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PREFACE

This yeat_is_théﬁphird-yeaf'for JICA Project in Palau. Activities

of this“year;accprding.td R/D are as follows:

'i.' To develop technlques to supply 11ve blat fully and effectlvely

through a year to sklpgack pole and line flshlng boats;
2. Followings ére.ieqﬁifgd;td fulfil the above purpose.

a. To find 'out a way to catch live bait fiSh:éffectively;

b. Tb'develop techniques of fish preserve to increase the survival
rate of live.bait fish in fish preserve and live bait tank of a
fishing boaty HEEE

el To survey bait resources 'in Palau water and it's neighbouring

‘water (within reef), including their seasonal change and migra-
tionyand”

d. To collect basig:data on,spawning area, volume of spawning, it's

growth and survival_rate,f Then ﬁnderstanding of basic.

nature of bait rescurces in Palau water is possible.

The above—mentloned was act1v1t1es of this year .and it ended on March
31 1981 Successfully under valuable corporatlon of the specialists of the

ITPI and Palau Marlne Resources Divisioen,

" Live Bait for Skipjack in Palau and JICA Project

Skipjaék'fishing in Paiaﬂfhas‘beéﬁ-activefsinée pr'War age, Today
VAN CAMP,'American capital company, has the base to purchase skipjack

from Okinawa boats and Korean boats.

In comparison with per war age, a fishing boat now is bigger. Still

'.flshlng remalns unchanged in regard to self supply system of bait and a

day s flshlng. Under the condltlon, Lé hours work is required for fisher-

men. It is heavy labor. Problem to be solved exists for Palau fishermen



woking under the condition. This fishing method comes from using telai

as live bait. Telali is weak and to keep telai for a long time in a live
bait tank of a fishing boat is difficult. Telai seems to be weak compared
| with Japanese live bait for skipjack flshlng or anchovy off Afrlcan coast,
However, cause of death is complicated. To keep telai in ‘preserve in
natural condition as much as p0331b1e is necessary in orde1 to study the

cause of death and to eliminate the cause of dEath.

If supply of telal is p0551b1e from long-term flsh preserve to a
fishing boat, Iabor condition would be improved remarkably. In- addltlon,
effective fishing would be expected and it may bring bigger catch, ‘Then,

JICA Project on live bait in Palau started.

Aquatic Resources in Palau and Telai =

Change of temperature in Palau water is small both_holiédﬂtaily.and
vertically and Spring layer existé between 100-200m. AQuatic resources
are poor except in some areas. It is not notable regardiﬁg aquétic resources,
Both color of water and degree of clearness are eicellent. Plankton is
not much in contrast with high latitude area. To set up good fishiﬁg.

ground is not often.

The conditions are the same in demersal fishery in'falau islands.
Though development of a new fishing ground may bring'riéh'catbh,'thé fish-
ing ground may not bring the same level of catch if dvéftafdhing would be
made once. Recovery may be difficult, lHoweVérf a numﬁef of lagoons.in-
reefs are very suitable places for spawning of fish In Palau, a fishing
ground of telai is located 1n the water where bottom is lime and mud. Area
of fishing ground in Palau is small compared with contlnental shelf fish—
ing. ground in Africa, Venezuela, Panama and Peru. Accordlngly,_orderly

catch will be required.



1. CATCH OF LIVE BAIT

To decide on the most effective way of catching live bait, the following

fishing was tried.

(1) Purse Seiner
Lampara net is considered to be suitable for catching of fish that
: swimé-néar.surface of water. Such a fish is Spratelloidas delicatu~

lus, Herklotsiehys punctatus and Atherinidae spp.

Telai is weak and it swims deeper than the above fish. A lampara net
was not at hand at that time. Then a small two-boat netting was used
on trial; lTo use this was also a request from Palau Marine Resources
Div. This net was used once off Ghana water for anchovy catch as live

bait of skipjack fishing.
How to use the net for specialists is as follows:

a. In case of two-boat netting, each boat has a winch usually.
To work without a winches is difficult. To find out a way to

operate with a boat is a future problem.

b. A newly purchased'i4 M FRP boat has capability to carry the net.
However, to carry fishing gear with this boat is limited and re-

modeiling must be studied.

. There are many ‘unknown -aspects in catch of live bait by the net in
Palau. Still we tried our best in consideration with requests of

Palau government.
a. To make one-boat netting with a 14 M FRP boat,

b. Two-boat ﬁétting (full length of nép: 315 M, iength of floating
net: 219 M) wés unfamiiiar to the people in Palau. It.was dif-~
ficult to chénge'it-into one-boat netting. Then, change was made
to put off first and second side nets in both sides., Then length
of the net became smaller (full length: 135 M), but other parts
wefe unchanged. 1f the results of test are not satisfactory,

further change is planned.

-3 -



The winch for purse line winding may not have enough capacity.
To use the dram of 300 kgs lifting winch that is directly

connected with a gasoline engine is possible.

Netting

Telai collected by a main boat with a fish lamp is transfered
to a 4 M hand sailing boat with underwater lamps and a small

generator (HONDA ER~-1200)., Ther conditions of wind and water
must be surveyed. Netting is made under the initiative of the
light boat. The light boat is carried by wind. Then to keep

location carefully near fish catch must be made.

Fig. 1
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direction

of wind Tight boat
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As Fig. 1 shows, each of purse seine at both sides was haulded
by 300 kg lift winch. Hauling of the body of the net was done
sepafately at bow and 'stern of 14 M boat. This operation seemed
éomewhaf dangeoué‘for Palau trainees. Then_the traing was.made
in day tine off MMDG and Bay of Malakal. This was training for
1ay1ng out and haullng of the net.

It was impossibie tb:catch mich telai without times of the tow.

“{In contrast with rich catch off Chana water and off Venezuela

water, where 200 ~300 buckets of catch is posslble with one tow.)
The tow was only p0851b1e when it was done according to Flg. 2.
On and after second time of the tow, half of the net at bow side
was transfered to. stern 51de at 14 M boat and preparation was

made for laying out of the net. - Thls:was:dlfflcult for Palau

‘trainees because of limited space of the boat. Consequently, one
- tow at night was'made. It took about an hour, at the beginning,
- to lay out and haul the net. Later it took shorter time, 40

“minutes.

'Résults'of fishihg

After many tlmes of flshlng, balance of the net needed recondition-
1ng., Therefore, flrst gside net and seconid side net on both sides

were undone.‘ Mlnnow net was used for all fish.catch parts

-(480 m/m x 58 box) . . Then the diameter of the net became about

70 M and the fish w1thin net was fully caught:

Fishihg gear
Detall of the net

Nylon L 210d/6 x 9.9 m/m x 400 cross x 80 M ,..... 1

" 210476 x 11.1 m/m x 500 " x30M ...... 36

" 210a/4 x 13.0 n/m x 400" X30M .uivns 19
Cremena mlnnor net _ : _

C20s/4x 117 X 480 m/m ....i.... 58



Attachments:

Headline PP rope 12 m/m ...;....;.....7.......;.;' 600 metres
" Footrope PP rope 12 m/m i i ieiieseesaiisasasses - 600 metres
Float styrofoam G"3 e e e 600 pes.
Bullet zinc 188 g. ..L.{.f..f.......;.;.......{L.' 1000 pcs.
Purse seine nylon rbpe 18 m/m. ....;...;....,..}{. HﬁOOemetres
. Purse seine bridle PP rope‘12 n/m ;,...,..,.3.¢.. 200, metres
Pursge ring zinc.galvahizing: R R 70 pcs.

D. Problems of toWing this time

1. The’ flshlng was made by a 14 M boat as oné boat et t1ng
' although flshlng gear was made as tow boat nettlng There~

“fore thlS was . unusual Thls was appllcatlon. _

2. Nylon rope 18 ‘m/m was used as purse line'aﬁdcsinking was not
enough, To use wire Tope as- purse line or to. put con addi-
tional zinc to cork51de was 1mp0551b1e Judglng from the capa-

city of the purse winch: 300 kgs. max.

3. _The boat hauling“the net (14 M boef) hadavery:liﬁited space
to put on theé purse 11ne at stern 51de, accordlng to it's
structure. And the transfer of.the’ net “from bow 31de to
stern side was dlﬁflcult; It had to be done many ‘times at

'nigﬁt'for.fiShiﬁgL'

4. Density of telai is'poor so that the:cateﬁ'of'te1ai by using
the net was not big. Therefore, the use. of the net aga1n and
-again at night was necessary. “(One of the cause of poor
catch was that we avolded to fish at the same area as Van~

Camp S )

E. How to improve fishiﬁg

In case of one boat towing, there is a p0351b111ty that telai may
be weakened at fish catch part of the net,” Two boat towing may
be better. Concernlng the fish preserve of.telai, the following
is recommended persconally., Frequent use of the light boats is

hopeful,



1. " Fishing boat (FRP)

' : : : Price :
Type of boats T . . Number of
. requlred _ LxBxDm Main engine boats (FOB,Yokohama)
- _ _ 7 Japanese Yen
Net boat 6:0%2.0 x1.1 | Yanmar 20 B 2 6,540,000
Tug boat | 4.0x1.56x0.8 | Yanmar 6 ® |- 2 1,480,000
Light'boat l Smdii:fiat—  - ' 2N 3 300 .000
: | .bottom boat ' . ’

(Including attachments)

2;"?ishing gear

Two—boat netting (for anchovy flsh1ng) that was used this

: tlme is su1table.

3. Net strip plan

reel for purse wire

5 light boat *
¢ - {undervater -.C

gy e St e RN 1 7
7 o ' ‘directi ind
“direction of wind - . 1re§” og of win

~direction of wind

.__bamboo
o
9
Iy |
| ﬁ? fish preserve
e | (live bait tank)

cateh 4
part

[<JeJe]e]
N

‘underwater lémp
60-100 W
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(2)

F. Advantage/disadvantage of using two-boat netting -for telai fishing.

1) Advantage

a. _Flshlng is posslble at any time and anywhere, 1f the water
has enough depth, in spite. of conSLderable wind or. flow
or tlde. Catching of flsh whlch swims near the surface
“of water (Spratelloldes dellcatulus & HerklotSlChthYb__
punctatus) in the daytime is posslble S0 that it can be

used both at night and day.

b. TFish within the net can be caught fully.
To run away of fish at night is rare, in contrast with a

stick—héld dip net_or bagan net.

C. Number of workers is snall compared w1th that of stick-

held dip net.
d. 'Exceilenp mobility
2) Disadvantage
a. -Fishing gear and boat cost mddh.ﬁ

' b. Fisghing at sharrow water or near current is not suitable.

Bagan Net

Bagan net does not require a blg flshlng boat._ Judglng from fund or
number of flshermen, it 'is possible for a famlly to make flshlng by

a bagan net as famlly business.  Today many bagan nets. are used in

Tndonesia water.

Telai catch'using.aibagan'net was done many times as part of,Pfdjeét.“L“

and Palau trainees mastered how to use it.

AL How’to'dse*fﬁé net '

In the evenlng, the net must be sunk between boats or barge
(floating landlng stagg) in conolderatlon with tlde ‘and- dlrec—

tlon of wind. The net must be set 2-5 M above the bottom.



Thén a under-water lamp is put on at the main boat. On fish ga-
thering, fish is introduced to. the centre of the net by using a
'small boat. Towing must be started at the same.time at both sides

of the boats or barges.

thick~stenmed crossing

o ) ‘bamboo rope
o welght : ///
ot
g AN .
@ . T -
&t
ort
o
E* ! . .
g E 1
e § o g

o rope

4_} .\I

o £
5 S L s
anchor [ | . anchor
(60~120Kp ) A600 %X 1,000 %
minnow
.. - mnet A AN
: crossing rope
b m— i

thick-stemmed
. bamboo
‘14M FRP boat

B. Resﬁlts of fishing

In telai fishing ground at Rock Island, Palau, the fish ground
-or fish way.is always'iocated at a good place to fish; in con~-
trast with migrating fish, Even if telai disappears from the
fish gréﬁnd; it wiil come back soon. Therefore, if the right
place for telai fishing is. found out, catch_of 2050 buckets in
a tdw is poésible. This fishing method is like sinking cloth
info waief and haul'qﬁietiy.' Thétefore, fishing in water with
fioﬁ or tide or in”a.ﬁlace where considerablé'wind-blows'is im~

..ﬁossiblé. _Eveﬁ:if you fish under this-COndition, telai will

disappear or its catch is poor.

:During_the_pefiod'of the Project, excellent results of fishing
. occiirred  in quiet Rock Island. 1In channel or coral reef where
~influence of the open-sea is clear, satisfactory results cannot

"‘be expected except the time of stop. of the flow.



C. Fishing gear

- 4.6 m ~
- Y
LT 20.7 m S
[SUE L
Y S ‘& amimeae]
. 7 -
Net
I
Af,
—t] i pe—
i
]
i
I e
14,5 m
2.1 m

Minnow net ....... cremona 20S/4 x 4
11 cross x 480 m/m x 44 tan

Minnow net rope ... 12 m/m cremona rope
60 m x 1 piece

Hauling rope ...... 18 m/m cremona rope
35 m x 10 pieces

Crossing rope .... 18 m/m cremona rope
30 m x 2 pleces

Bullet ...vu.eea.. 3 kg x 10 pieces

Bamboo ‘v....vesses (dia./more than 10 cm)
10 m x 4 pieces

Styrofam buoy ..... ¢ 600 m/m x 1,000 m/m

D. Problems on bagan net this time

1. To use a bagan net is very easy. The flow of tide and wind
often prevent fishing. Particularly, the conditions of tide

is decisive in fishing. Therefore, the working ratio is low.

- 10 -



(3)

Once the net is striped, to move it is not easy. Attention
must be paid when a boat sails with a stick-held dip net
through inside of narrow Rock Island water or when boats share

the same Eishihg ground among others.

E. Plan to improve bagan net

There is nothing in particular to improve fishing.

In consideration with the competition with a bigger boat and
safety fishing, to set up the exclusive water for bagan net

fishing and to avoid unnecessary competition may be considered.

" Live bait supply business requires keeping stable level of

supply. Then considerable number of bagan net boats is neces~

sary.

F, Advéntége/disédvantage of bagan net

Advantage

a. FEconomical.

b. Fishing is possible almost regardless the depth of water.

c. Number of fishermen is less than 10 people so that family-
unit operation is possible.

Disadvantage.

a. Tt is deeply influenced by tide and wind so that fishing
ground is limited.

b. Poor mobility

Stick-held Dip Net

In Palau, Van Camp boats have adopted this method of fishing. During

this term of the Project, Van Camp had made fishing for monthes and

kept telai as fish bait and supplied it to the commercial boats

(total 716 buckets).

- 11 -



‘Size of the net is décided. dﬁ acoordihg to the length of a boat. Many
Van Camp boats are 59 ton Sklpjack flshlng boats. Then the 1eﬁgth of
. many nets at boat 1and1ng side {87 20-25 m. TFishing by using this net
was made from tlme'to tlme. Durlng th1s follow~up férm, large scale
flshlng was made in February when it was nearly end of the term. Now
fishing by USLng the net by Palau trainees is p0581b1e w1thout any

assistance.

A, _How to use the net' .

In settlng up a- fishing ground, 1t 1s hopeful to flnd out a flsh~
way, judging from the" locatlon of 1slands and’ the depth of water.
Then fix up anchors in dlstance of 100 200 m from the main boat
cand put a buoy. 14 m boat and 8 m boat must be prepared and ‘the
.under—water lamp must’ be put on as soon as it gets dark.

It is hopeful that there is no PTOJECtlon at bottom when fishing

15 made. The hopefu] depth of water 13 about 30 m.p:1

More than 4 hours of 11ght1ng is adequate._ Still, excessive
'11ght1ng gathers horse mackerel and sawaralnlponla.r_rhey deprive
telai. Then_contlnuous watchlng of telai condltlon-is necessary.
by.usihg,a water glaSs.: ThlS tlme two 1lght boats (14 m, 8 m)
‘were used. Gatherlng Was . done in three places together with the
main:boat' If addltlonal llght boats are avallable, two more
11ght boats are: hopeful It may brlng blgger catch, * When gathér¥
ing is satlsfactOty accofdlng to a water: glass or a: sonar, to
watch gatherlng by llght boats 100 200 away from the maln boaﬁ

: must be made.

- 12 -



<0ne example of location of boats in Rock Islands>

weight (3-5 kg)

3

crossing rope

“
g I
wvind [
direc- under-water 3
tion laup o
. 6" 15w 5D & x4 bamboo
anchor buoy % 4
bl
T
L7]

water

surface
under-wate

lamp’

stick-held
dip net
4 x 4 m/m



mark to stop haullng

| i

wind -
direction r .
G A under-water lamp.
B move of lamp
¢ light boat
o D rope
; :
@ live bait
tank
{Ikesu)

If catch to £ill up the fish preserve (about 70-100 buckets) is
expected, extend a cable net and make the main boat to meet angle
to the wind by using a fork rope at wind blowing side. When the
boat comes to be stable, lay out a stick-held dip net to the boat
leeward. On the other hand, start hauling quietly the rope kept
by the two light boats (about 12 m/m). Then put off. the underwater
lamp at windward buoy of the main boat. And" send telai to the
under-water lamp of the main boat. This method is the same even
if number of light boats increases. Telai is timid to shriek and
change of light. Work, therefore, must.be done caréfully. After
the -change of telal from lighting at the main boat is necessary'to

tame telai.

When telai is tamed around the under-water lamp (A), move the lamp
quietly following the arrow to (B). Then put on the under-water
lamp as dark as 100 W at a manual boat and watch the telai swim~

ming up near the surface suing the water glass.

When telai school swims up (in this case, the depth of under-water
lamp is about 2 m), extend the cord of the under-water lamp -
through crossing net and watch the telai through the water glass.
Then induce telai by moving the boat to the centre of stiékjheld
dip net. Watch the density of telai school for minutes at the
centre of the net. Then the rope (D) at both sides starts to be

haulded by the winch. The haul by fishermen starts for middle net,

- 14 -



The haul must be made even simultaneously: if the haul is delay-
ed by a member, telai run away from that part. When the net ig
hauled up to overside, take a pushing bamboo into a boat. The
haul must be continued to reach the marked place. Then stop it.
Telai gathers around the under-water lamp at (C) through the pro-

cess. Then work to induce telai into a live bait tank starts.

Results of fishing

Stick~held dip net as well as bagan net are influenced much by flow

- of tide and the setting of the net is easily broken so that full

catch of telai within the net is impossible. Accordingly, in
Paiau, fishihg must be stopped until the tide become calm even if

the density of telai is rich.

The location of fish preserve is limited to inside of the Rock
Island Watex; conéidering that long distance of carrying a live
bait tank is impossible. Judging from the size of the net,
results of cateh were slightly good compared with the results in
case of using a bagan net. 7To increase the catch is possible if

additional light boats are used,

Fishing gear

coakline 19.20 m

footrope 21.45 m
coakline

net length 29.76 m
minnow net

length 25,50 m

trammel
net length 39.00 m

[
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Netting

Small tramuel minnow net (208/4 x 4 117 meshes)
480 m/m x 62 pieces c.ieiviririereresas 2976 m

Ring ¢ 8 m/m x 40 m/m .. veuveeneassneessssoss 30 pieces
Weight 3kg- IR 9 pCS’ Sl(go PP 2 pCS,
Bamboo 9 v 12 m (100 % 120 @) .cvvevveneanes 16 pieces

P.P. Rope 18 m/M ..vevireeeerssacsnssssnases 2 rolls of rope

Problems on fishing this time in using a stick-held dip net.

1.

3,

Size of the net is limited according the size of a boat.

Bigger boats can carry a bigger net. Smaller boats carry only

a smaller net,

Much influence is given by flow of tide and wind. This net

has the same nature as a bagan net.

Labor saving is necessary to increase times of towing.

Plan to improve the net

1.

2.

There is no special way to improve towing, Still, labor

saving is possible by using a hauling winch,

To increase the catch is possible by using as much light

boats as possible.

Advpntage/disadvautage of a stick-held dip net

1.

Advantage

a. Use of a skipjack fishing boat is possible.

b. When skipjack boats are used, bigger catch is expected
with bigger number of fishermen. In this concern, there

is no problem in use of a stick-held dip net.

¢. Fishing by using many big boats is possible.

- 16 -
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2. Disadvantage

a. Fishing by using 20 m x 20 m stick—-held dip net is not
possible without a skipjack fishing boat. It needs con-

siderable amount of fund.

b. At least 18 people are necessary te haul the net.

‘Method of Catching Telai in Palau Tslands

Bach method of catching telai has both advantage and disadvantage.
Payability is important for fish preserve of telai if it runs on com-

mercial basis.

The catch is gained effectively by using a net without much influence

- of tide and wind. Fishing is possible at night and the daytime.

Fishing ground is limited by the depth of water. Enough depth is
necessary. The big school of live bait is not seen in Palau, in
contrast with Japanese water and that off Africa, where big school is
seeﬁ. In this concern, fishing of telai in Palau might not bring
greét success. All of skipjack fishing boats based on Palau have
uséd,stick—hela'dip-nets. These boats are 59-ton type which uses big
net of 22 m x 22 m and 20 people are required for fishing. If a 14 m

FRP boat is ﬁsed, the size of the net becomes as small as 15 m x 15 m.

In comnsidering the abéVe-mentioned, a bagan net must also be discuss-~
ed here. If a bagan net is used, fishing is possibie without‘a big
boat so that it is economical. Today bagan nets are popular in
Indonesia water, The use of a Bagéﬁ net increases employment oppor-
tunities in each area. Difficult technique is not reeded, There-

fore, the use of a bagan net is suitable to catch telai in Palau.
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II. FISH PRESERVE FOR LIVE BAIT

To increase survival rate of telai at fish preserve. or bait tank of

a boat, following method of fish preserve was discussed and carried out.

(1) . Fishing Ground of Telai and Place for Fish Preserve in Palau -

Later half of this report is the results of biological survey on telai

in Palau.

The study up to now shows that many places are sultable for spawning
within coral reef, except places where flow o£ t1de is fast.. Repro-
ductlon of resources may be p0351b1e in relatlvely short time. -Main
telai fishing ground 1s located around the Rock Island 10-20 miles
south west of Koror Island, and in 1agoons ln extent of- reef The
depth of water there is 25-35 m and bottom of water is lime mud,
Skipjack f1sh1ng boats of Van Camp here all year round use a stick-

held dip net.

Water where telai may llve is inner part of the bay surrounded by
coral or islands. Coral and leands prevent tlde of open sea. Fresh
water mingle at inner part of the bay where river mouth ex1sts.

Tela1 may also live in water that has sand sea bed in coral reef.

Besides Rock Island, fish preserve is poseibie_if its_fecilities can
be kept safely from tide and Wlnd Much rain brings good conditions
for telaL in f13h1ng ground of the Rock Island There, trees grow

up tightly and hold much rain water.

(2) Place for Fish Preserve and Sailing of'Fishing Boats

Skipjack boats of Van Camp have caught live bait in fishing ground

at the Rock Island for years. The reason is as follows:—

A. Free entering to bait-supply facilities is possible without risk,

regardless day and night.
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Catch of live bait is possible regardless weather because the
fishing ground is surrounded by islands and such natural conditions

protect flow of tide and wind.

'50<100 buckets of live bait is enough for one-day fishing opera-
tion., Quick catching of live bait and survey of remote fishing

ground are necessary to increase catch volume. Therefore, place
where a bait catching boat takes much time to go and return back

is not desirable.

Development of a new fishing grbund has a problem because of risk

in sailing and. catching.

Joint fishing with other.boat is useful to exchange information
on_iiyg b&it, In addiﬁion, effective use of live bait is possible
with 6ther_béats and irritation is avoided. . Sailing of skipjack
boats of Van Camp is rotated between the base in Koror and skip-
jack fishing grounds regardless volume of its catch. Namely, Van

“Camp Vv Rock Island ™ Fishing ground . Van Camp.

Conditions of place for fish preservé:

A.

B.

C.

In

Water where stable catch of telai is possible is near at hand.

Quiet inner part of the bay or water that is protected from tide

and wind with 2030 m depth,

Non-pollution is necessary for fish preserve.

‘consideration with safety sailing, the best place for fish preserve

-is Rock Island in Paldu where meets the conditions of fish preserve.

“This is applicable to both skipjack boats of Van Camp and foreign

‘boats (Japanese skipjack boats) seeking live bait.

Even if much telai lives near at hand, the place is not suitable for

fish preserve without adequate management and with a view to safety

operation.
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Supply of Live Bait by Setting up Fish Preserve in the Rock Island

As mentioned before, Rock Islénd ig the best place for fish preserve.

However, following three conditions are indespensable for supplylng

11ve bait as business. All of members for thlS Pro;ect haVe the same

opinion.

Al

. Familier telai must be kept always to meet demands for fishing

boats.

Stable supply is necessary. If bagan nets are.used; cdnsidefable
number of boats are necessary. -This means jbint-manageménp by
some boat owners. To realize this, management of oréanizéd'catch"
ing, bait conditioning and joint sales are.reqﬁired. -ihat'sugf
gests to Organizé a fishermens' co-op_dr suggesté a cbh;rabt
between fishermen and a considerable number of fiShing‘cbﬁpaﬁy.
Anyhow, representative for the negotiation must ‘have initiative

over the group of people.

Cost of telai production and fish preserve must be economical when

it is purchased by fishing boats.

The most economical one is bagan net, followed by stick=held dip
net and towing. Order of caﬁching'effiéiency shéwsfaiéont%ast:
towing is best, followed by a skip-held dip net and a bagén'net.
Bagan net is suitable for family-unit bu51ness 11ke Indone81a.
Fish preserve in Rock Island must is located near the water’

where easy and rich catching of telai is p0531b1e.

Concerning te1a1 ‘resources, boats of Van Camp ‘have used the flshlng
ground . the in Rock Island for more than 10 years. Accordlng to. an
American scientist, volume of catch reached 90% of max. cdnfinue;

ous prOductivity by_month. If this is true,'sﬁablg.éﬁpply_by using

a bagan net is suitable rather than effective catch by towing.

_ To set up a prohibited zone in certain water pf_the_Rbck'lsland may

be considered in conjunction with live bait supply business, Basic
policy of Marine Resources Division is unknown. The Division has

administrative right and initiative to avoid overfishing of telai at
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the Rock Island. However, Van Camp boats totally depend on the Rock

Island water. .Consequently, prohibited zone or piscary charge may be

necessary.

-Some Points to Rum Live Bait Supply Business

A, Reliability of fishing boats.
Traditionally a local fishing boat operates at skipjack fishing
ground_in the daytime. To manage washing, purchasing goods and
catching bait is_ﬂpne at night. Therefore, 24 hours continuous

work is required and it is very hard.

B. Cpnséquently, the expectation to live bait supply by local boats

ig:—

1 Improve workiﬁg‘cohditions.
3-4 days continuous fishing off coast is possible by using
‘live bait from fish preserve. Then fishermen can have rest

at night.

"2 . Improve operational ratio. -
Time and cost saving is possible without coming back to the

port every day.

3 Effective reserch of fishing ground is possible.
Loss due to.'seasonal change ‘can be controlled. Fishing in
~ .distant water, which was traditionally impossible, may save

- loss due to seasonal change of fishing ground.
<Advantage for foreign skipjack boats fishing in Palau water>

JapaSneée-skipjack boats would enjoy the advantage very much.
'Big'gkiﬁjack_boéts.sailing from Japan to south have 600-1,000
bﬁékets of expensive sardine. Death rate of sardine, however,
is high with change of temperature. Countermeaéure hasrbeen

tried. Test of cooling water, for example, has been tried.

- 21 -



(55

How

8till the problem remains unsolved. If Japanese boats can get live
bait in Palau, the boats would visit Palau to purchase live bait
as well as food. And they would take rest there. Then port of

Palav would be activated.

Close contact with customers is necessary for live bait supply

business

Japanese skipjack boats have long history in fishing in the South
Pacific water. However, they have never heard about live bait
supply in Palau. To run live bait supply as business in Palau,
contact with Japanese organizations concerned is necessary. Also

advertizing is important.

to catch telai and induce it into fish preserve

To minimize stimulation over telai’

Telai seems to swim near the sand mud seabed in the daytime. At
night school of telai swims under fish~gath¢riﬁg»1ight {under-water
lamp) usually. (Only in favorable cases, téléi swims up near the
surface so that catching by a landing net was possible.) We have
to be careful not to fasten the net too tightly, regardless of

fishing method, particularly fish-catch part of the net.

Usually telai does not like to swim near the surface, in contrast
with Spratelloides delicatulus and Herkiotsichthys punctatus that
swim near the surface. If telai comes across stimulation such as
sound and light near the surface, telai suddenly‘ruéheé due to

shock and it will die from face hurt.

To minimize hurt by the net

Strong light would give shock and it causes telai's rush into
meshes of narrow fish-—catch part. Then use of a minnow net in

fish-catch part is necessary.
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Hauling must be stopped to keep slow telai school swimming. Skin
of telai is weak unlike Spratelloidea delicatulus and Atheridae
calulus. The net must be hault with balance to prevent telai from
rushing into the meshes of the net and from hurting the skin of

telai.

Tame telai with ample time and induce telai into fish preserve

naturaily

To keep telai's swimming slow is important: The fastener set
vertically at the fish preserve is put down. The catch~fish part
of the net is hung over along the fastener and is pulled into fish

preserve.

The 60 W lamp at_;he center of the fish-catch part is moved slow-
ly ﬁgar the surface and, then, is fixed at the center of fish
preserye.__Fastly swimming fish such as Spratelloides delicatulus
and Herkiotsichthys punctatus and Atherinidae calulus is headed
first toward the light. Then slowly swimming telai follows and

is induced into the fish preserve. Telai moves so dull that it
apts to g6 down mear the bottom of the net. Therefore, care must
be taken to avoid hurt of telai against the net. Screen net is
necessary‘td prevent horse mackerel and barracuda from coming into

the fish préserve. These are likely to eat telai.

to Manage Fish Preserve of Telai

We have to be very careful not to make the net loose at the corner

of the fish preserve., Telal swims slowly and dull and telai is

likely push it's head into the meshes of the loosed net. To

avoid to make loose the net of the fish preserve, size of the pipe

at the bottom must be fitted with the size of the net.

How to clean up the dead body of telai in fish preserve

To remove dead :telai that is sinking at the bottom by using a
landing net with a long bar, watching through a water glass is

adequate.
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If men dive as usual to remove the dead body; be careful not to.

give shock to telai. Diving must be limited once, using aqua-

lung. Diving should not be repeated.

Fish preserve must.be'clean always by remoﬁiﬁg'dead body of“telai

Certaln numbex of telal will die day by day after 1t 1s lnduced
into the fish preserve even iE ‘telai-is treated very carefully.
Dead body of telai sinks down-at the bottom cf-the_net,of the
fish preserve must be removed every day. 'The"tempereture of water

is 29-30 °C and it.causes deédmpositioh and gas.  If deed body is

_not removed, it gives damage to telai alive.

To avoid to make a dent at the bottom of'the net’

If a dent ex1sts, dead bodles are gathered there and 1t makes a

pile of dead bodies at the dent., Then a shark, searchlng for.

 dead bodies of telai from_the;outside;'W111'break ‘down the net.

To prepare the net to protect against damage7£rom'birds;‘

Yor 2;3 days after inducing.telai'inro'fish'preserve, a fleetihg

_lamp at the center of the flSh preserve 15 requlred to prevent

te131 from gettlng 1nto the meshes of the ‘net.
To'cieen up the fish preserve-'

The flow of Werer in the fish preserve must. be'maintained'without

gstagnation. In Palau Water Whlte 1ncrustat10n and larva of

shellfish stlck to the minnow net of. the flsh preserve in_a week

Then; the flow of water through the net 15 obstructed There—
fore, the net of fish preserve must be w1thdrawn at 1east every
10 days and must be dried up under sunshlne. “Thén it ‘must be

washed. Judglng from the abovenmentloned, the'userbffa big net
is may not be suitable though the use of a bié:neﬁsiefﬁsual in

Japan.
Relation between. the capacity and number:of;fish

Many factors decides on relationéhipIhetﬁeehfthe_eepecity'of the

fish preserve and number of telai: telai species, size of telai,
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temperature'of.water; oxygen contaiﬁed-in'water, spawoning season
of telai etb._ Accordlngly, it ‘cannot be d901ded Smely We must
be caleful not to put too mﬁch telai in the preserve. According
to our experlence, it'is :ecogn1zed how much fish shoﬁld'be pre-—

‘served, Ropghiy-speéking; 6~8 buckets per-M3_are adequate, using

10 liters: bucket ~(net:weight: 5 kg).

I;..Tbtfeed;telai”inlfisﬁ preserve

Test of feediﬁg{telai*in-fish ?resérvé'was'made once in a while.
- The ﬁeét'wé; éleﬁént51 tri§i.' In thisiPrbject,Ithé test.Waé made
with telai (AAdéjs:after catching):in.preSenée‘of Mr. Ramon
_Rechebei of TIPI. ‘The feed was SHINWADATSUMI, assorted feed which
was manufactured by Nihon Kosan Kogyo as sardine feed. Telai
showed 1little feactioﬁ'to this.- Then, the feeding test was made
w1th %paratelloldes dellcatulus and Atherlnldae calulus at the
'wharf in front of the Marlne Resources DlVlSlOH. Most of the
*;stomach contents of telai was ‘plankton. - Tela1 has not been ac-
=VCustomed to eatlng such asscrted feed Test must be contlnued

: Feedlng telal in flsh preserve is a future subJect.

How to Keeb Telai'in-g Fish Tank of a Fishing Boat

~Basic point is the same as the mentioned before concerning how to

induce telai into a fish tank and concerning how to keep it there.

~8till followings must:be attended also.

-A. Léadiﬁg:of,;elai into a fish tank of a boat

There is no other way but to load telai togeéther with a full of
water in é:bucket by hand carry to a fish tank. When the net is
‘hauled to gathéf.féléi, care must be taken not to hurt the skin
of'telai;;a7 .

B. Bubble§ in_a,fish_tank-_
‘Most 6£-skipjack*503ts=foday.haVE'the'equipment'qf-forced circu~
lation, ‘flow from upside, to supply fresh water to-a fish tank.

Wé'saw-small.bubbles'overflowing in the fish tank of a boat in

Palau. The cause of this is inadequate mechanical setting of
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such a equipment. Air will damage telai in the fish tank so that

quick repair is important.

C. Nﬁmber_of 1ive bait in a fish tank in relatiqu with_it’s_capacity

‘When forced circulation pump system is equipped in;aafieh thek,
-volume of circulation .is not simply decided Because~90me factors
are closely related, for example, . relatlon between the number of
telai and the capac1ty of a. flSh preserve. Roughly, 5 -7 buckets
(10 liters) of telai are_acceptable_pet M3'1f the circulation is
4-5 times. per unit time. Number of buckets of telai’fo-be loaded
in relatioﬁ with the #olume of-cireuletion-must.be set about at
the same level as above-mentioned. The location of circulation
in a tank is important, too.

D. TFeeding telai in a fish tank of a boat.
‘When a skipjack boat reaches a fishiﬁg_grduhd,.minced'fish meat
(bonito for example) is given to.the 1ive_bait'2f3‘times'a'day.
1f ndt-feeding, telai becomes thin and itsfshaﬁe'fesemblee to a
tadpole with big head and it becomes weak. Then thls affects the

eating behavior of skipjacks. Further study must be done on feed—

ing telai.

Something'to be Observed on Teiailin a Fish Preserve

Data on death rate of telai in a fieh'preserve ié7ettaehed separetely
Our obeervatlon was that death rate was high Just after the beglnnlng
of bait condltxonlng and it mlght decllne as time passed. The cause

is as follows -

A _Deethrresulting frem_ﬁdrt of a'fish"Bedy

When fish is induced from a_bagén'net or.ekipéheid-dip net'in.ihe
fdrm of natural flow, excitment of telai’ cannot be av01ded ‘Then
telai touches one another and hure the body. Some of telal touch
Lhe net, causing congestion of blood-at .mouth, Telai with hurt

will die as time passes according to the degree of hurt.
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Damage by sea birds eating telai

Sea blrds search after telai sw1mm1ng near the surface, The

cauge ig as follows:-

1. Flow of.water_in a fish preserve iS'prevented by dead fish

the head of which is put into the mesh of the Ikesu net.

2. A dead body of telai at the bottom of the net generates gas.

3. Big fish (horse mackerel,_mackerel and sawara niponia, for

example) Searehes for telai from bottom side,

b, No%mel'swimming is impossible because of the hurt of its body.

'Damage caused by flSh that eats telal in the fish preserve _

:Weakened telal 10 eaten by a blgger flsh mlxed w1th telai school

~in the flSh preserve White dead body of telal at the bottom of

the net ig. eaten’ by another spec1es of flsh SWmelng near the
bottom ‘of the net, turned its body into only bone and head, The
bore and head drop down to the seabed through the net (4 m/m x

4 w/m) .

-Telai not having feed will get. tired and die
' _Aeeefaiﬁg toaé"bidiegiealasurvey;=the results of autopsy of dead
telai show that in.case of some of telai there is nothing in

. their stomach and their body is thin. The fact that they did not

eat anythingemay'be_the'cause of the death.
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III. COMMENTS AT THE TIME FOR END OF ¥HE PROJECT

Need of Basic Technique and Education

What Palau has is wonderful . scinery and aquatic resources within 200~
mile exclusive water. To deveiop this aquatic reeources for Palau,
people who are engaged in the development w111 requ1re ‘enough knowle-

dge and technlque on ocean and a boat.

The project of JICA has been engeged'in a feasibilit§=3tudy for_past_

three years on skipjack boat fishing and live bait supply by setting
up a fish preserve.. The Project was conducted acegrding to R[D.

Te catch live bait for skipjack or tuna does not only mean fiehing
with a fishing rod and a tow1ng net and pu111ng rope “but it also

means operatlng or engine, sa111ng a boat with a generator and main-

'talnlng a fish light. To catch balt all of the ebove—mentloned must

be'fulfilled With the development of flshery, as far as it uses a
boat, basic knowledge and tralnlng of sailing a boat is necessary.
if a boat with an englne is used, repalrlng work OCCUTS’ sooner or

later.

Without basic knowledge, we may break down the machine due to its
mis-use. On the job training on a boat or at' a factory to obtain

techniques through experience is most important to fishery develop-

~ment in Palau.

Training of Managers for Fishing'r

In order to run business including effective fishing, adequate man-

‘agement is indespensable. Necessary for fishing is as follows:-

A. Management of sailing a boat
B. ZLabour management of employees

C. Manegement of effective use of materials for fishing (including -

a fishing boat & gear)

D. Cost management and profit & loss management
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Success of business is expected only when all of the above-mentioned is
is satisfied. Lack of ability in any of one field gives serious
influence over fishery business, Education for fostering a general

manager as well as engineérs is very important,

Shore Facilities Rélaﬁed_with Sailing of a Fishing Boat
A fishing boat with excellent equipment cannot be used effectively
" without an engineér.f-AlSo'an engineer for maintenance, inspection
' and”repair is necessary together with adequate shore facilities.

" Without. these, working efficiency would become low even if a boat is

full of expensive equipment.

In case of modern fishing and sailing of a fishing boat, shore repair
faciiities,'materials and relevant parts must be taken into considera-

tion when a fishing boat is built and operated,
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Table 6

Telai fish preserve (Ikesu) in Palau
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I, PREFACE

Biological survey was made as part of the Japanese-Micronesian Fishery
Development Project (pdle—and~1ine skipjack fishing). The purpose of the
survey is to collect biological data om telai that is necessary for skip-
jack fishing as live bait. How the survey was planned is not mentioned

here,

The survey was originally plamned to be implemented through the follow-

up term of the Project. Actually, the survey was made intermittently.

This report shows the results of the biological survey and some
writer's comments on telai resources in Palau. The survey made this time
includes only limited seasonal data on telai iﬁhabiting in the Palauan
waters. Further survey is, therefore, desirable. Data on telai survey

are attached to this report. Indication No. is put for reference.

Oﬁ the occasion of publishing this report, the writer wishes to ex-—
‘press appfeciations for kind coopration of Mr. R. Rechebei of Marine
Resources Div, of TTPI. and the staff members in the Palau District. Also
‘thé writer deeply thanks Ffor cooperation of Captain Sumita and crew of
Tentaka Maru, a training ship of Fishery College, which supplied samples

for the biological surveys in Palauan waters and other relevant information.



II. SURVEY PERIOD AND OBJECTIVES

Biological data on'live bait (fish) was produced betWEeﬁ}May,‘lgso
and December, 1980, particularly for eacHIOne'month:of-Méy/Juﬁe;*August/
September and Névémbér/Dééember; In May/June perlod most of: the time -
was- devoted to préparatbry aetivities. Then, in the latter two- perlods,

data collection was done.
The following are the items surveyed in ‘each period.

1st survey: May 15, 1980 —---—— June 11, 1980 _
Preparatory period: - Maintenance Qf.a'surVEY‘boat & fishing
-geér, preparation for survéy instruments, laboratory and -
collection of samples of -live bait from fishing boats.
2nd survey: August 19, 1980 -—---- September 18, 1980 -
(:) Survey of dlstrlbutlon of balt flSh Catchlng of flsh ‘
- by using a underwater lamp and a bagan net, collectlon of
samples. o B
(:) Oceanographic observation arrangémént;f;Wérerkégmpling to
measure temperature and salinity Qt:Sgrfage_&nmiddlgvf
depths (2M, 5M, 10M, 20M and 3QM) aroupﬂ_tﬁe:statiOns_r
where the survey of night fishing withflamps.Was,dohe.
(:) Survey of plankton: Kitahara-type plankton net (50-metre
vertical tow; selection, fixing and couﬁting-of gathered
species. ' '
(:) Survey of telai larvae: Larva net (1.4 M.dia.) tdwing

at nlght f01 5 mlnutes Fixing, countlng and measurlng

of total length of stolephorus.

(:) Collection of biological data: Total length, measuremeht
and investigation of sex, maturity, gonad Weight_énd'

stomach contents.



3rd survey:

November 27, 1980 - December 24, 1980

®

®

Survey of distribution of bait fish: Survey of bait fish
and catch by using a underwater lamp and a stick-held dip

net, collection of samples.

Oceanographic observation: Measuring of temperature and
sampling of water for salinity at surface & middle depths
(2M, 5M, 10M,. 20M and 30M) around the stations where night
fishing with lamps was done.

Measuring of surface temperature, collecting of water for

salinity at the stations where eggs larvae were observed.

Egg and larval survey: Surface larval net towing at night
around the stations where night fishing with lamps was done.
While sailing in day time, surface tpwing at 2~3 mile
intervals,

Fixing, counting and measuring of total length of stole-

phorus larvae.

Acoustic survey: Research of distribution of bait fish
while sailing in day time by means of a Furuno-type small
fishing sonar.

Collection of biological data: Body weight, sex, maturity

and gonod weight.



I1I1I. HOW THE SURVEY WAS DONE

2nd and Srd'surﬁeys'wefe made as folloﬁs'(ekeepthist sﬁrvey):* :

an survey: Tripe were made from August_25 Lo September 7.

In this season; the prevailing westerlies’ blew day by day At the
.'blglnnlng of September, a typhoon approached and sklp]ack pole-and~line
flShlng in the island was impossible, Lengthy suspept}ons of- 1sland-
fishery contieued,- The strong prevailiﬁg'Westerliee'fereed_us to cancel
a plan to saii to the open lagoon off-the‘westwsouthecoaSt of the main

_ island. Instead trlps were made to the Malakal Harbor area and the eas-

~ tern 1agoon, where Lhe 1nf1uence of wlnd was 1ess.__

.Survey (First Time) Auguet 25 ——— September 1 (ekeept'August 31)

~Survey by a fish—getherihg'light'at night' 1 station at Iwayama*bay,
4 statioms at Malakal harbor water, 2 stations at Iwayama bay ‘area (total

7 stations). Two. boats were used (l4-wetre boat and 8—metre ‘boat.}.

Surﬁey (Secqnd'Time).Sepfember 3_r7~?Septe@berw7e

_ Same survey as the above, 2 statlons at narrow barr1er reef of - the

: east coast of the main igland.. 1 statlon off the east ‘coast of Urukutaberu
Island. 1 station-at Eelmook Island. (Total 4 statlone ). 26~ton ‘type
boat ANGARAP and l4~metre boat were used, ' .

"~ 3xd survey Onboard survey from December 2 == December 16

ANGARAP and 14—metre boat were used., In order to. get 1nformat10n on
telai w1de1y in the islands, larval _survey was done at 2 3 mile 1ntervals

in the day time and fish finder observatlon was done whlle sailing. .

Flrst sail was done from December 2 to December 5,-vls1t1ng three
places off the west coast of the main 1sland to survey larvae by using a
fish- gatherlng light and a stick-held dip net, 1In the day time, at sta-

tions both outside and inside of barrier reef a larva net was towed.



Second sail was done from December 8 to December 11, Bait fish survey
was done at night at three stations in lagoon connecting with the Iwayama
Bay area. In the day time, larval survey was made and the results of a
sonar was recorded. On December 11, larval survey was made again in the

Iwayama Bay conmnecting with Malakal harbor.

Third sail was done on December 15 and 16. Larva net towing was made
at stations both inside and outside the eastern bareer reef. No bait fish

survey at night was done this time.



1)

2)

3)

IV. RESULTS OF SURVEY

<Fish Gathering Tests and Environment Survey>

To Set Up Station

The bait grounds are concentrated in the so-called Rock Islands
area. TFor a fishing boat, it is ideal to get baits here. ‘General and
systematic study on telai was made in this area (Muller 1976, ms).
However, distribution of telai of this island is not limited to this
area. Volume of telai supplied at the Rock Islands seems to have rela-
tion with telai resources existing at different places of the island.
In this concern, location of station was stressed to setting up widely
and outside of the Rock Islands. Fish gathering tests were made at 17

stations.

Survey Method

After arriving at the station, measurement of water temperature
and water sampling was made in advance of fish-gathering light test.
1.5 kW incandescent lamp was used as a light, The lamp was put on at
6:30 PM in August/September. (2nd survey) and in December (3rd survey)
at 6:00 PM as the sunset came earier. The depth of a under-water lamp
was usually 6M ~ 9M. The duration of gathering fish was between 2 and
half and 3.

A bagan net (2nd survey) and a stick-held dip net (3rd survey)
were also used. -A bagan net was small and its cateh éf fish was also
small. When the catch was big with the stick-held dip ﬁét, only'neces—
sary sample was kept and other fish was returned into the sea after
eye's observation. Samples were fixed immediately with formalin and

precise observation was done later on land.

Telai

Before mentioning the results of fish gathering test, what is

telai is mentioned here simply.



Followings are known as Gen. Stolephorus of the family Engraulidae

llvlng i Palauan 1slands. Stolephorus heterolobus, Stolephorus buc-

__caneerr, Stolephoruq 1nd1ous and Stolephorus Tri (Abe 1939)., Telai or

ﬂiarekuohl, 1mportant live’ balt fish of thlS 1sland is mainly S.

heterolobua.‘ However Stolephorus dev131 was reported later as a telai
aample ofrPalau,- (Smlth and Kearney, 1974). Therefore, there is a
éoesibiiity that telal involves these two. These two have similar
horpﬁoiogyfand'wideidistributioﬂ'in'rhe South East Asia. In Papua New

Guinea, these'are very important as live baits.

Some say that two types of telai exist in Palau: relatively strong

'one 4nd weak one’ (Akltsu report, 1976) It is not certain whether or

‘hot ‘these two in Palau are the same as the above-mentioned two.

.- Test. of fish gathering and measurement of many samples of telail

was made, Judging from ﬁhe measurement of shape, there might be no

' ground of dlstlngulshlng telai into two species at this stage:; 8,

'heterolobus and S dev181.

3 Therefore, in. this report, the writer wishes to decide tentatively

",that telai:indicates 8§, heterolobus, following the conclusion of

4)

Mr;_T.;Ozawa”of_Kagoshlma“Unlver51ty in Japan who surveyed the sample

-once again.

Ianaiau_there are waXen.telai'and telai with yellow color in the

'-body, Quantity of samples ofothe'latter was few this time. Further
study on telai is advisable from"a vieWpoint of a specialist Table
1 shows glll—rakr counts and’ head length in standard 1ength for 60
.flSh ‘ ' ' ' ' ‘

Occurence of Telai

_ The 1ocat10n of: 17 Statlons for balt fish study in the island and
the: results of. flSh gatherlng are shown in Flg. ‘1. - Slanting stroke

shows part ‘of mixing catch. Details.of caught fish species at each

- station are showm in Table 2,



A small bagan net was used at station 1 ~ sﬁafionrllu Later, a
stick held dip net was used and to catch thereby was-mﬁch bigger com-
pared with the bagan net: - The result of gatherlng by the bagan net
was poor. One reason may be that durlng-the.term, the moon ‘rose at
night. Rather than difference of ‘net, moon light darkness,. place and

time would much affect the catch.

At station_ZZ, the northermost, only a test of gathering was done,
- Towing was impossible due to tide. Gathering result was poor at the

station and telai was not seen.

Results of gatherlng test shows (F1g. 1) m1x1ng catch of tela1,
almost 100% 1n the western open lagoon ad301nn1ng to the Rock Island
area (after station 30). While the rate of mixing catch was low in

the narrow barrier reef (station 1 = ‘station 11) 1nc1ud1ng the Malakal

“Harbor..

.The former test was done at the beginning of December and Ehe
latter at the end of August/begiﬁning_of Séptember. _In'caSQLthaf,a:
seasonal change of distribution is not notable, thefrésulté'show that
main distribution of telal in the 1sland is .located in water 1n91de

the barrier reef, which is west 31de of the 1sland and Wldest area,

The gatherlng was vely good at the stations in thlS area (sta—rﬁ
. tions 30,- 36, 39, 53 and 56) and telal was: w1dely seen with hlgh den~
sity together with telai gathéred by 11ght. ' ‘

Water in,the Malakal Harbox_énd.within‘the Bétfiér rééf .in east,
many .species appeared besides telai. Representatlve ones were Spratel—
lides dellcatulus and Herk10t31chrhys puuctatus. Olognathldae sp.

domlnated in statlon 4.

Besides telai, two Gen. Stolophorus species ‘occured.at the éast.
coast of the main island (statioh_S, station 9): Stélophorus-
batauiensis and Stolophorus baelama. The volume of these was not much,.
About’ half of the catch at station 3 'in Malakal Harbor water was one

of anchoﬁy family: Thrissina baelama.



Ta_b‘le 1~ Gill-rakeér counts and head length in standard length for 60 fish
' of Stolephorus randomly sampled from the night light catches.

Gill-rakers {upper + lower)

SL/HL T .

g 43 44 45 46 47 48 49 50 51 Total
3.61-3.65 | 1 1
3.66-3}ip
3.71-3.75
3.76-3.80 . o | 1 1
3.81-3.85 1 11 | 3
3.86-3.90 o2 1 3
3.91-3.95 T 21 1 4
3.96-4.00 B 3 4 1 8
4.01-4.05 RS B 2 5

4.06-4.10 Y 4 11 2 1 10
4.11-4.15 o o -2 1 | 1 4
L 6.16-6.20 o 22 1 5
4,21-4,25 1 _ '. _ Y 3 ‘ 5
4.26-4.30 o T 1 4
6.31-4.35 . 2 1 | 3
4.36-4.40 B o
4,41-4.45' | g R T 3
4, 464,50 _ . | | 1 _ 1
Total 3 1 7 25 12 . 3 6 3 60

Counts and measurements by Dr. T. Ozawa of Kagoshima University.
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Catch by night Iight fishing.

Numerals show station No.

D

Shaded and

blank portions represent percentage of
Stolephorus and other species, respectively



Table 2 Catch in bucket and species composition by night light fishing,
St. No. Date Catch Fish specles Percentage
{Bucket) : in number
Aug. 25 1 Herklotsichthys punctatus 68
Stolephorus heterolobus 12
Others ) 20
Aug. 26 1 Sprateiloides delicatulus 20
Stolephorus heterolobus 7
Planesus pinguts 3
‘Aug. 27 3 Thrigsina baelama 51
‘ Stolephorus heterolobus 21
Archamia sp. 14
Herklotsichthys punctatus 2
Planesus pinguisg 2
Others 10
Aug,.28 10 Leiognathidae sp. 85
Herklotsichthys punctatus 2
Stolephorus heterolobus 2
Spratelloides delicatulus
Dusswnieria sp. 1
Archamia sp.
Pranesus pinguis
Aug.29 3 Spratelloides delicatulus 50
Herklotsichthys punctatus 28
Atherinidae spp. 20
Archamia sp. )
Others
Aug. 30 60 Stolephorus heterolobus 99
Others e 1
Sep, 1 Spratelloides delicatulus 72
Stolephorus heterolobus 24
Atherinidae spp. 4
Sep. 3 5 Stolephorus heterolobus 73
Spratelloides delicatulus 7
Herklotsichthys punctatus 6
Stolephorus -bataviensis 4
Stolephorus indicus X
Atherinidae spp. 8
Archamia spp. 1
Others
Sep., 4 23 Spratelloides delicatulus 58
Stolephorus heterolobus 25
Atherinidae spp. 15
Stolephorus bataviensis
Rhabdaomia sp, 2
Others

- 11 -



No.

Tish species

Percentage

St. Date Catch
{Bucket) ~in: number
i0 Sep. 5. 20 Spratellozdes deZtcatuZuS' 66
' Atherinidae spp. - 2B
Rhabdamia sp. 2
Bregmacerosrsp.
Herklotsichthys punctatus 4
Leiognathidae sp.
Cthers
11 Sep. 6 10 ' Atherlnidae spp. - : 47
Spratelloides delzcatulus 22
... Stolephorus heterolobus 12
~Archamia spp. : 12
Herklotsichthys punctatus_ .
" Others .
22 Dec. 2 0
30 Dec. 3 100 Stolephorus heterolobus 75
. (Estimated) Spratellozdes delzeatulus 10
Sardinella sp. 5
Atherinldae sSpp. "5
Othérs 5
36 Dec. & 50 Stolephorus heterolobus © 99
" (Estimated) Spratelloides delicatulus
' Pranesus pinguis ' 1
Others :
39 Dec. 8 100 Stolephorus heterolobus y - 99
(Estimated) Dessumierta sp. : 1
Lelognathidae sp.
53 Dec. 9 100~ , 'Stolephorus heterolobus 98-
: (Estimated) Archamia spp. 5
' Leiognathidae sp. :
65 Dec.10 120 - Stolephorus heterolobus 99
'  (Estimated) . Spratelloides delicatulus 1

Leiognathidae sp.. -

- 12 -



5)

The habitat of .anchovy family (except telai) is limited. These
cannot be- seen 1n the W1de inner water of the barrler reef in west.
Time to survey in the 1nner Water of barrler reef of Kossoi channel
up to the north ‘of the main 1sland was not avallable. Judging from
experlence, dlstrlbutlon of telai is not expected or expected a little
in this water where the lnfluence of rain fall is small., However,

another survey.in . this water in the future may be important.

~ Water in the southern-most barrier reef in west has shallow sea
bed and many reefs exist here and there; which prevent safety sailing
of a boat? " The-test of gathering was not done this time. Still dis-

tribution of telai is expected in this water.

Results of Survey at Live Bait Station

The outline of the résults of observation which started at the
time of anchoring and continued until the time of putting on a under-—

water lamp are as follows,

Depth bf wétéi} iDéPfh of anchbrage isibetween 15 M (station 5)
and 40 M (éta;ion 9), Many of it are between 25 M and 35 M. Water

inside bérﬁier reef rarely exceeds 40 M deep.

'Qualify-of sea bed: Iﬁvolvment of sand mud, coral fine sand and

- rveef is confirmed.

Sand mud  +..eheneseesto.... Stations 8, 22 and 26.
Clay & corél_finé sand ..... stations 10, 11 and 53.

‘Reef .i.vvieiieiivsesas.... station 39.

Temperature of water: Not much change of temperature was seen

betweem surface and bottom at any station. . Fig. 2 shows vertical dis~

tribution of water.

The temperature of the Iwayama*Bay (station 1) reached about 30 °C

" at sufface, 1 °C:higher'compared_with that of other stations

(station 1 - station 11) throughout the upper and lower layers. There

was an inversion layer at 5 M depth.
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. The temperature at station 22 ~ 65 at the barrier teef in west at
the beglnnlng of December is relatlvely h1gher compared w1th the tem-~
perature at the barrier reef in east in August /September: The d1ffer~

efice is about 1 °C.

.§alini£z: Fig. 3 shows vertical profile atfétations: Salinity
at moSt of the stations is 33—34 i averaging'ébeut 33.5%; :Mﬁch change
is not seen between the upper water and lower water. At the Iwayama
Bay (statlon l), a sallnlty maximum is appareﬁtly seen at ‘10 M depth.
Surface water is covered with a low salinity water coming from the

land. Salinity at surface is 31.56%.

At a river mouth of the east side of the river in the main island,
a low saliﬁiﬁy water covers surface layer up t0-1esé than 2 M depth.
At a ‘station about 1 km off shore, surface watef_is under_infiuence of

land water.

In'islands located south of the main island and.mainly'fermed by
many lime-stones, rain fall becomes ground water and flows into the
surrounding sea. Average surface salinity of Water ifigide baxrler
reef is accordlng to the survey, 33.417Z (54 statlons) and that of water

outside barrier reef ‘is 33.57% (30 statlons).

In more:defail,'salinity of barrier:feefIWatef'is 33.417:k20
statlons), outside 33.66% (12 statlons) in west, In east, sa11n1ty
of inner barrier reef water is 33.40% (6 stat1ons), out51de of barrler
reef 33.51% (18 statlons), Salinity is 33<34% _out51de of barrler |

reef with a feature of a_low saliﬁity'water of terical_sufface water,

leference is small in sallnlty between 1n51de and out31de of
barrier reef because tide flows smoothly through barrler reefs at
offshore east and west of the Palau Islands. Table 3 and Table 4

show temperature of water and salinity.

Zooplankton: Table 3 shows it's composition of zooplankton that
occured at station 1 - station 4. Zooplanktoﬂ'eomposition'at'Iwayama
Bay is relatively simple in terms of cbpepoda. Centropages, Pseudo-

diatomus and Acartia havc nature of plankton living in’ inland sea.

- 16 -



This is probably because'iwaygmé Bay has exclusive surroundings

‘and this does not deny the results of marine reserch.

Pontella, Undinula, Calanus aﬁd.Labidocera occured at other three
stations in the Maldkal Harﬁbr. These have nature of plankton living
in.the opén séé;  At these stations, species of copeﬁoda exisfs more
than that in thefIwéyama Bay. This fact suggests the influence of the

open sea over these stations.
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Table 3  No. of zooplankton groups that occurred at four stations (No./ma),

St.1  St.2  St.3 .- St.4

. Groups

COPEPODA .
Calanus = , 3 oo
‘Canthocalanus o S0
Undinula 9L - 5
Eucalanus 101 10 8 35
Acrocalanus -+
Centropages ' 48 50 13 45
Pseudodiaptomus - ' 10 '
Pemora . . S5 St 196
Candacia _ . -5
Calanopia ' ' N o 5
Labidocera ERETRET +. s
Pontella o - 25 :
Acartia 10 262 64 25
Tortanus + 1 30
Ot thona - ST 5
Corycaeus + +
Copepoda nauplius - ' S 10 -

Others
Coelenterata - ' 10 35 14 - 126
Polychaeta larvae 5 : 3
Sagittidae 82 70 25 .13
Evadne ' ' 13 i+
Ostracoda o g ' . :
Cirripeida nauplius _ -3 - . -
Amphipoda ' ' S . |
Iucifer SR S g -3 : S
Macrura larvae (Mysis stage) 4 - 60 L4 25
Brachura larvae ({(Zoea stage) - 4 23 1 43
Squilla ‘larvae {(Arima stage) ' 3
Caveolinidae 3 .23 - 0. 8
Gastropoda larvae _ 10 + - 3
Echinodermata larvae 1 '3 6 . 28
Doliclum - _ S L 3 o .
Appendicularia ' _ 1 63 15 13
Anchovy larvae ' 3 20 +
Other fish larvae 8 '

Total - 290 788 164 746
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