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Summary

This paper reviewed the study on the stomach contents of southern bluefin tuna
(SBT). Extensive data were collected for age 1 fish in the southwestern Australia and
for fish more than age 4 in the feeding ground. Several areas where no or little
amount of data have been collected were specified. Because pilchard was frequently
occurred in the stomachs of SBT, its stock level changed largely in the past, and
actively utilized for farming of SBT, CCSBT should monitor the stock status of
pilchard in the Australian coastal waters. Other prey items were non-commercial
target species which are scarce of information on distribution and abundance, then
different approaches are necessary to obtain information. CCSBT has advantages to
study feeding ecology and ecosystems that the scientific observer programs have
developed for biological sampling and that farming technique of SBT which allows

experimental studies has established.
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This paper reviews the study on the stomach contents of southern bluefin tuna
(Thunnus maccoyii, SBT) by life history stage and area, and specifies the area where

further study required.

Review of SBT stomach contents analysis

In larval stage, Uotani (1981) and Young and Davis (1990) studied stomach contents of

larvae collected in the spawning area of SBT. The main prey item was copepod.

In age 0-1 fish, Serventy (1956) described prey species in SBT stomach that collected in
South Australia and Western Australia. Itoh et al. (2011) reported stomach contents of
age 1 SBT in the southern coastal areas of Western Australia. The main preys in their
study were pilchard Sardinops sagax, juvenile jack mackerel Trachurus declivis, and
juvenile blue mackerel Scomber australasicus. The prey species changed along with the
distance from shelf-edge; pilchard occurred in the coastal area while jack mackerel and
blue mackerel occurred near the shelf-edge. It suggests the risk of sampling bias that
sampling is carried out only in coastal areas where is easily accessible. It is important to

collect samples from a wide range from coastal area to shelf-edge.

In age 2-4 fish, Word et al. (2006) reported that SBT in GAB had pilchard mainly,
followed by anchovy Engraulis australis and blue mackerel. The number of SBT collected
was not large (N=41) and the sampling area was limited in coastal area. Serventy (1956)
described various prey species of SBT in 6-18 lb weight in New South Wales. Serventy
(1956) also reported the remarkable inter-annual difference of stomach contents that
pilchard and anchovy were the main preys in 1938 and 1939, however, krill Nyctiphanes

australis and small animals were common in 1940 and 1941.

Near Tasmania Island, Young et al. (1997) compared stomach contents of SBT between
small fish collected by trolling inshore and medium to large fish caught by longline
offshore. Distinctive difference between them was found. Jack mackerel and redbait
Emmelichthys nitidus were main preys inshore. Cephalopods and variety of fish species
were main surveys offshore. Jack mackerel found in SBT caught offshore was estimated
that the fish exchange between inshore and offshore waters. It suggests that the stomach

contents of SBT offshore affected by inshore areas.

In age 4 or more in the feeding ground, Talbot and Penrith (1963) described stomach
contents of SBT off South Africa, but fragmental. Young et al. (1997) reported offshore
feeding ecology of SBT off Tasmania Island based on the substantial number of SBT
(N=869). Itoh and Sakai (2016) analysed more than 4000 SBT stomachs collected from
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Japanese longline through the scientific observer program. The samples collected extent
for 15 years, from April to December, and from 5W to 160W south of 30S. In both Young
et al. (1997) and Itoh and Sakai (2016) found that the dominant preys in weight were
cephalopods and fish offshore, which differs from the pattern for juveniles in the coastal
habitat, where most of the prey are fish. In cephalopods, Ommastrephidae was the
dominant followed by Lycoteuthidae and Argonautidae. In fish, major preys in weight
were Alepisauridae, Bramidae, Nomeidae, and Paralepididae. The prey composition was
relatively consistent among tuna sizes, sea surface temperatures, and years; changes in
prey composition were due largely to differences in the cephalopod prey. Small SBT in
the southeast Indian Ocean (CCSBT statistical area 8) fed Ommastrephidae whose size
increased from August to December. Small SBT appears to move south in winter and a
reliable supply of prey in the new area may facilitate habitat expansion by small SBT

towards colder southern waters.
In the SBT spawning area, no data of stomach contents were reported.

With these studies of stomach contents of SBT, which is a basic method of feeding ecology,
no data were obtained from the southern Indian Ocean 30S-35S where Taiwanese
longline fishing ground for age 2-4 SBT, off New Zealand, and spawning area for adult
fish. Following areas are insufficient in the number of samples; spawning area for larvae,
west coast of Australia for age-O fish, Great Australian Bight, and off Tasmania.
Furthermore, since there may be the inter-annual variation of prey abundance and

stomach contents, samples for long years are warranted.

Alternative approaches of feeding ecology other than the stomach contents
analysis

Stable isotope is frequently used for study of feeding ecology (e.g. Logan et al. 2011).
Stomach contents provide information of just several hours before the fish caught,
however, stable isotope provide information accumulated for several months of prey have
been fed. The technique has not yet been applied for SBT. For the technique,
determination of the isotope discrimination factors for carbon (8!3C) and nitrogen (5'°N)
are required in order to estimate position in the ecosystem. It has not yet been obtained
in SBT.

Archival tag data can detect feeding of fish with the change of temperature in body cavity.
Bestley et al. (2008) use the archival tag data, estimated daily intake, and showed the
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existence of multiple-day fasting periods. Because samples from longline fishing is
limited for actively feeding SBT, the approach based on archival tag is interesting that

also show inactive feeding condition.

The weight of stomach contents is just the information at the time of collect. It is affected
by digestion. To estimate daily intake quantitatively, we need to know speed of digestion

and factors influence on it.

Feeding ecology of SBT cannot be understood based only on the stomach contents
analysis. It requires information of distribution and abundance of each prey species, and
information of changes of them along with time. Pilchard is the most important prey
species in Australian coast, e.g. southern Western Australia and Great Australian Bight.
It is known that the Australian pilchard stock level has changed drastically, for example
the stock collapsed with a mass mortality by herpes virus in the late 1990s, then
recovered later (Gaughan et al. 2004, Gaughan et al. 2008). To examine the relationship
to SBT recruitment, CCSBT should monitor the stock status of pilchard in Australian
coast. In addition, farming of SBT in South Australia uses Australian local pilchard and
imported pilchard from California (Jeffriess 2016). The influence on pilchard stock by
SBT farming should also be evaluated.

Other major prey species, such as jack mackerel, blue mackerel, redbait, Alepisauridae,
Bramidae, Nomeidae, Paralepididae Ommastrephidae, Lycoteuthidae, and
Argonautidae, also should be monitored its distributions and abundances. However,
unfortunately, collection of information of them would be difficult because they are not
target species of commercial fishing. Alternatively, comparison of stomach contents of
various top predator species in the same area is expected to emerge the specific feature
of SBT feeding ecology. This approach in the northeast Australia for predators sampled

from longline fishing provide interesting results (Young et al. 2010).

Our advantages of CCSBT

CCSBT has some advantages on issues relevant to feeding study. CCSBT Members
implemented scientific observer programs. It is expected that biological samples such as
stomachs and muscle tissue for stable isotope analysis can be collected with little
difficulty. The southern Indian Ocean of 30-35S is the fishing ground of Taiwanese
longline and their scientific observers can collect samples. Off New Zealand, the scientific
observer program has also implemented for years and possible to collect biological

samples. NZ observers record type of stomach contents and amount on-board. It is better
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to utilize the information they collected.

Farming of SBT is actively conducted. The rearing technique has established and rearing
facility is existing. It allows experimental study such as for determination of the isotope

discrimination factors and for speed of digestion and intake.
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