The most frequent appearance of skipjack Wés a catch of 13“t0'19-kg-of;6 to
9 fish. Yor yellowfin tuna, this was 50 to 79 kgbe'WEighf*OrjIS't0'24
fish, by numberf Both of these speacies aré spread over roughly' normal
distribution curves, the. centers. Therefore, their distributions “are

relatively even.

In other Vwords, they éan both be -said to have random distributions.
The wmaxioum freqiency for ralnbow runner was -the same as for skipjack:
13 to 190 kg by weight and 6 to 9 fish by numbers . caught. However,
their peak frequency of appearance -is evident in the .area béléwV 7 kg,
with fewer than three fish were caught. The:efd;é, there are two
schools, of high and low density _respectively,:;iﬁ. separate locatlons;

Thigs distribution is considered similar to the "clumping" distribution.

The number of operations and catch wedight by cruise

Next, the number of fishing operations, total cateh, and catch for. each
fishing  operation were obtained for each cruisé,.fromwthe first -to the
fourth cruise. Their values are shown in Table 25. The-number of ‘fishing
operations reached the peak, i.e., 20 times on the secound cruise, later,
decreased to half in the fourth cruise. Total catch showed almost the same
trend as the number of operations, but the rate of decrease was greater
than the decrease in the number of operations, so the catch of each
operation showed a continudus decrease, and the.catch of each operation in

the fourth cruise was less than half of that of the first cruise.

Time of each operation was sometimes only 10 minutes minimum while 7 hours
20 minutes maximum. And this strikingiy large difference'dndiéétes-that
the number of operation cannot ~always be proportional to 'the- catch of
efforts thereto mades So for each operation, the catch rﬁer “hour-..was
obtained by dividing the catch by. the hours spenti(referred to as. CPUE).
Then, CPUE for each cruise was compared -and understood that’ third aﬁd
fourth cruise had 84 to 85 kg. CPUE was almost double of 44 kg of szecond

cruise.
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The number of operations and catch welght In each area

The—number.pf~fishing-0perations per crulse was next separated into the
geven a;gas,ﬁhich were - shown previously. This is seen-in Table 29, which
Shqws that the fishing opérations of the first crulse were conducted in the
sou;h—eaatern_ section . of Koro, in Northern Lau, and in Southern Lau.
Fishing:operations on the second crulse were conducted in south-western
gsection of Kadavu. The operations of the third cruise were in Kia, Yasawa,
and Rotuma, on .the. north side. The operations of the fourth cruise were
backxin'the"south, mainly in Koro and Kadavu. There were 20 operations in
Kadavu, the largest number. WNext was Koro at ten times, followed by eight
in North Lau and South Lau. Least was Kia at five times.

When these operations were divided into the previously mentioned three
groups {(Table 30), the over 120 kg group was concentrated in Koro and
Kadavu, ~and around 70%Z of the 50 to 120 kg group was concentratéd in

Kadavu, Southern Lau, and Yasawa.

Next, when the catch for each species was dividéd into the individual small
areas  (Table 31), the rate of cateh of skipjack was 17 to 20% in Northern
Lauw and Southern Lau, 28% in Koro, 34 to 36% in Kadavu and Kia, and 437 in
Yasawa. This catch rate increased with movement westward in the fishing
groind, -and yellowfin tuna was 53 to 59% in Northern Lau and Southern Lau,
44 to 49% in Kadavu and Kia, and 40% in Yasawa, and catch rate decreased in

contrast with skipjack. -

Comparison of catch within and without the existing fishing grounds

Next, to confirm the differences in catch between inside and outside the
exlsting. fishing ‘grounds, the locations of the fishing operations for each
group previously - surveyed were plotted on the chart (Fig. 33). According
‘to this chart, the operations for the over 120 kg group were carried out in
-20 1ocations inside and 5 locations outside, of the existing fishing
grounds; Operations for the 50 to 120 kg group were conducted in 14
locations inside and 11 locatlons outside, of the existing fishing grounds.
.Operations for the less than 50 kg group were conducted at ten locations

inside and four locations -outside, of the existing fishing grounds.
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Classification of the  catches by species, and the 'CPUE for inside and
outside the fishing ground (Table 32) gave the following results. The
total CPUE inside was 6l.4 kg, and that outside was 59.9 kg, and these two

figures were almost equal.

This is a result of the fact that the CPUE of the méiﬁ'catch-of-yellowfin
tuna was 30.8 kg both inside and outside of existing fishing grounds, but
in case of gkipjack, inside was- 16.3 kg and outside 21.4 kg. - On the

contrary, as for rainbow runner, inside was 8.3 kg and outside 1.7 kg.
(4) Fork'length compositioﬁ
- (a) ‘Skipjack

887 samples of skipjack were extracted from the catch and ' measured,
The fork lengths of the samples.were obtained; and are shown in Flgure
34, VY¥irst, when observed fork lemgth, the main group consisted of
‘mediumsized fish 'of 43 to 54 cm with a mode of 48 em. - A small group
of large fish of 55 to 75 cm was included. The pole-and-line. fishery
was operated in the same fishing ground at the same season, as next
year -and the méde of fork 1éngth éomposition-here'was slightly smaller
at 45 em (cf. Fig. 24), but the range for the main group was‘almost
" the same as the fork length range in the previous year (42 to;Sﬁ cm).
Therefore, the fork length composition of skipjack visiting this area
annually can be considered as almost fixed at 42 to 54 cm. When this
fork length composition is classified by individual ecruise (Fig: 34),
the 43 to 51 cm group, with a mode of 48 cm, was the main group on the
'fifst and second cruise. On the third cruise, however, the mode

increased, and group of 46 to 54 cn, with a mode of 50 ¢m dominated,

However, the fork length compesition decreased again on: the: fourth
cruise, the maln group was 48 to 51 em with a mode of 49.cm. The
first and second cruise were exclusively in afeés‘on‘the,south-éide of
Southern Lau and Kadavu. On the third c;uise;’the'fishing groﬁnds
were the north side of Yasawa and Rotuma areas. The operations of the

fourth eruise were condilcted in Rotuma area at the begimning, but the
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_survey vessel soon returned to the southern area, and Southern Lau and
Kadavu areas were agailn used as the fishing grounds. Those frequent
changes in fishing areas are considered the reason for the variations
in fork length compositions shown above. "Also, large fish, 60 to 80
. CThy Were caught-in-the“area on -the west side of Yasawa, showing a
conspicuous difference from the nelghboring areas., . This might be
because the 2-year-old fish stayed in inhabiting bank of school during

growth, as is the case in the sea near Japan.
(b)  Yellowfin tuna

774 yellowfin: tuna was randomly selected from the samples and measured
to obtain'the'fork-length composition. This is shown in Figure 35. As
can ‘be seen here, the distribution ranged widely, from 45 to 110 cm,
but two peaks can be observed in the areas of 47 to 535 cm and 60 to 70
Clile When this composition is allocated among the first to fourth
cruise,'as in the case of skipjack (Fig. 35), a 60 to 70 cm group was
seen dominant on the first cruise, but on the second cruise, a 45 to
55 ¢m group joined the first group, creating two peaks. The 60 to 70
cm group disappeared on the third cruise, and only the 45 to 55 cm
group remained, Small amounts of large fish, around 80 cm, were
added. The results were. unclear on the fourth cruise because of the

.-gmall number of fish measured.

.- However, the composition can be considered almost the same as that of

‘the third cruise. -As stated above, the composition changed greatly on
each cruise. This change is considered to be basically due to the
changing areas inhabited by yellowfin tuna as they grow. Fry and
other young yellowfin tuma inhabit mostly the areas near shoals and
‘islands. As they grow; they move offshore. = This trend seems to be
“obtained in these surveys.. In other words, on the first cruise, the
‘survey ‘was -dore mainly 1ﬁ.an offshore area south of Fiji. Here, a 60
to 70 em group was dominant, . The second cruise was on the south side.
"Howevef, the coastal area, {on the south side of Taveuni Island) was
included as part of this range, so the composition showed two peaks,

one at around 50 cm and the other at around 70 cm. On the third
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erulse, the survey opeyated'mainlflin the: north side c;astaliarea, Kia
area, around Yagawa Islands,vand wegt from them. Fish of around 50 em
were caught in Kia, and fiSh'bf.YS}tO'QO CMiWere caught:in Yasawa.  On
the fourth cruise, the survey -retufned to. the south ‘gide,  in the

coastal areas of Kadave and Koro, Here, medium-sized fish of around

50 cm composed main group.
{5) Biological survey

Skipjack and yellowfin tuha, 5 to 10 fish'per.operatioﬁ, were'randomly
selected from each fishing operation.  Fork length, body welght, and weight
of gonads were measured, and the maturity and stomach  cbﬁtents were
obtained. 140 skiplack and 123 yelleowfin tuna were randbmly”selected from
the trolling catch and surveyed, but the number of specimens was s0 small
that ‘it was decided ‘to put those results together with the catch by

pole-and-line, which were described previously.

1.3 Surface Gillnet
(1) Outline of findings

The survey was done jointly with the previocusly mentioned trolling -survey
on four separate cruise. Surface gillnets were conducted on average of
15.5 times per cruise. Record of surface gillnet attached in-AppendixA?,
showed the location of fishing groUnd;:the times of operating netting,
catch by specles, etc. Table 33 also shows - the number : of fishing
operations and catches by species'and créise, and:tréck'for.each-cruise wag.

shown in Figure 36.
Dates and areas of the survey were. almost the -same 'as 'those .dn. the

previously discussed trolling, therefore, they are:omitted here. - Only the

survey findings will be stated as-follows,,
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The first. cruise .

plebaiis

In the first cruise,. thirteen fishing operations were conducted and catches
obtalned  totalled 1,206 kg by weighi (93 fish). The average catch by
operdation was 92.8 kg (7.1 fish) and the average effective nets were 50
tans (nets). Therefore, the average catch per net was 1.9 kg (0.14 fish).
'0f these catches, requiem shark was in top ranking by weight (59% of total
catch), while skipjack exceeded other species by number of fish (48% of the
total caught).

The .second cruise

In second cruise, fishing operations were made 22 times. The weight of the
total cateh was 968 kg, representing 54 fish. The average catch per
ope:ation'ﬁaslé#.O-kg by weight, or 2.5 fish. Catch per net was 0.8 kg
(0.04 fish). Marlin (swordfish and striped marlin) were the most common
fish in the catch, 48% of total by weight. Skipjack were greatest in

number, at 35% of total catch.

The third cruise

In third cruise, a total catch of 1,221 kg was obtained, numbering 120 fish
in 17 fishing operations. The avefage catch per operation was 71.8 kg by
weight, and numbering 7.1 fish. The average catch per net was 1.2 kg (0.12
fish). It consisted mostly of requiem shark, both by weight and by number:
57% by weight, and 30% of total catch number.

The - fourth cruise

-In fourthgcfuise, 10 fishing oﬁerations were conducted, obtaining catches
of 278 kg total weight (27 fish). The average catch per operation was 27.8
~kg-by¥weight,-2.7 figh in number and the average catch per net was G.4 kg
(0.05 £1sh). . Most of the catch was yellowfin tuna, which was 42% of total

weight, and 41% by number.
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During the .survey period, the total catch'coﬁeSzt0-3,673 kg-(294 fish),
The average catch per cruiéé_wés 918.3 kg (74.0 fish), and average catch
per operation wés-59.2 kg (4.7 fish).  Average catch per ‘net was- 1.1 kg
{0.08 fish). The - largest portion of the cateh, by weigHE;:conSisted of
requiem shark - (45.2%), next was yellowfin tuna (11.3%), ‘then skipjack
(9.4%). These three species together comprised 66% of the total. catch.

(2) Composition of catch
More than 20 different fish species were caught using this fishing method,
as shown in Table 34.. However, in this case all catches were .added, to

obtain this total. The average numher of specieé-in mixed catches per

operation was only 1,8 species.

The number of appearances per each fish and the number of fish per

operation

The average number caught per operation and the number of appearances
through the survey period (Table 35),_ for all of the five speciles
(skipjack, yellowfin tuna, requiem shérk, travally and -dolphin fish)
appeared at rates of over 10%, These species can therefore he considered
as major. elements in the composition of surface gillnet catches: - The
average number per catch per 0perat£on, remained very small, at only two to
four fish per catchs It is not possible, though, to assume that the
distribution density of these fish im this aréa is so .remarkably ‘low.
Perhaps these species Of.fish spend almost no time in school groups. at
night, and it should thus be assumed that they are 1eés 1ikely to be caught
the nets., Both surface gillnet and trolling catch schools in the surface
layers. Also, this survey was done in the common fishing ground, so there
are ‘as many as nine’ species of fish commonly caught by both methods. These
include skipjack, yellowfin tuna, mackerel tuna, etc. However, the catch
rates for catch species relative to the total catch varied COnsiderébly with

each method. -

Yellowfin tuna was the Jlargest elément in trolling catches, at 50%.

Skipjack was next, at 29%, In contrast, the total catches of skipjack and
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yellowfin tuna totalled only 20% with surface gillnets. Requiem sharks,
however, which were only 0.2% of the. trolling -catch, became the .dominant
specles, ‘with a 45% share of the surface gillnet catch. There were 13
gspecies caught only by surface gillnet, mainly marlin and sharks., All of
‘these "are -pelagic. species. ' Trolling catches, however, seem to be mainly

from fish schools inhabiting banks.

Relationship between catch weight and composition of catch

The results of the 49 fiching operations (omitting the 12 operations which
has almbst no catches) were categorized into three groups, according to
catch weight per operatidn: less ‘than 50 kg, between 50 and 120 kg, and
over. 120 kg.  The number -of 'operations and the catch by species wids

-determined for each group. These results are shown in Table 36.

Cateh composition was -as follows, form 54%Z of the over 120 kg group was
sharks, -mainly requiem sharks., Marlin, yellowfin tuna, -and skipjack were
‘@each 18%. 1In the 50 to 120 kg group sharks were especially dominent, with
a 78% share, and there were few of any other species. In the 50 kg or less
‘group, the number of sharks decreased drastically, and yellowfin tuna and

skipjack constituted the major share of the catch.

'For mixed catches per operation, there were 3.8 species for the over 120 kg
- group. . 1,9 species for the.50 to 120 kg group, and 1.5 species for the
under 50 kg group, The number of mixed catches decreased as the total
nupnber of catches decreased. Therefore, the catch in surface gillnets is
affected both the number of species in mixed catches and by the weight of
 sharks, particularly requiem sharks. If only sharks are caught, and no
other sﬁécies are caught the net, the catch is 50 to 120 kg. If no sharks

arefcaught—in:the net, and only yellowfin tuna and skipjack enter the net,

“the catch will remain below 50 kg.

(3 Catch_j'

Obéervation of survey findings from the first to the fourth cruise, shows

‘that. the total catch was less than half the trolling catches that by
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trolling which were operated in parallel. The avefage body,weight'pefifish,
however, is 12.5 kg in surface gillnet, that is. 3 times largér, compared
with 3.5 kg by trollimg, since large fish such as marlin, shark; etay,
.often enter surface glllnets. The avéfage body weight per species commonly
found in both types of fishing, - such. as skipjack:ahd:yellowfin-tuna,,are
larger by 50% to 70% in surface gillmets: Large skipjack and .yellewfin
tuné often fravel salone. Therefore, they may havermore opportunities to be

caught surface gillnets.

Frequency distribution of appearamnce in catch and the number of

fish per operation

The cateh per oPeration,rahged widely, from 0.2 kg to 578 kg by weight and
from 1 to 34 fish. When these values are-categorized,.and classes -are
separated using logarithms, the frequency of appearance in each class is
obtained, as shéwn in Figure 37. The one fish class, the minimum,-had.tﬁe
greatest number of catches. The number of élassgs decreased as the number

of fish increased.

‘The distribution of catches showed almost the: gamé pattern. - The class of
minimum catches, of less than 7 kg, was at the peak. Classes decrease with
increased weight. However, the 80 to 120 kg class and the 120 to 200 kg
class both show slight increases. -These-can.be considered due. to the
catching of small quantities of large—sized fish iIn the nets, as stated

previously.

The number of operations and weight in each area

In Fiji waters, there are divided into seven areas, as shown in Figure 2.
When the number of fishing'oPérations was first divided: by. these areas,
{Table 37), it was seen that most operations. (20 of thém)-were done :in
Kadavu., Next, were ﬁhe 11 times in Southern Lau, followed by 8 times in
Northern Llaw, and 4 times in RKia, which has the smallest number :of

operations.

Dividing the number of these operations into the*three,groupa,ﬂas-scated

before, catches of over 120 kg were obtained four times in Southern Lau,
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twiceé each in Koro and Rotuma, wifh the rest only once each. In contrast,
the -catch  group.of less than 50 kg {(whiech included catches which were
neatly . zero), occurred very often (14 times) in Kadavu, 6 times each in
Northern Lau and Southern Lau,; 5 times in Yasawa, and 4 times in Rofuma and

‘KOrOe

Next, the catches by species, and catches by each operation, were
determined for each:of these areas. The results are shown In Table 38,
The "largest éatch per operation was 105 kg, in Southern Lau, followed by 72
kg in Kia, 70 kg in Yasawa, with the least of 33 kg in Kadavu. The catch
composition varied greatly with the area.,. Requiem shark, which is the
aominant species, was especlally notable in Southern Lau, Yasawa, Rotuma,
and ‘Kia. - About 80% of the. total catch was taken in these four areas.
Skipjack, especially, was relatively more abundant in inhabiting bank such
as those in Nﬁrthern Lau, Southern Llau, and Yasawa. Yellowfin tuna were
relatively more numerous 1in offshore areas such as Yasawa énd, Rotuma.

Marlin are concentrated in the two areas of Koro and Southern Lau.

Relationship between transparency and catch

-The tfansparéncy of water in the fishing grounds has received attention as
one- of the factors regulating the catch. This relationship was examined
next.  Table 39 shows the number of fishing operations, the average values
for catches, and the standard deviation for each transparency factor
observed in the fishing grounds. Transparency factors in this area, range
from 17 to 35. Catches are concentrated in areas where LCransparency
factors range from 24 to 30. Catches for each value showed quite large
fluctuations, making it diffiecult to accurately idgntify the effect of
transparehcy..- As far as this table is concerned, however, the average
-catéh va1ues tended to decrease as- transparency increased, so it can be

assumed that transparency does have some effect on catch size.

Comparison of catch weight inside and outside the existing fishing grounds

‘Next, wheén-thé locations on the charts were observed for each of the weight

“groups ‘previously discussed (Fig. 38), it was seen that fishing operations
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which had catches greater than 120 kg, were carried out,iﬂ-seven-locations
wiﬁhin the existing fishing grounds,:and in: five ‘locations .ocutside . the
existing fishing grounds.. Operations:résuiting-in catchesiof,SOftd.lzo_kg
occurred in four locations inside and four locations outside :the-existing
fishing groﬁnds. Operations with catches of less than 50 kg were made in

21 locations inside and 9 locations dutside,.the existing fishing grounds.

Tablé 40 shows the catch by species, inside and outside. the: existing
fishing = grounds, and - the catches -obtained ~with -each : operation,
Consideration of -this table shows thét.the total catch for each operation
within -the fishing grounds -was._60.é' kg, compared to -56.4 kg -outside,
showing no significanf difference. .Qﬁaﬁtities of.ﬁequiem sharks,; vellowfin
tuna, and skipjack, the major catches, were almost identical inside and
outside the existing fishing grounds. However, there was a considerable

difference. in rhe number of specles comprising'the'catch.

in other words, the catch outsidejcontAined eight fewer species,_-In-each
fishing operation, 11.8 kg of fish _wefe caught, less than inside the
existing fishing grounds. The catch of marlin. outside. was. greater,
however, with the catch by operation averaging 10 kg more than the catches
inside. Since the probability that marlin will enter the net is.very low,
a continuous stable catch of marlin cannot be expected. - Thus, ﬁhen_marlin
are not included, the total average catch outside is 40 kg, quite different

from the average catch inside.

(4)  Fork length composition
(a) Skipjack
Fork lengths of 63 skipjack and 46 yellowfin tuna, samples randomly
selected from the catch;'were measured to determine- the fork length
composition for both types of fish, This is shoun in Figure 39,
From this composition for skipjack, there is almost no evidence of a
peak mode which could be considered as a main group. Fork-.lengths of

- fish, 'which ranged widely. from 42 - ¢m - to 78  cm, were .unevenly

distributed, in small numbers.
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"The reasons for this are considered to be that the number of fish
*:measured-was very small and that the surface gillnet fishing method
‘does . not -catch large groups of fish. Catches are limited to fish
moving individually.or in small schools.,

" 'On the basig of the theory of Iizuka (Iizuka 1984 .. (1)), with age
estimated from the provicusly stated fork length composition, fish of

»'all ages from 2 to 5 years seem to be those caught.
(b)  Yellowfin tuna

Yellowfin tuna fork length composition is randomly scattered in a wide
range from 50 to 110 cm. However, there are slightly more fish in the

75 to_85 cm-range.

' Accdrding'tq the results of age estimations done by Yabuta, et al.
(Yabuta, others = 1960 .. (12)).
Yellowfin tuna in the Pacific Ocean will grow to 54 cm in the first
“year after hatching; to 92 cm in the second year, and to 120 c¢m in the
third year. When these results are matched with the previously stated
.éoﬁposition, the cateh by surface gillnets consisted of 1 to 3 year

old fish. The major group is evidently 2-year-old fish.

1.4 Bottom Line Fishing
(1) "“Outline of findings -

 The survey was conducted from December 1985 to March 1986 and October to
November 1986 1n Fiji, while conducted in Tuvalu waters in September and
October, 1986, including Rotuma area. This survey was carried out
alternately with' pole-and-line fishery -as stated before. Therefore,
fishing.opefation was made only 70 times. The survey was divided into nine

segments, accordingly eruise was carried'out nine times separately and each

- crulse covered 7 or 8 operations on the average.
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-Appendix 8 are obtained the location of each fishing operaﬁldn,:times:wheh
lines were drbpped, the catch for'each-species, etc., in utmost details. A
nixture of nearly 100-species,bf fish were caught, as shown in Table 4l.
To avoid c0mplexity,'species.bthef-thanfthe main ones have merely been
summarized, and are shown only by the nameé of their genus or family.
Appendix 9 shows detail of catch per species for eachuope;atiqny Table 42
shows the catch, classified by specles,. ' and the"number_.of fishing’
operations for each cruise, It also shows the catch rate and the number of
effective hooks for each crulse. Tracks for each cruise are:shown_in

Figure 40.

The first cruise (December 4 - 12, 1985)

The first cruise was conducted mainly around Nofthérn'Lau. Six fishing
operations ﬁere done, for a total catch of 1,707 kg (374 fish). Perhaps
because the crew members were unfamiliar with the fishing,operation, the
rate of the average number of effective hooks was -a low 36%;. and the
average catch per fishing operation was 284.5 kg (63 fisﬁ) which was a
fairly good result. Ribbon tail were the largest component of the catch,
both By weight and by number of fish, and next were red snapper and short

tail. These three species represented a.74% share of the total catch.

The second cruise (December 24, 1985 - January 6, 1986)

The second cruise was conducted around Southérn Lata, with: nine . fishing
operations. A total catch of 3,920 kg (1,016 fish) was obtained. The
effective number of hooks averaged 50%, slightly better than .in the
previous cruise, The catch per fishing operation was 4353.6 kg (113'fish),
a great increase over the previous cruise. 1In the catch, red snapper was
the largest component, followed by ribbon tail, bedfords, and amberjacks.

These four species comprised 60Z of the total catch.

The third cruise (January 22 — February 6, 1986).

The third cruise was conducted to start ‘arOQnd.'Kadavu_.Islands,.‘then
traveled around many of the fishing grounds. The survey was carrled out

nine fishing operations during its travels around Balmoral Reef, Bligh
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Waters, eedhoff the coast of Savusavu and Viti Levu Island. A total catch
.éf 1,747 kg (484 fish)_wae_obtained. During these fishing operatioms,
.branch lines were cut :often, and  entangled by rapid currents, etc.
_ Therefore, the effective hook rate decreased to 49%, and the catch per
fishieg operation also decreased, to less than half that of the previocs
cruise; to 194.1 kg {54 fish). Most of the catch consisted of sharks,
groupers and barracudas, which have low market value. Prime fish such as

;ibhee tail and red snapper were less than 30% of the catch.

_The_fourth'cruise (Februarf 22 - Macch 11, 1986)

.The fourth cruise was. centered around Northern Lau, and traveled.eround
eaeh of the fishing grounds in Kia and Koro, carryihg out 11 fishing
1operations. A total catch of 3,128 kg (710 fish) was obtained. Ef fective
hook rate averaged 51/ relatively high, but branch lines were entangled
lfrequencly during operations. Therefore, the catch per fiehing operation
remaieed a low as 284.4 kg (64.5 fish).  The catch consisted of red
eneppex, ribbon tail, .bedfords, and. red jobfish, .These four species
together-made up 71% ef the total catch. . '

The fifth cruise (August 19 - September 8, 1986)

In the fifth cruise, only four flshing operations were carried out. These
were centered around Nanumanga Island in Tuvalu waters. A total catch of
| 2, 400 kg (595 fish) was obtained. The hook effectiveness rate was 61%, and
the catch per fishing operation was 600 kg (149 fish). Both of these
alues greatly exceeded those of the previous cruise. Ribbon tail, im
:particular, dominated the catech, with this species alone making up 60% of

Fbe,totﬁl'éatchf,

The eikth.cruise (September 9 - 22, 1986)

o the sixth cruise, eight fishing operations were conducted around
Niulakita Island in the southern part of Tavalu waters, obtaining a total

catch of 2,468 kg (616 fish) The effective hook rate was an average of
llSéA, and . the ~average catch per fishing operation was 308.5 kg (77 fish),
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less than the previous cruise. The cateh also contained coarse fish of
snapper family, jacks,'as well as other species." The fish of snapper

family wete 70% th*spot red "’ snapper. The sale of these fish 18 forbidden

because they are cignatoric (poisonous)

The saventh cruise {September 23 ~ October 8, 1986) -

The seventh crdlse was conducted in tﬁe-soutﬁérn'barfzbfufuvaiu ﬁéfe#s,
continuing, from the previcus cruise later was centered around Rotuma: The
eight fishing operations, ‘obtained a total catch of 1 015 kg (324 fish)f
The hook effectlveness rate increased greatly, to .63%, but the catch per
-fishing operation decreased to. less than Talf, to 126.9 kg (40 glfiéhj

The reason for this decreaSe was that the slopes of the flshing grounds in
the southern part of Tuvalu waters and in the waters around Rotuma are very
steep and deepen suddenly from a depth of a’rou'nd"mo m. In addition to
“this, the southern equatorial counter-current £low was strong, and fishing
‘gear was lost constantly., There were also fewer prlme fish such as ribbon
téii, red snapper, etc. caught but there were more coarse fish such as

sharks, barracudas.

The eighth cruise (October 9'?'20, 1986)

“In the elghth ¢rulse, seven fishing operations‘ Wéré 'toﬁdﬁdted' while
.travellng from soaLh to north in Rotuma, ¥Kia, Northern Lau, and Koro., A
total catch of 2,077 kg (530 fish) was obtained. The hook effectiveneés
rate was relatively high, at 617,.but average catch pefrfiShing opérdti6ﬁ
was only 296. 7 kg (75.7 fish). Results were no&'Géry'goéaaﬁééaﬁééwfhis
operation encountered spring tides and the curreat flow was 5o rapid that
it caused frequent losses of fishing gear, The major typeS'of fish-caught
were red snapper, ribbon tail, and bedfords. These three spécies together

accounted for 60% of the total catch.

The niﬁth cruise (Qctober 21 -'Nbvembéf.d,'1986)

In the ninth cruiée; eight fishing operations were carrled out while

sailing south along the Lau Islands. The total catch was 4, 6343 kg (1 204
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fish).  The hook effectiveness rate average 73.5%, the highest so far. The
average ca;ch per. fishing operation was 580.4 kg (150.2 fish), which was
quite high. Ribbon tail were the main component of the catch, followed by
red - snapper, -groupers, and bedfords, with these four specles together

sharing 72% of the total catch.

When the above data were combined, the grand total catch was 23,105 kg
(5,853 fish), the average catch per crulse was 2,567 kg (650 fish) and the
average catch per fishing operation was 330 kg (83.6 fish). Ribbon tail
were the largest component of the total catch, followed by red snapper and
bedford. These three species made up roughly 60% of the total catch.. As
it will be discussed later, these fish species have high market value as
exports. - Their development is thus expectéd to provide new prospects for
the fisheries here. However, the distribution of these demersal fish'is
limited to a very narrow range around the seamounts, and thus, if these
specles - are - attacked by intense <fishing, there is some danger of
overcatching within -a short time. Therefore, in order to continue steady
long~term catches, thorough consideration of fisheries control will be need
(regulations on fishing' seasons and fishing grounds, restrictions on

fishing vessels and catch, etc.).
(2) - Catch composition and catch weight -

Relationship between average number in catch and appearance frequency of

each individual specles constituting the catch for each fishing operation

As previously. stated, the fish subject to catches by this fishing method
total nearly 100 species, and this is the total catch. As seen in Appendix
9. attached, the number of species per mixed catch in a single fishing
:operation varied between 1 and 23, with an average of 13.5. Here, for each
species the average number of £ish caught per operation was plotted on the
vertical axis,=and'£he frequency was plotted horizontally to observe thelr
relationship (Fig. 41). - All points plotted are scattered in a wide range,
but tﬁey could be classified into the four groups listed as follows.
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1) Species which have a high frequency of.appearance-ah&~for:whichu;he

average number. caught per fishing operation is large.

11) Speecies which have a high freﬁuehgyvof appearance - but for- which the

number caught per fishing operation is small.

1ii) Species which have a low frequency of appearance but which are caught
in large numbers in each individual fishing operation.

iv) Species which have a. low abpéarance frequency - and. for ‘which  the

number caught ﬁer fishing operation .is small.

The species: in category i) have. wide distriputior ranges, and their
distribution denéity is relatively high. - These include ribbon tail and red
snapper. In 70 fishing operations, ribbon tail appeated—63 times, ‘and rted
snapper appeared 61 times. The number of ribbon tail caught per -fishing
operation averaged 25, and the average catch per operation for. red snapper

was 12.

The species in category i1) seem to be distributed over a ﬁide area, but
their distributicn density is not very high. (Snake mackerel, short tail,
granulose shark, and oblique*ﬁanded snapper- are all in this ‘ecategory.)
Snake mackerel appeared 46 —times, short tail, granulose shark, and
oblique—-banded snapper each appeared about 30 times. The average catch per

fishing operation, however, was only 3 to 7 fish.

Species in category iii) are distributed in limited areas, but within their
1imited range, their distribution densities seem relatively high. Bedfords
(Paracaesio kusakarii, P, Stonel), red tail opakapaka,=eta,,,areﬁin:this
category. Paracaesio kusakarii aﬁpeared_ 28 1time§, red tail opakapaka
appeared 18 times, and P, stonei appeared 16 timéé. . Their appearances
were less frequent, but their average catch per operation was 10 to 13
fish, :

Species in category iv) have very limited distribution, in limited areas,
and their distribution densities are low. Most species, other than those

listed above, belong to Cthis category.
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Frequency distribution of the number of the catch per cperation

To- determine the appearance of the above species, the numbers céught per
fishing . operation were separated into . several classes (by their
logarithms), -and the frequency of appearance was obtained for each class.
Thea_resuits_ are shown 1n Figure 42. - According to this, ribbon taill
appeared : in numbers covering 1 to 182 fish. However, appearance
frequencies were higher for the classes of 3 to 5 and 19 to 27 fish, so the
distribution of ribbon tail can be considered as clumping distribution with

a mixture of two groups, one very dense, and the other a scattered school.

Red snapper appeared in a range of 1 to 84 fish, but appearance frequenéy
is.concentrated particularly in six to eight fish class, and frequencies
above and ‘below this decrease, so the distribution seems to be nearly
ﬁormal. This is a relatively even distribution and can be considered as

opportunistic with only a small degree of unevenness.

Snake mackerel, short tail, granulose shark, and oblique—~banded snapper,
ali: have appéarance modes with one to two fish, are in the minimum class.
Their .frequency of appearance decreases as the number of fish increases.
Therefore, their ‘distribution can be considered as one type of
oppoftunistic distribution, wigth very low density. Other species are also

generally. considered to fall within this category.

Relationship of catch weight and catch composgsition

The catch for each fishing operation was scattered in a wide range, from 12
kg to 923 kg, so these values were divided into four groups (less than 200
kg,'ZOO-fo 399 kg, 400 to 599 kg, and over 600 kg). Catch classified by
species; for each group was determined, as shown in Table 43. Observation
of the number of fishing operations showed 26 for the 200 to 399 kg group,
the largest number for. any group (37%). Next were the 21 operations. for
the 200 kg or less group (30%Z), followed by the 16 operations for the 400
to’ 599 kg group- (23%), and 7 operations for the over 600 kg group (10%Z),

which-wasﬁthe minimume Next, the group composition of the catches for each

group was -determined.
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In groups of “less than 200 kg, the catch of_ribbon tail was only 14%, but
as the catch increased, this rate increased, reaéhiﬁg-&O% in the @ver 600
kg groups In contrast, the.catch rate”fot»dogfish~sharkgWas-12%'in the
less than 200 kg group, and this decféaéed-to 3% in the over 600 Rg'group.
For other- species, the decréase was from 19% to 2%, with the rates for both
specles decreasing as catches -became greatets .Therefo;e;-an increase in
the amount of ecatch means not only an increase -in quantity, but also:a
change in the content of the cateh, from a larger amount’ of coarse fish to

more prime: quality fish.

Catch weight and catch. composition in each area -

The mnumber of fishing operations and the catch for- each species were
obtained for. nine ateas which consists of seven areas around Fiji and
Northern and Southern of Tuvalu waters. These results are shown. in Table
44, 14 fishing operations were made in Northern Lau, followed by 13 in

Southern Lau, 11 in Scuthern Tuvalu, 8 in Koro and 3 in Kadavu,.

Observation of the catch compositions showed different dominant specles,
varying. with -each ared. In the areas of Southern Lau, Kadavu, and
Northern Tuvalu; the dominant species was: ribbon tail., - In the.areas of
Northern Lau, Yasawa, Koro, aﬁd'Rotuma, it was red snapper}' Bedfords were
dominant in Kia, and snapper family were domlnant in Southern Tuvalu. Even
for the same dominant species, catches differed greatly.  Observation of
the average catch per fishing operation showed that the catch of ribbon
tail in Kadavu was only 42 kg, remaining at less than 1/8 of the ribbon
tail catch in Northern Tuvalu,; which was 363 kg. - For red -snapper, the
catch in Northern Lau was 147 kg, bﬁt in Yasawa it was 38 kg, only about
1/4 of that in Northern Lau. The catch per day generally showed. 'great
differences, depending on -the area. In Northern Tuvalu, it waé 600 kg: per
day but was only 145 kg in Rotuma, that was 1/4 of Northern Tuvalu.
MNaturally, these values are often affected by the timing of the fishing
operation, the weather, and sea ‘condition. - It is therefore hard: to
generalize, but areas which have these low values also seam to have other
problems such -as difficult environmental condition in: ‘the fishing' ground,
including the topography of the ocean bottom, which affect bottomiline
fishing.
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When the total number of fishing operations in each area was classified
into the previously mentioned & . groups (Table 45),.the over 600 kg group
was seen to occur in four out of seven operations in Southern Lau. .The 400
to 599'kg'g;oup occurred eight times in 16 operations,‘in both Southern and
Northern Lau. This data therefore shows that the area around Lau group is

well-guited for this fishing method.
(3) Frequency -of distribution of fork lengths

‘Fork length was measuréd, regardless of species, for all individual fish
caught by bottom lines. However, in consideration of the availability of
data, the nine species having particularly higher market values and

relatively higher figures in fish number were selected for this survey.
{a) Ribbon tail

_ The fishing grounds were divided into three areas:
The north side of Fiji (Yasawa, Kia, and Rotuma), the area on the
- .gouth -side of Fiji (Kadavu, Koro, and both Southern Lau and. Northern
Lau); and Tuvalu. The distribution of appearance_frequencies for
various fork 1lengths of ribbon tail was obtained and is shown in
Figure 43. The number of fish measured was very small on the north
side of Fiji. Therefore, fork length composition was scattered in a
wide range, from 30 to 90 cm. The fork length composition on the
- south side of Fiji also showed the same range, of 30 to 90 cm, with no
:-particularly dominant fork length group within this composition.
" Almost identical. frequencies are. continuous for each class. In other
words, a mixture of fish of all ages, fromn young to old, is considered
to inhabit the same location in the same densities. In Tuvalu waters,
" the composition ramnge was narrower than in Fiji waters, from 60 to 80
‘em,. with medium-sized fish of &5 to 70 em as- the main. . It can
therefore be assumed that small fish, shorter than 60 cm, and large
-£ish,. over 80 ¢m, are almost absent from the distribution in Tuvalu.
The. distribution of fork length. appearance frequencies per month in
Fiji- waters . is shown in Figure 44, This is the fork length

composition for five months only, from December 1985 to March 1986,
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and for Qctober "1986. The fork leﬁgth éomPOSition'eachsmOnth.was in

“the 30 to 90 cm range, and no remarkable changes were found.
(b) Red snapper

The fishing ground for red snapper was divided into three waters (the
north side of Fiji, the south side of Fiji, and Tuvalu waters) as in
the case of ribbon -tail. - The frequency rand < distribution of fork
lengths for each area were determined and are shown in Figure 45.
The fork lengths of red snapper on the south side of Fi4{1 showed a
very wide range, from 25 to 100 cm, and there were two peaks of fork
length frequency, befora and after the lowest figure which- was 45 to
60 ¢m. - Because an insufficient number of fish was measured on the
north side of Fiji and in Tuvalu waters, it is not completely clear,
but the distribution of fork length frequency seems to be divided into
two groups, 25 to 40 cm and 60 to 90 cm, with a boundary at around 50
cm. The monthly fork length distributions c¢ontinued roughly in the
same pattern (Fig. 46). The rates of small fish (less than 50 cm),
increased slightly in October and November and seem to have'decreésed

from January to March 1986.
(c) Other species

Fork length frequency distributions were determined- for - seven  fish
" species: - short tail, red  job fish, red tail: 6pakapaka, sweeper
pomfret, bedfords (Paracaesio stonei, P. Kusakarii) . and large-eye
bream, These are shown in Figure 47.  Except for sweeper pomfret,
almost none of these species were caught in Tuvalu waters. Therefore,
the fork length distribution of the catch "is shown only for Fiji
waters, Both short tail and red job fish ranged from 45 to 95 cim.
These showed a gentle bell curve for fork length composition, with no
particularly dominant fork length ‘group. .. Red tail opakabaka and
- bedford (P. Stonei) were in the 35 to 65 cm range:’ The main group of
red tall opakapaka was in the 50 to 35 cm rénge,'and the-méinfgroup of
bedford (P. Stonel) was in the 44 to 47 e¢m range. - Sweeper pomfret

were caught not only in the Fiji waters but also in' quite large
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numbers Iin Tuvalu waters, so fork length frequency distributions were
obtained for both Fiji and Tuvalu waters. According to these, the
composition range in Fijl waters was from 55 te 70 cm, and iﬁ Tuvalu
" waters, 1t was 40 ‘to 65 cm, quite a different composirion. Bedford
.. (Paracaesio Kusakarii, P. Stonei) ranged from 35 to 75 cm, and large
- eye. bream from 32 to 58 cm. The main group of bedford (Paracaesio
Kusakarii, banded fusilier) was around 55 cm, and the main group of

- large~eye bream was around 40 cm in length.

As stated above, a large proportion of the major species seems to show
unnatural- patterns of fork 1ength distribution, with many deviations,
only a limited amount of the fish resources was subjected to fishing
here, and the results seem to indicate that almost all the resources
are still hidden,

(4) Distribution of major species by depth

The catch of each of the major species was sorted according to the depth of

bottom 1ine hauling, and ‘the results below were obtained.

NAMES OF MAJOR SPECIES : DEPTH RANGE (m)
Ribbon tail 200 - 400
Short tail ' 200 ~ 300
Red snapper 200 ~ 500
Red job fish 100 ~ 300
Broad alfonsino 400 - 600
Bedfords 100 ~ 300
Large~eye bream : 100 ~ 300
Bigscale pomfret 200 ~ 400

Figure 48 shows the catch composition of major species, classified by water

depth,

Prime fisﬁ with high market values seem to be distributed in water depths
from 200 to 500 m.
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Drop line

Drop lines: were conducted around seamounts in Fiji and Tuvalu. - ‘However,
the survey vessel was large for this method and deep sea aﬁchoring.was
{mpossible and, in consequence, the survey vessel was much influenced by
current and ‘Lee way, therefore she was difficult to keep same“conaition for

fishing foﬁ a long time.

As a result, required records could not be made for the -above reason,

although drop lines were useful for detecting demersal fish there.:
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2, "SEAHMOUNT SURVEY

During shift from one fishing ground te another, searches for fishing
grounds ' for each survey method, and during fishing ground enviroument
survey, the cruise tracks shown in Figure 49 were surveyed by echo sounder,
A3 a’ result of this survey, seven new seamount locations which had not
previously beén described on the charts were found. Their locations are

shown in Figure 50 an& Tahle 46,

‘Figure : 51 also glves a cross-sectional diagram of the course of the
seamount survey. The shapes of the newly discovered seamounts are shown
here, in-addition to other major seamounts which have become major fishing
grounds for the various survey fishing methods such as surface gillnet,
pole-and-line fishing, bottom line fishing, etc. Water depths . are also

shown in cross—sectional diagrams.

2.1 Topographic Characteristics of Survey Area
Fiii

In northern Yasawa and in Rotﬁma of Fiji, the inclination of the slopes
from the shore to the ocean bottom is steep. West of Yasawa and in Rotuma,
there were shallow areas, also flat and wide tops of seamounts were- found
in many places 10 to 530 meters under the sea. This area can be considered

“to be sinking towards the morth Fiji ocean basin.

‘Geamounts are scattered in various locations on the island shelves of the
‘areas around Kia, RKoro, and Kadavu in the central section of ¥Fiji.
‘Northern Lau and Southern Lau of the east side of Fiji is the Lau Group.
These islands form part of the tops of a series of rocky reefs at water
' dépghs-of less than 1000 m. This series of reefs is known as the Lan

“Ridge. -Numerous seamounts should be located here.

“The gouthern area of Kadavu is known as the south Fiji ocean basin. There

is a rldge between Kadavu Island and New Caledonia, but the water depth is
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great and seamounts have not been confirmed here.

Tuvalu

Tuvalu is on the east side of the nor:h'Fiji.ocean basin, part. of the
archipelago on an uplift. of Ehe earth's crust whiqh_is\gradually.m0ving
down towaid the basin. Changes in the earth's crust here are small and

steady. The archipelago consists of islands with.steep'coral slopes.

In Niulakita area on the south side of Tuvalu waters, the sea is shallow,
and there are many seamounts with flat and wide tops, at. water depths of 10

to 59 m.

2.2 DNewly Discovered Seamounts

Seamounts which were not indicated on the charts were discovered in two
locations in Northern Lau, two locations 1in Southern Lau, one location in

Koro, one location in Kadavu, -and one location 1n Yasawa.

These have been designated as: (1) Ngelelewvu, (2) Vanuabalavu South, (3
Yagasa, (4) Tuvana~i-tholo, (5) WNgau, (6) Mbega, and (7) Balmoral Rééf.
Their cross-sectional diagraws are shown in Figure 51. |

In the seamount areas of Vanuabalavu South, Yagasa, Ngau, and Mbeqa,
previous fishing operations were done with pole-and-line fishing:vesséls
belong to IKA Corporation. It is assumed that some of the fishing masters
on these vessels have already noted the existence of these seamounts, but
no reports have yet been made. Water depths at the tops of these séambunts
vary from 10 m to 320 m. The shapes are also varied,. including single
peaks, multiple peaks and -trapezeidal -shapes,  with' each area  having

different local characteristics.

There were no discoveries of new seamounts in the survey.course in Tuvalu
waters. The main reasons for this lack of discovgries-are-that Tuvalu is
part of the archipelago which is gradually submerging, and that the island

is located in an area whose topographic characteristics are such.that there
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is a low probability of discovery of seamounts which consist of islands
with steep slopes. J

2.3 Possibllity to Discovery of New Seamounts
SRES

Thére is a possibility of the discovery of seamounts in the shallow parts
of Rotuma .and in the western part of Yasawa of Fiji where topographic
characteristics are almost identical to those of Niulakita.

In Northern and Southern Lau, rocky reefs at water depths of less than 1000
m, .continue from south to north, which are. known as Lau Ridge. The
axistence of quite a numbe; of seamounts can thus be expected in this area.
_Figufe 52'shows the part of Lau Ridge where the water is. shallower than
1000 m. - As can be seen on the map, there is a deep section near the center
of -Lau. Ridge, which separates the rocky reefs into south and north parts.
‘this :deep. section. 1s the boundary. It is comnsidered that topographic
-characgeristics_of the northern and southern parts are different. With the
assump tion at this time tﬁat_for the northern part, which has already been
relatively well surveyed, the existences .of seamounts have alreédy been
accurately noted around Vanuabalavu Island in the northern part, and around
Ono—~i-lau Island (the shaded area in Fig. 52), Each of these shaded areas

has been used as a model for estimating the number of seamounts on Lau

Ridge, using these area size ratios.

Four seamounts in the Vanuabalavu Island area {(shaded section A) in the
northern part and:six seamounts. around Ono~i-lau-Island (shaded section B)
in'-the southern part, were confirmed by the survey. Here, these area sizes
will be .considered to be A and B. When the area of the section with a
water depth less than 1000 m in the northern section is [A], and the same
type-of area in the southern part is considered to be [B], the number of
seamounts in the northern area is considered to be {a), and the number of

seamounts in the southern érea is considered to be (b), then the following

equation will apply:
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(a) = [Al/A x 4 © (b) = [B]/Bx 6

When each area size is obtained from the charts:

[A] = 14,410 kmZ A=1,710 kn2
[B] = 15,030 km2 B = 2,890 km?
Therefore,

(2) = 33,7 and (b) = 31.2

Thus it is estimated that a total of 65 seamounts exlsts in the entire Lau

Ridge, 34 in the northern part, and 31 in the southern part.
Tuvalu

The existence of new seamounts Suitéblé'for the use of bottom lines was
confirmed by this survey on the north side of thé Nanumanga Island,. in
Tuvalu waters. The charts, however, show scattered seétions which have
depths shallower than 1000 m from the northern part of Tuvalu to Kiribati.
'The'surﬁey_to'detect'seamounté on north of the Hénuménga-lsland could not
be done at this time, due to the limitations of ‘the #urvey gchedule, which
‘shortened the survéy period., If sufficient time is available for the ‘study
of seamounts in future, it seems to be possible .that new seamounts will be

found.

There 1s -also a shallow area in arotind Niulakita Island, in the southern
part of the Tuvalu, which contains numerous seamounts with steep slopes,

and wide and flat teops, in water depths of 10 to 30 m.

Bottom line fishing survey results in this waters, which were as good as
those from other ‘areas could not be obtained. 'However;fit-wasffelt'that
there is a possibility of discovery of new seamounts here, as there is in
the northern section of Tuvalu. Other areas in the central section’ of
Tuvalu are mostly deep water aréas, so the possibility of 'discovery of new

seanounts here is very small.

- 78 -



3. OCEANOGRAPHY

3.1 Meteorological Condition

A total of 338 'metéorological observations was made during the survey
period. Table 47 ‘shows the weatheg appearance rate for each month, and
Figures 533 and 54 show the appearance rates for wind direction and wind
force, Surveys were not done, however, during from April to June in each

survey year, so observations were not made for these .months.

In the ‘survey period, there was 52% partly cloudy. When cloudy weather was
added to this, the rate was 77%. The wind forceés less than 3 by beaufort

scale were 64%Z. Weather was almost fine during the entire survey term.

‘During July and August, when trade winds predominated, the weather was
fine. 1In October and November, strong migratory high-pressure systems
passed north of New Zealand, and the area around Fiji was in a wide
low-pressure area,  Whereas depression accompanying front passed over the
south of Fiji, as its result, rainy and overcast cloudy weather increased. -
'&iso,'during Decémber 1984 to March 1985, cyclones and depressions with
vast 'amounts. of clouds approached, therefore overcast cloudy and ralny
weather were observed frequently. :In March 1985, they had two cyclones and
some depressions approached .then 5 days were unavallable for operation.
During this month, rainy and overcast cloudy weather totaled 44%. There

were four days with wind force of greater than 6 by beaufort scale.

As seen in Figure 53, wind directions in the survey area were
ovérwhelmingly - south east. Other wind direction components were generally
‘1imited to’' times when depression with fronts were approaching. The reason
for so many south east wind constituents in 1986 is that surveying was domne
from July to November when trade winds préddminated. For 1986, the figure

hWaS'83Z} for 1985, it was 62%; and for 1984, it was at its lowest, at 55%.

In 1986, the appearance rate of winds of force levels above 4 by beaufort,

shown in Figure 54, was relatively higher than in other years. The reason
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for this, however, is that the survey was done during the season when trade
winds predominate. Scouting and fishing operations were greatly affected

by these strong winds in case of pole—and-line.

In 1984, there were eight days when fishing was stopped due to stormy
weather, none in 1985 and two days in 1986.

3.2 Surface Water Temperature

Figure 55 shows the average surface water temperature for each month in the
surveyed .areas (except for the areas of Funafuti, Niulgkita and Rotuma).
Kia was included in Yasawa, and Koro was included in the Kadavu for

convenience in this survey.

The surface water temperatures in the survey areas generally started to
decrease from April to May whén the trade winds began to blow, and reached
their lowest, 23°C, in August. The surface water .temperature began to
increase from Septembef and reached a maximum of 30°C in February-ta;ﬁarch.
No great ‘change could be seen in these trends through the survey. In.1984,
average alr temperature decreased greatly because the duration of sunlight
was extremely short, The surface water temperature’ in August 1986 was
glightly higher than for July, becausela greater part of the survey was

conducted in the northern Fijl area.

3.3 Mid-water Temperature

Vertical distribution of water temperature was observed 155 times in Fiji
and Tuvalu waters by X.B,T. {(expendable bathythermograph) - through::the
SUEvVey. .

Figure 56 shows the 55 designated: observation station points, : The water

temperature observation lines of X.B.T. were designated as Line~l to
Line-9,
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Using these lines, extraordinary observations were carried out in December
1984 and January 1985, for Line~l and Line~2, then in February and March
1985 for Line-3, next, in September 1985 and July 1986 for Line-6, and
finally in. October 1985 and July 1986 for Line—?. Flgure 57.éhows the
vertical cross~section'diagram of water temperatures for the observation
stations on the water temperature observation lines. Figure 58 shows the
vertical distribution of water temperatures obtained from five observations
at station No. 16 (14°~10'S, 179°-05'E). As clearly shown in the water
temperature vertical cross-section diagram in Figure 57, on Line-7, =z
deep-sea, weak thermocline which was located with its upper limit at around
170 ﬁ, was noted in almost the entire observation line area. Many schools

of skipjack were also observed in this area.

As a result, thermocline and tidal currents were not observed on the other

water temperature observation lines.

Surface water temperatures changed seasonally, but hardly any change of
water  temperature was observed in layers deeper than 100 m on Line-l,

Line~2, lLine~3, Line~6 and Line-7.
The vertical distribution of water temperature was also measured during the

oberations of bottom line and pole-and-line fishery. The water temperature

at depths of 300 to 430 m, was 12° to 15°C.
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4. PAYAO DEPLOYMENT ~

4.1 Locatlons Payao Deployed

During the survey period, a total of 33 payaos (23 in Fiji and " 10 "in
Tuvalu) were deployed (Fig. 59 -and Table 48), however, in’ selecting

locations, considerdtion was given to following factors. 1

i) Locations with rapld tidal currents fust be avoildeds ™
ii):'Payaos should be around seamounts. B
iii) Payaos should be deployed in ‘locations’ considered to be Fishways.

iv) The setting up of payaos must consider on site requirements.

Figure 60 is a sketch of a payao and the method of deployment. =

4.2 'Aggfegating'Stéte

In the first year, fourteen payaos were set up in'Fiji waters. The result

of this survey was as follows.

The environment of the fishing ground in the first year was worse than in
the average year,. and the number of fish'scﬁools was small, but two to
three weeks after tﬁe payaos wére deployed, coarse fish such as railnbow
runner, dolphin fish, etc., began to aggregakte. A school of skipjéck
tended together in the area 0.5 miles under the tidal current in the
morning and evening, leaving in the-morning and moViﬁg to a distance of 1
to 2 miles from the tidal current for the daytime. Record of acho sounder
response was detected at depths of' 20 to 70 =m, and fish - swarmed
particularly at depths of 30 to 40 m (Fig. 61). This response was detected
at about 10 a.m. when trolling was being done around the payao, and 70% of
the catch here at this time was yellowfin tuna. From these results, it can
be assumed that coarse fish swarmed to ﬁayaos at first, and thét'yellowfin
tuna and skipjack gathered next. The skipjack school seems to have left

payaos 1n the daytime and approached them in the morning an& evening.
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_Situations similar to the above were confirmed from the payaos with setting
nqmbers'(l), (2, (3), (&) and (6), but it was not possible to confirm any
' signs of fish from payaoes (7) and (10). <Confirmation was not possible for
ﬁayaos;(l?),t(l3) and (14), due to the insufficient number of days after
these .payaos were deploved. Payaogs (5) and (1l1) were set up close. to
.ého;e, at the request of Fisheries Division of Fiji. Fourteen payaos used
fafts assembled from domestic bamboo maﬁerials in the first year. Payaos
(2), (3) and (7) were lost away because of the cyclone which approached
the:-area in January, 1985,

When the second year came and survey of Payao continued again, it was found
that péyaos set in the first year had drifted away except for payao (6).
However, even this Payao (6) was lost soon after the first survey was over.
The reason for the loss of payaos is assumed to be that the domestic bamboo
materials absorbed waters and lost buoyancy, so that the resistance of each
raft was great, and the ropes were cut by cyclone which passed through Fiji
in the previous year. .In this period, four payaos were deployed in Tuvalu
. waters, aﬁd.six-in-Fiji,waters.- These rafts used PCV (polychloride vinyl)
. pipes, but the procuring of materials was delayed, and ' continunous surveys
of aggregating conditions were not possible due to the survey schedule

after setting up the payaos.

In the third year, six payaos were set up- in Tuvaly waters and three in
-?iji waters, but little opportunities were available to survey the payaos
except the pole-and-line fishery survey for both waters. Therefore, only 2

part of them was checked for aggregating conditions after the payaos were

daployed.

—Buring July,to‘Octobér,'when.fishing was never previously done in Fiji
waters, domestic fishing boats were reported to IKA Corporation and had a
catch of 30 to 50 tons around the payaos. The captains of domestic fishing
boats ﬁere_iﬁterviewed and stated that they fished for many days around the
'payabs, so it can be assumed that the payaos are sufficiently effective,

but the cateh could not be confirmed as the catch around the payaos was not

clearly entered on the fishing reports.
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5. DISPOSITION OF CATCHES -

Catches were turned over to IKA Corporation. However, pelagic species and
demersal fish disposed of as follows to suit sales purposes in accordance

. with the requests of local officlals.

5.1 Pelaglic Species (skipjack, yellowfin tuna, etc,).

The catch was processed by brine-type freezihg_whenever possible. -

5.2 Demersal Fish

IKA Corporation wanted to export ribbon tail and red snapper, etc., ‘to
Hawaii and the west coast of the U,S.A, and elsewhere through a domestic
company, so. that the catch was processed by opiking to kill the fish
jmmediately and placed. in .chilled storage. ~Therefore, support for.-the
freshness of catches was paid careful attention, the maximum cruise. length

was regulated at two weeks,

Fish other than the above, such as the varlous bedfords, tumas, etc., were
traded with a domestic company aand with the National Marketing Authority
of the Ministry of. the Eccenomy. Deep sea_shark«wafe-also‘used'in'the
Fisheries Division of Fiji for collecting liver oili '

Table 49 shows detalls of the catches landed by surface gillnet, trolling

and pole-and~line fishery, and Table 50 shows idetalls of the catches landed
by bottom line fishing, those information obtained from 1IKA Corporation.
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'IV. DEVELOPMENT OPTIONS FOR OFFSHORE FISHERIES RESOURCES -

_IN FIJI AND TUVALU
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1. SUITABLE FISHING METHODS

1.1, Fiji,

As a result of this Survey; it ié believéd that bottom line fishing and
trolling ‘are most suitable for local fishermen in Fiji because of the
abundance of fishing grounds, possible good catches, economical operation
cost and easy accessible technique. ~ Therefore a model vessel, which is
eapable of year-round operations both bottom line fishing and trolling, was

designatedrénd was studied its various aspects.
{1) Estimating catch by a model vessel
‘(a) * Fishing gear and fishermen required

In this survey, buttom line was conducted omce a day, also surface
gillnet and trolling were both performed once a day or more. Yor the
model_vésSel, the opération twice a day was assumed, once each in the
mbrﬁing ahd"ih the 'afternoon, for Both bottom 1line fishing and
trolling,_aé shown.in'Figuré 62._ The appropriate number of branch

: 1ines for bottom 1ine fishing was set at 100 to control soaking time of

' the fishing gear within three hours and hauling time within two hours,

"and only six hooks be attached to each branch line to avoid wasteful
fishfhg_caused by entanglement (15 ~ 20 hooks in this survey) and six
lines for trolling.

Under these conditions eight fishermen are needed for bottom line
fishiﬁg and four for trolling, i.e. the model vessel must have eight

'men;r._'

(v)" Mumber of days per trip

Since the demersal fish caught by bottom line fishing must be kept
- fresh (edible in the raw state) for export, the freshness is maintained

by dced storage. The number of days in which the perishability can be

maintained by iced storage is therefore the first factor to determine
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the number of days per trips

below (Tanaka, 1981 .. (13)).

Caught fish

Rigof mortis

Resoftening

Seif-digestion

Decay

In one to several hours

In 2 to 22 hours

In several hours. .-

Bacteria breeding staris

"The process of. decaying of fish is.shown

The muscle .is ép:ihgy5-‘

‘The muscié is rigid.

. The muscle. regains -

The muscle becomeg soft.

Being fresh fish means fish in the fresh condition before being

putrefled or in the early stage of putrefactinn. In

case of yellowfin

tuna, 1t could stay fresh for 4 days when left in 10 c air, while could

remain trebh for 10 days when stored in O C.

If processed by heating,

edible period is 10 days for the fresh in 10°C while one in 0° C stays

edible for 35 days (Tanaka, 1981.,.(13)).

The processes currently applied in Japan from the catch to ice siorage

are as follows:

Cateh p——— Tkijime

Blood removal F

‘Soaking in |

cold water

Sorting by speciles

and sizes

‘Arranging

fish in pan

Packing

with ice

— Ice

storage
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On this survey, the processes of soaking in cold water and arranging
~fish in pan were omitted due to measurement of the caught fishes and
.Ithe_limited storage space, but the fish was kept fresh for ten days at
. the maximum. The process of soaking in cold water rapidly lowers the
body temperature, and this process is considered to extend the period
~0f being fresh by one to three days. If there are nine days from
departure to return, the number of days necessary for one trip can be

estimated as follows:

. Number of days for round-navigation 2 days
Number of operating days ' "7 days
Landing of catch 1 day
Loading of materials ' ' 1 'day
Day-off ‘1 day

Total 12 days

~ (e} Catch per vessel per day

Bottom line fishing

'The average catch by bottom llne flshlng per operation is 327 6 kg
 (Tab1e 51).' But taking the operation cost of bottom line fishlng, the
VIRotuma fishing ground which is far from the landing port, and the
VlnYasawa fishing ground which provided poor catch durlng the survey,
must be excluded. when those £ WO fishlng grounds are excluded, the
average catch per operation is 376.4 kg, as shown in Table 52, and the
number of effective hooks is 697.4.

The number of effective hooks in Fiji waters, as shown in Table 52, is
1.713 8 (ratio of effective hooks in 55 0%) per operation. For the model
- :vessel, since the number of branch 1ine is set to 100 and the number of
hooks attached to each branch line is set to six to avold entanglement,
if the operation is conducted twice a day,_the total number of hooks is

i'i 200 [100 (branch line) X 6 (hooks) x 2 (operations)]
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Generally, the ratio of effective hooksjin'bottom?lihs,fisﬁing is 95
to 100% when the same fishing'geaffas“for“théVsurﬁey'(Zb'Hooks_per
pranch line) is used, Although improved fishing geat 18 used by the
model vessel so that theré'ooul& be few ineffeotivé hoOks; the ratio of
effective hooks to the- total number of hooks used, was _assumed to be

80%, and based on which the catoh per day was calculated as follows.

1,200 x 0.8
697.4

376.4 kg x = 518 kg -

Table 51 indicates that 91.4% (exoluding sharks) of all species caught
in Fiji consumed as frésh fish for domestic consumption and export.
Therefore, the amount of useful fishes among 518 kg calculated above is

473 kg (518 kg x 0.914).
Trolling

Trolling was tested on the sane day as 'suffacs glllﬁst testing,

alternating these two test types.

Trolling was tested in the vicinity of'a seamount area. When the catch
was favorable, the trolling test was quickly stopped and surface
| gillnet flshlng was tested around the seamount. Therefore, there is
not a day of full scale fiShing with trolling only.' As Table 25 shows,
the average trolling operation time is two hours and four minutes and

the catech 1s 126.3 kg per operation.'

When the trolling method is utilizéd'ss'aﬁrsconomical fisﬁiogﬁﬁethod
1ike the bottom line fishing method fishing grounds which are far from
the landing port and proved a poor'<catch must be: excluded.
Acoordingly, the trolling catch was estimated from the figures of Table
32 as described below. :

Table 32 shows that the catch per hour 1n established fishing grounds
is 61.43 kg (including 40.07 kg of skipJack and yellowfin tuna) '
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When this: quantity is applied to the model vessel operating for five

hours and 30 minutes, the catch per vessel per day 1is estimated as

follows.
61 43 (kg) x 5 5 (hours) 338 (kg/day)

Since sﬁfﬁjaek 15 ﬁee&‘as bait.for bottbm'line fiehing, tﬁe quantity of
skipjaek st be deducted from 338 kg/day. The survey results indicate
that sliced ‘bait meat for 20 hooks can be made out of a skipiack
weighing'zrkg. Therefore 60 skipjacks (120 kg in weight) are consumed
for'bottom'line operatioh'per day (1,200 20'skipjacks){ When this
consumption 1s excluded from the catch shown above, the marketable

catch is 218 kg.

 '0n the trolling tests conducted this time, the vessel shifted to
' investigate seamounts even if the catch was favorable and so the
operation was not conducted more than once in one place. Therefore,
the catch is considered to be larger than that estimated if the fishing

éffo:t'is'COncentretéd in good fishing grounds.

Annual operation rate of model vessel

The appearance rate of wind force in the coast and offshore in Fiji are
Shown in Figure 63. A bottom line fishing/trolling boat has difficulty
in operating when the force of the wind (beaufort scale) becomes & or
higher. Figure 63 shows that winds of scale 0 to 3 ocecur 59. 8/ during
the year. The annual number of operable days calculated on this rate
is 218 (365 days x 59. 87) Therefore, assuming that the number of days
‘ﬁper trip is 12 days, as described earlier,-the number of trips that a

o vessel can make in-a year is 18 (218 days "12 days).

Estimated annual catch per vessel

The annual catch per boat 1s estimated as shown below based on the

values calculated in the preceding description.
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(2)

(Unit: kg) .

: o Catch - Catch ameunt :
Fishing method per '
day per trip _Annual
Bottom line 473 _ 3,311 1 59,598,
Trolling - 218 - 1,526 27,468
Total 691 | - 4,837 | 87,066

(Note) The number of 6pér&ting‘dayé perrtriprié_séﬁgn;

Type of model vessel and its fiShing gear

(a) Type of model vessel

The type of vessel based on the factors of the fishlng gear, fishing

methods, and est1mated catch above-mentioned is estimated as followsg

Number of crew

Ice And'fish hold
011 tank

Main engine horsepower
Speed

Fresh water tank _
Ref?igeratihg engine'
Auxiliary éngine

8:§¢réoﬁs

15 w3 |
4.8 t/trib x 1. 2”i d 4:(iéédihg'féctor)
9 m3 [{2 days x 0.8 KL) + (7 days X
0.6 KL)] x 1.2 : 0.8

200 1P (high-speed engine}

9 knot (5 ~ 7 knot- during operation)

43

1 (storage temperature O C) unit
1 (2 5 kW) unit

Dimensions of a boat to meet these condltions will be 6. 4 m (Length) X
4.0 m (Breadth) x 1.4 m (Depth) This  1is a 16GT type FRP boat

acceording to shipyards.

ship.,

Table 53 shows the speC1fications of the model
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(b) . Fishing gear

Bottom line: -

- The 1érgest shortgoming of bottom line  fishing found through this

. aurvey.is the large rativof,ineffective hooks, reaching as high as

L 45%..-This¢shortcoming was caused by entanglement of branch lines and a

-main line which was cast by unskilled crew in the slacking state from
_ phe;stern at low speed of 3 - 5 knot. At the same time, since the
_snood connected with each branch line were too long, some of them

became entangled with branch lines.

Therefore, taking the following points into consideration, the gear was

simplified as much as poséible.

«..Easy-handling fishing gear with high work efficiency to reduce the
-labor cost

"'+ -Durable fishing gear to reduce the fishing gear expenses

s Fishing gear.appropfiate for operation on board a small boat to reduce

the cruise expenses

In bottom line fishing, consumption and entanglement of branch lines
and. snoods are the main factors increasing the work load, To make
handling easler and reduce wear, the branch lines and snoods should be
‘thick.. . However, thick branch lines and. snoods affect fish response to
- bait advérsely and decrease the catch amount. Therefore, the branch
‘1ine and ‘snood were improved as shown in Figure 64, considering ail

these points.

-_Fpr-ﬁhe-branchrliné, 8 m of No. 120 Nylon gut (No. 60 was used during
: the;-suryey). iz to be used with six hooks attached (20 during the
SUTVEY). -For the snood, 40 cm of No. 60 Nylon gut (No. 25 to 30 was
uéed.dﬁring the survey) is to be used. Each snood is attached to the
. branch line with a snap during setting the line and is removed during
,hauiing.-,Each-branch-line 1s attached to the main line with a snap and

removed branch lines are stored separately (Fig. 62).
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Wheﬁ the main 1line is set in some tight state  at thgh‘*&peéﬂ; the
entanglement of main line and branch lines can be avoided. However,
from the standpoint of the safeﬁy of fishermen, the ship ‘speed should

be increased (maximum 7 to 8 knot) as their skilljimﬁrbves.

-The number of branch lines per operation was limited to 100 in order to
operate early 1in the morning and in the evening: when the - fishing
- efficiency of a small boat is high. Figure: 62 shQWS‘thE necessary
working ‘time. When the fishermen’s skill'imprbveé; this-working'time

can be reduced further and the amount of fishing-gear can be increased.
Trolling

The objective of trolling in this survey was pelagic3fish.-. It is
considered necessary.that a trolling be conducted in combination with
the mid water fishing in the futuré. Figure 65 sﬁows‘_a ‘schematic
diagram of the mid water trolling and the fishing gears being applied.
If mid water trolling {is- conducted ‘ﬁsing_ a -gubmarine " board, -large

fishes like yellowfin tuna and bigeye tuna can be caught.

Vertical long line

Although drop line fishing was not tested on a full"scale' in this
survey, this is a useful fishing method in a“fishinglgrdﬁﬁd where the
anchors of bottom line cannot be set because of the steep ‘seamount
slope. Bottom line fishing is i'mpra;:t-icable therés * This method has
already been adopted by eﬂterprises in F1ji, therefore vertical long
line with increased number of hooks, i.éo 30, while ship is drifting,
instead of local fishing by drop-line‘uéuéliy'using 5:-"6 ltiooks 1is
recommendable as the appropriate fishing method to be.appliéd té’ﬁroﬁnd

seamounts,

That is that, when the vertical long line 1% caught'on the sea floor,
the part of main line caught on the bottom should be cut to save other
part of fishing gears. Therefore, the main ‘line {s made ‘thicker as it

goes from the sea bottom to the surface, Branch lines (30 cm long and

- 04 ~



with hooks). are set at intervals of 1 m. The appropriate. number of

‘hooks ;is 30, and a swivel is attached to the main line every five
branch lines (Fig. 66).

-Three sets of vertical long line can be set by a boat per operation.
. This'fishing method should be conducted after investigating the bottom
topography, current, and the fish reaction on the echo sounder at the
fishing ground. The methods of setting and hauling are shown in Figure
;-13, . To haul the 1line efficiently, a reel (manual or electric) is

- necessarys .-

1.2 Tuvalu

‘A report .of Fisheries . Division of Tuvalu indicates that noboedy has been
‘exclusively engaged in fishing because of the self-supporting economy.
‘People have been fishing using hand line fishing or troliing on canoes and

outboard-engine boats while not doing other work (mainly work on copra). -

Except the two islands of Fupafutl and NMukufetau, Tuvalu has no adegquate
anchorage for fishing boats. Besides, these two islands do not have
adequate fishing port facilities (wharf, cold storage facilities, fuel
supply.-facilities, etc.) and there 1s no place that can be used as a

inshing'base in other islands.

Cold storage facilities controlled by Fisheries Division are located in
Funafuti. The scale is only equivalent to three home refrigerators (total
volumé about 1.5 m3) ‘and the storage capacity of fish in about 800 kg. No
cold storage facility and ice-plant exists in other islands.

Therefore, to develop fisheries in Tuvalu, there are many related areas to
be. developed. or improved. It 1s desirable to make efforts to develop
economical and easy fishing methods to utilize the resources of pelagic and

demersal. fish resources.

During this survey, a number of skipjack schools was observed in the area

around Funafuti., The majority of them were schools associating with bait.
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The current flows from south o north in this waters, :and small pelagic
-fishes gather around the island.” It seems that these small fishes are the

bait for skipjack, and so a good skipjack fishing ground is formed.-

Since live baitffishes,fOr'skipjack fishing inside lagoons are scanty, a
gimple and économica1'trolling”mefhod which does hot use live bait 18 more

suitable for skipjack fishing in Tuvalu than pole-and-line fishing.

The demersal fish resources were not  confirmed during this survey, but a
good fishing ground was discovered on tﬁe-seamount in the'horthwesternjpart
of Naﬁumahga Island (Table 51). Since the avefage catch of 15 operations
was 339 kg here, it is presumed that demersal fish are inhabiting along the

coasts and on the slopes of the reefs of other islands.

Considering that the islands in Tuvalu have steep: coast lines -and are
surrounded by reefs, drop line. fishing method using a manual reel is ‘more
suitable and economical method for demersal fish than bottom line fishing

method.
(1) Type of model vessel

At present, canoe fishing is dominant in Tavalu.: Bet it will be possible
to increase the fishing efficiency by using 'a small boat equipped with an
outboard motor for one to three persons. This émall‘.boat should be
avallable for trolling, hand line and drop line fishing, as well as for one
day fishing trip along the coast and inside and‘outside a reef, and should
have iced storage facility. The specifications of such a boat, considering

its stability, are as:follows:

Material ' Wood or FRP
Gross tonnage 0.8 G/T
Crew members - 3 .persons : .
5ize : 12,0 m (Length) x 2.0:-m (Breadth) x }.1 m-(Depth)
Cuthoard wotor 30 to 40 SP. s ' D
Speed 8§ knot-

- Fish hold 3w
Tece hold : 1 w3
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' Therefore as’ previously mentioned, Tf trolling and drop line fishing have

been developed fﬁfthérmore, technique of full time fishermen upgraded and
511‘nééeéséryffacilities-(such_as ice-plant, cold storage ete.) set up for
'fiEhing"ihduSt;y in future, it will be possible to start the project of
.deveiopiﬁg:démersai*fishery there using such a suitable size of fishing
“vessel 1ike the on already introduced to Fiji.

'(2) Fishing gears and methods

Figure 65'shoﬁs the set-up of fishing gears for trolling, Two trolling
‘{ines are extended from . the both sides of the stern respectively, or three
tines, i.e. two lines extended from the pole protruding from each side in
the ‘central part of hull and one from the stern are provided.  Figure 66
shows ‘the set-up of fishing gears for vertical long line fishing. For this

fishing, it is recommended to install a manual reel on each side.

2. RESOURCE POTENTIAL

2.1 Fiji Waters
(1) Pelagic fish (skipjack and yellowfin tuna)

In Fiji waters, 268 fish schools were observed between the first
pole-andline fishing cruise and the seventh cruise, and 160 schools were
fished, As described earlier, the group size ratlos of these 160 schobls
are 1 for'largé, 0.5 for medium and 0.3 for small, and the chumming ratios
are 1 for good, 0,5 for natural, and 0.2 for poor respectively. It should
be noted that the judgment of school size and chunming is subjective and
that an .analysis based on such judgment may lack objectivity.
Nevertheless, it is clear that the only clue to study the relation between
the sizes of fish schools and the catches is these records of visual
observation at fighing grounds. Therefore, an attempt was made to estimate
tﬁe populatidn of pelagic fish in Fi1ji waters (within the visibility range

of observers) based on these records even though they may be not complete.
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The first explanation is on _estimétigg a quantity. oﬁ,figtk.dompr;sed a
schoél, Aésuming a éqqs;ant:"k" which i1s cdmmpn;tq~all schools (large,
medium,_and.smali), a large sdhqo;.qan be.exprgssgd as 10 k, a medium one
as 5 k, and a smgil one as 3 k-based onwthg pgoportions shoﬁn'gbpve. When
this value is multipliéd by the number of schools and the :esu;g-of_eggh
group size is summed up, an_index.pf fish_quagti;y ip_thgﬁfishiqgrgipgnd_is
obtained, ~ Next is estimation of catching rate. A comparison between the
catch of a pole-and-line fisﬁing boat and a pﬁ;se_se;ner“may_prgyige_a clue
for estimation. A purse seilner is far superior to a polé-aﬁd?line fishing
_bdét_in catch efficlencys If the conditions are favoraﬁle,:a‘purse,seiﬁer
can catch the majority of the target school. Na;urallyl_thqreEgrg;éome
_differeﬁées in the fishing:ground and desired catech bgtyeen a pplefande;ine
fighing boat and a purse seiner. However, ;t,doesfnot'séem_thatrthgfe is a
great difference in the aspecﬁ of school size regardless of the difference

in the fishing method.

The maximum catch per operation_of a purse seiner opergting in Fiji waters
is 45 tons with an average of 11.8 tons'(cafch report of the "Western
Pacifie" for 1983 to 1985). The maximum catch of a pole-and-line fishing
boat is 12.7 tons at the best chumming and average of 4.7 tons (survey
results of the "Te Tautail" and the "IKA—QO. 5" for the current term), thét
is, about one third of that of é purse seiner., Therefore, if the catching
rate per school of a purse seiner is assumed to be 0.9, the catching rate
of a pole-and-line fishing boat is only 0,3 even at.the best chumming.
Another clue to estimating catching rate is the kresﬁlt of . sevéral
operations attempted to the same schocl. When the fish quantity of the

target school is expressed as "N" the catching rate as "f" and the catch of

the first operation as "Ci" the first catch quantity is expressed as -

The catch quantity of the second.operation, expressed as-ﬁCZ"-is
Cop=f (N~-Cp)=Cj~fCp=0Cp (1=£)"

Therefore: f =1 - Cp/Cy
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. Since this estimation is based on such essential conditions as the school
being the: same for the first and second operations, the chumming must be
: .theg‘same,:.and;_there should be. no recruit or scattering of the school
during the period between the first and second operations, this calculation
may not be applicable frequently. However, several such cases were found in

the -operation records of this survey.

The following is one such case. On November 11, 1985, a skipjack school
~containing  some number  of yellowfin tuna was sighted at 17°11'S and
179°14'W vand caught 3,511 kg, On the next day, the catch of 2,519 kg was
‘made .at the.same point. (balt response was good in both cases).  Since the
fishing grouhd was the same and so was the fork length composition, it is
reagonable ‘to assume that the two are the same school. Accordingly, the
Uf" value was calculated using the above equation and obtained 0.28. 1In
_ several other cases, the "f" value was about 0.3, approximating the value

obtalned by the comparison with purse seiner's catch.

For this reason, the catching rate of a pole-and-line fishing boat was
determined to be 0.3 when the bait reéponse was good. Then determined the
- gatch rate. for ﬁatural bait response was determined to be Q.15 and for poor
bait response to be 0.06 based on the proportions described earliers The
fish quantity index was determined for all large, medium and small target
- schools. . When the fish quantity index thus obtained for each group is
multiplied~by_the catching rate determined for each chumming state and then
call .resulting ‘values are added, a catch volume index can be obtained.
-Also, ‘the value of constant MY san be determined based on the actual catch
“guantity shown ‘on the-,operation records and the catch quantity index,
Although "k" should be constant, the value thus obtained varied to
considerable-extent by sea areas. This seems to be attributable to the
';fact_thataindiVidual catch quantity -caught from schools which were assumed

‘to be the same in size and bait response varied significantly.

. Here, the_ﬁfish_,quantify of each area was calculated using a value of

' ¥2,067" obtained by putting all four areas together temporarily. Then the

ratio of catch quantity (catching rate) to the value was calculated. The

‘values thus obtained are shown in Table 54. The value for overall result
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of the four areas is 8.5% and is 10 to 1% in Kadavu;rxoﬁo“and Northeri Lay
where theé operation concentrated. This. means only 10% OE'the~migrating

resources are exploited, indicating sufficient allowance in the resources.,

. In this area, the South Pacific Commission tégged 11;64615kipjack-in April
1980 and caught 953 of them in the same area by May next -year ' (Kearney,
1984 .. (2)). - | |

- The fécatch rate is 8.4%, roughly coinciding with the'overéll:catéhiﬁg:rate
of the four. sea areas mentioned above. Kearney Stéted'thatWtﬁe‘skipjack
resources in Fiji waters were large enough to sustain a catéh'as large as
‘several ‘times thé current catch level.. This is agréeabie,'consideriﬁg’the
ratio of fish'quantity and catch quantity described above. 'Howévér, if the
catch volume of live bait cannot be increased beyond a cerﬁainilevel, as
described later, the catch quantity of pole~and-line fishing boats is

restricted.
-(2)  Live bait

Live bait is caught by stick-held dip net (Boukeami) at night in lagoons
along the coast, kept in live bait tanks on board, and used for fishing the
next day. The life span of bait in the tankfvariQS'by-thE'species; Some
may live as long as a month but most die-in 10 teo ZO hours. Therefore; the
stay in a fishing ground including the time of round trip is limited' to
about 20 hours, restricting the 'operatioﬂ range of boats to a 40 mile
radius. Also, the catch of live bait fluctuates largely byuyeéf-and.season
and thus forms: another major -cause of restricting .the-»opération of

pole~-and-line fishing boats.

Figure 67 shows the trend of the monthly fish catch and live bait -catch by
pole-and~line fishing boats 1in Fiji -from November 1979 to June 1982
(Fisheries Division, 1982 .. (3)). The both trends agree well to indicate
close association of the fish catches with those of live bait, . Also,
yearly trends in live bait c¢atch,  the number -of _stickvheld 'ﬁip ‘net
operations (number of set), and catch per set between :1976: -and 1985 -are
shown in Figure 68 (Fisheries Divielon 1982, 1983, 1984, and 1985 ...(3)}).
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The number of stick-held dip nets that catech live baits has increased
'ye&tlY”sinCe 1976, reaching to 2,400 sets in 1982, but later, in 1984 and
'1985;‘that'sharply declined in. the same level of catch as poor 1978 to
1980.1;Cdrfeépbnding with the Increase in the number of set, the amount of
“1ive bait caught has Increased, although it temporarily decreased in 1979
and 1980, reaching 79,000 buckets in 1982, then dropped down.

On the other hand, the cateh of live bait per set has gradually decreased
‘after the peak of 66 buckets d1n 1976, However, the number of set
substantially decreased in 1984 and the catch per set increased. When the
‘rélation between the catch per set and number of set 1s reviewed on a graph
(Fig. 69) 01 which the catch volume is expressed on the vertical axis and
the number of ‘set on the horizontal axis, the plotted dot line goes
diagonaily downward in a linear form, indicating a mnegative -correlation
~between the two, Therefore, when the relation between the two is expressed
in a linear equation; excluding 1980 in which the quantity was particularly
small (the live bait catch was extremely small in the year, which applies
to skipjack also, affected by the very-low sea water temperature), the

following equation is obtained:

" CfF = 67.51"' = 0.0158F
where ' € ..s. Total live bait caught annually

F ..» Total number of stick-held dip—nets used annually

The relation between C and F can be rewritten from the above equation as

¢ = 67.51 F - 0.0158 F2

The above equation plotted on a graph forms-a parabola shown on the upper
“¢olumn of Figure 69, and C (total live baits caught annually) is maximum
‘when F (number of set) is about 2,200,  Assuming ‘that € and G/F are
dependent ‘(1.,6., assumlng that the decrease of live bait catch per set was
-deriveﬁ from the {ncrease in number of set), the live bait catch is
balanced with the number of set, which is an indication of fishing effort,
reaches until a certain level. When the level is exceeded the catch is
then unbalanéed and is decreased abruptly. No phenomenon that negates this

supposition has yet occurred. Therefore, the digtribution of live bait in
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this waters is almost constant every year unless thegnﬁmbergaf set;fwhich
is an indication of_fishing effort, exceeds .2 certaln level and unless.an
unusual éase.like abnormally . low water'tempgratufe occurg. - Thus ;f;thé
total number of @ set increases, the,live.bait catch of_individual hoats
decreases, or if the.total number of . set decreases;,the-iive.bait cateh

amount of an individual boat Increases.
(3).. Demersal fish

Data and information which can be used as the basis for. estimating the
demersal fish resources for bottom line fishing .on the_slopes.of coastal
area and a seamount is extremely. scanty. - Therefore the analysis. was made
by using assumptions on some of the conditions. For. this purpose, the
following equation to show populatibn changes in the past year was used, - by
expressing the starting populatioﬁ in the beginning of one.year as Pj and

the population in the beginning of the next year as .Py.
Pz—P1=A,+G—.D

Here, "A" means annual recruitment, "G" wmeans increase of the weight
resulting from growth, and "D" means reduction resulting from death. If
the population is balanced, Py - Py is equal to zero, which means A+ G is
equal to D, If the catch of the population is. expressed as ‘¥, the above

equation i1s rewritten as folliows:
Pp -P) =A+G-D-%

Unless Y exceeds a certain level, both A and G will increase and D will
decrease because of recuperative'power,of_the‘fesource andathé.population
will remain unchanged. Aceordingly,_from_a'standpoint-of,conservatioﬁ;of
rasources, it is deslirable that Y should_beréquqlzto G, . In:other ‘words,
the allowable annual catch should be restricted within the - annual increase
of the population. The amount of annual population increase must therefore

be determined.
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Before .determining. the amount of annual increase, an attempt was made to
roughly estimate the population of demersal fish In this waters. Based on
the results .of this survey, it was concluded that Yasawa and Rotuma would
~not . be suitable for bottom line fishing.  Thus areas Lo examine were
iimi;ed;tohkia, Foro, Kadavu and Northern and Southern Lau. areas. The
total cqastal.line_length in these areas is estimated to be 5,300 km,
but: the length of land slope that can be actually utilized for fishing is
-estimated .to be about one tenth of the total length mainly because of the
sea bottom topography and current. Since the fishing ground on the slope
in water is limited to the depth of 200 to 500 m, the width of fishing
ground is estimated to be about 2 km. = The area will thus be 1,060 km2 (530
X 2).

The estimated number of seamounts in the depth of 100 to 1000 m, which can
be considered as fishing ground, 1is about 65 including unconfirmed ones.
Although'the size of_individual-seamounts varles, if one seamount fishing
grouﬁd would be a circle of 1 km radius, its area is 3.14 kn? and the total
fishing ground area would be 200 km2. When this is added with the land
slope area, the total is 1,260 knZ, This would be the total area of
fishing grounds of demersal fish in Fiji.

The. scale of bottom line fishing is various. Here, assuming that the
fishing gear used by a boat 1is of 2,000 m long with 100 branch lines and
that fish in a circle with a radius of 50 m with a connecting point of
each branch line with the main line as the centre could be .fished and that
the ratio of effective hooks 1s 60%, the fishing area is 1,200 m long and
50 m wide‘qn;both,sides of 60 branch lines, The area is therefore 120,000
2% or.0:12 km2. This is equivalent to 1/10,500 of the total area. If
demersal fish are distributed uniformly there and 80% of the fish are
caught in .the range covered by bottom line, the quantity of fish caught in
one opefétioﬁ is equivalent to 1/13,000 of the total population.

According to the results of this survey, the average number of fish caught
ber-operation;in-areasrof-Kia,ﬂKoro, Kadavu and Northern and Southern Lau
was 93 (376:kg).-,1f this value ié indicative of density of the demersal
| fish distribution, the total fish population is 12 x 10° (4,900 tons).
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Since the target achools consisted of a Variety'of’species;';evéral'ﬁajor
species'were-selegted to show the relationship between their fork length
and weight inﬁﬁigu're 70. Since the data 15 not abundant; details cannot be
knﬁwn’.buf.this‘figure shows that the‘relationship'between the increases in
length and weight seens to be common to all species. 'The maximum length of
these demersal fiShesfié 70 - 100 cm, and'théip'lifeTSPgn'iSra$sqmed to be
10 to 15 years. Theréfore, the annual length’Increase is assumed to be 7
to 10 cm, and the annual weight increase is assumed to be 1 'to 1.3 kg from
the Figuve 70, thus, the annual weight increase of - the whole population is
assimed to be 1,200 to 1,600 toni  If the annual catch per boat is 60 ton,

this increase can support 20 boats' activities.

2.2 Tuvalu Haters
(I) Pelagic fish-(skipjack and yellowfin tuna}

As described béfore, the mean catch of each operation calculated by school
size and by chumming did not show 'a- definite proportional relation din
Tuvalu.watefs and so 1t cannot be used as a measure estimation of the fish
quantity of  school and catching rate, However, the catch gquantity
corrésponding with the group slze  or bait response may-be3regarded'tbibe

basically the same as that in Fiji waters.

For this reason, the school size for each operation was calculated by
applying the index obtained by analyzing the catch amount in Fiji waters
and the catching rate compared with the CatéhbquéntityHWaé calculated, The
results are shown in Table 55. This table indicates that the catching rate
is almost equal to that in Fiji waters in the first cruise., *This is, it
seems, due to the concentration of the operatione in a comparatively narrow
area. However, on. the second cruise since the visual observation’ survey
range was expénded to 4°8, the number of echools increased to almost four
times that of the first crulse, proving the abundance 6f resources in this
waters, Schools ‘were sought in wider range during the third cruise, but
this time large and medium schools were not observed and the stock biomass

of pelagic fish remained comparatively low.
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(2 Live bait

‘This area has only two lagoons suitable for baitfishing as mentioned
befores” Furthermore, the distribution of small fish suitable for live bait
was very poor and could not satisfy the need of the survey vessel.
Nevertheless, small fish that can be used as 1live balt are abundant
“offshore, 8o this area will become a very promising fishing ground if they

can be well collected.
(3) Demersal fish .

“Sitice fhe'survey-ih this area was limited to the northwestern area of
' Nanimanga 1sland and around Niurakita island, the overall size of fishing
grounds on seamounts and land slopes could not be determined, though that
is necessary for appropriate estimation of the resource potentials there.
However, on four operafions in the northwestern area of between Nanumanga
Island and Nanumea Island, the catches of 2.4 tons or 600 kg per operation
-was made, the largest in both Fijl and Tuvalu waters. Furthermore, since
" the majority of catch was "ribbon tail™ of a high market value, this area
“can be a very promising fishing ground for demersal fishing. Additionally,

‘charts show a lot of shallow areas of up to 1,000 m in the northern area of
“Tuvalu and around Niurakita island, implying the exlstence of several

seamounits. - Development of new fishing grounds can thus be expected.

3. HANDLING AND DISPOSAL OF CATCHES

3,1 ° Fijt
(1) Marketing
" pelaglic fish caught by the survey vessel were delivered to the national

canning company after brine freezing. Of the demersal fish, "ribbon taill",

"red snapper" and others, as fresh fish, were exported to Hawaii and the
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west coast of the United States through_lqcal fishing compaﬁy. ;Ehble 50
shows the sales of these fishes based on data from-IKA~Corporatidn; The
prices of these fish fluctuate seagoqally_/and_.according._to . supply. -and
demand (Figure 7L)._ "Bedford" and "tuna" are sold for domestic consumption

and the average priqe was about F$1.60/kg.

For other marketing facilities, Naﬁional Marketing Authqrity_of‘Fiji;(NMA)
has cold stdrage facilities and ice-making plants transferred from the
Fisheries .Division. These are installed in Lami, -Lémbasa, Lautoka,
Taveuni, Savusavu and Nabouwalu. NMA purchases tish in.three‘panks of A
(F$1.50 to 2.30/kg), B (F$1.00 to 1.50/kg) and C (F$0.50 to 1.00/kg) and
sells them to the public with value—added, and the majority 1s consumed by
hospitals.and schools in the form of government supply. .As\shown in Figure
72, the NMA sales in 1984 to 1986 are on the upward trend.

(2) Expansion of marketing for the catch increase by trolling and bottom

line fishing

The trolling catches are fuily consumgd_by the canning_pompany.and the
_ doﬁestic market, However, an export mq;ket_fo; demersal'fisheq.as fresh
fish is very limited, as only a few distributors can éxportjto_ﬂgwaii, the
United States, New Zealand and.Austraiia- Thus the-supply of fresh fish
is apt to be excessive, resultlng in a potential price decrease (Fig. 71).
To stabilize the prices, efforts must be made to export them to countries
other than those mentioned above or to process them by filleting and

packing, etc., aiming at domestic and forelign markets.
{(3) Recommendation on the handling method

As deseribed in 1.1, (1), (b) in Page 80, "Number of days per trip“,
attention must be pald to the following points on the process of handling

fishes;

(a)  To avoid exposing fishes to the sun during handling and_p;dqgss_as
. quickly as can. : L AR » _ o '.:_
(k) To aveid leaving fishes on the deck. .Tq-killnthemiigmediatqu,
wash them thoroughly in water, and chill them in cold water,
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.,(c),,Ta.chillithem in cold water for 30 to 40 minutes (Fig. 73).
~:{d) To sort them.by specles and sizes and then arrange them on a pan.
(e): After .arranging the fish on a pan, to place a vinyl sheet over it
and cover it with crushed ice.. (The weight of crushed ice should
be 80 to 100% of the weight of fishes.)
{f£) To maintain the temperature in the hatch fish hold at 0°C so as
not to refreeze the crushed ice and melting water. TIf refreezing
_occurs, -the ~crushed ice pileces bhecome a solid lump, creating a
space between the ice and fish body. The fish is therefore not
-chiliédcby'the'ice or cold air, adversely affecting the freshness
of the ‘fish.
(g) To provide the pan with a height enough not to press fishes below
when péns are stacked.
(h) To drain water periodically since melted water flows in the fish
hold during storage.

3.2 Tuvalu
(1) Marketing

Tﬁe Fisheries Division is dealing with about 300 kg of fishes daily,
selling in Funafuti at the price of one Australian doliar per kg. Hand
line fishing and trolling are conducted inside and outside reefs of
individual islands, but there are no statistical data on the catches,

consumption, and marketing in islands other than Fupnafuti.

{2) Expansion of marketing for the cateh inerease by trolling and drop

1ine fishing

As fisheries are developed in Tuvalu, the production of fresh pelagic and
demersal fish will gradually increase. However, since Tuvalu consists of
widely scattered islands, there are many points to study on the transit
system of catches such as collection, storage and transport. The products
may be exported in the future, but since Tuvalu is distant from importing

countries and the transport conditions in Tuvalu are not good, the costs of
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collection, storage' and ‘transportation will be high. - How to -reduce these
costs, must be an‘impqrtané problem to resolve. Oné suggestion is that
fishes be processed in- Tuvalu, ‘adding more vslue ‘and removing inedible

parts, in order to reduce the cost of transportations

While the demersél fish catches as fresh fish are partlyu-eprrte& ‘to
foreign markets ih.Fiji,'it~is very difficult for Tuvald to sell them to
- the same forelgn markets under the various:conditions,mentioned=above, in
addition tb'the‘higher cost rising from the necessity of maintaining the
freshness. - Therefore, it is.suggested, as one of practicdable methods in
Tuvalu, that salted fishes or frozen fillet packs be sold to heighbbring

countries.,
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Annex-3. Photograph of the survey

SURVEY VESSEL

TE-TAUTAIL IKA-No.5
(National Fisheries Corporation of (IKA Corporation, Fiji)
Tuvalu)

POLE-AND-LINE SURVEY

(1) Baitfishing

Stick-Held Dip Net Taking baitfish(Sardines) into
baitfish hold.

(2) Pole-and-1ine fishing

Boiling skipjack school in Tuvalu
waters






BOTTOM LINE SURVEY

Prepared branch-line casks on the Setting bottom line gears from
poop deck. the poop deck.

Making branch lines and set in the Hauling line
casks during hauling line.

Branch line cask after setting
branch line,

Making main line during hauling line,






PACKING FOR EXPORTED CATCHES

=
B

EA R v

Major species, ribbon tail, short tail, red snapper and red job
fish were exported to Honolulu and West Coast market by air cargo
after packed as shown on above,

DROP LINE SURVEY

Deep Sea Reel Fishing






SURFACE GILLNET SURVEY

Setting surface gillnet gear from Hauling gears,
the poop deck. : '

Scenery of enmeshed fish. Biological measurement after fishing.

PAYAO ( FAD ) SETTING

Scenery after Setting Payao

Complete Set of Payao after tied
together,






MAJOR SPECIES CAUGHT IN BOTTOM-
LINE SURVEY

Ribbon tail ' Short tail
(Etelie coruseans) (E. radiosus)

e

Red snapper Red job fish
(E. carbunculus) (Aphareus rutilans)

Stone's snapper
(P. stonet)

Kusakar's snapper
(Paracaesto kusakarii)






Largg eye brea@ Curve bended grouper
(Wattsia mossambica) (Epinephelus morrhua)

Sevenbended grouper Red tail opakapeka
(B, septemfasciatus) (Pristipomoides filomentosus)

Broad alfonsino Sweeper pomfret
{(Beryr decandactylus) (Bumegistus illustris)






Crimeon snapper Yellowfin fusiform snapper
(Pristipomoides sieboldii) (P. auricilla) °P

Maori sea perch : Two spot red snapper
(Lutfanus rivulatug) {5, bohar)

Maori sea perch and two spot red snapper were well knowm as
ciguatoxic species and inhibited selling in market.

Longfinned bullseye

Snappers ‘
(Paracaesio gonzalesi) (Cookeolus boops)






Sn%ke mackerels Evermannanomeid fish
(Tongaichthys robustus) (Ariomma evermannt)

Deep sea bream Spiny dogfish
(Hyperoglyphe antarctica) (Squalus bloinvilletl)

Granulose shark Snaggle toothes Collected from the stomach
(Centrophorus atromarginatus} {Astronesthides) contents of ribbon tail,






MAJOR BAITFISH SPECIES CAUGHT IN STICK-HELD-DIP-NET FISHERY

Sardines
(Amblygaster siym)

Blue sprat
(Spratelloides delicatulus)

Gold spot herring
(Herklotsichthys quadrimaculatus)

Silver sides
(Hypoatherina ovalaua)

Longjaw mackerel
{Rastrelliger kanagurta)

baelama)

188ina

Little priest

{Thr






Anchovies
(Stolephorus heterolobus)

Orangefin ponyfish
(Leiognathus bindus)

Cardinals
(Phabdamia sp)

Arrow cardinal

1iis)

ia graot

{Phabdon

hrysozonus)

esto ¢

Gold bended fusilier
{Ca

]

Caesio pisang

Slender fusilier
{
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