tuna and albacore and would be night time in swordfish.

Reviewing of our result would provide the comparison of the foraging ecology of several
tunas, and collaboration with stomach content analysis of our results would promote discussion
whether there is feeding segregation among tuna species.

Non-target species was tended to catch in any time zone and catch rate of them did not
decrease after sunset. Because catch rate of non-target species increases before and after sunset, fish
masters would rarely select setting operation timing in this time zone.

The catch rate of seabirds was suddenly decreased at night time, especially it stayed in low
level from one hour before sunrise. Different from fishes, almost seabirds caught right after casting of
hook, hooking time of seabirds can be approximated by the casting time of hooks. Consequently, the
hourly pattern of seabird BPUE and amount of effort obtained in this study apparently indicates that
almost seabird hooking occurred during day time. This indicated that night setting should be the
promising measure for the reduction of seabird bycatch if gear setting correctly finished before the
nautical dawn. Albatrosses were discussed that they decreased flight bout during night time and sit on
the water from the information of the loggers, might forage squids from on the water during nighttime
(Phalan et al. 2007). Our result that bycatch rate largely decreased during the night despite a large
number of observed hooks deployed in these times, and this indicated that albatross would not forage
during nighttime even if there is a chance to forage baited hooks. This suggested the limitation of

visual ability would affect the foraging pattern through a day.



Also, there are patterns in the peak of bycatch rate among species and most species increased
bycatch rate after nautical dawn, which indicates they would increase foraging activity just after
nautical dawn. As species specific CPUE pattern revealed, bycatch rate of Indian yellow-nosed
albatross peaked at 4 hours after sunrise, which indicated that it would differ the foraging activity from
other species. Weimerskirch and Guionnet (2002) showed that the grey-headed albatross and black-
browed albatross increased landing frequency in beginning of the night, indicating forage on the water
while yellow-nosed albatross increased landing frequency during daytime indicating concentrate the
foraging activity during the daytime. From these results, it is indicated that foraging activity parttern
through the day would affect to peaks of bycatch rate in our study.

Our study used only 2014 data, so it is needed to increase data set with using multiple year
data. Also, it would be needed to consider the effect of area, depth of the line, fish master’s target.
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Fig 1. Number of observed hooks (black lines) and CPUE (grey bars) of target species, Southern Bluefin Tuna,

Bigeye tuna, albacore striped marlin and swordfish in each time area from sunrise(left) and sunset(right).
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Fig 2. Number of observed hooks (black lines) and CPUE (grey bars) of non-target species, seabirds, blue shark,

shortfin mako, escolar and oilfish, in each time area from sunrise(left) and sunset(right).



a) Peaking at nautical dawn or/and sunrise
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b) Peaking at four hours after sunrise
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c) Remaining some level after nautical dawn
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Fig 3. The bycatch rate of seabird species in each time area from sunrise. Fig. 3 - a) shows bycatch rate of the
species of which bycatch rate peaked at nautical dawn. Fig.3-b) shows bycatch rate of the Indian yellow-nosed
albatross of which bycatch rate peaked at four hours after sunrise. Fig.3-c) shows bycatch rate of the species of

which bycatch rate remained some level after nautical dawn.





