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Success of the live-bait tuna 
fishery rides on the success 
o f the fishery for bait. 

Some Considerations of the Problems Associated with the Use of 
Live Bait for Catching Tunas in the Tropical Pacific Ocean 

FRANK J. HESTER 

ABSTRACT 

This reporr prol 'ides a sU IIl/Jwry of tropical Pacific tUl1a liFe-bait fishing 
methods, idelllifies th e major problems restricting the expansion of lil 'e -bait 
fisheries in the Pacific, alld gil'es references and suggestions 0 11 m eth odology 
to inl'es tig({fors illterested ill lI 'o rking 011 baitfish problems. 

INTRODUCTION 

T he use of live bai t to ca tc h tunas, 
called baitfis hing in t he eas te rn Pa­
cific and po le-a nd-line fis hin g in the 
centra l and wes tern Pacific, has been 
desc ribed by a number of au thors 
(Gods il , 1931 ; J une, 1951; Iwasaki, 
1970; Isa, 1972; and Webb, 1972, 
1973). The meth od p robably was 
developed to its hi ghest fo rm in Japa n 
fro m whence it sp read, with modi ­
fica ti o ns, ac ross the Pac i fic and into 
the A tl anti c during the first part of 
the 20th century. 

Th e 197 1 wo rl d tun a landings were 
1, 150,000 metr ic to ns (FAO, 197 1). 
Of thi s to ta l catch , ba itfis hin g ac­
counted for about 244 ,000 metric 
tons (2 1 %), purse se in ing took 228,000 
metri c tons (20 % ), a nd lo nglining took 
427,000 metri c to ns (37 % ). T he re­
mai ni ng 25 1,000 metri c to ns (22 % ) 
of tun as were ta ke n by a va ri e ty of 
meth ods such as trollin g, and traps 
and wei rs, or were caught by the 
three principal metn ods but could 
not be so identi fied fr om the statisti cs. 

Fo r a descripti on of tuna purse 
seining see McN eely ( 196 1) and 

Green, Perri n , and Petrich (19711, 
and for tuna longlining, Shapiro 
( 1950). 

L ive-bait fishing for tunas depends 
upo n quantities of su itab le baitfishes, 
whic h are used to attract schools of 
tun a to the boat and to excite them 
in to a feeding mode so that they can 
be caught by lure a nd a pole and 
line. T he principal tu na species taken 
wi th baitfishes are skipjack tuna , 
K atsllll 'O l1l1 S pelwllis ; yellowfin tuna, 
Thllllnlls albacares; and albacore, 
T . alailinga. The live-bait albacore 
fis heries are in temperate waters . The 
discussion of live-bait tuna fis hi ng 
in th is paper wi ll be limited to the 
trop ica l tunas-ye ll owfin and sk ip­
jack . Five e lements of baitfis hi ng 
for tu nas wi ll be reviewed and dis­
cussed: types of bait, catching the 
bait, hold ing a nd transporting the 
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bait , fishing the tuna schools, and 
bait supply. 

TYPES AND CHARACTERISTICS 
OF A GOOD BAITFISH 

In order to be a suitable li ve bait, 
the bai tfish must be of a size and 
appeara nce acceptable to the tunas, 
its behavi or must be such that the 
tu nas are attracted to the boat and 
induced to bite, and the bait must 
be sufficiently hardy to remain alive 
duri ng capture and transport. In this 
regard res istance to mech anical 
damage , i .e., loss of scales and bruis­
ing, is importa nt, as is the bait's 
tolerance to te mperature and tempera­
ture cha nge so that the bai t can be 
carried by the fishing boat from one 
fis hi ng ground to another through 
waters of varying temperatures. 

The prefer red bai tfishes for tuna 
fis hing are c1upeoids , principall y the 
anchovies and their relatives. The 
c lu peoids in general are good baits, 
bei ng of the proper size (25-100 mm) 
a nd possessing the silvery appearance 
and the behavi or that induces feeding 
behavior in the tuna. These fish are 
active swimmers that do not disperse 
when thrown into the water but main­
tain a semblance of schooling be­
havior and do not swim away or dive 
deep but stay close to the vessel. 

W hen suitable supplies of clupeoids 



Area and 
period Bai t species 

Japan 1968 ' 
Anchovy . Engraul/s 

japonrcus 

Japan 19712 do 

HawaII . 1965- Anchovy (nehu). Sto-
713 li phorus purpureus 

Eastern PaCIfic. Anchoveta . Ceten-
1948-59' graulis mystrcetus 

Easte rn PaC Ific, do 
1960-69' 

Pa lau Islands . Anchovy (nehu), 
19665 Stolephorus 

heterolobus 

Ryukyu Islands. M,xed-predom, nantly 
1967" apogonlds and lu t -

Janlds 

HawaII 1962 7 Tllapla . Trlap/a 
mossamblca 

Hawaii 1968" Shad , Dorosoma 
petenense 

HawaII 1971" Shad , Dorosoma 
petenense 

HawaII 1973 '0 Northern anchovy , 
Engraul /s mordax 

HawaII 1973
" 

Golden shiner, 
Notem/gonus 
crysoleucas 

Table 1.-Elfecliveness 01 live bail. 

Unit 01 
measure Quantity 

Buc ke t 4.4 X 106 buckets 
'" 5 .5 kg 

Buc ke t 250 buckets 
'" 5 .5 kg 1.375 kg 

Buc ket 34 X 103 buckets 
'" 3.5 kg 0.8 X 106 kg 

Scoop 3 .5 X 106 scoops 
4.1 kg 14.5 X 106 kg 

Scoop 0.41 X 106 sco ops 
4.1 kg 1.7 X 106 kg 

Bucket 62 .7 X 103 buckets 
'" 3.5 kg 0.22 X 106 kg 

KIlog ra m 0.27 X 106 kg 

Not avall- Not ava ilab le 
able 

Bucket 56 bu c kets 
'" 3.5 kg 176 kg 

Bucket 204 bu c kets 
'" 3.5 kg 728 kg 

Bucket 3 buckets 
'" 3 .5 kg 10.5 kg 

Bucket N ot availab le 
'" 3 .5 kg 

Tuna catch 
(metric ton ) 

168 X 103 

71 .9 

4 .5 X 103 

114 X 103 

23 X 103 

2.9 X 103 

5 . 1 X 103 

Not avail-
able 

4 .8 

12.5 

0 .7 

Not avail-
able 

Effectiveness 
Kilogram bait/ 
metric ton tuna 

143.0 

19.4 

28 .50 
S2 = 51 

(variance) 

128. 1 
S2 = 783 

68.2 
S2 = 158 

87.4 
S2 = 1008.8 

52 .6 

'" 60 

37 

58 

15 

118 

I Based on total anch ovy bait catch and total home and southern wa ters landings of yellowfln tuna , skIpjack tuna , and albacore . 
(Source [Japan.] MInistry of Agriculture an d Forestry . StatistIcs and Survey D, vis,o n, 1970.) 

, Based on average baIt capacity and average catch per t riP o f southern wa ters ve sse ls (An onym ous , 1971). 
3 Source HawaII DivisIon of FIsh and Game and Bum ble Bee Seafoods ( 1970). 
'Source Inter-American Tropical Tu na Com mIssIon ( 1956, 1960, 1966, 1970) . Note : From 1960 on most of the large baIt boats converted 

to purse seIne rs and left the baIt boat fleet. 
5 Source Congress of MicroneSIa (1972) 
"Source Isa (1972) 
'Source Shomura (1964) QuantIty and weIght of baIt not given. Resu lt s are based on average catch rate comparison wIth nehu , 

nehu being conSidere d to have an effectiveness o f 30. 
'Source Iversen ( 1971) 
"Source Iversen. R. T B 1973 CommercIal fishIng for sk ,p jack tuna wIth threadfln shad as baIt. Unpublished report . 4 p . Southwest 

FIsheries Center, NatIonal Marine Fisheries ServIce. NOAA , Ho nolulu , HI 96812 . 
o Source UchIda, R N , Southwest Fishe ries Center , Nallonal Marine FIsheries Service , NOAA , HonOlulu , HI 96812 , pers . comm . 

11 Source Kato, K Fishfarms HawaII . PO Box 898 . Kihe i. HI 96753, pers . comm . 

a re not a\ ai lable. bai t boats. es pe­
ctall) those operating in island area. 
re.,ort to the use of any proper-sized 
fi hes that can be obtai ned in rea o n­
able quanttt) including a wide variety 
of tropical reef fishes such as Ju venil e 
mullets. "Iugilidae: goatfi hes. Mul ­
liuae. cardlnalfi he. Apogo nidae: 
uam'>elfishe.,. Pomacentridae: il ve r­
\Iue . Atherrnldae: napper. Lu tjanidae: 
mo\quttofi.,h. Poeciltldae: ra bbitfish. 

tgantuae. etc . 
Battfi,h acceptabtltt) IS de te rmined 

b) three factor, : suppl) . which i 
u"cu\\eu tn a , eparate ecti o n of thi 

report . mortality. and effectiveness. 
Live ba it is ubject to continuous 
loss fro m the time it is obtained to 
the time that it is used for fi hing. 
Stro ng bait. that is ba it that survives 
ca pture and holdi ng well . is in great 
de mand . Studies of factors affecti ng 
mortality ha ve been made by Baldwin . 
Struhsaker. and Akiyama (1971). 
and Anonymous (1971). Bait mortality 

a complex problem and needs much 
additional work. part icul arly in con­
nection with long dis tance tran port 
and holding of large quantities of bait. 

Effectivene s. that is the produc-
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ti on of tuna per qu a ntity of bait. is 
difficult to quantify owin g to lack 
of good statistics on bait usage. From 
Table I it is a pparent th at there is 
a wide range of effecti veness ex pressed 
in kilogram bait per metric ton of 
tuna produced. The ma ile r the ratio 
the more effective the bait. These 
measures of effectiveness are sub­
ject to seve ra l biasing errors th a t re­
su lt in an overestim ate of the bait 
needed . The larges t error is due to 
the use of tota l bait caught rathe r 
than bait used in fi hing . Thus mor­
tality i included in these estimate. 



Also included is bait dumped when 
fishing is completed . 

Sources of error that affect the 
variance of the esti mates are the size 
of the tuna fished, more bait being 
required to take a ton of small tuna , 
the reporting of bait catches by the 
bucket or scoop, the constancy of 
which is questionable, and the com­
plex relat ion between bait mortalit y 
and time spent looking for fish. The 
latter may account in part for the 
increase in effectiveness in the eastern 
Pacific fishery after 1960 when the 
bigger boats dropped out of the fishery 
leavi ng as the pri nci pal users of bai t 
the smaller boats that perhaps did 
not spend as much time scouting 
for tuna. 

BAIT CATCHING METHODS 

Saitfishes are caught by several 
types of gear, the most common being 
the bait seine. The details of this type 
of gear and operation va ry from 
locality to locality. In Hawaii the so­
called day net, a round-haul net for 
shallow water that lacks wings, bag, 
or purse line, is used. The dimensions 
for a typical day net are 175 by 4 m 
constructed of 4.8 mm stretched mesh 
webbing (Figure I). The main bait 
species taken is the nehu , an a nchovy, 
SlOiephorus purpurellS, which is quite 
small and requi res a small-meshed 
net. Another common bait net, used 
chiefly in the eastern Pacific, is the 

- ---:. - --

lam para, whi ch has wings and a bag 
section, is deeper, and can be used in 
waters where the leadline does not 
necessarily maintai n contact with the 
bottom . Details of the operation 
using this gear are given by Scofield 
( 195 I) and Du Plessis ( 1959). 

For baiting in deep water, the purse 
seine is effective, being superior to 
the lampara but requiring more man­
power. For shallow water areas where 
the bottom is too rough to drag or 
walk the leadline of the net , the 
drive net is used (Figure 2). 

'The 'drive-in-net' fishing method 
is said to have been developed in 
the Ryukyu Islands (Shapi ro, 1949) 
to catch shoali ng fishes in coral reef 
areas. Divers, sometimes carrying 
fish-chasing devices , drive the fish 
school into a net set strategica ll y 
to block the path of the fish. As 
soon as the fish are driven into the 
net, the net is lifted to the surface. 
This method has long been used 
for catching mainly the Apogonidae 
and Caesionidae. The size and de­
sign of the net differ according to 
the fish to be captured . The net 
usua ll y consists of a bunt and two 
wings when catching larger and 
faster swimming fishes such as adult 
Caesio, Ayingfish , and garfish. Only 
the bunt of the net or a blanket net 
is used for catchi ng apogonids or 
other s lower swimmi ng fishes or 
juvenile fishes . The drive-in net is 
used to capture apogonids early 
in the morning by taking advan­
tage of their nocturnal habit. The 
bait fishermen cover a reef with 
the net before sunset. The fish are 

found hiding in crevices. The net 
is a llowed to remain overnight. 
The opening over the crevice in 
which the fish are hiding is kept 
open in order to enable the fish to 
move out at night. The fishermen 
catch the baitfish early in the morn­
ing by driving the fish into the 
net before the fish can return to 
their hiding places. 

'The fishermen also catch the 
apogonids during the day by in­
serting tree leaves into crevices 
and scaring them out. Some apo­
gonids are observed during the 
day wi th other bai tfish and are 
caught along with them. The red 
scads (Caesio) and 'blue bait' a re 
caught during the day. " Isa (1972). 

A second type of baiting operation 
is night baiting, commonly used in 
coral-island areas. In thi s operation 
a strong underwater light , 750-1,500 
w, is submerged to as deep as 20 m 
below the surface and allowed to 
remain until a quantity of bait has 
been attracted. The li ght then is slowly 
drawn up toward the surface near 
a net suspended vertically in the 
water . The net typically is of 6.4 mm 
mesh and nearly square, being about 
25 m on a side. Once the light and 
bait are at the surface, the net is 
raised under the bait (Figure 3). For 
details of this method see June (1951). 

Catching bait for tuna fishin g is 
dependent primarily on the avail­
ability of quantities of bait and not 
on the lack of a suitable method of 
taking them; i.e., the methodology 

Figure 1.-Hawallan-type day net being set on the reel lor lao, a small atherinld . 
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has been well worked ou t and usua ll y 
pre~ent s a mi nor problem to a bait 
boat Ho wever. there are some ex­
cepti o n . These Incl ude th e in t roduc ­
tion of. or the learn in g of. meth ods 
~u It ed for ce rt aIn a rea by fis herm en 
fro m othe r a reas. For exampl e. th e 
OkInaw a n li ve-ba it fi herm en are gen­
era ll ) belic\ed to be th e bes t o r most 
knowl edgeable fo r o pera tin g in cora l 
I land a reas where th ey ma nage to 
find and ta ke ba it when fis herme n 
from Ja pa n or the nlted Sta tes would 
fa il . In pa rt their ucces li es in the u e 
l) f \ all neh (I sa. 1972) su pended nea r 
co ral head or clo e to dro p-offs. 

bo o the) a re adept at th e wim -in 
meth )d of ba it ca tchIng (thid.). ve n 
\\ht.:n more de Irable bai ts a re absent 
thc\ a re able to ta ke small quantiti es 
l)f bai t b) tea fln g apart coral heads. 
Thl~ rrac ll ce I, not to be rec om­
mcnucu but I u eu at li me . pecie 

Figu re 2 .-Calching bail wilh a " drive-in " net. 

taken in thi ma nner in clude small 
dam el fish and cardi na l fis h . 

A source of bait th a t m ight be u ed 
if th e catchi ng techniques could be 
developed occu rs offsh o re whe re 
schools of cl upeoi d and carangids 
exis t in cons iderab le a bunda nce and 
sometim es come to a li ght. A lso it 
is freq uent ly obse rved th at floa tin g 
objects a ttract q ua ntiti es of sma ll 
fish . a nd it may be th a t na tura l or a rti ­
ficial floa ti ng " Iog" together with 
a lampara or purse e ine might be 
used to obtai n ba it. It may be pos­
sible to develop a ni ght -li gh t, li ft­
net o peration or a dee pwa te r lam para 
or ei ne ope rat io n th at could p rovide 
supp li e of offsho re ba it a t ce rt ain 
time in certai n pl aces . ight ba iting 
us ing deep ly u bmerged light eit her 
in hore or off ho re is undergo ing 
further refi neme nt in some a reas . In 
addition . th e u e of set ne t . or we irs, 
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may hold pro mi se in a reas where th e 
bait species a re mi gra to ry e ither a lo ng 
the sho re o r inshore-offs ho re. 

HOLDING AND TRANSPORT 
OF THE BAIT 

O nce the ba it in the net , it must 
be tran fe rred to ho ldin g ta nks o r 
well s (ea te rn Pacifi c a nd J a pan , 
Figure -+ ) o r " boxes" (ce ntra l-we te rn 
Pacific) a boa rd th e ves e l o r into re­
ce ivers if it i not to be loaded o n 
the vesse l immedi a tely. Whe n th e 
ba i tfis hes a re hardy. as is the case 
wi th mos t of th ose ta ke n in the ea te rn 
Pacific. th e tra nsfer from th e net to 
ho ld ing ta nks o r receive r is accom ­
pli shed with a dip net o r coop . In 
the 1950's at the height of th e bait 
boa t e ra in th e eas te rn Pacifi c a scoop 
held about 4 kg of ba it and was th e 
common unit of measure used . T oday 



wi th the trend towards small er bait 
boats th e scoops are smaller and hold 
1-2 kg . E lsewhere , where the bait 
species are more delicate and sub­
ject to high mortalit y by abras ion 
and bruising (t he tropical c1upeiods 
with their highl y deciduous scales are 
particularl y susceptible), the transfer 
is made by the use of buckets . These 
are generall y of sea mless stainless 
steel with a capacity of about 15 liters. 
The bucket keeps the fish mixed with 
sufficient water to reduce sca le loss 
and bruising. In areas such as H awaii 
and Ja pan , the bucket is the common 
unit of measure for baitfishes. The 
bucket holds on the average 3.5 kg 
of bait in H awai i and 5 .5 kg of bait 
in Japan although , as with the scoop, 
the actual amount i quite variable. 

Injury and shock during transfer 
of the bait into the holding tanks o r 
receivers account fo r mo t of the 
mortaliti e . Losses can be very high 
if the bait ha been handled carelessly . 
Bucketing appears to reduce mortality 
as does increasing the amount of 
oxygen in the holding tanks, reducing 
the temperature , lowerin g salinity, 
and avoiding crowding and undue 
excitement of the bait until it has had 
a chance to acclimate to its new en­
vironment. For discussion of ways 
of reducin g the rate of mortality as­
sociated with the Hawa iian li ve-bai t 
fis h nehu , S. pLlrpLireLis . see Baldwin 
et al. ( 197 1). In addi ti o n , methods of 
avoiding brailing or bucketing bait 
fro m the net to the wells cou ld stand 
closer examinati on . For example, 
the swim-aboa rd technique used by 
the west coast bait haulers might be 
adapted to commercial baitfishing 
operations. This is a method where 
the fish ent er the well through a ga te 
at the waterline of th e vessel the reby 
avoiding the brailin g o perati on . 

Some work has been done in trans­
ferri ng bait by mea ns of pumps (Bald­
win , 1969). Whether or not this 

Figure 4.--Japanese bait boat wells showing 
the perlorated inllow pipe, overllow, and 
" bilge" -pipe lor continuous removal 01 dead 
bail. (From Miho Shipbuilding Co ., 1966.) 

Figure 3.- Night baiting with a Hawaiian-type lift nel. 

A - A I CROSS SECTION 
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Figure 5.-Relation between water tempera­
ture and bail mortality on a vessel traveling 
'rom Japan to the southern water gounds . 
(From Anonymous , 1971.) 

would re ult in reduced mortalit} is 
open to inve ti gation . It ccrtain l] 
wou ld speed up the loading operation. ~ 
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In holdin g baitfish aboard ve sels, 
there are a number of factors that 
are important. Fir t is the suppl) of 
~ater. In the central a nd western 
Pacific with the older Japanese , Ha­
waiian, and Okinawan style \esels, 
water comes in through holes In th e 
boat at th e bottom of the boxes, cir­
culation being assured either b) the 
motion of the vessel through the ~ater 
or the rolling of the \ es el b) \\a\c 
actIOn. The amount of o\,genated 
water supplied in thi s manner IS ade­
quate for mall quantltle of bait 
held for short period. With the ve -
sel of the ea tern Pacific and the 
ne~er Japanese pole-and-l ine vessel s 
that carr) large quantities of bait over 
great dl ' tances, circul ati ng eawate r 
is supplied b) pumps to the wells. 
As a general rule, a turnover of the 
water in the wel l 5 to 10 time a n 
hour is deSirable. Typicall], a IO-m:l 
well would have a water exchange 
at the rate of about 1.500 lite rs per 
minute . The carrying capacity of a 
well with forced circulat ion varie 
from 10 kg of baitfish per cubic meter 
of water to as high as 50 kg per cubic 
meter Capacity I affected b) water 
temperature (Figure 5), the species 
and condition of the bait , and the sea 
state, high mortal ity of the baitfish 
occurri ng during rough weather. Prop­
er light ing in the wells also is an 
important factor in reducing mortality. 

If the bait is to be maintained for 
an extended period of time it is neces­
sary to feed it. This is a problem 
particularly in the eastern and western 
Pacific where large bait boats will 
try to keep bait aboard for everal 
weeks . Foods used vary from chopped 
fish to bread and meal and prepared 
fish chows . 

It is important that the bait be 
rested before the trip begins. This is 
frequently done by holding the bait 
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NO Of DAYS fOll 

in recel\crs or In thc tank for e\eral 
day pnor to departure from the halt­
Ing ground I n the Japanese outhern 
water fi hery , for .\ample , ~here 

the \e sel transpo rt their bait from 
Japan to the tropical ~ e tern PaCific , 
the ba it I re ted In receiver for 
evera l week prior to depa rture 

nother ource of mortal It) that 
can pre ent a problem In the centra l 
and western Pacific occur ~hen the 
bait compri e a ml\ture of pecle . 
If the mixture invo lve larger pred­
atory fi h together with the maIler 
de irable bai t pecie , the la rger pred­
ators will either eat or frighten the 
bait resulting in a high m rtalit) . 
Also not uncommon are in tance 
where juvenile lae , Scoll1b l' roide.1 
SWlc li-pel ri , a small carangid, i taken 
with th e bait and cau es high or 
complete mortality by biting the cale 
off th e baitfish ( truhsaker. Baldwin , 
and Murphy, unpublished l ). Develop­
ment of satisfactory eparators to 
separate the desirable from the un­
de irable species needs investigation. 

For chumming, the baitfish are 
crowded wi th a small net or "crowder" 

I Struhsaker . J W., W. J . BaldWin , and G . I Mur­
phy n .d . EnVironmental factors affecting stress 
and mortality of Ihe HawaIIan anchovy (Stole­
phorus pupureus) In capllvlty n .p Completion 
report prepared for National Marine Fisheries 
Service under Commercial Fisheries Research 
and Development Act (P .L. 88-309) , Project H-10-
R. HawaII Instllute of Marine Biology, University 
of HawaII , Kaneohe , HI 96744 . 
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ING DEPARTURE 

~o that the) can be ca tI) bratled out 
With somc species thl cause an 
e.\treme fnght reaction and high and 
rapid mortality . The prat, Sprwd­
louin p .. called plha In Ha~all. are 
plentiful and UblqUltOU throughout 
the entral and ~e tern PaCi fic. H o~­
ever. th e e are \er) delicate baltfi h 
that die ~lthin a fe\\ hour of load­
ing Into the well. In part the mor­
tallt) occu rs dunng cro\\ding for 
chumming and if thi mortal it) could 
be alle\iated. th e plentiful fi hes 
would repre ent a major increase in 
bait uppl) throughout the i land 
area 

o far neglected area for iove ti­
gation i the u e of drug to Ie en 
the fright reaction and metabolic re­
quirements of baitfishes. For example. 
the use of ane thetics and tranquilizer 
in the transport of trout. salmon, 
and other freshwater fi h i more or 
les routine , wherea this is not the 
case in the transport and holding of 
mari ne bai tfishes. 

FISHING OPERATIONS­
CHUMMING 

Baitfish ing fo r tunas de pend upo n 
locati ng surface tu na schools. Once 
the school is located, a po rt ion of 
the bai t in th e well i crowded wi th 



a net into a reduced a rea wh e re it 
can be dipped out w ith a dip net. 
Sma ll amounts o f ba it a re tossed 
into th e wa te r in suc h a way as to 
brin g th e tuna to th e boat. C hummin g 
techniqu es va ry so mew hat with a rea 
and wi th th e type and qua ntit y of 
ba it ava il a bl e. V a ri ous tri cks a re used 
to a lt er th e beh av io r o f th e ba it to 
make it attrac ti ve to th e tunas. A good 
chummer has techniques th at produce 
tun a at a ra te th a t a n inex per ienced 
chumme r ca nn o t ma tch . 

The hand l i ng of th e boat va ri es 
with a rea, too. In th e easte rn Pacific 
and in H awaii th e ves el moves slowly 
ahead a nd fis hin g is conducted fro m 
th e ste rn . In the J a panese- and O ki ­
nawa n -type fishin g th e vesse l is 
stopped dead in th e wate r a nd fis h ­
ing is co ndu cted a long one enti re 
side fro m th e ste rn to th e end of th e 
extended bows pri t. Th e c rew men 
a boa rd J a pa nese- a nd Okinawa n-s tyle 
boa ts ge nera ll y nu mbe r 3 to 5 times 
th e me n aboard a H awa ii an - o r west 
coast-style bai t boa t. Producti on 
figures per day's fis hin g betwee n t he 
two meth ods are ge ne ra ll y compar­
able, however. It is beli eved th at the 
use of ba it by th e eas te rn Paci fic 
boats is mo re profl igate th an by th e 
Hawa ii a n or o ri ent a l boa ts and in ­
deed th e re a ppears to be some truth 
to thi s beli ef (Table I). H owever , the 
nu mbe r of ba it fis hes thrown per school 
is proba bly nea r eq ua l owing to the 
diffe rent s ize of th e fis h used Good 
data are not ava il able fo r th e J apa nese 
south ern water fis hin g vessels. 

It is i nt e res ti ng to no te th a t th e 
use o f a water spray system (Y uen . 
1969) th roughout the ce ntra l a nd 
western Pac ifi c is a bsent o r ve ry 
unco mm o n in the eas te rn Pac ific. 
Wh eth e r o r no t th e vesse ls wo ul d 
be more producti ve in th e ea tern 
Paci fic if wa ter sprays were used is 
not kn own , but compa ri so n between 
fi shin g with and with out th e wate r 
spray hows th a t it indeed d oes affect 
th e catc h rate in H awa iian wa te rs 
(ih id .). 

SUPPLY 

The maj o r p ro bl e m in ba i tfi shi ng 
is o bta ining a u ffic ient a nd de pend­
a ble suppl y of ba it. Di scussed in thi s 
secti o n will be natura l ba it , rea rin g 
o f ba it. trans po rt of ba it , and art i­
fi cia l ba it. T he int rodu ct io n a nd es tab­
li shm ent of nonendem ic ba it s pec ies 
will not be considered. Pe rtin ent to 
any di sc ussion of su pply is th e ques­
ti o n of th e va lu e of th e ba it to th e 
fis he rm e n . H ow m uc h is it wo rth to 
th e fis h i ng o pe ra ti on to have ba i t 
aboa rd') Obvio usly wit ho ut ba it th e re 
can be no product io n of tun a a nd 
th e refo re no income. A nu mber of 
studi es have been undertaken in order 
to ass ign some va lue to th e bait. T he 
meth odology used incl udes the em­
piri ca l a pproach, the exam inat ion 
of wha t fis hermen are willi ng to pay 
for ba it avai lab le for sa le: the oppor­
tuni ty cost approach , what ca tch ing 
ba it costs th e vesse l in terms of lost 
fis h ing t ime: and the marginal product 
a pproach , a met hod tha t gives a max i­
mu m va lue for bait. 

Li ve ba it is so ld to commercia l 
fis hin g operat io n in J apan and to a 
lesse r degree on the west coast of 
th e U nited States. In the case of the 
fo rme r , the vessels pay abou t $ 10 
per bucket ($2 per kg) at the bait 
sell e r 's receiver. The bait then has to 
be tra nsported to the fishing grounds 
and may undergo considerab le mor­
ta lit y , typically 20 % to 30% but at times 
much higher. On t he west coast of 
th e United States the selling price 
of bai t may be as Iowa $2 per scoop 
($0.50 per kg), th e amount of bait 
in the scoop bei ng less than the Japa­
nese bucket. Agai n , the buyer has 
to accept the morta li ty during trans­
port from the bait sell e r to the fis hin g 
g rou nds. During a recent experime nt 
where nort hern anc hovy. ElIg rallli .1 

II lOre/ox. was brought in fro m Ca li ­
fo rn ia to H awaii, the ves els were 
wi lli ng to pay $20 per bucket. 

Wi th the exception of Japa n it 
appears to be more tradi tiona l for each 
vessel to carry its own bait ne t a nd 
bait skiff and to catch its own ba it. 
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U nder th e e circumstances it is pos ­
sible to e tima te the cost of catching 
th e ba it based on the time 10 t to 
fish in g. Fo r example. in Hawaii. 
stud ies s ugges t that between 25 q and 
30% of th e ti me avai lable for fishing 
i spen t searching for and catching 
bait. T h i puts the cost per bucket 
of ba it between $ 12 and $30 ($3.50 
and 8.50 per kg) (Brock and Tal-ata . 
1955: Shang and Iversen, 197 1). 
Sim il a rl y st udie in H awaii based on 
th e prod uct io n fu nction method sug­
gest th a t the va lli e of a bucket of bait 
is as hi gh as $80 ($23 per kg) to the 
ves el (E lli ott, Kea la, and Matsuzaki. 
u np u bli shed2 ). Because of th e wide 
range among these figures. for plan­
nin g purposes a good estimate is $10-
$20 per bucket ($3-$6 per kg). It i~ 

quest ionable whether refinin g these 
cost estimates is worthwhile at this 
point since the sociological problem 
of convincing fishermen to purchase 
ba it appears to be greater than con­
vincing them that th e bait i' worth 
so many doll ars per bucket based on 
the ir fishing operation . Past experi­
ments for exa mple whereby the State 
of Hawaii raised tilapia . Tilopill II/oS­

s(l/llbico . for bait (Brock and Takata, 
1955; Shomura. 1964) and made it 
avai lable to the ve sels at a nominal 
price failed, not because the price of 
the ba it was too high but because 
the fishermen fe lt that the bait they 
coul d catch was superior a nd free 
Since then their attitude towards the 
purchase of bait has changed to a 
great degree. 

Natural Bait Supplies 

The location of abundant na tural 
ba it (Tab le 2 and Figure 6) is of 
prime concern for the expansion of 
bait fisheries in the central and "'estern 
Pacific. The location of bait usuall) 
depends upon bait surveys. which 

2 ElllolI , 0 P , B A Keala, and C Matsuzakl n .d 
EstimatIOn of demand for live bait to be used In 
Ihe skipjack fish ing Industry 21 p . [Technical report 
submitted to Southwest Fishenes Cenler. Na­
tional Manne F,shenes SerVice , NOAA. Honolulu 
HI 96812) 



Table 2.- Avallabllity 0' bait 'or live -bait fishing In the Pacific and Indian Oceana . 

Areal 

I ndlan Ocean 

Mlnlcoy , Laccadlve Is 

Southeast ASia 

3 Japan Northeast 
Central 
Southwest 

Formosa ' 

5 South Ko rea 3 

6 Philippine Is 

Marianas 

8 West ern Carol ,nes 

9 Eastern Carol lnes 

10 New Guinea' 

11 Fiji 

12 Solomon Is .' 

13 Gilbert Is. 

14 Phoenix Is 

15 Marshal Is 

16 Samoa 

17 Society Is 

18 Tuamotu A rch ipelag o 

19 Marqu esas Is 

20 Line Island s 

21 HawaII 

Leeward Is 

22 Eastern PaCifiC 
California to Pana ma 

23 Sou theastern PaCi fiC 
Panama to Chil e 

Ki nds of ba l t li sh 

Anchovy. sardin e . he rrin g 

Reef flshes-apogons. damsels , etc 

Anchovy , sardi ne , he rring 

Anchovy . Engraulls Ja p on/cus 
do 
do 

Anch ovy 

Anch ovy 

Anch ovy 

Rabbltflsh etc 

Anchovy , sardine , sliverSlde . 
round herring . etc 

do 

Anchovy . sardine 

Anchovy . sardine . sllverslde 
mackerel , etc 

Sardine 

Sardine 

G oatflsh , mu Ilet . etc 

Sardine sllverslde , round 
herring etc 

Sardine . anchovy . mac kere l 
etc 

Mackerels . round herflng . etc 

Goatflsh . mullet , round herflng 

Sardine 

Goatflsh , mullet , etc 

Anch o vy . s llverslde , round 
herring . e tc 

Sliverside . mul let , goatf lsh , etc 

Anch ovy. anch oveta , sa rdin e 

Anchoveta 

Commercial landings 

> 100,000 metri c to ns 

Limited amount 

> 40 ,000 metric to ns 

7,299 to ns 
73 ,541 tons 

144 .508 tons 

? 

? 

20 ,000 metric tons 

? 

? 

? 

? 

? 

? 

? 

? 

? 

> 200,000 metric to ns 

Est 10 ,000 ,000 
metric tons 

Used 'or live bait 

Yes 

1,970 tons 
10,857 tons 
11 .200 tons 

Est > 100 ,000 buckets 

? 

Experiment al 

Yes 

? 

Ex perim ental 

Ex peri m ental 

Experi m enta l 

Experi mental 

Experi m enta l 

Experi menta l 

ca 35,000 buckets 
(130 metric tons) 

Experimental 

4 ,000 ,000 scoops 
(14 .500 metric to ns) 

600 ,000 scoops 
(2 ,200 metnc tons ) 

Potenti al 

Very g ood 

Very good 

Exce llent 
Excell ent 
Excellent 

Very good 

Very poor (highly 
seasonal) 

Good 

Poor OK fo r sma ll 
scale opera tion 

G ood 

? 

Poor 

Good 

Poor 

Poo r 

Poor 

Good (seasona l) 

Poo r 

Good 

Poor 

Excel lent 

Very good 

I See Fi gure 6. , The Japanese operate several boats In thiS area 
• Th e Japanese mention Formosa as a pOSSible baltilsh source 
3 The Japanese menll on Pusan as having a good sup pl y of strong bait. 

5 The Japanese have 6 boats In thiS area . will Increase to 11. 
6 The Japanese have been operating In the area . 

may gi ve mis leadi ng res ults unl e s 
the) extend ove r a long time spa n . 
Survey methods include fu ll - ca le 
catchin g o pe rati o ns, di ve r su rveys . 
inte rviews with inhabitants, aircraft, 
beachwalking, etc . Examples of re­
cent bait urveys a re [J a pan .] Fish ­
eries Agency ( 1969). Hida ( 197 I), 
Wi Ison ( 197 I), and Kea rney , Lewis, 
and Smit h ( 1971 ). Pro blems with 

ur veys include the seasona l o r cycli c 
ch anges in a bunda nce of species 
whe reby ce rt a in a reas th at may have 
plen ti ful qua ntiti es of bait o ne d ay , 
may have none th e next. T oo. th e 
amount of ba it may va ry fro m yea r 
to year o r ove r a man y-yea r peri od . 
Even whe n bait fi hes are loca ted In 

qua ntit y. the questi o n still arises as 
to th e amount o f bait th a t can be 
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taken . Few if a ny popul a tion dy nam­
ic studi es have been done o n tropi­
cal bait speci es. Perhap the most 
inten ive in volved the a nch o veta in 
Central A merica (Bayliff, 1966). and 
a stud y of the tropical anchovies in 
Pa lau by Garth I. Murphy (Uni ver-
it y of H awaii , Honolulu , HI 96811) 

is still in progress . Most of these 
fi sheries appear to be capable of tol-
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e ratin g hi gh fi shin g mort ality; how ­
e ver , bette r info rm a ti o n is needed be­
fo re it will be possibl e to manage 
these resources. For much o f the 
Pacific , howeve r , supplies o f na tura l 
baits are less th an required fo r m ax i­
mum tun a produ c ti o n . 

Aquaculture 

Aquaculture is a possibility fo r su p­
pl ying baitfi shes in a reas wh e re nat ura l 
baits are limited o r lacking. The prob­
lems here a re threefo ld , na mely 
rea rin g a ba it fis h th a t is an acce pt ­
able ba it fo r tuna , produ c in g it a t a 
competitive cost and produ ci n g it 
in suffi cient quantity to su pport a 
number of tuna boats. The prov isio na l 
ba it price deve loped a bove, about $ 15 
per Hawaii an bucke t ($4 .50 pe r kg) . 
is suffici e ntly hi gh th at aquaculture 
should be an econo micall y accept ­
able soluti o n . 

M ass rea ri ng probabl y presents 
minimal difficulti es because of a fa irl y 
extensive background in the produc­
ti on o f fi sh through aquacul ture. 

Acceptability as di scussed pre­
viously cove rs bo th mo rt a lity a nd ef­
fectiveness. With th e H awa ii a n nehu , 
mort a lit y typica ll y runs 25 CC per day in 
th e ba it we ll. su ggestin g th at a hard ier 
bait produ ced by aquaCU lture that 
suffered o nl y a 5 l"c mort a lity rate coul d 
be 20 l"c less effec ti ve in the production 

of tuna an d yet be acce pta bl e. Simi ­
la rl y, a less effective ba it th at could 
be produced at lower cos t th a n nehu 
mi gh t , fro m the standpo int of econo m ­
ics , be a n acceptable substitute ba it. 

In se lect ing a s peci es fo r aquacul ­
ture , consideratio n has to be give n 
to th ose fact o rs affecting its acce pt ­
ab ili ty , that is, hardiness and effec­
tiveness, and th ose fa cto rs affecting 
its production , fo r exa mple, can 
spawni ng be contro ll ed ? A re there d if­
ficul ties in produ c ti on of th e youn g? 
D oes it g row to a n unacceptable 
size . e tc .~ W o rk has been done wi th 
several species--ti la pia (Kin g and 
W il son , 1957). threadfin shad (I ve r­
sen . 197 I). co mmerci a l sha rp nosed 
moll y (H errick , unpubli shed3 ). Other 
species conside red o r tes ted in c lude 
carp. fin gerlin g catfi sh . j uven ile mul ­
let and goatfi sh . and golden shine r. 
The diffi culti es li e in fi ndi ng s pecies 
that can be ra ised in qua ntity and in 
devi sing a qua ntit a ti ve measure of 
their acce pta bilit y. For sc reenin g. a 
method th at appea rs practi ca l at pres­
en t. si nce th e cha racte ri sti cs of a 
good ba itfish are poorl ) defi ned. is 
a seri es of fi eld tes ts whereby su ffic ient 
quantiti es of ba it a re used in sea tri a l ~ 

to determin e its re la ti ve acceptabil it). 

3 He rrick, S. F" Jr. 1972 Economic analYSIS of 
commerCial molly (Poec ,a sphenops) baltflsh 
aquaculture 11 P and attachments HawaII Insti­
tute of Manne Biology University of HawaII 
Kaneohe HI 96744 

9 

th a t is. its mortal it) and cffecti\enc , 
For wo r k. in H awaii and using n<.:hu 

as a reference bait from Tahk I 
it woul d appear that 30 k.g of nchu 
will produce a metric ton of tuna 
Scree nin g experiments should Incluue 
a lte rn ate uses of nehu and the ,uh 
ject ba it over an extended penl1u \,1 
time. T he variance of catch rate, fl)r 
tun a boats is high and screening tesh 
of t he proper sensltl\ It) cannot he 
conduc ted with small amounts of halt 
I n o rder to gi ve an indication 1)1 ef­
fec tiveness 200 buck.ets or enough 
for app roximately .5 days of fishing 
is su gges ted. T his will pro\lde an 
initi a l indi cati o n a to the deSirahtlit) 
of continuin g with the species lJr 
a bando nin g it. The difficult, In 
makin g such a judgment I' pOinted 
out in ou r expel'lence \\Ith thre,ld 
fi n shad whereb) the results ohtamed 
durin g I year With ,had aboard R.\ 
ClllIrte,l H . Githa! and dunng anl)thcr 
tri a l using a cOl11mercial \e"el gave 
di fferent anSI\ ers 

T he de~ l rahillt) 1)1' u 109 .1 'H.IIt­

wate r \ ersuo, a Ire,h\\ ater \'r a cur -
ha li ne 'pecles need.., clm'lueratlon 
sin ce production In Iresh Ilater md\ 
present feller probkm, than In alt 
wa ter. the methl'u helng hetter Jt:\e! 
oped. anu there are manl frL h\ldler 
pecie that appear tll p e the 

charactenqlc, ue Irable and ncICC 
sar) to he gl)l)U tuna ball Ho\\<.:\cr 





(Opposite) Kawakawa and baitfish in tank. Tank 
is used for studies of behavior of fishes , in ­
cluding tunas. 

in many isla nd a reas, suffici ent fres h 
water for mass rea rin g is lackin g and 
culture would have to be co nducted 
in salt or bracki sh water . Also, th ere 
would be di ffi culty in ma inta inin g 
fresh water in the ba itwell s a board 
t he vessel . 

Transport 

An oth er approach to bait suppl y 
is the transpo rt of qu antiti es of bait 
from an a rea where it is plenti ful 
into the a rea of th e fis hery. I n effect 
thi s is done in both the easte rn a nd 
western Pacific by fa rger ba it boats 
that ba it in coas ta l a reas and th en 
ca rry th e ba it to the fishin g groun ds. 
The nex t ste p in thi s process is to 
transport th e ba it aboard a ba it ca rri e r 
to an area in t he fishin g grounds 
where it can be sold to th e fis hin g 
ves els. T hi s app roach has not been 
examined in deta il but it appea rs th a t 
usin g a $4.50 per kg ba it pri ce th is 
may be feasib le. This figure is based 
on da ta fro m th e H awa ii fis hery where 
bait usage is low owin g to th e large, 
7 kg and u p, ski pjack tuna constitu ti ng 
the bul k of the "season fis h ."' In areas 
where th e average weight of th e skip-

NATURAL BAIT 
(LOCAL OR DISTANT 1 

AQUACULTURE 
(LOCAL OR DISTANT) 

CATCHING 
METHODS 

jack tuna is less th e "value" of th e 
bait may be ex pected to d ro p. There­
fo re, th e profitability depends upon 
the a mount of ba it th a t can be ca rri ed 
in a given volume of wa ter , th e 
anti c ipa ted morta lit y durin g tra ns­
port and hold in g a t the fi na l desti­
na ti o n, and the value of the ba it dete r­
mined by its effectiveness. To eva lua te 
such ope rati o ns it is necessary to look 
both a t the econom ic of shippi ng 
and th e fis hery, and at mort a lity 
du ring captu re, load ing, tra nspo rt . 
unl oadin g . and hold in g. Experime nts 
conducted by the H onolulu Labora­
tory in t ra nsporti ng northe rn a nchovy 
fro m Cali forn ia to H awa ii suggest 
th a t mo rt a li ty in shipmen t may be 
acceptable. T hese shi pments were 
made usi ng commercial fis h ing ves­
se ls. which took approximately 10 
days to make the crossing . Commer­
cia l hippi ng lines can make the cross­
ing in abou t 4 days. The advent of 
ro ll -on. ro ll -off se rvice between the 
mai nl and and H awaii. for example. 
suggests tha t transport of anchovy 
mi ght be practica l aboard these ves­
sels. Simi larly the advent of LASH 
(li ghter aboard ship) service to French 
Polynesia and American Samoa sug­
ge ts that it might be feasible to ship 
ba it from California. Latin America . 
or A ustralia to these areas . See Figure 

LOCAL BAIT suPPLY 

SEPARATE 
BAIT FISHERY 

TRANSPORT 
ECONOMICS 
LOGISTICS 

PACKING DENSITY 
a MORTALITY 

Figure 7.-Diagrammatic representation of alternative bait supply considerations. 
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7 for a diagrammatic summary of th e 
precedi ng discussion . 

Artificial Bait 

T he use of dead or inanimate sub­
stances and new live baits to replace 
conventiona l bait for surface tuna 
fis hin g shou ld be considered. Early 
attempts such as lhose conducted at 
the H onolu lu Laboratory in the 1950's 
(Tester. Y uen. and Takata . 195.+) 
were unsuccessful. but these studies 
cann ot be regarded as exhaustive and 
fu rt her experimentation should be sup­
port ed. It is possible that dead bait­
fis h or objects resembling baitfish 
coul d be made to sink and rise or 
move in the water so as to resemble 
a live baitfish. Incorporation of a 
scent into the objects or the use of 
dead bait for this purpose might sene 
to supplement live bait or even to 
replace it. 

New Baits 

The use of a nima ls other than fish 
for bait has been suggested. Shrimp 
or large brine shrimp might prove to 
be an acceptable bait. Si milarly crus­
tacea that can be held in suspended 
animation or in the egg for extended 
periods of time might prove to be a 
valuable adjunct to live-ba it fishing 
for tuna. The advantage here is that 
these types of ani mal can be pro­
duced almost upon demand and in 
large quantities from a small initial 
volume. Studie along these lines 
appear worthy of support although 
the probability of uccess is less likel} 
than with aquaculture o r transport. 

SUMMARY 

The use of live bait to catch tunas 
account for over ~O% of the world 
tun a producti on. This method is es­
peciall y suited for areas where tuna 
schools cannot be caught effectlvel] 
usi ng more efficient. that is. capital 
intensive. gear such as the purse seine. 

Dependabl e upplies of acceptable 



live bait are the I-.e) to su ccessful 
baitfishi ng. Acceptable bait species 
are those that can be held and trans­
ported \>,lth lo\>, mortal I t) anu a re 
effective In catching tunas. that IS . 
the ratio of bait used to tuna cau ght 
is minimal. 

Dependable supplies of natural 
bait do not occur In the nev.-est tuna 
fishi ng grou nds in the tropical Pac I fic 
Ways of prOViding a suppl) Include 
aquaculture . importation of bait from 
other a reas. and development of arti­
fici a l baits . All of these alternatives 
are subject to the economic constraint 
o f a n estimated -LSO per I-.g \alue 
o f ba ltfish delivered to the fis hin g 
vessel. and require vary Ing amounts 
of research before the} can be con­
Sidered feaS ible Also needed are be tt er 
re porting ~t atlstlcs from pre en tl) 
used haiti ng ground and the con­
ti nued search for nev.- supplies of 
na tu ral bait. 
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