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PREFACE

"In response to the requests of the Government of Fiji and the
Government of ‘Tuvalu, the Japanese Government has decided to conduct a
Survey on Fisheries Resources in Fiji and Tuvalu waters, and entrusted the

survey to the Japan International Cooperation Agency (JICA),

 The JICA sent to Fiji a survey team headed by Mr. Norio Qturu during a

period from September, 1984 to April, 1987.

Thetfeam'exchanged views on the project with the officials concerned of
the  two Governments, and conducted a field survey. After returning to

Japan,'fufthér studies were made and the present report has been prepared.

1 hopé that this report will serve for the development of the Project
and contribute to the promotion of friendly relations between Japan and

these two countries.
I wish to express my deep appreciation to the officials concerned of

the Governments of Fiji and Tuvalu for their close cooperation extended to

the Team.

April, 1987

. /%w; é %Zf_,

Keisuke Arita
President

Japan International Cogperation Agency
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I. OBJECTIVES OF THE SURVEY

The :objeptive$i_of- the . survey are to obtain information on offshore
fishezies.;esources,with particular reference to- seamounts, and to abtempt
to identify economic fishing methods for the catching of the above

fisheries resources.

11.. IMPLEMENTATION OF THE SURVEY

1. Survey Area

Waters within 200 miles from the coast of Fiji and Tuvalu were surveyed.
The survey in Fiji was conducted in areas of Kadavu, Koro, Northern Lau,
Southern Lau, Yasawa, Kia and Rotuma, and in Tuvalu in areas of Funafuti

and Niulakita._

2. Survey Method
(1) Experimental fishing

Fishing operations were  conducted using four methods, pole-and-line,
trolling, surface gillnet, and bottom line (including .drop line}) fishing.
.Tpplling;and surface gillmet fishing were conducted during the fast fiscal
year, and in the secondiyear_onward,_pole—andfline.fishery was performed in
combination with bottom.lime fishing.  In principle, pole-and~-line fishery
was carried out from new.moon to full moon, and bottom line from full meon

to new moon. .



(2) Other investigations S

Seamount survey, oceanographical survey and biological investigation were
conducted -'in'“ parallél  with - the ° éxpefimental‘='fishing"'dperatioﬂf
Furthermore, payaos (Flsh Aggregation Dev1ce) ‘were deployed ‘and observed to

aggregate fish school..

{3) Survey vessel

The 173-ton Te Tautai ~of Mational Fishing COrpotétion of Tuvalu wés_
chartered from October 1984 through March 1985 and from August 1985 through
March 1986. The 105-ton IKA-No. 5 of IKA Corporatlon of F131 was chartered

from June through November 1986. They were remodelled for the survey.”

3. " Joint Committee

To ensure a smooth survey, a joint committee was organiiéd“'ﬁy " the
representatives of Fiji, Tuvalu, and Japan International Cooperation Agency

(JICA), four meetings were held during the survey period, im Suva.

4, Survey Progress

The survey was conducted for 551 days in’ total ‘From October 1984 to
November 1986 with the following schedules RS PR
First year: 160 days from  October 23, 1984' through March ‘31, 71985
" ° " (rrolling and surface gillnet fishing) ST ey
Second year: 238 days- from August _6,t 1985, through March 31 '1986
R '(pole and-1ine and bottom line fishing) o 2
Third year: 153 days from June 25, 1986 through' November‘“2£, 1986

' (pole-and~line and bottom line fishing).
Note: Includes days required for remodelling of the survey -

vessel.
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ITI.  RESULTS OF SURVEY

Ly Experdimental.Fishing
Cl):;Polefand*line-fishery‘
{(a):  Survey peviod. .

The ‘survey was-  condacted  from September 1985 through March 1986 and
July: 1986 through November 1986, in Fiji for 112 days and in Tuvalu
 for 75 days.

:«(b). Survey area

©In:-Fi1ji, aceording to the past fishing records (1976-1984), the fishing
season -for the existing fishing grounds was December through January in
Kadavu,; mid-December through February in Xoro, late-December through
mid-March in Northern and Southern Lau, and April through July in Kia,
respectively, but the survey was mainly done in off-season: excluding
" those above fishing seasons. Also the survey effort was focused to
£inding fish- schools in :the waters outside the existing: fishing
grounds, as well as -Yaséwa -area where fishing operation had been

scarcely made before.

- In Tuvalu, the survey was focused on the Niulakita and Funafuti areas,

~ - prineipally ;:around Funafutd and waters north to it.
L{e) Results of ekperimental fishing
'*¥ﬁUr£ﬁggtﬁe“8§ days of su%ve;-périod;,367lschools of fisﬁ:t4;i schools

“'per: day) weré sighted :through visual observation, and  215.8 tons of
“lifigh was cdught (2446 tons per day).



The results in each water are as followse

In Northérn Lau, in November 1985 schobls_of fish responded actively
chummed bait, with each fish weighing 2 to 4-kg;~;Cétches'ufxskipjack_
and yellowfin-tuné were 614 rétio. Tﬁe éurveyrwas-condugfed_again in
the same area in early-November 1986, but the response fwas:-generally
poor and the sizes were relatively small in the raﬁge between 1.5 and 3

kgs The composition of skipjack and yellowfin tuna was: 6:4 ratio.

In Yasawa, the survey was conducted from January- through March: 1986 and
late July of the same year, but there‘was_no'dense distribution of fish,

with relatively small slze of school,

In ¥ia, a large number of schools of fish were sighted during January
through March 1986, but their sizes were small. In July of the same
" yeat, no survey was made 1In these waters 'since local fishing vessels

. were operating.

In Kadavu, relatively a small number of fish schools were sighted in
Mareh and July ‘surveys in 1986, with thasize,being relatively; large,
averaging 'about 10 tons per school. The size "of the fish, -varied
greatly from 0.7 to 4 kg. Skipjack and yellowfin. tuna were caught in
the ratio of 6:4 in April and 3:7 in July. -

Tuvalu

In Tuvalu waters,. the survey was conducted for'335days from ‘September
through October 1985 and from July through August 1986. A total of 1535
schools of fish were sighted (4.7 schools perday), and the gross catch

was 42.3 tons (1.3 tons per day).

In the waters around Funafuti, a large number of schools of.skibjaék
(weighing 3 to 5 kg) were sightad from September-throggh¢0ctober‘l§85,
and most of - the schools ‘were -accompanied ‘with- naturalfahait,Wufhét.
resulted in poor catch. This also occutfed'during:the‘éuguétfﬁ986'

survey.
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- . Near the northern 200 ﬁile_boundary at lat. 5°S,; less densed schools of
" gkipjack ‘were sighted., The fish were relatively small, neasuring 48 cm
in fork length and 2.1 kg in weight, on average.

In: the waters around Niulakita, relatively a small number of schools

- were sighted during the survey.
.- {d): 1ive bait

Live bait is essential for successful pole—and-line fishery and surveys
were copnducted to develop new live balt fishing grounds in parallel

with pole-and-line fishing.

Fiji

The live bait surveys were conducted at 19 bait fishing grounds using
- gtick-held dip nets, and 2,780 buckets of bait were captured in 108
sets,  averaging 26 buckets per set. Major species were sardines,
gold-spot herring, blue sprat, silversides and cardinals, with the
specieé composition varying with areas - and seasons. = The cateh
decreased notably as water temperature dropped to 23 to 24°C on the
southern coast of Fijl 1n August. The atoll of Yasawa was  also
éufveyed for a new baitfishing ground, but the bait was not captured in

sufficient quantity due to strong winds and tides.

According to this survey, live bait catch was a little available in

Fiji waters from July through October. On the other side, data

. gathered by Fisheries Division of Fiji showed good bait catch in this

_‘season 1n Fiji.

.t If ~live bait is -actually sufficient in this particular part of the

* year, the operation by payacs will be possible in both Kia and Koro.
FTuvalu: -

" Within the atolls of Funafuti and Nukufetau Islands, live bait fishing
with stick-held dip net was' conducted 29 times, and 592 buckets of bait



were captured (21 buckets per set). - Major specles. were blue sprat,

cardinals -.and silversides,.- Among ‘the catchiblue sprat.accounted - for
about 90 percent. The coral head 1ift net method proposed”by the

Fisheries Division of Tuvalu was tested, but catches were poor, about

. four to flve buckets per’ set.. However, the catch :likely increase, if

(2)

they have more fishermen in work at time  of .hauling. net, because the
number of escaping balt fish from net will decrease by net handling.
Other than these two Islands, no promising balt fishing ground was

located in Tuvalu waters.
‘In Tuvalu, live bait was not available. in-sufficlent quantities..
Trolling

(a) Survey period

. - November 1984 .through March 1985. (Surface. gillnet was conducted during

the same: . period) - -

—:p(b)._Survey.area-

;Fiji waters

(Tuvalu waters: practised along with pole-and-line} .. -

(¢) : Results of experimental fishing -

-':; Experimental..fishing was conducted on. bird~assoclated schools in open

waters and in the waters around sea mounts -and . payaocs. - -Surface

“ trolling was conducted 64 tdimes and gross . catch. was approximately 8.1

tons: (61.1 kg per hour) with 7.3 hooks on the averangH-Mijnjspéciés
were yellowfin tuna, skipjack, rainbow runner aand dolphin fish, with
weight composition of 50%, 29%, 11% and 4% respectively. ‘Ag .careful

trolling is required to assure fish schools do not scatter; small.

-.vessel -would provide higher operating efficlency, becauséyno-hive.bait-

- is. required and only a:few crew. is neededafopﬁbpgratipna» Surface
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(3)-

~trolling method was employed this time, but if mid water trolling is

added- in the future, larger fish be captured to increase the total
catch., - This fishing method appears effective though its scale 1is
limited.

o Surface gillnet -

(a) Survey period

November 1984 through March 1985

N

~{b) -Sufvey area

Fiji waters

(Tuvalu waters: not conducted)

(e)” Results of experimental fishing

Fach net was 36 meters long, and 56.nets were combined together for one

‘operation., . The operation was repeated 62 times, and the total catch

amounted-to 3,673 kg (294 fish), that is, about 60 kg (5 fish) per

operation.

" During- the -survey, cyclones approached or passed the area frequently,

' disturbing the fishing ground. The poor catch was also attributable to

~ . the 1limited scale of the gear, complex tidal current in the fishing

ground which prevented effective operation of the gear and net rupture

- -or-entanglement ‘by sharks. .-

.-As water was coming to have more tramsparency, the average catch tended

“:to.decrease. : About 10:species were caught including requiem shark

(45.2% in wéight),-yellbwfin~tuna (11.3%)  and skipjack (9.4%). .

In general, the resu1t obtained in this survey was poor.



(4) -Bottom line fishing

{a) Survey period

The éurvey'spanned December 1985 through March 1986 and October through
Novembér 1986.in Fiji (92 days in -total) and Augugt'through Octoher

1986 in Tuvalu (43 days in total).

{(b) Survey area

The survey was conducted over .coastal sea-slopes and off-shore
seamounts to locate the resources. in Fijd, the: survey -covered
Northern Lau, Koro, SouthernILau, Kadavu, Yasawa, Kia and Rotuma areas.

In Tavalu, South and North Tuvalu areas were surveyed.
(c) Results of experimental fishing

In Fiji, the operation was tepeated 55 -times;.and fhe ‘total catch

amounted to 4,554 fish and 18,020 kg (82,8 fish - 327.6 kg per set),

with a-hook rate of 12 percent. In Tuvalu, the coperation was repeated

15 times, and the -total catch amounted to'1,229'fishes.and:5,085 kg
- (86.6 fishes — 339.0 kg per set)}, with hook rate of 9 percent. = .

Nearly 100 species of fish were caught, including those with high
commercial value such as ribbon tail, short tail, red snapper :and red
job fish. © The ratic of these fishes against  total’ éatch»;were- 55
percent in Fiji and 44 percent-in Tuvalw, indiéating.a-good'deVeidpment
potential for new fishing grounds. Echo-sounding records ‘indicated
that these species were distributed in the=wat6rsgdf.200 to 500 m deep.

In Fiji, the Lau group had many potential - fishing ground  at water
depths of 200 to 300 m. Furphermore,'ther9=may'be'many.othef-unlacated
gseamounts in the area; -so farther survey'may.1ead'tofthe-diséovery'of
more new fishing grounds. - In Rotuma and Yasawa areas, sea-slope and .

the side of seamounts were steep, -



In Tuvalu, between Nanumanga Island and Nanumea Island had good fishing
grounds.  Nlulakita area in south of Tuvalu has steep bottom as in

Rotuma and Yasawa areas and was not suitable for a bottom line fishing,

. In.this survey, bottom line was conducted early in. the morning once a
- 'day. ~Generally, the operation is possible twice-a-day, i.e., one in
the morning and another in the evening., Here, it should be noted that

" bottom line be set in upstream at any casa.
Drop line

"In this survey, as the survey vessel was large and deep sea anchoring
was impossible, drop lines were used as a means for detecting demersal

£ iSho :

2. “Seamounts Survey

During the survey period, echo-sounder were used to detect water depths.
ASTQ-Teéﬁlt, .seven new seamounts which were not recorded on navigation
~chart were discovered in Fiji waters. These seamounts peaked at water
depths of 10 to 320 m with various contours, including single peaks,

mtiltiple peaks ‘and trapezoidal shapes.

in Tuvalu, none of new seamounts was recorded by echo-sounder along track
of the survey vessel. However, new data of seamount were obtained in the
vicinity of WNanumanga Island, it is more likely that seamounts will be
found along the extension of the line combining Nanumanga Island and

Nanumea Igldnd,
In Fijd, seamounts may exist in the Lau group.
Since these seamounts are known to provide good fishing grounds for pelagic

fish and for demersal fish, it i1s desirable to conduct an extensive survey

in-these waters.



3. . Oceanography
(1) - Weather and occanic conditions

In Fiji, weather was generally favorable, but the trade wind prevailed from
July through August, cyclones approached several times .from December 1984
through March 1985, which is attributable to the specific pattern of
distribution of atmospheric pressure which tends to produce tropical low
pressure systems from December through March. Iin Tuvalu, weather was

favorable duriug the survey.

{2) Surface water temperature

In Fiji, surface water temperature, though slightly fluctuate from year to
year, began to fall from May due to the effect of the trade wind and
reached the lowest in August, namely, 23°C in Kadavu, 25°C in Kia, that
means that there is 2°C degree difference between north and south. It then

begaw to rise in September aund reached 30°C during February through March,

In Tuvalu, surface temperature was observed. between 29°C and 30°C in the

survey.

And, surface water temperature gradually changed from north of Vanua Levu

to south of ¥Yunafuti without any drastic change.
(3) Mid water temperature

The vertical distribution of water temperature was measured with the aid of
X.B.T. (expendable bathythermograph) over 159 locations in Fijl and. Tuvalu
waters. As the result, no remarkable thermocline was observed in both
waters, although, the magnitude was relatively small, thermocline was
observed at 20°S and 178°E in Fiji waters (25 to 60 m depth) and at 5°8 and
179°F in Tuvalu waters (100 to 150 m depth).



4. -Blological Survey

,Forkﬁlengtﬁ:cgmpoaition,.maturity -and: stomach contents were investigated

to estimate reference data for spawning seaaon_and others.
(1) Fork length composition

Using:samples :selected. from catches, the fork length of skipjack,.yellowfin
tuna and demersal fish were :measured .to : determine their composition

according to seasons and by waters.

- .Skipjack:- " .

In Fiji waters, medium fish, seemingly two-year-old with 42 to 54 cm in
fork length.(45 cm as a mode), was dominant. In Tuvalu waters, large fish,
seemingly three-year-old with 58 to 67 cm in fork length (61 cm as a mode},
-was .dominant, Two-year—old fish:in Fiji waters accounted for 91 percent.of
Vthe total by troll catch, and 88 percent .of pole~and-line catch, indicating
that most of these schools of fish belonged to the same age. 1t is
reasonable to assume that skipjacks migrate into these waters about-a year
and a half after they are born and leave this area after three to six
-monthe,. -, --The . §PC(South Pacific Commission)-tagged fish released in Fiji
‘watérs: showed -that some ofcfﬁe skipjacks released were recaptured -in the
waters around: Tuvalu .and Kiribati. . Therefore, it appears that a large

school of two-year—old: fish migrating northward from Fiji waters are mixed

with three-year-old fish in Tuvalu waters.

Yellowfin tuna

In this-survey, catch of yellowfin tuna in Tuvalu waters by pole-and-line
was poor, thérefore all samples measured were from-Fiji. The fork length
composition varies slightly between fishing methods. Fork length ranges
ffom 50 to 110 em, but those between 75 and 85 cm dominated in the catch by
;sufface gillnet fishing.. For trolling, however, ‘a couple -of" modes were
:obgérved . (47 to 55 cm'aﬁd 60 to 70 cm). For pole~and-line fishery; fish

between 48 and 64 cm constituted the majority, with a mode at 51 cm.
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Large fish migrating individually or in small groups cnnstitute a- major
target for surface gillnet fishing, while small fish migrating in large
schools form the primary target.for  pole-and-line fishery, ‘with trolling

characterized as something in between.

Demersal fish

- Al1l catches were measurad. Fork length ranged from 30 to 70 .¢m, with ‘some

of fish over 100 cm depending. on the ‘species.’

Their range of size distribution is quite wide, suggesting rhat large,
medium, and small fishes live in the same area in ‘a similar ‘dénsity

distribution.
(2) Maturity

The gonad weight of skipjack and yellowfin tuna was measured to deteramine

their sexual maturity (gonad index).

Skipjack

Judging from changes in maturity index, the spawning season mpay -be the
summer geason centering on January -and February. Hoﬁever,lsince:individual
values vary widely, it is conceivable .that': their ‘'spawning’ is- not
concentrated in a shorttperiod,ihut spahs a considerable times

Yellowfin tuna

During the survey, most of the fish captured by pole-and-line in Fiji

waters were immature.’ - B T ST L
{3) - Stomach contents -

The stomach contents of skipjack and yellowfin tﬁnavcaptured were examined-

by the nake eye and the results were ¢compared withrthei:-responsészto;the'
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chum when they were fished. Major species of stomach contents items were

anchovies, squids and crustacean larvae.

‘Skipjack -

In Fiji waters, the number of fish with some contents in their stomachs
tnereased after November as the fishing season progressed.  Accordingly,

‘fish Tesponse to.chum:decreased.

Yellowfin tuna ..

" As in the case of skipjack, the number of fish with full stomach Increased
it December aind “January, and they began to show léss active response to

chum.

5. Payao Deployment

Twenty three payaos were deployed in Fiji waters and 10 in Tuvalu

waters.

=Two_t6-three'weeks after their deployment, yellowfin tuna, skipjack and
other fishes began to flock around them. A school of skipjack was often
seen staying one to two miles off the payaos leeward in the daytime but

approaching them in the morning and the evening.

About 70 ‘percent of payaos deployed in Fiji waters gathered fish schools,
though ‘in different intensities. In .Tuvalu waters, however, perhaps
because the payaos were set close to the coast considering the .suggestion
by Fisheries Division, fish did not aggregate, though small yellowfin tuna,
‘skipjack and other small fish were'occasionally_éeen around them a few

‘days-after payaos development.
Payao is now essential to catch pelagic fish schools in the South Pacific

fishing grounds. If they were employed more intensely, fishing efficiency

are supposed to lmprove.
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6.. Disposal of Catches

All the catches, except those necessitated for the present survey, were

delivered to the IKA Corporation which represent both Fijl and- Tuvalu

Governments.

Skipjackiand yellowfin tunas were frozen in brine water, and demersal fish
such as ribbon tail and red snapper were. killed immediatly {Ikijime) on

board, and kept in the icé'storage at the request of IKA Corporation.

IV. DEVELOPMENT OPTIONS FOR OFFSHORE FISHERIES-RESQURCES IN FIJI AND
TUVALU

1. Suitable Fishing Method
(1) T¥Fijd

The survey revealed that a new fishery for demersal fish could be
developed, in addition to conventional. pelagic fish resources-which have

been exploited.

Bottom line fishing and trolling are believed to be productive in the area,
and there are a large number of profitable fishing grounds where these
methods could be applyed. . If a suitable ' type - of- vessel 1s.-used and. its
fishing gear 1is practical enough, these. metheds will provide -easy but

productive fishing. .

A model vessel, which is capable of year-round: operations both of .bottom
line and trolling, was designated in order:to. simulate sultable:; vessel

size, fishing gears, number of crew and size of estimable catch.



(a) To eliminate the possibility of line entanglement, the numbers of
hooks on a branch line should be reduced to six (conventionally 15
to 20), for bottom line fishing gear to ease handling of equipment
(100 sets in all for eaeh operation). After this modification, a
crew of eight will -be requlred for bottom line fishing and four

for trolling.

(b) Considering the nccessity to keep the catch in good condition, one
trip should be- 10 days or less. Accordingly, each trip should
consist of 12 days including 7 days for fishing, 2 days for trip,

then the remainder for unloading, supply, and a holiday.

(c) From the survey, if bottom line fishing and trolling are conducted
twlce daily, catches of marketable fish arc estimated at about 470
kg (bottom line fishing) and 220 kg (trolling).

.{d) Annual operating rate of the model vessel: Operation would be
unfeasible if wind force excesds 4 (Beaufort scale). Subtracting
these unworkahble days, the total number of days available for
operation (when wind force does not exceed 3) is determined as 60
percant., If a trip spans 12 days, 18 trip will be possible a

year. i

(e} Based on the daily catch and the number of days available for
operation as calculated above, the total annual catch is estimated

at about 60 tons for bottom line fishing and 27 tons for trolling.

Taking these factors into account, the model vessel should be 16 GT (16.4 m

Length x 4 m Breadth x 1.4 m Depth).

(2) ‘'fuvalu

4dccording to the report of Fisheries Division of Tuvalu, there has been
very few full time fishermen in the area. Local people engage in fishing

(hand 1ine and trolling) as a side job during their free time, using canoes

and outboard engine boats.
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Therefore, to develop local fisheries here, assoclated production
organizations and facilitlies need to be established. At present, bottom
line technique 1s rather difficult due to geographical conditions and
requires many skill fishermen, thereforc, drop line and trolling should be

used for pelagic and demersal fishing since they are technically easier and

more economlcal,

To catch rhese fish, small boats with crews of one to-three and an outbhoard
engine would be ideal from the viewpoint of operating efficiency. This
boat should be available for trolling, hand line and drop line fishing,
one day trip for fishing and equipped with cold storage for raw fish. To
ensure the vessel safety, an desirable type of vessel 1s a 30 H.p. boat

with an outboard engine (12 m Length x 2 m Breadth x 1 m Depth).

In this survey, one seamount of abundant demersal fish resources was found
in the vicinity of Nanumanga Island. Therefore as previously mentioned, 1if
trolling and drop linme fishing have been developed furthermore, technique
of Ffull time fishermen upgraded and all necessary facilities (such as
ice~plant, cold storage ete.) set up for fishing industry in future, it
will be possible to start the project of developing demersal tishery there
using such a suitable size of fishing vessel 1ike the one already

intreoduced to Fiji.

2. Resources Potential

(1) Pelagic fish resources

The abundance of resources that migrated to this area was determined baaed
on the number of fish schools sighted. This was compared with actual
catches to determine the catch rate. The catch rate of 8.5 percent was

obtained for Fiji waters and 2.8 percent for Tuvalu waters, indicating that

these waters have ample resources for further expleoitation.
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.=(2) ELivé_béit‘resources

-The'abundange of live balt in Fijil waters practically remained stable from
year - to year unless the number of stick-held dip  net operatlons
(fepresentihg the amount of fishing effort) exceed a specific level (2,200
pets in all) and unless unfavorable 'situation such as cold water occurs.
If fishing effo;t (ﬁhe number of nets used) increases, catch per set will

decrease, and vice versa.

In Tuvalu, a few buckets of cardinal fish for live balt were caught per set
' of coral head 1ift net, and this quantity seems to be sufficient for the

fishing By local boat.
(3) Demersal fish resources

In Fiji. -waters, the1 cateh per unit area of fishing ground was first
estimated and then an annual allowable catch was estimated on the basis of
the annual increase in weight. According to this estimation, the resources
tOtaled_é,900 tbns, with the annual allowable catch ranging from 1,200 to
'1,600 tons. The model vessel suggeéted in the preceding section will be

capable of making the catch of about 20 vessels currently used.

In Tuvalu waters, it is difficult to estimate the resources based on data
obtained from the survey alone, but, at least, one good area for bottom
line fishing was confirmed.

3. Handling of Catch

(1) Fiji

, In order to keep the'catch of demersal fishes fresh, careful handling of

“the catch on board is indispensable as follows.

 (3) Fish: should be processed in the shade as far as possible, and as

- quickly as possible.
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(b)Y Fish should not be left on the deck, but should be killed

immidiatly, carefully washed, and immersed in cold water.
(¢) Catch should graded by specles and by silze,
(d) The temperature of storage should be kept at (¢°C.

(2) Tuvalu

Same methods will he applied.
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BACKGROUND

The Goverﬁmenfs of Fiji and Tuvalu requested the Government of Japan to
-conduct the Fisheries Resources Survey in the waters of Fiji and Tuvalu,
concentrating particﬁla:ly on the development of fishing methods for
pelagic spécieé“ for the season in which pole-and-line fishery is not
economi cally feasible, and on the development of unused resources 1in the
vicinity df seamounts. JICA, on behalf df the Government of Japan had
ac@epted thése requests, and held discussions with the governments. in
March iSBh,.a mutual-agreement_was concluded, outlining an implementation
plan for the Fisheriess Resources Survey in Fiji and Tuvalu. (This plan
wiil be referred to as S/H: Scope of work), It was agreed that Fisheries
Resources Survey ﬁould be carried out within 200 miles of Fiji and Tuvalu.

OBJECTIVES

The objective of this survey is to obtain data and information on offshore
fishefies resources in the vicinity of seamounts, and to test various
fiéhing methods in terms of economie feasibility din catching these
TEe80uUTCes, For this objective experimental fishing was conducted,
ihcluding the development of fishing grounds for pelagic fish by surface
gillnet, trolling and pole-and-line fishery, and the development of

demersal fish resources by bottom line fishing.






11, * IMPLEMENTATION OF THE SURVEY







1. SURVEY AREAS

The Survey was conducted in areas defined below. Water arveas within

lagoons were, however, excluded.
1) The waters within 200 niles zone of Fiji as specified
2) - The waters within 200 miles zone of Tuvalu

Figure 1 shows the survey waters covering Fiii and Tuvalu. Fiji waters are
divided into 7 areas, namely, Kadavu, Koro, Northern Lau, Southern Lau,
Yasawa, Kia and Rotuma, while Tuvalu waters are separated into 2 areas,

i.e., Funafuti and Niulakita, that is as shown in Figure 2.

2, SURVEY METHOBRS

As stated in S8/W, pole—and-line fishery, trolling, surface gilllonet and
bottom 1line fishing were adopted as methods for the survey. The
experimental fishing in the first year was carried out mainly by surface
glllnet and trolling. Then, from the second year, pole-and-line fishery
and bottomline flshing were conducted. Figure 3 shows the survey schedule
and the progress of operations. Details of these operations are given

below.

2,1 Pole-and~line
(1) Fishing equipment

Glass fiber fishing poles were used. Pole lengths varied from 3 to 5 m,
The fish~hooks employed were hook with false bait (sizes #2.2 to 2.8),

which have no barbs, to enable quick fishing operations.



The main type of 1line used was nylon gut {gauge: # 100 to 120).
Relatlonship between the breaking strength and number of nylon fishing gut

werc shown on the margin of Figure 9. Each main line was slightly shorter

than the pole.

{2) TFishing method

When a fish school was sighted, the fishing vessel advanced in front of the
fish school, and chums. Whea the fish school responded to the scatteved
bait, the vessel was turned to cut into the fish school, and then stopped,
with the side of the vessel uscd for pole-and~line fishery being turned to
the lec side. As the fish school approached the side of the vessel, a
large amount of balt was scattered with water. Pole~and~line fishery

bogan simultaneously with this chupming.

.

Fish pul led from the water were unhooked in mid-alr by a swing of the pole,
and these caught fish dropped 1into the vessel, as fishing continued.
Normally the pole-and-line fishery operation was completed in approximately

10 to 30 minutes.
(3) cCatching of live bait

A stick-held dip net was used to ecapture live bait inside reefs. . The
vessel was anchored inslde the reef at night. Live bait- fish ware
attracted by a fish lamp {underwater light for attracting fish); and were
by a small boat. This live balt was then captured by the stick-held dip
net which was set up on the side of the fishing vessel (Fig. 4). This was
done during slack water periods, and thus it was difficult to use this
fish-attracting method on nights when there was a full moou, when the tidal
range became greater and the tidal current bhecame faster., Collection of

live balt was tbus temporarily suspended at these times.

A new fishing method (the coral head 1lift net, reporied on in the South
Pacific Commission Technical Report, Vol, 14, Fig, 5), was also tested, by
Fisheries Division of Tuvalu on the coral reef (water depth approximately

10 m), to capture llve bait in Tavalu.



302 (Trollidg:
This 'is avEl‘y ‘aggressive fishing method which is used for catching -large
fish having good swimming ability, such as tuna, marlin, skipjack, spanish

(spotted) mackerel, etc.

Usuélly;’fishing poles ‘protrude from the fishing vessel on both sides, with
liries &attached to both poles, and ‘troliing is done to wcatch fish. ' This
method “can: be 'used to catch fish in surface ‘witer, mid water and lower

water layers. At this: time only trolling was conducted in surface.

Fifty to one hundred meters of main line was paid out. About 10 m of nylon
gut was used for the snood. Figure 6 shows a schematic diagram of

trolling.

In this fishing method, poles were first set up so that they night be
positioned at a 35° to 40° angle to the surface water. The main lines were
always: set -on- the poles -beginning from the outside as the fishing vessel
moved forward. After the outside fishing gear on both sides of the vessel
was cbmplétélY'set,-the fishing was done while cruising at a speed of 4 to
5 knots at curreant rips and bird-associated schools. ' b

2,3 Surface Gillnet
(1) <. Fishing gear -

- The gillnet 4is :a long, narrow, belt-like net. Floats are attached to the
float -tine; ~and sinkers: are 'set to the lead line,. so ‘that the net is
stretchédfivertically in the water- by the countervailing- forces of the
buoyancy (of - the floats -and the submersion force of-:nhe sinkers.” The
5urface;gillﬁets_used~fbrithe'survey-Were“prepared in accordance with the
3Pecifica€ionéishowﬁlin'Table 1. :There were 250} tans {nets) including
Sﬁare nets. Figure 7 shows the specifications of the 170 n/m mesh which
wasfﬁainly used. All netting twine materials used were multi-filament

nylon, and the netting twine was light blue and grey. Two net heights were



used, 9.6 m and 12,0 m. . The length of one tan (net) of float:line was set
at about 36 m. Since the total length of tied together was 2,000 m, 50

tans of nets were therefore, in the combinatlons shownlin_Figpre:Ba

(2) .TFishing method

Surféce gillnets were get from the stern of the vesse1,~acr0553thehtidal
current. After the nets were soaked for 4 to 5.hours, -they were hauled.in,
using the net-hauler, on the starboard side of the main deck, transferred

to the stern through the net carrying tube, and stored: ready to use again

for setting.

2.4 Bottom Line
(1) Fishing gear

"Bottom line” is a general term for fishing lines and gear -set so .they
contact the sea bottom. This ie constructed as a main line. with many
branch lines, each of which has hooks at its end. - Beth single-hook and

multiple hook branch lines are used.

Single-hook branch lines are used mainly for fishing grounds where the
sea bottom 1s smooth. Branch lines with multiple hooks are. used with
pressure floats attached to each branch line and the main line is floated
from the sea bottom. Therefore, this.type can be used in rocky fishing
Vgrounds, or in areas where the sea bottom is rough. For the survey at
this time, offshore seamounts were selected as the main fishing grounds,
and therefore a branch line with multiple hooks was used.  Anchor. rope with
a pipe anchor and weights were -attached to. each end of 'the»-'_main"zline--to
achieve quick contact of the gear with the sea bottom and for stability.
Weights were also attached to the branch lines. -These weights .were heavier.
than the buoyancy of the pressure floats, Figure 9 is - the. construction:

diagram.



Branch 1ines.weré_of_ny10n gut, 30 to 40 m long, and had 15 to.20 hooks
attached at {intervals of 1.8 m. The main 1ine was 9 mm rope, 1,200 to
2,000,m@16ng!3'One‘hundredrand fifty meters of - 9 mm rope was jointed to
each_epd,;yielding a total 1ine length of 1,500 to 2,300 m. A 70 m length
'of:égmm rope was provided as an anchor rope, and a 100 m length of rope was
qsed,as‘the,bﬁoyuline rope. .This length of huoy line rope was needed to
adjust. the vertical length of. the fishing gear to 1.5 times the water
depth, which varied with the fishing ground. For bailt, frozen saury and
skipjack were used. Frozen saury were cut into two blocks in middle and

skipjack into small rectangular pieces before use.
(2) Fishing method

As shown‘¢n-Eigure 10, fishing gear was set into upstream the fishing
ground to: depths of 100 to 600 m, where there were offshore seamounts or
slopes along the shoreline in the following order: flag buoys, buoy line
rope,,anchbrVrope_ﬁith“anchor, joining rope, main rope, which were set from
the stern, At this time, 60 to. 100 sets of branch lines were attached by
snapé:tq the main line at 20 m intervals before setting. The bottom line
was set with slow speed of the vessel before dawn. After being soaked for
3 to 4 hours, the bottom line was hauled early in the morning. Figure 10

shows the operations outline.

2.5 Drop Line.

Figure 11 shows .the construction of this flshing gear.

This fishing method has been gradually becoming popular in Fi}i, under the
guidance_of Fisheries Division of Fiji. As shown in Figure 12, fishing is
ddng while the boat is anchored. 1In this survey, ‘as the survey vessel was
large, and deep-sea anchoring was impossible. Therefore, drop lines were
used as. a means for detecting of demersal fish.  Figure 13 shows the

outline of. these operations.



2.6 Survey Vessel

oy

Pa Tautal" was chartered as the sutvey vessel for the first and: second
years. The necessary rémodelling was made for' surveying:  ‘Although the
vessel was scheduled to be used for the year, f?om'early June, thé ¢ﬁartér
became impossible due to circumstances i Nationial® Fishing  Corporation-of
Tuvalu, instead, "IKA-No. 5", which belongs to the IKA Corporation of Fiji

- was chartered, and remodelling necessary for the ‘survey. was' done.
(1) Remodelling of "Te Tautai"

Tables 2 and 3 .give the outlines of the remodelling"‘dbﬁé>”3hd’-§f the
materials and equipment for the surveys which were installed durihg the
remodelling work. Minimum remodelling, ‘based on the svaéf plan-for" the
first year, were done to permit surface gillnét fishing.  The following was
inStalled on the deck: a temporary wooden béard deck ' over maln deck, ‘a’
net~hauler at main deck, and storage for surface gillnets, ‘roller drum for
setting nets, at the stern deck. As-a result, the ‘véssel was modified ‘to'a
surface gillpet fishing vessel with ‘a type of 'starboard=haiil net. A
trolling system was also installed as a secondary fishing ‘system. X.BJT«
(expendable bathythermograph), an eleéctric anemometer, —etc. Wweére also

included as survey equipment.

Surface gillnet fishing was discontinued iIn the second year, due. to  a
change of survey plans, aud pole~and-line fishery and bottom line fishing
were scheduled instead, Therefore, the surface gillnet fishing gear was
removed, and materials and equipment for bottom - line" fihﬁing~-wéfé'

installed.

{2} Remodelling of "IRKA-No. 5"

The IKA-No. 5, which was chartered as a survey vessel, has'been used as-a
vessel for pole-and-line fishery of skipjack. ' The 14né hauler and work

stage, etc., necessary for the bottom line survey were installed, and the -

nacessary measuring devices were prepared.
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guttines of ‘remodelling materials, -and equipment for surveys, installed in

remodelling work, are shown in Tables 2 and 3.

2.7 Base Ports

in Fiji : Suva and Levuka
In Tuvalu : = Fanafuti

3. - JOINT COMMITTEE

To conduct . the survey smbothly and successfully, a. joint committee was
organized 'by the representatives of Fiji, Tuvalu, and JICA, and four

meetings were held during the survey period, in Suva.

. 4, . "PROCESS OF THE SURVEY .

The survey wes conducted as outlined in the S/W. . Four fishing methods,
surface gillnet, .trolling, pole-and-line; and bottom line, were adopted for

the:experimental «fishing. .. .

The.survey vessel chartered was a pole-and-line fishéry vessel for catching
Skipjack;- Therefore, as previously stated, remodelling was needed for
thése: other -fishing methodéa Particular - care  was taken to minimize
substantial changes in the vessel. The survey :schedule was planned to
'pérform'trollingiand surface gillnet concurrently in the first year, and to
_PEtform*survey pole-and—~line and bottom line fishery alternately .after the
second year. The pole~and-line fishery survey was conducted from-the new
maﬁﬂftofthe full moon and the bottom line fishing survey from the full moon

to new moon = -
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buring the- survey period, a twbﬁday_holidavaaSaprovided-for'the-survey

vessel crew at the time of each full moons .-

The outline below shows the progress of the survey.

4.1 Period and Countents of the Survey

(1} First year (October 23, 1984 to March 31, 1985) 160 days

October 23 to November 25

Remodelling and repair of the vessel 34 days
November 26 to March 22 ' .
Fiji waters, surface gillnet survey and trolling 117 days-
March 23 to March 31 '
-Rearrangement of materials and fishing gear -~ .. .~ 9 days
(2) Second year (August 6, 1985 to March 31, 1986) 238 days

August 6 to August 25

Waiting period for revision of the original survey

schedule, made out im April, at the request of

both Fiji and Tuvalu _ 20 days

-~ August 26 to September 11 -

Remodelling (removal of surfdce gillmet equipment,

repair of the vessel, and mounting of new equipment)  :. 17 days :
September 12 to October 28

Tuvalu-wateré, pole~and-line fishery survey . = -.;:._47‘daySsﬁ
October 29 to November 25

Fiji waters, pole—and~line fishery su%vey B -~ 28 days-.-
November 26 to December 3 '

Remodeliing of the vessel; . installation of gears for’

hottom line fishing S _ ";-- R S:dgyér;
December 4-to December 12 - '

‘Fiji waters, bottom line fishing survey . - S ..-9: days - .
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(3)

‘December 13 to December 23

Fiji waters, pole-and-line fishery survey 11
December 24 to January- 6
. -F1ji waters, bottom line fishing survey 14

January 7 to January 21

Fiji waters, pole-and-line fishery survey 15°

January 22 to February 6

xkrFiji_ﬁaters, bottom Iine fishing survey S 16.

February 7-to February 21- - .-
Fiji waters, pole-and-line fishery survey -~ . " 15

‘February 22 to March 11

Fi13}i waters, bottom line fishing survey _ 18
March 12 to March 21

Fiji waters, pole-and-line fishery survey 10
Karéﬁ 22 to March 31

Rearrangement of materials and fishing gear 10
Third year (June 25, 1986 to November 24, 1986) 153

June 25 to July 9
Remodelling of the vessel (repairs, installation of

~~ fishing equipment and navigation instruments) 15
July 10 to July 21 '
Fiji waters, pole-and-line fishery survey 12

July 22 to August 18
Tuvalu waters, pole-and-line fishery survey 28
August 19 to September 22

Tuvalu waters, bottom line fishing survey 35

- September 23 to October 8

Tuvalu and Fiji waters, bottom line fishing survey 16
October 9 to November 4 ‘
Fiji'wapers, bottom line fishing survey 27
November 5 to November 14
. Fiji ﬁaters, pole-and—-line fishery survey 10
November,is to November 24
Replacing the vessel to its origlinal state, and

_ unldadihg materials and fishing equipment 10

- 13 =
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4,2 Survey Schedule

Appendix 1, attached, shows the survey schdule.

4.3 Others

During the survey period, surveys of seamounts, oceanography of the survey
area and biological research, payaos deployment, etc., were conducted in

addition to the experimental fishing.
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. IITI. SURVEY RESULTS







. EXPERIMENTAL FISHING

1.1: Pole-and-line Flshery and Live bait Fighing
{1} Outline of f£indings

Situations of fishing operation,. total catch and monthly eatch in ¥Fiji and
Tuvalu are shown in Table &4, and locations of operation, locations of
baitfishing ground, bailt species and other data are shown in record of

pole—and~line operation, attached Appendex 3 to 5.
(a) . Fiji waters
The survey was conducted by making seven cruises in Fiji as follows.
Table 5 also- shows the number of operation and the catch by species
during each fishing cruise. The track of crulse was shoun in Figure

14.

The first cruise (October 29 - Movember 25, 1985}

The first cruise of surhey was divided into two parts: the filrst part
was from 29 October to 15 Novembor 1985, and the second from 15 to 25
November 1985,

Iin the Eirst part of this cruise visual observation of {ishing schools
around -Fiji was mainly performed, but unfortunately, strong wind {wind
force 4 to & by Beaufort scale) occurred daily due to high-pressure
development offshore New Zealand, and appropriate observation results
could unot be obtained. The survey began in Kgdavn, then went to
Yasawa -on Nov. 7, -Kia on Nov. 8 and 9, and fto Northern Law and Koro

from 10 to 14, Both islands of Viri Levu and Vanua Levu were made

-round: during 11 days.

During this survey period, twenty-one schools were sighted and that

seemed to have ] large school, 12 medium size schools and 8 small
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schools. This classification was made as folldwsﬁ_. a school with
diameter greater than 200 m was classified as large; schools with
diameters of 100 to 200 m as medium; and écﬁools witﬁ diameters less
than 100 m as small. Of these, 15 schools fell into the ‘operation but
three of theﬁ had no response to bait, so only 12 schools were actually
subject to survey catching (Iwo schools showed géod.fESpdnse“td‘bait,
five were natural, and the remaining 5 showed:podr response to the
bait). - The average number of échools.sighted:peg day was' 1.9, and the
‘average nuuber of fishing operations was 1.4, with'an-averagg_catch of

1+3 tons.

The latter half part of this cruise was conducted té'éurvey the catch
in the main fishing ground. The“sﬁrvey was carried: out, béginning_frém
Xoro, then, moved to Northern Lau...Subsequently, operatibns were - done
exclusively on this area.. By the ‘end of the survey, 49 schools were
sighted here (2 large, 18 medium, and 29 small schools). Of these, 39
_schools were operated, but 10 schools. did notj'tespénd'rto“ bait, so
catches were made from oaly 29 schools”(Six;responded'good to bait, 8
natural, and 15 poor). The average number of schools sighted per day
‘was 5.4, and the average number of fishing operations was 4.3. The
average catch was 4.9 tons. All are 3 to 4 times greater than in the -
first half of this survey period. The distribution of schools was

qulte uneven.

This unevenness was also seen in catches of the small fish which were
used as live bait. The amount of live bait colleétgd in the-fifst half
of this survey was_ZlaO'buckets.pér set, but in: the second half, 54.4
‘buckets per set were obtained ---- more -than ‘double the ptevibué
amount. In .the first half survey the amount of“live;bait needed to
obtain one ton.of catch was 18.6 buckets, in éontrast.to fhefseeond
half when only 'about half this amount, 9.9 buékets{f was - necessary.
This difference in the response to balt was very distinct, .Xellowﬁiﬂ -
tuna and skipjack were caught in almost the same ratios:iﬁ'ﬂorthern'Lau

area in contrast to the other areas.



- The second cruise (December 13 ~ 23, 1985)

. The second cruise was conducted for 11 days, to search for fishing

-grqunds‘andghaitfishing.grounds around Viti Levu, The survey wWas

-~ conducted: on the south side of=Viti‘Levu; from December 13 to 19 and to

shift .to the west side of Viti Levu on December 20.and 21, and then
r-returqed.to the south slde zgain, on December 21 and 22, A total of 28
schéols,” ihcludiﬁgFY large  schools, 10 medium -schools, and. 11 small
schoolsy ‘'was  sighted. O0f : these, 16 schools were operated. Three
schools showed no response to bait, so there were catches from only 13
schools ‘(three responded good to balt, three were natural and seven
. had ‘poor response).. The average number of schools sighted per day was
ruZ;S; and the -average number of-fishing operations was 1.6. - Average
catch was 2.4 tons. The smaller number of fishing operations relative
~to-the nuﬁber of schools sighted resulted from the fact that .fresh wind
(wind scale by Beaufort 4 to 5) continued for several days at the

.beginning-of"the survey, .

As ‘a resﬁlt, the operation was not continued, although schools were
spotted directly ahead. Thére was considerable unevenness.in.school
distribution. A relatively large number of schools was flocking south
side of Fiji (south of 18°-10'S), where seven large, seven medium, and
seven small schools were sighted. There were fewer schools in the west
‘gide of Viti Levu,. zero large, three medium, and four small schools.
Eighty -percent of the schools showed either no response or poor
'rééponse'to bait. . The amount of live bait collected was 24.8 buckets
: per gets - The amount:of live bailt needed to obtain one ton of catch was

10.5 buckets.,

Thé third cruise {January 7 - 21, 1986)

“The' third: ecruise  was conducted during. the 15 days. The survey
‘operation area was from south of Viti Levu to westward, on the way of
" ‘the west and north sides of the island, reaching the north side of
- Vanua - Levu. - The survey wds carried out in Kadavu, and from January 17

to 19, in Yasawa and after 19, in Kia, that covered the area as large
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as the first cruise. There 7 large, 21 medium andrlﬁ.smali totaling 41
schools were sighted. Fishing operations were done on 37_sphools'of
which seventeen did not respond to bait, .so that-.only 20‘schooisEWere
actually subject to catch.(response:to_bait:titWO“good,riiyeina;ural,
and 13 poor).  The average number of séhools_sighted_per:day was- 341
the average number of fishingﬂoperatidns was:B.i,‘ahd the _average'-catch=
was 2.5 tons. The numbeér of schools sighted; by axea,.was;as.follows.
Kadavu had 25 schools, the largest ndmber;i Kia was next .with nine
" schools; then Yasawa with seven échoolsQ' The -distribution of schools

R mainly-appeéred in the south part of Fiji.-

The composition of schools proved to be 5 large,:ZImediuﬁ and ‘2 small
in Kia, while in Kadavu, there were one 1arge'séhool,~plus.15‘mEdiﬁm
and 9 small schools, that means that majority of,the.schoolsfihere was
medium and small. Of the scheools sighted, 36% showed no:fesponse to
bait in Yasawa and Kia, but this percentage-reached-SO% in Kadavu. . The
amount of live bait necessary to obtain one ton .of -catch was: 13.0

buckets. in Kadavu, compared with 9.1 buckets in Yasawa and Kia.

The foﬁfth cruise (February 7 - 21, 1984)

The fourth cruise was cdnducted*in the area from gsouth of Viti Levu, to
"the south of Vanua Levu, to the north of Vanua Leva for' 15 days, The
survey was begun in Kadavu, then méved'gradually“eastﬁard*to ¥oro and
Northern Lau, from the 9th to the 12th, and to Kia from the 13th to the
16th. The vessel returned to the port once, on the 17th, to refuel and
take on water and ration. After the 18th, the vessel . returned to Koro

and continued the operations.

In total, 66 schools (three large, 19 medium, and 44 small) were’
encountered. The average number per day was 5.l schools. Classifiéd'
by area, there were five schools in Kadavu, 33 in-Koro-and Northern
Lau, and 28 in Kia. This showed that. the distribution of the schools
had moved from the south to the north side. In this. survey, catches

were made in all schools encountered. Therefore, tﬁe-average:number of
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. operatlions.per day was-highest at 5.1 times until present. Response to
Sait, hoWeVér,'was_extremely poor overall;'especially,in Kia, where
there was ‘a 92% zero or poor response ta bait. The average catch per

- day. was. 2,6 tons, and was relatively small, 1f one considers the number

oﬁhoperations.;_Live bait was captured 38.8 Suckets_per_sgt, was quite

~highs: The amount of live balt needed to obtain one ton of catch

. reached 16,9 buckets, showing a poor response -to bait.

The fifth-crulse (March 12 - 21, 1986)

- The fifth crulse was conducted for .10 days, to survey the, fishing and
béitfiéhingugrounda_on the north sides of both Vanua Levu and Viti Levu
-islands. The survey was begun at Kia, then shifted to Yasawa on the
17th and 18th, moving west to Kadavu on the 19th and 20th. During this
period, a total of 35 schools (2 large, 14 medium and 19 small
schools): were sighted_by visual observation. Classified by area, 23
schools'were_sighted in Kia, four schools were sighted in Yasawa, and
elght schools were sighted in Kadawvu, shoﬁing a pattern of aggregation
of schools on the north side. Those schools were operated but .11 of
these made no response to fhé bait, so theée“werercatches froﬁ only 24
schools (bait fegponses were four good, six natural and 14 poor). The
.. -average number of schools sighted per day was 5.0, the average number
-of fishing operations was also 5.0 times, and the average catch was 4.7

tons. : The amount of live bait collected was 39.6 buskets per set., The.

. amount of live bait needed to obtain a catch of 1 ton, was 8.3 buckets.

The. sixth cruise (July 10 — 21, .1986)

- The -sixth cruise was conducted for 12 days, to survey the fishing and
haitfishing grounds near the end. of fishing season. The gurvey was
conﬂuctéd while moving west from Viti Levu Island to the north side of
+ Vanua Lewvu :Island, - beginning at Kadavu and operating at  Yasawa on the
16th and 17th, and at Kia on the 17th to 20th. Heavy qeather,continued
thrOugh this period for depression approached, and the surface water

temperature of the fishing ground dropped to 24 - 25°C. .Therefore,
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fewer skipjack came to the surface, and 70% of the catch consisted of

yellowfin tuna.

" geventeen schools were sighted (no large -school, two mediun schools,
and 15 small schools); so the largest“grodp“gonsisted'df.small.séhools‘
When the number of schools sighted was clas%ifiédjby area;  thé result
was ten schools in Kadavu, two in Yasawa, and five in Kia, showing a
tendency for there to be fewer schools in- the north- and more in the
south. All schools sighted were operated, but 4 %¢hodl$“éhowéd no
response to bait, so there were catches from only 13 schools (bait
responses were 2 good, 5 natural and 6 poor). The average number of
visual schools per: day was 1.8, the average nimber of fishing
operations was 1.8 timé, and the average catch was 2.0 toms: . There

"were the lowest figures obtained so far. ' Live bait collection was also
not very successful., Only 12.1 buckets of live balt were collected‘per
set. The amount of live bait needed to obtain a catch of one ton was

8.2 buckets.

The seventh cruise (November 5 - 14, 1986)

The seventh cruise was conducted for nine days, exclusively: in the
areas of Roro and Northern Lau, southeast of Vanua Levu Island., ~ Eleven
schools were sighted (no large, 9 wedium aﬁd 2'sma11);-:CIasSIfication
by area shbwed,-fivé in Koro and six ‘in Northern Lau.. ' Of these. 1l
schools, two schools made no response to the bait, so nine schools wére
operated to catch (bait responses were one good, four natural and four
poor). The average number of visual schools -per day was 1.6, - The
average number of fishing operations was 1.6 time, and the average
‘catch was 1.5 ton. 'The‘figures showed a further ‘deérease from those
of the previous survey. The amount of live bait collected was dlso the
lowest recorded thus far, at 5.5, buckets per-sety:but the- amount of
bait necessary to obtain one ton of catch was 5.3 buckets, ‘the best

figure ever.
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‘Summing up the.total of these records shows that altogether there were
79 ope:atingrdays, 268 schools sighted, and 236 schobls.from which
-ecatches were attempted. Of these, 76 did not respond, and there was no
catch f;pm_phese,_then, 160 schools were opera:ed_for.fishing, The
total. cateh. was. 203_ tons. This means that the average catch per
school was 1.3 tons. There were 3.4 schools sighted per day and 3.0
operations per day. The average catch per day was 2.7 toﬁs. Thé total
amount of live bait collected was 2,336 buckets, the average amount of
ldve bait polleqted per set was 24¢6 buckets, and the average amount

_of live bait needed to obtain one ton of catch was 16.7 buckets.
(b). Tuvalu waters

.In:“Iuvalg,‘ the survey was carriéd out, .by making three cruises as
mentiqned hereunder, - Table 6 shows the catch and the number of fishing
operations for each cruise, and track of cruises was shown in Figure
~13. During the round to and from this area, several additional fishing
-Qperatioﬁs_ were. COnductgd in Kia _anq_ Rotuma areas of Fiji waters.

Therefore, these records are also shown in the table.

.The first cruise;(September 12 - QOctober 8, 1985)

The first cruise was conducted on September 12, continued for nine
days, and was completed. on DOctober 2. (The survey vessel entered
Tuvalu waters on Sépteﬁbéf_ZO.) The survey was made mainly in the area
_between 7°-30'S and 8°-40'3, and 178°~10'E to 179°-20'E, north of
_.Fuﬁgfﬁti. ihe distfibution:of many small schools was alse sighted in
_,the narrow area between 8°~15'S and 8°-30'S, and between 178°-40'E and
;73°slbfﬁ, 3é_schools ﬁere sighted (3 large, 4 unedium, and725 small).
- The number of visual schools per day was 3.6.  The 25 fishing
.'operat1§ns }igided 21.4 tons of catch. (Baip responses were seven
schools‘go;d, one school natural and five schools poor, and 12 schools

_showing no ¥33P¢ﬂﬁe-), There was an average of 2.8 fishing operationms

. per dgy,,and_;hg_average catch was 2.4 tons. The amount of live bait
'Elégllectéd.qu‘18;9 buckets per set, and the amount of live bait needed

,‘tb,qbtain one ton of catch was ll.1 buckets,
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' The second cruise (Octobéer 9 —~ 28, 1985)

The second cruise was conducted on October 9, continued for 11 days,
and ‘was completed on October 28. (The Sufvéy”fﬁ'Th&alu'ﬁétéfs was
carried out ‘on the Octs - 13.) ° The area in which many schools were
sighted preﬁiously seemed to remain ‘a good fishing ‘grovnd: ‘this time

also.

Due to the shortage of live bait, the numbéf_6f"fiéhing'dperatibns-was
minimized and the area of the survey was expanded to 4°=15'S, mainly
making visual observation. As a result, 80 schools were sighted (27
large, 23 medium size and 30 small schools). The catch of li;ﬂ_tons
was obtained in 25 fishing operations. {Response to bailt: good
response zero, six schools natural, eleven schools poor, and éight

schools no response.)

The average number of schobls'sighted per:déf"waé'7'3;’fhe average
‘number of operations per day was 2. 3 times, “and the average ‘catch per
day was 1.0 ton. The amount of live bait collected per set was 29.6
buckets, an increase over the previous survey, but the amount of live
bait needed to obtain a catch of one ton increased to 20.0. buckets,

reflecting the poor response to bait.

The third cruise (July 22 - August 18, 1986)

The third cruise was conducted on July 22. (The survey vessel éntered
donme in Tuvalu waters on Ju1y 27.) 'Fishiﬁg operations were for 13 days
and were completed on August 18. (During the return éruise;'thé'éurvey
was operated for three days in Kia.) “The extensive area between 7° =40
and 70“50'31 and 178°~10"and'1?8°—40'E,.adjoining'the fishing'grouné
which was surveyed in October of ‘1985, was surveyed from south to
north, and 51 schools were sighted. All schools were small, and most
of them had also small bait. Therefofe,{fishing operation was'giﬁen to
27 schools, a little more than half of all (Response to balf: - good
‘zero, two schools were natural and 25 schools were poor );'Théfaveréée
number of schools sighted per day wés 3.9 tiﬁég; the averéée"ﬁuhber

of fishing operations was 3.9 times, and the average catch was 0.8
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tori, -~ The amount of live bait collected was 12.7 buckets per set, and

‘the amount of :live balt needed to obtain one ton of catch was 11.8

.buckets.

When the above results are totaled, the number of schools sighted in

33 days of fishing operatlons was 163, with an average of 4.9 schools

o sighted_per_d&y. (Fishing_operatiqns conducted around the Fijl during

the round cruise to and from the survey area have not been dncluded

- here,) . -This.figure-is-l.4rtime‘ larger comparing with that in Fiji
. waters, and seems- to indicate some abundance of the biomass in Tuvalu.
“However, the percentage of small schools was greater than in® Fiji
waters. (65% 1in Tuvalu, 53% in F1ii). Thus . -the catech,  per. school

subject . to catch (0.6 ton ) was lower here than In Fiji waters (0.8
ton ). - The amount of live balt collected per set was 20.1 buckets.
This was  also slightly lower than the figure in Fiji area (24.6

: buckets).

(23

Catch

“{a) Fiji waters

The size of schools sighted and rate for response to bait

During the survey .period, the. 268 schools sighted were classified

'according_to_school,size;and.response to bait for each cruise. This is

-~ shown in Table 7.  Small schools totaled over half of all schools, at

53%:.40% were medium, and only 7% were large.

The ecombined amount of .large and medium schools -on the second crulse

was 61%Z.° On the third cruise this was 68%, so far both of these

- eruises. this rate was over 50%Z. This was the peak season for skipjack

fishing, and the increase in the total volume in each area also seems

to be .associated with an increase in the sizes of individual schools.

.The ratio;of schools having almost no catch and no response to bait was

' calculated for.236 schools. Of the total of 268 schools, fishing could

.. not be done (due to storms, etc.) for 32 achools. Classified by school
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size, theé percentage was 5z:for large schools, 23% for medium schools,
and 43%Z for small schools. - The percentage of schools ‘which did not
respond to bait, increased as the school size decreased. ' It ‘tan be

assumed that school size sowmehow affected the gchool's response to

bait.

‘Periodic changes in the rates for poor response and no response to bait

The rates for schools with poor -response and’the schools with no
résponse?were'combined for each cruise.. This cOmbiﬁed-rate was 60 to
70% during the first”énd seéond cruises, but increased to 80“;0'90%.qn
~the. third and fourth cruises, then. deérsased to 70 to 80% on the fifth
and sixth cruises. Results of examining stomach contents will:be given
later. The percentage of individual skipjack and'yellbwfinftuna3with
half~full to full stomachs reaches its maximum level in:Februafy and
March. Thus it can be assumed that the number of fish which are in a
feeding period is greatly increased at this time. This is considered
to be one reason for the decline in response to bait during this

period.

The number of schools sighted and the quantity of catch in each area

The number of days of fishing operations, the number of schools
sighted, and the catch by speéiesfwere obtained for each area. The
results are shown in Table 8. -(Koro and Northern Lau are combined here
and handled ' as- a single area.)  Observation sho#éd. that - f£ishing
operations were most frequent in Koro and NorthernfLaﬁ for 29 -days and
that Kadavu was next for 26 days. Operations in these two areas
- represented 704 of the total number of days of fishing-operations. The
. average number of visu31 observation of schools per”day in Kia was the
largest at 4.4 schools, followéd-by 3.6‘schools.in Koro and Northern
Lau and 3.0 schools in Kadavu. = Catch per day, however, was largest in
- Kadavu with at 3.1 ‘tons, followed by Koro and Northern ‘Lau with 2.9
tons, and Kia with 1.9 toms. - The number of schools sighted.thué'did
‘not necessarily correspond to the catch because  the catch is not only

- affected by the number of -schools, but is also’controlled to a-great
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o extent by the.size of the individual schools which are subject to catch
* and by’ the degree of response to balt.

+ The size: of schools and average'quahtity of catch according to response

‘to-bait

: Thg average catch for each fishing operation was obtained for the 160
schools which were subject to catching operation. The average catches
were then classified by school size and'by response to bait.  When
‘these figures were compared, it was understood that they fluctuated at
rather regular rate, according to the degree of response to bait and
school sizes, as shown in Table 9. Roughly speaking, the catch from
medium schools was 507 that from large schools, and the catch from
small schools was 30% of the catch from large schools. Classified by
response -to- balt, catch from schools with natural respomse was 50% of
that ffom schools with good response, and the catch from schools with
poor response was about 20% of that from schools with good response.
" In. other words, -as shown by the average catches, the school sizes can
be shown as a ratio of ‘1 : 0.5 : 0.3 (10:5:3), and the degree of
‘Yesponse to bait (good, natural, and poor) can be shown by the ratio of
S 17 045 3 0.2 (10:5:2)., The school size ratios can be considered as
measurements of school volpme, and the ratios of degree of response to

bait-can be considered as the catches.

-:Quantity in- catch in each fishing section

Accordance. with fishing sections in units of -20' of longitude and
- latitude, that are used by - Fisheries Divisions of Fiji, the individual
'catcﬁés from each ‘section were obtained, are shown on the chart as
'Varying sizes of black circles (Fig. 16). The parts of each water area
which]are'utilized ags fishing grounds, are relatively few in nunber,
=:between?i95tand 12 sections, of which the <catch is particularly
concentrated ‘between 1 and 3 sections. In Northern Lau, nine sections
.1iare ‘used, but -only three have very high ratios of utilization, Nos.
143,146, ‘and 228, The catch in those three sections was 80% of the

total’catch'in'NorthernfLau. In Koro, 12 sections are used as flshing
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grounds, but catches are ceoncentrated in sections - 164, 198,.and. 297,
About 70% of the catch from the entire Koro .area was- obtained. from
these three sections. In Kadavu, 10 sections are used as fishing
grounds, however, -the catch is particularly concentrated in section
369, Qhere 70%70f the total catch ig obtained. In Kia, nine.septions
are used for the fishing'grouﬁd; Of these, the utilization rate is
perticularly high in sections. 185, 196, and 496. Catch in those three
sections is 80% of the entire catch for Kia. In Yasawa, there are 6
fishing grounds, but fishing operations have'been done there only once
or twice, -and it ‘is hard to say to which -sections fishing 1is

particularly concentrated.

{b) Tuvalu waters

" The size of schools sighted, the rate for response to balt and average

quantity of catch

The 163 schools sighted by the first to third cruises were. classified
by school size and response to bait, for each cruise. The results are
. shown in Table 10. Of the 101 schools sighted which were. subject to
fishing, the rate-number of schools which showed no. response to'bait
was noted for each size of school, were 36% of large schools, 217 of
medium schools and 49% of small schools and those. exhibited a tendency
toward decreased response to bait as the school sizé- decreased,
therefore this trend, was not as glear as in_Fiji waters..-Thg;ayerage
catch weight per operation, classified-by school size and by response
to bait, was obatined for 57 schools, except 44 schools. with no
response to bait, and the results are shown. in Tabie 11+ * These results
show no fixed proportionate relationship between the figures, as the
cage 1in Fij}i waters, Therefore,.these_figurés do not -seem: to be a
useful scale by which to show good of;poor of the rgsponse';o_bait_énd
school sizes. This could be because the number of fishing operations
was extremely small., = However, fishing in=Tuva1u,;unlike_fishiﬂg in

Fiji waters, often catches pelagic fish, .In addition to the shortage

of live balt was also a factor,,séhools scattered_easily,during the_
fishing operation, and this: situation  also seems td gﬁéve,,greétly

affected the catch,
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This waters has been divided into small sections in:units of 20' of

. latitude and longitude, the same as in Fiji waters. The catch obtained

(3)

per section is shown on the chart in Flgure 17. - Twenty-seven sections
here are used as fishing grounds. Of these, the four sections around
Funafuti.Island have especially high utilization rates, with the catch
in these .four sections amounting to nearly 80% of the catch from the

entire Tuvalu waters.
Live Bait
(a) Fiji waters

Live ‘bait was collected from around the Viti Levu and Vanua Levu

Islands, Lau group and in barrier lagoons, the so-called “baitfishing

ground," which are dotted with several tens of locations. = Nineteen
paitfishing grounds were used for this survey, as is shown in Figure
18,. In 108 operations, 2,780 buckets of live bait were collected in
Fiji waters.

The number of operations and the amount of collection by ‘month and by

‘baitfishing ground

Appendex 3 shows the name of bait fishing grounds and the amounts of
bait collected -by species. The number -of operatiomns and amounts of

bait . collected with number of -bucket, classified by. month and

. baltfishing ground, are shown in Table 12. The amount of live bait

. collected ‘each month showed great variation over a wide range from 55

buckets to 687 buckets, depending on the season because increases and

- decreases were dependent upon the seasonal distribution .of. the small

- £ish used as bait. -

" . The location of the baitfishing ground also varied according to the

location of :the main fishing ground. Baltfishing ground used in this

- survey, shown by month, are as follows. Live bait was collected mainly

in Kia in . September, in Sausau in October, in Vanuabalavu in November,

fin:Ngaloa-from-December to March, and in Xia again in July and August.

- 29 -



The baitfishing ground used most-frequently through this survey were
Kia, Ngaloa, and Vanuabalavu. The amount of bait. collectéed from these

three locations was 2/3 of the total amount of -bait collected.

The amount of live'bait'collected‘per get averaged 33.6 buckets'in
these three areas, considerably higher than the total average of 25.7
buckets. . The distribution of small bait fish here, seems to be far

greater than in other baitfishing ground.

Relationship between the amount of live bait collected and the catch

The relationship between the amount of live bait collected and the'
catch for each cruise (Figs 19) showed quite ~a high .positive
" correlation {cerrelation coefficienf, +0.885), showing-that'the amount
~of live bait collected has a great effect on the catch. More than ten
species have been utilized as bait. Of these, howeaver, sardines, blue
sprat and gold spot herring, showed high utilization levels amounting
to almost 60% of all live'bait used (Table 13). )

(b) Tuvalu waters

The value of Tuvalu waters as a skipjack fishing ground is already well
known, but there are only a few baitfishing grounds on the:site, so
that- this significant resource is not being utilizedi-hTherefore, the
main purpose of this survey was the discovery of baitfishing grounds,
4in addition to the search for:fisﬁing grounds. However; there are only
two islands in this area with barrier lagoons in which the asdrvey
vessel of "Te Tautai” can enter: = Funafuti Iand.:Nukufetau. - The
Nukufetau 1agoon-ié narrovw, and has a more limited supply of .emall fiéh
for live bait, so at present the only baiffishing ground which can be
used is that of Funafuti. Appendix 5 shows locatlion of baitfisﬁing
ground and collecition of bait 5peciés per set.  In. 27 baitfishing
operations in Funafuti -and 2 baitfishing operations in:Nukufetau, 592
buckets of live bait were collected. The amount.oﬁ live bait collected
per set was-20.4-buckets,-1éss than the average: value in Fiji waters.
It is difficult to secure thé necessary amount . of .baitf from 'thése

areas. By species, 90% of the live bait was blue sprat.
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" (4) “Fork Length Composition

;(a) " Skipjack

ﬂFork'length composition of :the catch by month in Fiji waters

-The fork length composition for each montﬁ was obtalned for the ‘catch
in Fiji waters, and its changes were studied (Fig, 20).  On the way to
and from Tuvalu, fishing operations were conducted on October 7 and 12
and -measured -the fork lengths of 177 ' fish. These results have
‘theréfore been added here for comparison. As seen in Figure 20, the
?ositiOnfof the mode of medium=sized fish, the main group, gradually

- increased ‘as the fishing season continued, from 44 e¢m in October, to 45
‘¢m in- November and December, 47 cm in January, 48 cm in February, and

50 ¢cm in Maréh.

" Thére are many theories about skipjack growth, Iizuka has shown a size
of 26 cm one year after hatching, 49 cm 2 years after 62 cm 3 years
after and 69 cm 4 years after as average fork length- (Iizuka 1985 ..

().

According to this ' theery, the annual biomass ‘increment from
-twb;year%bld- fish to ‘three-yesr—6ld fish is 13 cm, 'so the monthly
averége biomass increment is 1.l cm. . The mode development length for

' gach mohth,'roUghly matched this value. Therefore, this trend in fork
'length—hompbsition can be considered to show the growth of the fish

' .‘gchools. -Alga, a school of slightly larger fish with a mode of 53 cm,
- was recruited in December and- temporarily became the main group. A
:ﬂSChOdl averaging around 50 cm became the main group in July and August,
- but its rate was small, This school was formed with a mixture of small

© pumbers of various sizes of fish, from 35 cm t0-7ﬁ Cilte

“Fork length composition of the catch by the individual area

Thig waters ‘18 divided into seven areas, in Figure 2, These mouthly

fork ‘length compositions were next arranged by individual small areas,
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as shown in Figure 21. Fork length’ LOMPOSitiC“ -was - measured
intermittently '4n Kadavu from November 1985 to July 1986, However, the
fork length composition in each month varied greatly, - showing the
vigorous activity of the joining and separation of schools in this
area. This area differs from other areas in that & relatively. large'
number of migratory‘ fish schools appear here. - There were: many

appearances of schools with differing biomasses, and these probably

influenced the composition.

Spawning seems to occur over whole year in.thg-tropical,watﬁrs, 80
varlous~sized schools other than the main_grdup;may_appear in some
g8easonss Concentrated measurements of fork . length were - made  in
Horthern tau and Koro in November and .February.: The <fork length
compesition of the main group in November consisted of medium fish (43
to 48 cm) with a mode of 45 em, in both areas. In February, howeﬁer,
medium fisﬁ had almost disapﬁeéred, and the composition in MNorthern Lau
consisted solely of large fish (50 to .55 cm). 1In Koro, medium~sized
fish comprised the main group, even though the amount of large-sized
fish had increased. -Data was coilected from seven locations in Koro,
but {in only wone location in Northern Lau. 'Thefefore,' the  bilased
distribution of fish achools may be a result of this difference in the
- amounts of available data. __Hdwever, it 1s probable . that the

recruitment of large fish into this area has increased since-?éﬁruary.

In Kia, the fork length composition was measured in.Oqtober.l985 than
in the following January, February, March, and August 1986. .The modes
of the main group here became larger at almost f£ixed intervals, as
shown (44 em in October, 47 cm.in January, 48 cm in Fehruary,_éndrﬁo cm
in Mareh). As stated previously, these changes. of mode can be
consldered to ipdicate the growth of the fishlschoolsadistributed in
this area. 1In other words, the medium fish reéruited-in this:aréa.at
the beginning of the fishing season are continuing to grow while
remaining here throughout the fishing seasﬁn;__Thgre_dogs_not geem to
be much of the vigorous access of fish schoois wﬁicﬁ ﬁéé Iseen\ in
"Kadavu. The main group,_hdwever,-disa#peared in- August, and the fork

length composition spread into a wide range,_from 35 em to 70 em.:
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-In. Yasawa fork length composition was measured in November then in the

following. January and March. Here, the fork length composition each

. -month - wase “spread . widely in & range from 45 to 653 cm, and no

'paxticularly:domiﬁant_fork length group was found. However, large fish
"(over,ﬁo_cm) seem to be concentrated in the area on the west side of
.. Viti Levu. Comparing fork length.compositions arranged for each month
 from October to March for each area, Figure 22 shows that medium fish
with fork lengths.of around 45 cm were the main group in the areas of
Northern Lau, Koro, and Kia. The fork length mode was 44 cm in
Northern Lau, 46 cm in Koro, and 48 cm in Kia. ‘These show slight
+ yariations, but these differences are related to the period when the
main measurement was made in-each.area. Concentrated measurement were
. made in. November in Northern Lau, February in Koro, and February and
March in Kia. These results show the growth of two-year-old fish which

comprise the main group at the times of each of these measurements.

Fork length composition of the catch by month in Tuvalu waters

The fork length composition of the catch in Tuvalu waters for each
month is shown in Figure 23. The main group, both in September and
. October 1985, consisted of fish with fork lengths of 55 to 65 cm, with
" a mode of 61 cm. 1In September, the composition included many large
fish of greater than 653 cm. In October, compesition included some
- medium recruits of approximately 45 cm. In July 1986, the composition
" had completely changed, aund the 50 to 60 cm group, with a mode of 55

em,: was the main component of the school.

Fork length composition of the catch in Fiji and Tuvalu waters

Colléétion and  comparison of the above-menfioned fork length
compositions for Fiji and Tuvalu waters, showed a great deal of
contrast as seen ih Figure 24. The main group in Fiji waters consisted
of medium. fish (42 to 54 cm) with a mode of 45 cm, and the main group
in TUValu waters consisted of large fish (58 to 64 cm) with a mode of
- 61 cm. - However, it was not possible to. estimate from this survey

: Hhéther-or not these fork length compositions are typical for each of
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these areas. Fork lerigth of skipjack in Fijl waters has béen measured
“several timés in the ﬁast,'however,-KearhéYfrepofted*thefreéﬁlts of
fork length measurement 'of catches by ‘polée-and-lifie fishing vessels,
relative to the survey which involved freéing téggéd*skipjabk;and”which
was carried out in this waters. A£COrding tb.thiéfrepdrt,'the“main
group in this waters consisted of medium fish (43 to 53 cm) with a mode
of 45 cm, in January to April of 1978, Medium fish*(azftq 54 cm) with
" a mode of 48 cm became the main'groﬁp'in'this'watéfs in April and May

1980 (Kearney, 1982 .. (2)).

The results of measurement of purse seiner catches 1nJune 1981,
carriéd out by Fisheries Division of Fiji, also showed that medium fish
(43 to 52 cw) with a mede of_47 cm'were'tﬁe nain groups - {Annual
Report, 1981 .. (3)). o - i '

According to the above reports, the fork lengths of the main group can
be considered to be fixed approximately 42 to 54 c¢m, even though the
mode varied by several centimeters depending on the migration of

- skipjack each year.

" There is not much else recorded about catch measurements. in ‘Tuvalu
waters. However, there is a record of the_measﬁrement of the fork
length of skipjack caught in the area beétween:2°S 'and 9°S, and between
175°E and 173°W.  (This ‘includes almost - all of Tuvalu' ‘waters).
This survey of catches by fishing vessels operated in the south Pacific
Ocean was carried out in February 1980, at Yalzu Port by the :Tohoku
Regional Fisheries Research Laboratory (Fig. 25). This survey records
that fish with fork lengths of 56 to 60 em and “a mode of ‘58 cm, were
the main group, and that the fish reerwited were of -medium size,

around 40 cm. (Tohoku Regional Fisherlies Research Laboratory, 1980 ..

(4)).

There are some differences between the mode and the-range.of”the main
group, but 1if these differences are assumed to -result: from the
discrepancies in growth caused by the difference in catching time, this

fork length composition almost matches the fork length- composition
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- observed by .this survey in September and October 1985. Therefore,
large:fish (around 60 cm) can be considered to be the main group every
_year in thie waters: . When this fork length composition 1s used to
"eétimate the ages of fish, on the basis on Iizuka's theory, medium fish
(42 to 54 em) with a mode of 45 to 48 cm are considered to be two years
old, andl'large fish (58 to 67 e¢m) with a mode of 61 cm are
three—year-old-fish. In other words, in Fiji waters, the main group is
two-year-old fish, and in Tuvalu waters, three-year-old fish were the

main group.

© -“The “amount of  two-year-old fish, compared to the total catch in Fiji

waters 1s 91% for those caught by trolling and 88% of those caught by
‘pole-and-line: fishery, indicating that most of the school consisted of
_a‘fsingle age : group. That is, -schools of one-and-a~half-year-old
. gkipjack seem to visit Fiji waters and remain for several months {from

three to six months) before moving elsewhere.

i Results of the tagged fish survey in Fiji waters by 'South Pacific
Commission are as follows. Of 29 tagged fish recaptured outside fhis
: érea,-'l6-were*taken'around Tuvalu and Kiribati (Kearney, 1982 .. (2)).
- Therefore, . quite a large portion of the skipjack which move away from
- Fiji waters, can be considered to be intermingled with the three-year-

- old fish-in Tuvalu waters.
. (b)  Yellowfin tuna

- Almost no fish of this species were caught .in Tuvalu waters, so all

' gamples measured were therefore from Fiji waters.

Fork length composition of the catch by month

" The fork length composition for each’ month was_obtained using samples

- galected from the catch. The results are shown in Figure 26, Medium fish
of - (47 to 57 cm) with a mode of 50 cm were dominant in October and
. November. 1985, but the dominant group was slightly: larger in December
1985, with the main group being.from 51 to 57 cm. - In January 1986 a

"school. of fish from 45 to 533 cm was recruited, and the composition
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_ changed to between 45 and 60 cm, .although in February,i986-thare'w2re
fewer larger fish of around .55 cm, and the main group. .consisted of
medium fish. 1In March 1986, the grdup‘ofxapproximateiy-SS cm increased
again, and fork length compositions showed a réunded peak bhetween 45 cm
and 60 cm. In July 1986 the compositlon range expandéd'furthét,_to

between 45 and 75 cm, and various sizes of fish were .caught.

Fork length composition of the catch in each area-

" The above changes-are closelyfrelated'to_the area.surveyéd, Therefore,
the fork ‘length composition, classified by area, ﬁaé-obtained next, as
shown in Figure 27. According to this, medium fish with;ﬁodes_of h9
and 50 cm- became the main group in Koro, Northern Lau,: and. Kia, and
slightly larger fish with modes of 54 and 55 cm were dominant :in Kadavu

and Yasawa.

Surveying in October and November 1985 was done mainly in Kia, Koro,
and Northern Lau; the survey in December 1985 was mainly-iﬁ~Kadavu; and

in January, surveying was conducted mainly in Kia and Kadavu. . The fork
length composition  increased ~in December -1985 because : the fishing
ground was moved to Kadavu. The fork length composition.decreased in
January 1986, since the fishing ground had moved to Kia area.  The
February 1986 survey was conducted in Kia, Koro, and Kadavu, but 70% of
the data measurements were made Iin Kia, s¢ that data frowm' Kiaz had a
strong effect on composition values. The survey.in March 1936-was
conducted in Kia, Kadavu, and Yasawa. . The composition at this time
showed a mixturé of medium fish in Kia, and somewhat larger fish in

Kadavu and Yawasa.

The survey in July and August 1986 waé conducted in kia énd-Kédavu,
where the fork length composition covered a slightly greater range thaﬁ
in March 1986, with the average remaining unchanged. For this;speciés,
however, unlike skipjack, there 1s almost none of the mode transition
which 1s considered éo indicate the growth of fish, in the monthly
composition here. This species expands its'habitat-towardrthe:offshore
area as it grows, but the pole-and~line fishery ground is limited to a



. relatively narrow coastal area, and does not follow the growth of this

(5)

.specles., There are considered to be no signs of mode transition. This

also indicates frequent changes in the yellowfin tuna schools in the

‘coastal area. -

Sex Ratios.

{a) Skipjack.

-Cateh by trolling

~ Qne hundred and forty -skipjack removed from the catch obtained by

trolling . fishing were separated dinto three classes by fork length:
less than 50 cm, 50 to 59 cm, and greater than 60 cm. The number of
males‘and females was also obtained for each month, as shown in Table

14.  This shows that, during the data collection period, from December

....1984 .to the following March 1985, percentage of male fish for each

_month was greater than that of female fish, and that for the total

nunber of fish, the Sex ratio (female : male) was 1 : l.4.  When this

- was obtained for each fork length, the sex ratio for fish shortér than

50 ¢m was-1 ¢ 1,2. For the 50 to 59 cm class, it was 1': 2.2, with the
gap between sexes widening with the growth of these fish.

_Catch by pole-and-line fishery

Next, in the same manner as for trolling catches, the number of males

_and ferales per month, and fork length, were obtained for 361 skipjack

collected as samples in Tuvalu waters. The results are shown in Table
15.. According to the results here, the sex ratio for the class of fish

ghorter than 50 -cm, was 1.: 0.7; the sex ratio for the 50 to 59 cm

" ¢lass was -1 : 0,8, with the number of females being greater, but for

- fish. larger than 60 cm, the ratio was 1 : 1.3, with the ratio of male

 fish increased slightly,  Also, when the sex ratios were observed in

- the same way for 1,020 samples collected in Fiji waters, in the same

i way (Table 15), the class of fish smaller than 50 cm showed a ratio of

11 1.1, -an-almost -equal ratio. - For the 50 to 59 cm class, however,
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the ratio was I : 1.5, and for the .class of fish larger than 60 com, it

was 1 : 1.9. Here, also, the ratio of malenfish.increaséd‘with-grow;h.

When these séx ratio Qre ‘observed by month, howevér,‘ the.'ratio_-of
female fish was greater in December 1985 for the 50 to 59 cm'class,_and
was higher in January and February 1986 for the class of fish smaller
than 50 cm. As detail foilows_later, the ovaries of fish in this sea
area are most mature in Jahuary and February 1986, so'there“may}be somse
relationship between this phenomenon and gspawning. Aé seen gbove, the
sex ratio varied somewhat, depending on when it was observed, but the
ratio of male fish was generally higher. This difference also
increased with increased fork length. This tendency was not only seen

in this area, but was also commonly found in other areas.

" Tester, et al., surveyed 374 skipjack in the Hawaiil waters -and reported
that 39% were female and 61% were male (Tester and Nakamura, 1957 ..
{5))s Brock surveyed: skipjack in Hawaii for two years, and reported
that the female : male. ratio remained Lthe. same between March and
August, which period included the spawning season, but that the ratio
changed to between 1 : 1.3 and 1 : 1.6 from September to Dacember
(Brock, 1954 .. (6)).  Orange also surveyed the sex ratio for 12,178
skipjack in the eastern Pacific Ocean, and reported:that the sex ratio
for skipjack with fork lengths of less than 75 cm was around 1 : 1, and
that the ratio of males to females increased when fork length exceeded

75 em. {Orange, 1961 ., (7)).

In Fiji1 waters, “however, almost no skipjack with fork .lengths of
greater than 75 cm were caught. Kearney has reported. that, according
to the results of the survey which involved the liberation of tagged
‘fish, skipjack which remain din the.coaétalwarea_have a’ ‘growth rate
which 1s slower than that of the schools which migrate- to the-buﬁer
waters, and that the fork length of 60 to 65 c¢m might be the maximum
gize (Kearney, 1979 .. (8)). Cbnsidered'accordihg to this theory, the
fork ‘length of 75 cm, of skipjack 4in 'the outer. waters, - can be.
considered to equal the fork-length of 35 to 60 cum of the skipjack in

Fiji waters. _Kawasaki has stated that the reasdén for the Increase in
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“the ratio of males with growthy; is that the life span of females is
shorter than that of males (Kawasaki, 1985 .. (9)).

(b)Y Yellowfin tuna-

Catch by trolling fishing

~:One . hundred and twenty three yellowfin tuna, collected by trolling,
were separated into four fork length classes: 50 cm and less, 50 to 59
cm, - 60 to 79 cm, and 80 cm and greater. The number of males and
females was obtained for each month, as shown in Table 16, As seen
héré,-the ratio of femaleé to males gradually decreased as the months
passed, with the sex ratio of 1 : 1 in December 1984 changed to 1 : 0.7
~in January, and 1 : 0.5 in Febyruary 1985, By individual fork lengths,
the sex ratio for the 50 cm and less class and for the 50 to 59 cm
class, was 1 : 1, but for the classes of 60 to 79 em, and of 80 cm and
greater it differed greatly, at 1 : 0.5, with the numbers of females

becoming very much greater.

Catch by pole-and—line fishery

Next, the number of femaleg and males was obtained for each fork length

‘- and. for ‘each month for 648 yellowfin tuna selected at random from the
“ ecatch made by pole-and-line fishery, as shown in Table 17. As seen
"-.here,uthe-ﬁumber of males was greater than the number of females in
every month except October, and the overall sex ratio was 1 : 1.5, For
the 50 cm. and- less ‘class, the ratio was . 1 : 2; for the 50 to 59 cm
class, it was 1 ¢ 1.3; and for the 60 to 79 cm class, it was L @ 1.9.
The number of males exceeded that of females for .all these fork
lengths, completely opposite to the usual trend 1in contrast to

- trolling. - The cause of these results is unknown at present.
(6) Maturity

Overian maturity was classified into the -following . three stages, based on

visual observation with the naked eye.

1
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Immaturé —----— The gonads are long and narrow. .
Individual ova cannot be seéen with the naked eye..

Semimature —--- The gonads are large and bulging. .
Individual ova can be identified with the naked eye.

Mature —w—=———- Ova bhecome large, transparent, and with - loosely

separated, surrounded by fluid.’

The Gonad Index (GI) which has become the standard of maturity for female

and male fish, has been calculated from the following equation::

61 = w/L3 x 108 R .
Weight of gonad (in grams);'

]

W
L

Fork length (in mm)
(a) * Skipjack

Maturity of the catch in Fiji waters

The overian maturity of 59 skipjack, collected by trolling in Fiji
waters, was obtained based on the aboyetstanéaﬁd; _The results showed
four immature fish (6.8%7) one mature fish.(l;7%). . The remaining 54
fish (91.5%) were semimature. The appearance of both’ mature and
immature fish were concentrated in January. Obsevation of the cverles
of 466 skipjack collected at random by pole—and-line fishery in Fiji
waters gave the following results: 30 immature fish (6.4%), 1 mature
fish (0.2%), and .435 semimature fish {the rémaining' 93.4%). - 'The
appearance rate for immature fish was 5.9%.in January, 3.8% in Februéfy
and 10.7% in March. This rate was found to be 58.3% .in both Jul? and

August. Mature fish appeared in January.

Kearney surveyed the maturity of skipjack in this waters in Jhnuafy to -
April of 1978 and in April and May, 1980. He reported that 94% of
skipjack here were in stages two and three, equivalent -to the
semimature stage; 1% were in stage Ifour, equivalent  te. the mature.
‘stage, and 4% were: in stage six and stage séven; equivalentttofthe'

postspawning state (Kearney, 1982 .. (2))«
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In other words, -fish in a semimature state weve by far the largest
- group:in this sea area from January to May. Also during this period,
some fish in both immediately -prespawning and immediately postspawning
. conditions were collected,  Even though their numbers were small, this

-1s a certain indication that spawning occurs in- this area.

~Periodic changes in maturity index-

Next, the perlodic changes in maturity indices, obtained from each
individual fish, were noted., These values range from 1 to 110 for
females, and from 1 to 90 for males, slightly less than the range for
females; This walie increased with gonadic maturity. : The maturity

indices: for fish which were obtained as immature by a judgement of

. maturity made by the naked eye, as previously stated, were mostly 20 or

less, and the maturity indices of fish which were considered mature,

- were 80 and 110,

Yabe established a standard for wmaturity, using ‘the weight. of the
gonads relative to total body weight, expressed as a percentage. When
- this value 1is greater than 4%, the gonads are considered to be mature
Vz(Yabe, 1954 o, (10)).. According to this theory, when a fork length of
45 ¢m has an 0varién weight -of 72 g or, a 50 cm fish has an ovarian
- -weight of 92 g or more, and a 55 cm fish has an ovarian weight of 132 g
or more, these can be considered to be mature, When these values arte
converted to maturity index values, they are all around 80. From the
above, it can be considered that when the maturity index is around 25,
. the -ovaries are changing from an immature to a semimature state, and
when ‘the index is around 80, 1t can be assumed that the ovaries are

: Changing from semimature to mature..

This maturity ‘index has also been divided into several groups of 10,
‘ for example, from 10 to 19 and from 20 to 29. The appearance frequency
of each of these classes in the catch made . by pole-and-line fishery in
Fiji waters was obtained and classified by sex and by month, as shown

in Figure 28,
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For females, the 40 to 49.c1a53 was mOSt numerous .in November éﬁd
December, followed by the 50 to 59 class in January ‘and the 60-to 69
class 1n Pebruary, showing a tendency to increase. Thé index decresdsed
slightly to 50 to 59 in March, and decreased: again-in July and August,
to 10 to 19, However, it increaéed-again in November When.thexﬁﬂ'to 49
class became the largest. It is difficult to observe precisely because
there‘is no continuous data, but this value seems “to have'bEgah a
decreasing trend after the peak in January and February, reaching- its
lowest value in July an& August, then beginning.an:increasing trend

again.

Male fish showed  almost the same  trend, which also seems to show
:periodic change, with the 50 to 59 class in January and February as the
maximum and the class of 10 to 19 in July and August as-the minimum.
The monthly average was also observed.  This ‘trend is shown in' Figure
29, which indicates that the range of the index for females was from 19
to 60 and that for males was from 11 to 50. Both male and female
indices. increased after November -and - reached. peaks in - January,

decreasing later.

The above trend seems to indicate that the m&in spawning season for
skipjack in this waters centers around January and February. -Since the
"range of fluctuation of the monthly average maturity indicés*was=small
and the fluctuation of individual wvalues was remarkably ~high, the
spawning pattern of skipjack can be consideréd to ‘be that of multiple
incidents of spawning over a relatively long period, instead of the
- concentration of spawning into a shott period which:can:-be:seen in
‘other species., "As previously stated, however, almost no fish collected
just prior to or juét after spawning were considered mature. . This may
be because the development Qf this overian condition is completed in a.
very short period, or becauser when this ‘kind of biological  change
occurs in the fish, they become impossible to catch by either
pole-and-line fishery or by tfoiling.
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yg;urity index of the catch in Tuvalu waters

‘In-the 119 skipjack collected at random by pole~and~line fishery in
Tuvalu waters, two fish (1.7%) had immature ovaries; and the remainder
were all semimature. However, ovarles from 55 fish collected in July
~and- August (of the following year) had an opposite ratio of immaturity
~and semimaturity, with 86% of the ovaries belng immaturé. -The férk
flength_“composition in" July and August, as. previously stated, was
~ glightly smaller relative to the compdsition‘in'September and ‘October
.. of .the -previous . year. ‘The maturity is very closely related to fork
;length; therefore, to confirm this point, the maturity index for female
fish was observed. The relationship between this index and fork length
~.is shown in the graph. in Figure 30.. This shows that the values in July
and August.were scattered_between'10'and 30, with no relationship to
fork length. This clearly differs from the ~values obtained in
September and  October. Therefore, fish of any fork length -can be

considered evenly immature in July and August, but from this survey

- .alone, ‘it cannot be obtained whether this.fish school will advance to

" ‘the same stage of maturity this September, as it did previous year or
whether these fishes are separate groups with a different spawning

5e480N.

(b)  Yellowfin tuna

Maturity index of the catch in Fiji waters

The;bvariés.from-289vyellowfin tuna were observed with the naked eye
and it was found that only one fish had semimature ovaries, while all
the rest had immature ovaries. The fork length of mature yellowfin
tuna is considered to be 80 cm (Kigawa, 1966 .. (11)). Most of the
fish collected in this area by pole-and-line fishery and trolling were
less than 80 cm in length. Therefore, it can be probably -said that
only fry and other young fish are captured by these types of fishing

V. gear.
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Periodic changes in maturity index

The maturity index per fish was calculated as -in the case of skipjack,

and classified in units of 1 (i.e., 0. to 1.9, 2.0:to 2.9). ;.The

appearance frequency distribution, classified by month and sex, was

obtained and is shown in Figure 31.  Kigawa has.Stated that: for mature
fish, this index 1s greater than 16.0 (Kigawa, 1966 .. (11}). However,

the maximum: index-from the data collected here, was only 6.7, so it is

assumed that quite a long time will elapse- before- the :gonads-of . these

fish reach maturity. The maturity index of ~ovaries .considered

semimature was 2.9. The maturity index of the largest class of females

‘in July and August, was 1.0 to 1.9.° For other months this was. 2.0 to

2.9.. For male fish, this index was 1.0 .to 1.9 from October to January,

and it was below 1.0 in February, March, July, -and August.

{(7) Stomach Contents

The contents. of the stomachs of the.skipjack and yellowfin tima collected

was observed by the naked eye and divided into :three classifications

based on the the standard below.
Empty —~——~——- No stomach contents
Half-fully -~ Stomach is partially fiiled by its contents.”

Full ——~—=——=~ The contents fill the entire stomach.

Wherever classification is possible, the. family, genus, and 'specieé

creatures found in the stomach contents will be described below.
(a) Skipjack

Stomach contents of individual fish for each waters

Stomach contents were observed for 1,519 skipjack from:catches ‘made by

of

trolling and pole-and-line fishery (Table 18). Of the catch:in Fiji

 waters, both by trolling and by pole-and-line fishery, ‘the largest

group of these, 59 to 607 had emwpty stomachs, and 35 to 40% had
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half-full stomachs. = The lowest rate, 1 to 5%, was for fish with full
stomachs. Of the cateh in Tuvalu waters, 56Z, the largest group, had
.half-full stomachs, followed by empty stomachs (34%), and full stomachs
“(10%), so there was a considerably higher percentage of fish here with

stomach tontents than there was in Fiji waters.

~“Relationship between the stomach contents and response to bait

The stomach contents of 1,379 fish collected by pole-and—-line fishery
we;e_notéd, and classified by month {(Table 19).. This showed that the
‘:‘rate,fof half-full and full stomachs, which was only 23% to begin with
“in Fiji. waters, gradually increased after November, reaching 59% in
March. . In.other words, as the fishing season progressed, the number of
fish with stomach contents remaining in thelr stomachs seemed to
-:inc;ease.' 1t -was. notable that the response to bait of fish schools
subject to fishing operations, gradually decreased, as if the decrease

‘were related to this trend in stomach contents.

In this area, 244 schools of skipjack were fished between November and
March of the following year. Fish schools judged as having either no
responge or poor response to bait, were 1% in November, 63% in
.December, 81% in January, and 85% in February, showing a - gteady
increase. The rate decreased somewhat to 71% in March. Fish from 99
of these 244 schools were divided into the following three groups
according to their stomach contents. The group in which 70% or -more of
the fish had semifull or full stomach was called the "Full stomach
group", the group in which 30% to 70%Z of the fish had semifull or full
stomachs was called the "Middle group”, and the group in which 30% or
rlessﬁof the fish had semifull or full stomachs was called the "Empty
'stbmach group"., = Compared to the ‘total of all fish here, the empty
“.stomach group was largest, at 51%, the full stomach group was next, at
36%, and the middle group was smallest at . l4Z. ,Observatién of the
responée to bait by each group, from the fishing operations (Table 20),
showed that of the groups judged as responding well to bait, 27%
- belonged ‘to. the empty stomach group, but only 6% were from the full

stomach group. In contrast, among the groups judged to have poor
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- response ‘to.balt, the full stomach group was 54%, compared to the empty

stomach group at 29%.

.The amount of fish with empty stomachs in Tuvalu waters. was- 597 in
September, but this decreased to 29Z in October, half the rate of the
preﬁious month, This contrasts with the rate of fish with éemifull_and
full stoﬁachs, which increased from 41% in September to 71% 4n October.
0f the 10! fish schoole operated in this area, schools judged .to have
no’ response 0r poor response to balt were 68% in September and 80% in
October, increasing to 96% in July and August of the followiné*year.
‘Thirty fpur'of these 101 schools were“classified'into.the'thréergfohps;
"full stomach”,  "middle", and - "empty stomach" according  to  their
stohachCCOntents,.as for Fiji waters. Relative:to the. total, the full
stomach group was the largest at 54%, the middIe-grbup was next with
25%, .and the empty stomach group was  21%Z., Observation of the response
to bait by each group fTable 20) showed that mest schools judged as
having excellent response to bait were in the empty stomach group (50%)
with only 5% in the full stomach group.. Schools judged as having poor
response torbait included the empty stomach group (23%),.but~the rate
here for the full stomach group reached 62%. From the above results, a
negafive ~association seems to exist between the amount. of stomach
contents ‘and the response to bait: when one increases, the other

decreases,

Identifiable species of the stomach contents of individual fish

Next, the stomach conténts of individual fish were surveyed, and the
numbers of apperances of various species determined for each month and
each waters shown in Table 21 1In Fiji waters; l4& gpecles appeared in
the stomachs of skipjack. ~ In Tuvalu, there were 10 -gpecies.
Identifiable species occurred ‘a total of 425 times for pole-and-line
fishery 'in. Fiji waters, and 244 times in Tuvalu waters. . Speciles
relatively more frequent dIn Fiji -waters were: -squid, ,mfsidaé,
filefishes,‘anchoﬁies, rabbitfishes and flying fishes. —'Thdée=more
frequent in Tuvalu waters wete squid, anchovieé, rabbitfighes * and

flying fishes. Squid in particular showed a high-rate 0f'appeaf3nce in
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_ eyery'month‘throughout both waters and can be considered very important
as bait for skipjack.-

(b) Yellowfin tuna

- Monthly changes in the stomach contents

Observation of the stomach contents in 772 yellowfin tuna collected
both by trolling and by pole-and-line fishery (Table 22) shows that for
fish caught by trolling the largest group had half-full stomachs {(67%}),
followed by 31% with empty stomachs. For pole-and~line fishery, fish
with empty stomachs and semifull stomachs were the same ét 492_each.
.Fish caught;by_trolling had higher amounts of stomach contents than did
fish caught by pole-and-line fishery. |

When these rates were observed per month, the amount of fish with
half-full and full stomachs caught by pole-and-line fishery, which was
a 30 to 40% share of tﬁe cétch in Octéber and November, increased to
70% -in December. and January, then decreased again to 40 to 607 after
February. Trolling data collection was mainly concentated in December
and January. When data from both fishing methods, limited to  this
period, was examined, the sets of data showed almost same rates. The
‘trend toward and.increase in the amount of fish with half-~full or full
-_stomaché_in December and January, matches that for skipjack, and the

decrease in response to bait in this peried is also common to both

species.

Comparison of the stomach contents in the case of skipjack

Seventy six. fish schools caught by both trolling and pole-and-line
fishery were surveyed in Fiji waters. These were divided into three
groups (full stomach, middle, and empty stomach), as in the case of

.skipjack;. The rate for each group compared to the total of all schools

" was .then .observed. The full stomach group was 49%Z, the middle group

was .17%, and the empty stomach group was 34%. The rates for the full

.atomach. group and the middle group were remarkably higher than for
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skipjack. Of the 76 schools surveyed, 73 had a mixture of ékipjack'and
yeilowfin tuna caught simultaneously, but stomgch contente of these two
types of fish corresponded in fewer than half of the cases observed,

with 52% differing as to stomach content groupsr(Téﬁle'23).

In other words, as long as both specles are mémbensjof the same school
group, their chances of feediﬁg should Se the. same. However, the
atomach contents in skipjack and in yellowfin tuna didlnot”necessarily
match.,  In 36% of the cases, skipjaﬁk werée in the empty stomach group,
while vellowfin tuna in the same school had full s;oﬁachs or were in
the middle group.  1In 11%Z of cases, skipjack were in the mlddle ‘group,
but were caught together with yellowfin tuna which had full stomachs.
Cases of yellowfin tuna with larger amounts of stomach contents, were
more common. This seems to indicate that yellowfin tuna, ﬁhich have

greater fork lengths than skipjack, take priority during feeding.

Identifiable species of the stomach contents

The number of appéarances in stomach conténts of species which could be

 identified, classified by wmonth and by area, are -shown -in Table 24,
The number of bait species was almost the same as for skipjack (15
species). The number of appearénces'of recognizable species reached a
total of 308 for pole-and-line fishery., The bait-species'which’éppared
relatively frequently were wunysidae, squid, filefishes, and crustacean
larvae. These four together madé up over 70Z of the'total'amount.of
bait. '

i.2 Trolling

(1} OQutline of findings

The survey was conducted jointly with the mentioned later surface -gillnet
survey on four separate fishing ‘cruise, with -an average of 16 fishing

operations per cruise, Time spent for each operation was not regular; that

1s, sometimes it took longer while sometimes ehorter, ‘acdcording to
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occasional situations. The location of the fishing grounds, the times, the
catch,by‘species; are shown 1n Appendix 6 for Record of Trolling. Table 25
dlso - shows the number of fishing operations and the catch by specles for

each cruise.

Egg.first crulse (November 26 ~ December 22, 1984)

The,first cruise was conducted fourteen operations and was carried out in
east- of Taveuni and -along Lau group from northern to southern areas.
Catches obtained totalled 2,239 kg (562 fish). The average catch for each
fishing operation was 160 kg (40.1 fish). There was a total of 70 hooks,
and -the average catch per hook was 32 kg (eight fish). The catch of
yellowfin tuna was classified according to both weight and number, with a
64% share of total weilght and 44% of total number of fish.

The second cruise (December 23, 1984 — January 28, 1985)

The second crulse was conducted in Vthe area around Kadavu Island, and
operated in a wide area, between 23°S at the south and, and around 174°E at
tHe west -end, = ‘During the survey, tropical cyclones were encountered
several times, and the survey was interrupted .from time to time.
Therefore, the total catch of 2,735 kg (912 fish) was obtained in 20
fishing operations. The average catch per operation was 137 kg (45.6
fish). The total number of hooks was increased to 140, to double the
amount. used previously, -but the catch did not increase accordingly. Catch
per hook. remained at only 20 kg (6.5 fish), the catch of yellowfin tuna was
greatest by weight (44.1%), and skipjack catch was the largest (37.1%) by

aumber of fish.

‘The ‘third cruise; (January 29 - February 25, 1985)

‘The ‘third crulse was carried out in the area around 12°8, 174°E west of
Rotuma Island later. The survey vessel shifted south and conducted 19
fishing operations from east to west in the Kia and Yasawa areas and on the
north side of Viti Levs and Vanua Levu. The catch of 2,147 kg (533 fish)
was obtained in 19 fishing operations. The average catch per fishing
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operation was 113 kg (28.1:fish).  Catch per hook was 13 kg (3.3 fish); a
decrease from the previous survey.  The catch ofr‘yelldwfinr tuna "was
greatest, both by weight and niumber of fish, with- 52% of total Weight and

46% of the total numbers.

The fourth cruise (February 26 - March 22, 1985)

The fourth cruise was conducted in the west of ‘Viti Levu from south' of
KédaVu and Northern Lau‘towthe‘Rotumaffurther'north. ~During this period,
élevén fishing operations were conducted, and the catch-of'964'kg'(322
fish) was obtained. The average catch per operatlon was 88 kg‘(29.3’fish)
and the catch per hook was 10 kg (3.3 fish), that was 1/2 of ‘the catch' of
the first cruise. The catch of skipjack was greater than other species,
both by weight (43%) and number of fish (60%). '

Totaling the aBove findings shows that the total catch was 8,085 kg (2,329
fish).in 64 fishing operations. The average catch per operation was 126 kg
(36.4 fish). - Catch per hook was 17 kg (5.0 fish) and catch per hour was
61.1 kg. The catch of yellowfin tuna was greatest . by weight (50.4%),
followed by skipjaék' (28.,7%), and rainbow runner (11,0%). - These three
species totaled 90% of the total catch.

(2) Catch composition

As seen in Table 26, -different fishes of: sixteen &pecies _wére:‘caught.
However, the number of species 'in simultaneous nixed “catehes in ‘each
fishing operations, averaged 3.3 ‘species, not a large number. When the
ratfo of individual specieé is shown as they appeared thrdﬁgh the entire
fishing operations, both yellowfin tuna and skipjack were the nost COMnmon,
at 80%, followed in order. by rainbow rutiner (61%Z) and dolphin fish (33%).
All other species are less than 10% (Table 27). The averége number caught
in each fishing operation was 18 skipjack, 15 ?ellowfin tuna, 10 rainbow

runners, and one or two each of all other species.

Relationship between catch composition and catch weight

To study the relationship between catch composition and catch weight,. catch
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Veighp:by éachsfishing'operation was separated into three groups, over 120
kg, 50 to 120 kg . and less than 50 kg. The number of fishing operations and
‘the catch by species for each group were shown in Table 28,

As ‘seen in Table 28, catch composition by cateh amount was acound 50%
yellqwfin “tuna, 30%Z skipjack, and 10% rainbow rumner for each group.
Almost’no~difference was seen in composition by catch. . However, these
three ‘species brought about .a change vehemently for each cruise, from the
first to the fourth survey. .As it shall be stated later, it secems to be

-affected by change of the survey area.

The number of: species in mixed catches

The number of species in mixed catches per fishing operation averaged 3.8
species for the over 120 kg group, 3.2 species in the 50 to 120 kg group,
and 2.5 species in the less than 50 kg group. This is not as remarkable as
4in the surface gillnet. However, along with the decrease in the number of
specles .comprising the catch, the total catch also seems to decrease.
Therefore, the amount of catch by trolling will be affected somewhat by the
number .of specles in a mixed catch. It 1s also affected to a certain
extent by the amounts of skipjack and yellowfin tuna, which are the major

specles caught.

- {3)- Cateh - -

Frequency distribution of appearance in catch welight per operation

The catéh.Weight'in each fishing operation was scattered over a wide range
of weights, from 12.4 kg to 409.5 kg, -and the number of fish caught was
also scattered, .ranging from' 1 to 132. However, when these values are
divided.into_a‘speéified number of . clasges (using logarithms to make the
élass'divisions)-and when the frequency of appearance in each class 1is
determined'(Fig.'BZ) the maximim frequency (mode) of the catch, is 50 to 79
" kg, that is, .25 to 39 fish. The frequency of appearance in the catch and
~ the. number caught for the main catch elements (skipjack, yellowfin tuna,
and-rainboﬁirunher) were obtained for each fishing operation. The results

and their distributions are shown in Figure 3z,
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