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ABSTRACT 

The pole-and-line and live-bait fisheries of the eastern, central, and western Pacific Ocean are 
reviewed, including landing trends of tunas and catch and effort statistics on the fisheries for the tuna 
baitfishes. It was estimated that landings of tuna by the live-bait, pole-and-line fisheries contributed 
about 357" of the total Pacific landings of tunas in 1970. Also included were gross comparisons of the 
relative effectiveness of the live bait used in the various fisheries and discussions of the factors that 
may affect the relative effectiveness. The mean catch of tuna in metric tons per metric ton of bait was 
estimated a i  7.5 in the eastern Pacific, 9.8 in the Japanese fishery, and 23.1 in the Hawaiian pole-and- 
line fishery. Thus. in terms of the catch per unit of bait, the Hawaiian fishery was 3.1 times more ef- 
ficient than the eastern Pacific fishery and 2.3 times more efficient than the Japanese pole-and-line 
fishery. 

The Japanese anchovy, Engraulie japonicue. is the most important bait species used in the 
Japanese pole-and-line fishery. In the eastern Pacific fishery the more important bait species are the 
anchoveta, Cetengraulis myaticetus; northern anchovy, E. mor&; California sardine, Sardinops 
caerulea; Galapagos sardine, S. aagar; and southern anchovy, E. ringens. The Hawaiian skipjack 
tuna fishermen primarily use nehu. Stolephonur purpureus. 

INTRODUCTION 

The total landings of skipjack tuna,  Katsuuronus 
pelamis; yellowfin tuna, Thunnus albacares; albacore, T. 
alalunga; and bigeye tuna, T.  obesus. in the Pacific 
Ocean by all methods of fishing amounted t o  an es- 
timated 702,600 t in 1970 ( F A 0  1971). It is estimated 
that of these total landings, 243,800 t were made by the 
pole-and-line fishing method using live bait. The land- 
ings by the pole-and-line fisheries represent about 35%- 
of the total landings by all methods of fishing. 

Purse seine fishing for tropical tunas in the eastern 
Pacific was not very successful during the years prior to 
1957. During the period from 1931 to 1956 the fishery for 
yellowfin tuna and skipjack tuna was dominated by bait 
boats, and purse seiners produced less than 15'; of the 
yellowfir tuna and about 13'; of the skipjack tuna catch 
(Broadhead 1962). However, heginning in 1957, the 
development of several technological innovations helped 
to reverse the trend, so that by 1960, the purse seine fleet 
had displaced the bait boats as the major producer of 
tunas in the eastern Pacific Ocean (4lverson 1963). 

Because of the success of purse seining as practiced in 
the eastern Pacific, attempts were recently made to 
utilize this method on skipjack tuna in the central 
Pacific ([Hawaii.] Division of Fish and Game and Bum- 
ble Bee Seafoods [ 1970?] ). The experiments were par- 
tially successful. In the western Pacific the .lapanew 
have also heen trying this method (Watakabe 1970) hut. 
like t5e Hawaiian experiments, they have not heen an 
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unqualified success (Hester and Otsu 1973). 'rhus, in 
spite of its highly successful use in the eastern Pacific, 
the purse seine method with all of its technological ad- 
vancements still requires more improvement for suc- 
cessful use in the central and western Pacific. Con- 
sequently, pole-and-line fishing with live bait is still the 
dominant method of fishing for tunas at  the surface in 
the central and western Pacific. 

Although the fishery in the eastern Pacific is now 
dominated hy purse seiners, pole-and-line fishing with 
live bait is still practiced. In 1972 there were 52 bait boats 
of l1.S. registry operating in the eastern Pacific (IA'ITC 
1973). In the western Pacific. the Japanese have a highly 
viable pole-and-line fishery for skipjack tuna and 
albacore. And in the central Pacific a small but impor- 
tant pole-and-line fishery for skipjack tuna exists in 
Hawaii. 

The purpose of this report is to present descriptions of 
the pole-and-line and live-bait fisheries in the eastern, 
central. and western Pacific, to review the historical 
catch and effort statistics on the fisheries for tuna bait- 
fishes, and to compare the relative effectiveness of the 
live hait used in the three representative fisheries men- 
tioned above. We will also discuss the factors that may 
contrihute to the relative effectiveness of bait in terms of 
the volume of tuna produced. The material for this paper 
was taken almost entirely from published papers and 
reports. 

EASTERN PACIFIC FISHERY 

As noted earlier. the eastern Pacific tropical tuna 
fishery at present is rssentiallv a purse seine fishery but, 
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prior to 1957, was predominantly a live-bait fishery. In 
1948, of 118,752 t of skipjack tuna and yellowfin tuna 
landed by the eastern Pacific fleet, ahout 843 was 
caught by bait boats. By 1960, the proportion had 
dropped to about 40@i as the "purse-seine revolution" 
launched a mass conversion of bait boats to seiners. In re- 
cent years, only about 10% of the tunas has been landed 
by bait boats. 

..tent of the eastern Pacific pole- 
and-line fishery for yellowfin and skipjack tunaJ. 'IS 

given by Shimada and Schaefer (1956) is shown in Figure 
1. This figure shows the extent of the fishery in 1954, and 
includes purse seiner operations. During the period prior 
to 1957, when the bait boats dominated the fishery, they 
ranged over a large area in the eastern Pacific, from 
Cedros Island, Mexico (lat. 28"N), to northern Peru 
(about lat. 10"s).  Except for the offshore islands and 
banks, most of the tuna catches were made within a few 
hundred miles of the coastline (Alverson 1959). By 1963, 
as noted in the Annual Report of the Inter-American 
Tropical Tuna Commission (IATTC 1964), many of the 
larger bait boats had been converted to purse seiners and 
the remaining bait hoat fleet was composed of vessels of 
less than 170 tons capacity which generally operated 
north of the Gulf of Tehuantepec (ca.  lat. 15"N).  

Alverson (1959) discussed the seasonal nature of the 
eastern Pacific fishery for yellowfin and skipjack tunas 
during the period from 1952 to 1955. During this 4-vr 
period the catches of yellowfin tuna and particularly 
skipjack tuna were poorest in the first quarter (January- 
March). The catches of both species improved in the sec- 
ond quarter and continued good in the third. Alverson 
believed tha t  the fourth quarter would have been the 
best of the year had it not been for some economic fac- 
tors, including strikes and slow unloading of vessels. It 
should be pointed out that the seasonal nature of the 
fishery as described above is an oversimplification. The 
geographical extent of the fishery is large and there are 
variations in abundance in various localities in any one 
season. 

Beginning in 1966, because of the use of increasingly 
efficient purse seine vessels, management procedures 
were implemented on the  yellowfin tuna .  These 
procedures were in the form of restricted fishing periods. 
In recent years the season of unrestricted fishing has 
grown increasingly short and in 1972 was only about 4 rnn 
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Figure 1.-Geographical location of the eastern Pacific, Hawaiinn. 
and Japanese pole-and-line fisheries for tunas. 

(IATTC 1972). The skipjack tuna stocks in the eastern 
Pacific are still not under management. 

Bait Species Utilized 

Nearly all the species of fish used as live bait in fishing 
for tunas in the eastern Pacific belong to the herring and 
anchovy families (Alverson and Shimada 1957). These 
fishes are usually small and school in shallow waters 
nearshore. In 1946-58. the anchoveta, Cetengraulis 
rnysticetus, composed from 29.6 to 59.5% of the bait 
taken by the bait boats, but in 1959, it represented only 
21.80: of the bait taken (Table I). In 1960-69, the percent- 
age of the catch consisting of anchoveta varied between 
10.0 and 34.9'; and averaged slightly more than one-fifth 
of the bait catch. 

Among the qualities that made anchovetn highly 
desirahle as a baitfish wehe its wide distribution, wide 
range of temperature tolerance. and ability to survive for 
long periods in the baitwells (Alverson and Shimada 
1957). 

A species that has hecome important only since the 
1960's is the northern anchovy. Engrnulis mordax. Table 
1 shows that in 1946-60. less than 1gC;. of the catch con- 
sisted of'this species. In 1961-69, however. the northern 
anchovy gradually replaced the anchmreta as  the 
predominant hait species (Fig. 2 ) .  While the 1961 catch 
of anchoveta composed 32.5'i of the total bait catch, the 
northern anchovy and California sardine, Sardinops 
c n r w I w ,  represented 27.5'; and 16.3"; of the total bait 
catch, respectivelv. both relatively higher than in 1960 
(IA'rI'C 1962)). By 1963. the northern anchovy had 
become the predominant species in the catch. The 
change from anchoveta to northern anchovy as the 
predominant bait species reflected t,he shift in the com- 
position of t he  t u n a  fleet from one consisting 
predominirntly of hait boats to  one of purse seiners. As 
noted earlier, after the mass conversion from bait hoats 
t o  seiners, the majority of the remaining bait boats were 
small vessels of under 150-ton capacity that usually fish- 
ed north of the Gulf of Tehuantepec where northern 
anchovies were more common. 

Baiting Areas 

Alverson and Shimada (1957) listed the anchoveta, the 
Californie sardine, the Galapagos sardine, Sardinops 
sagax, the northern anchovy, and the southern anchovy, 
Engraulis ringens, as the most important baitfishes in 
the eastern Pacific. The principal baiting areas for these 
five major species are given in Table 2 and their locations 
are shown in Figure 3 .  

Catch and Baiting Effort 

Alverson and Shimada (1957) noted that the fishery for 
baitfish. a suhordinate but integral part of the eastern 
Pacific tuna fishery, is not predisposed to the easy col- 
lection of reliable catch records. The  only source of infor- 
mation is the detailed accounts of baiting kept hv fisher- 

37 



Table 1.-Estimated amounts, in thousands of scoops and percentages of kinds, of baitfishes taken from 1946 to 1969 by bait boats (excludes bait 
caught by vessels fishing out of Latin American ports and that by a few small vessels fishing out of California). 

California Galapagos Northern Southern California 
Anchoveta. sardine, sardine, anchovy. anchovy, sardine and Herrlng. Salima, Miscellaneous 
Cetengraulis Sardinops Sardinops Engraulis Engraulis northern Opisthrinema. Xenocys 1 and Total 
rnysticetus raerulea sagax mordax ringens anchovy mixed Harengula Jessiae unidentified catch _ _ ~  ~ 

~ ~____ _ ~ _ _  ~~~~ 

Year Scoops Scoops 1.; Scoops C, Scoops ci Scoops c; Scoops p; Scoops ' r  Scoops "E Scoops 'i SCCKJPS ___- .~ 

1946 398 296  389 28.9 28 2.1 132 9.8 - - 203 15 1 23 1.7 126 9.4 45 3.3 1.344 
1937 836 39.5 405 19.1 97 4.6 141 6.7 ~ ~ 250 I I . R  f i2  2.9 259 12.2 66 3 I 2,116 

1950 1.700 47.6 318 8.9 959 26.9 239 6.7 -- - I R ~  5 2 45 1.3 32 0.9 90 2.5 3.570 

1952 1 . m  37.2 413 9.5 1.14s 26.3 814 18 7 :{ti 0.8 I R R  2.9 xx 2.0 31 0.7 36 0.8 4.349 

1955 1,321 51.0 541 20.9 247 9.6 159 6.2  214 R 9 0.4 JR I $1 21 0.8 2s 0.9 2,586 

l<j,i; ' L . O ~ O  55.p ?so 7 R 38 1.0 547 I ~ . R  410 11.1 ,in 0.H 19:i 5.2 1 7  0 5 112 1.0 3.707 

1948 964 32.3 416 13.9 753 2 5 2  147 4.9 - - 149 11.7 42 1.4 217 7.3 95 3.2 2.983 
1949 1,079 39.1 514 18.7 570 2 0 i  1% 5.0 -- - 217 7.9 40 1.5 117 4.3 73 2.6 2.748 

1951 1.70R 63.5 366 13.6 130 4 .8  143 5.3 - -- 13 0.5 137 5.1 118 1.4 76 2.8 2,691 
1YS2 2342 59.5 286 6.7 596 14.0 577 13.5 - - 5 3  I 2  12-1 2.9 51 1.2 40 0.9 4.269 

1954 1,820 -16.3 203 5.2 590 15 0 604 15.4 5s:l 14.1 65 1.7 .<I1 1.2 23 0.6 20 0.5 3,927 

1956 1,667 45.6 362 9.9 152 4.2 594 lfi .2 355 9.7 38 1 0 :3RX 10.1 27 0.7 95 2 6 3.658 

1958 1.515 94 0 601 13.5 141 3 2 736 16 5 1.169 26.3 57 1 3  IO:! 2.3 16 0.4 110 2.5 4.447 
1'359 649 21 R 290 9.7 110 9.7 190 6.4 1,484 49.8 :XI 1 0  75 2.5  24 0.8 128 4.3 2.98O 
1960 416 :14.9 110 9 2 82 6 9 212 I; R 211 17.9 6 (1.5 64 5 4 15 1.2 74 6.2 1.193 
1961 211 :12.5 IOfi 16.:~ x 1 2  179 2 i  5 HH 1:j.s 2 0:I  26 4 0  1 1  2.2 I6  2 5  650 
l%i2 123 89 21-1  :34 8 2  110 26.5 25 6 0  2 i1,7 i( i  , ' i9 7 1.7 R 1.9 414 
1963 56 19 R 0 29 12.1 ioi  4 1 . ~  - .- R :i :I 22 9 9 I 0.4 5 2.2 241 
1964 37 s4 2 4 1  74 , ' 1 3 i I  41 1 H J  ~~ ~ 1 (1.4 R 3 6  J 5 2 2 "24 
1965 :14 1 1  n 41  13.:3 33 10 7 I47 47.7 - ~ 2 0 ;  :I4 11.0 10 7 2.3 :m 
I966 49 I7 :3 GH 2:1.9 22 7 7 106 :373 ~~ ~- :I 1 1 2-1 R 4 9 :1 1.1 2R4 
1967 61 2.J.6 56 23.3 14 3 9  94 '39.5 ~~ 8 :3.4 1 1 i I 0.4 23R 
1968 :17 13.7 54 19.9 1R 6 ti 1-18 54.6 I o 1 i o  :i.; 2 0 7 I 0.4 271 
1969 2.5 i o n  40 16.1 IO 4.0 is.3 61.5 I O I  I(; I ~ J  0 0.0 -1 1 6  249 _ _ _ _ ~ ~ _ _ _ - _ ~  ~~ ~~~ 

men in their logbooks. Based on data collected from 
about 85% of the bait boats based in California ports, 
scientists at  the IA?TC have been able to estimate the 
amounts and kinds of baitfish taken by all California 
bait boats operating in the eastern Pacific. 

Table 3 gives the annual catches of all species of bait- 
fiqh caught by bait boats in 1946-69. The annual catches, 
measured in scoops holding 4 kg (8 lb) of bait (Shimada 
and Schaefer 1956). varied from 224,000 scoops in 1964 to 
4,447,000 scoops in 1958. At the height of the bait boat 
era, annual catches of 3.5-4.0 million scoops were not un- 
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common. From 1946 to 1959, when the bait boats 
dominated the fishery, the annual catches averaged 
3,241,000 scoops. In 1960-69, the average annual catch 
reached only 407,000 scoopes, about one-eighth of the 
pre-1960 catches. 

Data on baiting effort are not usually published in the 
annual reports of the IATTC. For 1939-51, Peterson 
(1956) gave the recorded and estimated catches and 
baiting effort for anchovetas, herring, and other miscel- 
laneous species in the Gulf of Nicoya (Table 4). Alverson 
and Shimada (1957) also published catch and baiting ef- 
fort data giving the catch per standard day's baiting, es- 
timated total catch, and calculated baiting intensity for 

I 

anchovetas in several of the major baiting grounds. Their 
data are reproduced in Table 5. 

HAWAIIAN FISHERY 

The Hawaiian pole-and-line fishery for skipjack tuna 
is conducted within 90 mi of the main islands of Hawaii, 
Oahu, Maui, Kauai, and Molokai (Fig. 1). Skipjack tuna 
are taken throughout the year, but the bulk of the catch 
is made between May and September. Smaller fish from 
1.8 to 2.3 kg (4 to 5 Ib) are taken all year long, but during 
the months of peak catches large fish ranging from 5.9 to 
11.3 kg (13 to 25 Ib) are also taken. These larger fish con- 
stitute a large percentage by weight of the total annual 
catch (LJchida 1967). 

(Jnlike the eastern Pacific tuna fishery, where the de- 
mand for live bait has declined since 1960, catches of live 
hait are becoming increasingly important in other areas 

of anchoveta and northern in the 
baitfish catches of bait boats in the eastern pacific tuna fishery, 
l!ld6-6!4. 
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Table 2.-Major baiting localities for five of the most important bait species used by eastern Pacific 
bait boats (compiled from Alverson and Sbimada 1957). 

~ 5 '  1 3 . * 1 , "  
' I '  SOUTHERN- PERU 

ANCHOW , 
115" 110' 105' 100. 95' 90' 85' p 

Major baiting grounds Season 
-~ Species 

Anchoveta Ranges from central Boja California to north- 
e m  Peru. Important baiting grounds are AI- 
mejas Bay in Baja California, Guaymas throughout the year. 
and Ahome Point in the Gulf of California, 
and Gulf of Fonseca and Gulf of Panama in 
Central America. 

Caught in appreciable num- 
bers a t  one season or another Cetengraulrs mysticetus 

Calirornia sardine 
Sardinops caerulea 

Galapagos sardine 
Sardinops sagax 

Northern anchovy 
Engraulrs rnordax 

Southern anchovy 
Engraulis ringens 

Ranges from $9" Diego. Calif., along outer 
coast of Bafa "-lifornia and along western 
side of Gulf of California as far north as Santa 
Catalina Island. lmportant grounds are a t  
Cedros Island. Santa Maria Bay, and Magda- 
lena Bay in Baja California and San Jose Is- 
land in Gulf of California. 
Galapagos Islands. September through Febru- 

From San Diegn, Calif., to Cape Falso at south- 
ernmost extremity of Baja California. Impor- 
tant grounds are at Turtle Bay, Santa Maria 
Bay. and Magdalena Bay: San Quentin Bay 
and Abreojos Point in some years. 
Cape Blanco. Peru toabout lat. 10"s. 

.July to November. 

ary 
June through November 

September through January. 

of the Pacific. The  Hawaiian fishery for skipjack tuna is 
small compared with those in the eastern and western 
Pacific, but it is the only commercial pole-and-line 
fishery in the midst of what is believed to be a vast 
resource of skipjack tuna extending throughout the 
tropical and subtropical central Pacific. 

Bait Species Utilized 

In Hawaii, a small, fragile anchovy locally called nehu, 
Stolephorus purpureus, is captured day and night and 
constitutes roughly 95% of the baitfish used for skipjack 

I i "  1 ANCWVETA+ 

Figure 3.-Principal baiting areas of the California live-bait fishery 
for yellodin and skipjack tunas (from Alverson and Shimada. 
1957). 

Table 3.-Annual catches of live bait in the eastern 
Pacific (all species). Hawaiian (nehu), and Japaneie 
(anchovy) fisheries for bait. 

Year 

Eastern 
Pacific) 
(scoops) 

Hawaii' Japan' 
(buckets) (metric tons) 

1946 
1947 
1948 
1949 
195u 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
195R 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
I966 
1967 
1968 
1969 
1970 
I97 1 
1972 
- 

1.344.000 
2.116,CNM 
?.983,ooo 
2,747,000 
3.570.000 
2,691.000 
4,269,000 
4.349.000 
3,927.000 
2.586.000 
3.653.000 
3.707.000 
4.447.000 

I ,  193.000 

4l4,(xxl 
241.000 
224.000 
90R.000 
2R.1.000 
2:IR.INN) 
27l,(xxl 
?49.000 

2.9Rn.m 

fis0.m 

25.860 - 
30,750 - 

42.036 ~ 

39.558 - 
39.638 - 

40.491 ~ 

97,682 ~~ 

43.737 ~ 

49.712 ~- 

40.8fi4 ~ 

30.638 lR.4rtl 
3.'3, 303 1x.109 
37.637 ifi.304 
22349 15.916 
37.092 15.604 
,'14.256 15.526 
32.670 Ifi.067 
RO.Ml6 I4.YI5 
,'x,:352 27.5fiR 
, . i i , f im 22,262 
:11.8:12 1R.320 
:35,s,15 W.771 
: ln . l lY l i  2 1 , f M  
:1:1,5ttfi 21,264 
42.ogn 20.X4R 
:lR.971) 

29,807 ~ 
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Table 4.--Recorded and estimated catches in scoops and number of days of fishing for anchovetas, Cetengraulis 
mysticeluu. and other baitfishes taken by California-based tuna clippers from the Gulf of Nicoya from IY3Y to 1951. 
On the left side of the table are the recorded or actual catches and actual number of days of fishing obtained from log- 
books made available to the commission by a segment of the fleet. Estimates for the entire fleet are shown to the 
right. Also shown is the average catch of anchovetas per day of fishing (ftom Peterson 1956). 

Catch of Recordrd catch and days fishing Estimated catch and days fishing 
-__- 

No. No. anchovetas 
Misrel- davs Miscel- davs per day of 

Year Anchoveta Herring larieoua Total fishing Anchoveta Herring laneuus Total fishing fishing 

49 0 
12.0 
58.0 

9..5 
16.0 
18 5 
47.0 

233.5 
R2.5 
11.0 

2 0 

1 i5.n 

"6 n 
~ 

Table 5 --Catrh per standard day's baiting. estimated total catch. and calrulated fishinK intensit\ for anchovetas in Alme~as  
Ba!, Guaymas. Ahome Point, Gulf of Fonseca. and Gulf of Panama, IY4h-51 (Alverson and hhimada IY57) 

-~ - ~ 
~ - _._ -~ ~ 

Almejas Bav Guayma? Ahome Point Gulf of Fonseca Gulf of Panama 

"83.4 
"X9.4 
4IO.X 
"91.4 
5H:i .6 
,526 I 
J,i l 5 
599 4 
61.1 8 

tuna fishing. Nehu is preferred above all others by the 
skipjack tuna fishermen because it possesses most of the 
qualities of a good baitfish. But nehu is also extremely 
fragile and during seining and transferring from seines to 
baitwells, many fish are injured and die of their injuries. 
Annually, an average of about 22"; c l t  the nehu die before 
they can he used in tuna fishing. 

Other small fish are also used for bait. Almost all the 
remainder of the bait catch in Hawaii is composed of sil- 
verside or iao, Pranesus insularurn, and small round 
herring or piha, Spratelloides delicatulus. 

Baiting Areas 

Nearly 79% of the live bait captured in the Hawaiian 
Islands comes from the island of Oahu. Two of the major 
baiting grounds are Kaneohe Bay and Pearl Harbor, 
which together contribute about 7 I r i  of the State's bait 

catch. Other areas of less importance are Kalihi-Keehi 
Lagoon and Honolulu Harbor. 

On the neighboring islands, baiting grounds appear to 
have diminished in importance, probably due to a reduc- 
tion in the number of vessels based there. Good baiting 
areas on Maui are the Maalaea Bay region (including 
Kihei), Lahaina, and Kahului. On the island of Hawaii, 
the vessels usually catch bait in Hilo Bay, Kawaihae, 
Mahukona, and Kona. Kauai has Port Allen, Nawiliwili, 
Hanalei, and Hanapepe as baiting areas. Infrequent a t -  
tempts are made to bait at Lanai and a t  Kaunakakai, 
Molokai. 

Catch and Baiting Effort 

In Hawaii, bait catches are reported to the State on the 
same form as that used for reporting skipjack tuna 
catches. The form has undergone several revisions over 
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the years, but in all the various versions used, the fisher- 
men have reported date of catch, locality, amount of bait 
caught, and amount used. More recently, the forms have 
also included spaces for recording zero-catches, the 
amount of bait that  died, and the amount of bait left over 
after fishing. Unlike commercial fish catches that are 
published and distributed monthly by the Hawaii Divi- 
sion of Fish and Game, bait catches are not published. 

The annual catches of live bait in the Hawaiian Islands 
are given in Table 3 (see also Uchida 1977). In 1946-72, 
tlie bait catches ranged from a low of 22,849 buckets in 
1960 to 49,712 buckets in 1955 and averaged 35,528 
buckets. Yamashita (1958) estimated that a bucket holds 
about 3.2 kg (7 Ib) of nehu. 

Data on catch, baiting effort, and catch per effort of 
nehu taken in 1960-72 are given for day and night baiting 
in Table 6. Also included in the table are nehu catches 
for which the bait reports gave no time of capture, and 
catches of other species. Data on effort have not been cor- 
rected for variations in bait catches due to differences in 
efficiency among the different -sized fishing vessels. 

Of particular interest were the opposite trends of day 
and night catches of nehu. Table 7 gives the baiting ef- 
fort expended during the day and a t  night and their per- 
centages of the total effort in 1960-72. A distinct pattern 
was obvious. Whereas 71% of the baiting effort in 1960 
was expended in day operations, only 37C was expended 
during the day in 1965. A change in the ratio of day to 
night baiting in 1966, however, carried day effort back to 
t b ?  1960 level and by 1972, 85CE of the baiting effort ex- 
pended was during the day. The change in emphasis in 
day and night baiting in 1960-72 is reflected in the 
catches of day and night bait shown in Figure 4. 

JAPANESE POLE-AND-LINE FISHERY 

In Figure 1 can be seen the geographical extent of the 
Japanese pole-and-line fishery for skipjack tuna and al- 
bacore. The figure for skipjack tuna was taken from 

Table 7.-The amounts, percentages, and means of day and 
night effort expended in the bait fishery for nehu in Hawaii, 
1960-72. 

~ 

Baiting effort 
Day and night 

Year Day Perrent Night Percent total effort 

1960 
1961 
1962 
I%? 
1964 
1965 
1966 
1967 
1% 
1969 
1970 
1971 
1972 

Total 
Mean 
Percent 

1,001 
940 
823 
817 
774 
839 
781 
740 

1,055 
870 

1,017 
1.334 
1,171 

12.162 
936 

~ 

408 29 1,409 71 
60 639 40 1,579 

623 43 1.446 57 
49 851 51 1,668 
44 1.003 56 1,777 
37 1.424 63 2,263 
44 1,011 56 1,792 
45 914 55 1,654 
66 544 34 1,599 
70 374 30 1,244 
78 288 22 1,305 
82 288 18 1,622 

1,377 206 15 85 

8,573 20,735 
659 1,595 

__ ~ 

59 41 
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Figure .I.-Annual catches in the day and night fishery for nehu in 
Hawaii, 1960-72. 

Rothschild and Uchida (1968) and that of alhacore from 
Otsu and Uchida (1963). The alhacore fishery extends 
over a thousand miles offshore whereas the skipjack tuna 
fishery tends to be more coastal. 

Generally, over 7'55 of the annual catch of skipjack 
tuna is made from May through September. However, 
variations to this general rule occur in the sector of the 
fishery north of about lat. 35"N. Here the fishery may 
begin as early as April or as late as July and may end as 
early as August or as late as October. The seasonal 
development of the albacore fishery is somewhat similar 
to that of the skipjack tuna. Small catches of albacore 
are usually made in March or April and between the lat- 
ter part of April and the end of May the first large 
catches are made. The season peaks in June and by the 
end of Jul:- the season is virtually over. Fishing for skip- 
jack tuna and albacore are interrelated in that most of 
the pole-and-line fleet seek out skipjack tuna except dur- 
ing the brief period when the albacore are most abun- 
dant (Van Campen 1960). 

,Japanese vessels harvest about" two-thirds of the 
world's skipjack tuna catch, which annually reaches 
ahout 300,000 t (Kawasaki 1972). The hulk of the catch is 
made by the traditional method using pole-and-line and 
live bait, although since 1964 the cJapanese fishing in- 
dustry has been actively engaged in experimental fishing 
with purse seines t o  capture skipjack tuna (Watakabe 
1970; Yahe 197'2)). 

Desl-'te the fact that the skipjack tuna fishery has a 
long history and is well estahlished among Japanese 
commercial fishing enterprises, pressure has been mount- 
ing in recent years to expand and develop this fishery 
even further. In 1970, realizing that the deep-swimming 

larger tunas were already being fished a t  or near the 
maximum level by the far ranging lo,lgline fleet, the 
Japanese Fisheries Agency turned its attention to  fur- 
ther development of the skipjack tuna resource in 
southern waters (Suisan Shfih6 1973). Automatic fishing 
poles installed on pole-and-line fishing vessels proved 
successful and will probably help in significantly reduc- 
ing future manpower needs (Suzuki Tekkojo Kabushiki 
Kaisha 1970). But  skipjack tuna  fishing has not 
developed as rapidly as expected. Two of the most press- 
ing needs at present are to develop methods of trans- 
porting live bait to distant fishing grounds and to cap- 
ture live bait in areas outside foreign territorial waters 
(Suda 1972). 

Bait Species Utilized 

About 9 7 5  of the live bait used in Japan today is an 
anchovy, Engraulis japonicus, known as  katakuchi 
iwashi in Japanese (Katsuo-Maguro Nenkan 1971). 
Imamura (1949) listed various other species tha t  have 
been used as bait in the past. Among them were 
maiwashi or sardines, Sardinops melanosticta; muroaji 
or scad, Decapturus muroaji; and the juveniles of 
masaba or mackerel, Scomber japonicus. Cleaver and 
Shimada (1950) published an extensive list of fishes tha t  
were used as live bait in the pre-World War I1 fisheries in 
Japan, the Ryukyu Islands, and the South Seas (Table 
8). 

Katakuchi iwashi was not always the predominant 
hait species in ,Japan. Imamura (1949) listed maiwashi as 
the predominant species in the immediate post-World 
War I1 period. Maiwashi. he stated. was more resistant to 
injury and excitement, whereas katakuchi iwashi was 
resistant to  oxygen deficiency. 

Baiting Areas 

There are more than 60 haiting areas for anchovy in 
,Japan (Katsuo-Maguro Nenkan 1971). These areas are 
given in Table 9. During a visit to Japan in 1974, one of 
the coauthors (T .  Otsu) made firsthand observations on 
the bait fisheries in Shizuoka Prefecture (Ajiro, Usami), 
Oita Prefecture (Tsukumi), and Nagasaki Prefecture 
(Segawa). The areas are representative of the Kanto and 
Kyushu baiting areas (central and southwestern Japan, 
respectively). Following are some of the observations 
made during that visit. 

There is contiderabie demand for live bait in Shizuoka 
Prefecture, which is the leading skipjack tuna fishing 
yeferture in japan .  Because the prefectural baiting 
areas periodically experience shortages, several bait- 
transport vessels are now in operation carrying fish pur- 
chased from Kvushu baiting areas to Shizuoka Prefec- 
t ~ i ~ ~ ,  Most of the anchovy in Shizuoka Prefecture are 
taken by one-boat or two-boat purse seines. In addition 
to the seiners, a baiting unit includes a fish-finder ves- 
sel, a small scouting vessel, and a tugboat to tow the bait 
receivers t o  and from the fishin? grounds. 
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Table %--Some baitfishes used by the Japanese skipjack tuna Rsbem 
(&om Cleaver and Shimada 1950). 

Japan and  Ryukyu Islands 
Scientific name Common names 

Amia notata 
A .  truncata 
Atherina bleekeri 
A .  tsurugae 
Beryx decadactylus 
Caesio coerulaureus 
C .  digramma 
Caranx djeddeba 
Engraulis japonicus 

Harengula zunasi 
Lutjanus L'aigiensis 
Pomacentrus anabatoids 
Pseudupeneus sp. 
Sardinella mizun 
Sardinia irnmaculata 
S. melanosticta 
Scomber japunicus 

kurohoshi-tenjikudai. ufumi 
ufumi 
t6goroiwashi 
aoharara, gin-is6-iwashi 
gasagasa. nany6-kinmedai 
saneera, shimamuro-gurukun 
gurukun 
gatsun 
katakuchi-iwashi, segur6-iwashi. 
tarekuchi-iwashi 

mochinogwa, okifuefuki 
hichigwa, hikigwa 
himeji 
mizun 
hoshinashi-iwashi, shiira 
ma-iwashi 
6sahanoko. saba 

sappa 

South Seas 

Amia sp. 
Apogon sp. 
Archamia bleekeri 
Atherina sp. 
Atherina ualenciennesir 
Caesio chysozonus 
Caranx leptolepis 
C malibalicus 
Caranx sp. 
Chilodipterus sp  
Dasc> /ius trirnaculatus 
Decapterus russelli 
Decapterus sp. 
Gazra equulasformis 
Harengula molluciensis 
Labracoglossa argenfiuentris 
Mullus sp. 
Sardinella leiogaster 
Scomber kanagurta 
Sphyaena obtusata 
Spratelloides del icatu lw 

Trarhurops crumenophthalrna 
Trarhurus japonicus 
I'peneus sp. 
L'peneus tragula 
l!penoides sp. 
Stolpphorus heterolobus 
s ]opJnL'Us 

akadoro 
akadoro 
atohiki-tenjikudai 
kokera, tobi-iwashi, t6goro-iwashi 
nany6-tbgoro-iwashi 
akamuro. gurukun. saneera. umeiro 
aji 
shima-aji 
aji. gatsun 
akadoro 
montsuki 
akamuro 
muro, shima-muro 
hiiragi 
ma-iwashi. nanyd-ma-iwashi 
takabe 
ojisan 
mangur6buiwashi 
saba 
kamasu 
ao-iwashi, haka, nany6-kibinago. 
shiira 
me-aji 
ma-aji 
ojisan 
vomehimeji 
ojisan 
nmy6-katakuchi-iwashi, tarekuchi 
hkasako .  kibiko-iwashi. sururri 

The bait fishery at  Tsukumi in Oita Prefecture is one 
of the important baitinb areas in Kyushu. I t  is operated 
strictly for vessels from outside prefectures since Oita 
Prefecture does nor have a skipjack tuna fishery of its 
own. Vessels from Shizuoka, Kochi, and Miyazaki 
Prefectures, among otners, come her? to purchase bait. 
The baiting fleet in Tsukumi consists of two 7-ton 
catcher boats (seiners), a one-boat seiner, a 2-ton light- 
boat, a transport, and t:,boat. 

Bait from the bait fishery in an area in Segawa Bay, 
Nagasaki Prefecture, is reported to he of excellent quali- 
ty. It is known as "Sasebo bait'' and is taken in Omura 
Bay, an enclosed bay located between Nagasaki City and 
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Table 9.-Baiting areas for anchovy in Japan (Katsuo-Maguro 
Nenkan 1971). 

Prefecture Baiting areas 

Iwate 

Miyagi 

Chiha 
Kanagawa 
Shizuoka 
Mie 

Wakayama 
Kochi 
Ehime 
Oita 
Miyazaki 
Saga 
Faeasaki 

Kumamoto 
Kagoshima 

Miyako, Yamada. Tanohama. Oozuchi, Ofunato, Hirota, 
Ohno, Takada 
Kesennuma, Shizukawa. Takenoura. Onagawa. Sameura, 
Makinohama, Momoura. Koamigura 
Tateyama, Tomiura. Katsuyama, Hoda. Kisarazu 
Koajiro. Shimoura, Sajima, Hayama 
Ajiro, Usami. Tago. Mito, Heda. Enoura 
Goza. Hamajima. Shukutaso. Kamimae. Shiroura. Sugari, 
Mikiura, Nagashima 
Kushiniotu, Tanabe 
Asakawa. Shukumo 
Uwajima 
Tsukumi, Saeki 
Takashima 
Imari 
Sasebo. Imafuku, Hatashita. Takashima. Higashihama, 
Omodaka. Tawaragaura. Nakura 
Ushihuka. Miyaura. Yokoura 
Ooneshime. Furue, Umigata. Sakurajimn. Yamakawa, 
Oura 

Sasebo City. Vessels from various prefectures come here 
to make purchases. Fishing is largely by purse seining 
but about a third of the catch is made by beach seining, a 
method which reportedly produces superior bait. 

Catch and Baiting Effort 

Data on the amount of anchovy caught and sold as live 
bait may be found in the Annual Report of Catch Statis- 
tics on Fishing and Aquiculture ( [ Japan . ]  Ministry of 
Agriculture and Forestry, 1958-62, 1964-73). There are, 
however, no statistical data on the amount of effort ex- 
pended in catching bait. 

,Japanese pole-and-line vessels usually purchase bait 
from bait fishermen. It has been estimated that roughly 
10(': of the anchovy catch in cJapan is actually marketed 
for use as live bait (Katsuo-Maguro Nenkan 1971). Data 
on total catch of anchovy and the amount of anchovy 
sold as live bait in three principal regions of Japan show 
that in 1968, out of a total catch of 225,348 t of anchovy, 
24.C-7 t or 10.7% was sold 9s live bait. 

In 1957-71, the catch of anchovy as Iixre hi! varied 
from 14,91.; . ; , i  1364 L,, 27,558 t in ;S6i [Tzbie 31. The 
average amount of anchovy sold as live bait annually was 
19,103 t .  

Although the amount of anchovy sold as live bait is 
reported in metric tons, the actual unit of measurement 
that the bait fisherr;.en use in selling bait is the bucket. 
As in Hawaii, the amount of bait per bucket is quite 

iriable. For example, the bucket in the Kanto (central 
Japan) baiting arcns holds an average of 3.4 kg of bait- 
fish whereas that in the Sanriku (north of  Ibaragi Pre!'?. 
ture including the Tohoku area) and the Shikoku- 
Kyushu areas averages 6-7 kg or more of baitfish. I n  order 
t o  compare bait production from th- ?astern and western 



Pacific, we converted the eastern Pacific catches to met- 
ric tons, using 3.6 kg of bait per scoop. The average an- 
nual eastern Pacific catch of live bait during the period 
when bait boats dominated the fishery (1946-59) was 
11,760 t, roughly two-thirds of the Japanese bait produc- 
tion. 

LANDINGS OF TUNA 

The estimated landings of yellowfin and skipjack 
tunas by bait boats in the eastern Pacific are shown in 
Figure 5. These estimates were obtained by using the 
data on the percentage of the total landings made by bait 
boats as given in the annual reports of the IATTC and 
the California landings data provided by Frey (1971). 
The most striking feature of Figure 5 is the sudden drop 
in the landings of both species starting in 1959. This sud- 
den decline was caused, of wurse, by the conversion of a 
large number of the bait boats to purse seiners. It can be 
seen that, during the period from 1950 to 1958, the bait 
boats landed between about 37,000 and 68,000 t of yel- 
lowfin tuna and 33,000 and (2,000 t of skipjack tuna. In 
more recent years the bait boat landings have stabilized 
at a low level with only small fluctuations. 

The landings of tuna in I he Japanese pole-and-line 
fishery from 19% to 1971 are shown in Figure 6. The 
category “others” in this figure includes vellowfin, 
bigeye, and bluefin. Thunnus thTnnus, tunas; and 
frizate mackerels, Auxis. The Japanese pole-and-line 
fishery appears to be stabilized in that there are no ap- 
parent upward or downward trends in the landings. Skip- 
jack tuna landings fluctuated from 70,423 to 212,985 t 
during this period. The landings of albacore varied 
between a low of 8,729 and a high of 52,957 t .  The land- 
ings of other tunas ranged from 9,081 to 28,342 t .  

The Hawaiian pole-and-line fishery also did not show 
any positive or negative ti.ends (Fig. 7). The landings 
ranged from a low of 2,679 to a high of 7,329 t during the 
period from 1950 to 1972. 
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Figure fi.-Landings of tuna in the Japanese pole-and-line fishery. 
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Figure 5.-Estimated landings of yellowfin and skipjack tunas by 
California-based bait boats in the eastern Pacific fisher). 
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Figure 7.-Landings of skipjack tuna in the Hawaiian pole-and-line 
fishery. 
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RELATION OF LANDINGS TO FLEET SIZE 

It is interesting to determine, roughly, how the total 
landings are related to number of boats and to catch per 
boat, especially in the eastern Pacific where a large num- 
ber of bait boats were converted to purse seiners. The 
combined total catch of yellowfin and skipjack tunas, the 
number.of bait boats, and the catch per boat in the east- 
ern Pacific are shown in Figure 8. As noted earlier the 
conversion of bait boats to purse seiners caused a decline 
in the number of bait boats in the eastern Pacific tuna 
fleet. This resulted directly in a decline in the total land- 
ings of tuna by the bait boats and also a decline in the 
mean catch per boat, probably related to the resultant 
size composition of the bait boat fleet after the mass con- 
version. It has been shown in the eastern Pacific fishery 
for tunas that the success of fishing is related to vessel 
size, the larger vessels being the more efficient (Shimada 

1 2 0 , #  I , , , , ,  I l l ,  , ; 16 -3 

I I O 1  4 \, /4, 

Figure 8.-Total catch of yellowfin and skipjack tunas. number of 
bait boats, and catch per boat in the eastern Pacifir pole-and-line 
fishery. 

and Schaefer 1956). Recent data in the annual reports of 
the IATT'C on the size composition of the bait boat fleet 
show very few boats larger than 182 t (200  short tons) 
capacity after 1959 (Table 10). Therefore it appears that  
the eastern Pacific bait boat fleet has been reduced not 
only in number but also in efficiency. 

Similar data on the total catch of tuna, number of 
boeti, and the catch per boat from 1958 to 1971 in the 
,Japanese pole-and-line fishery are shown in Figure 9. 
The total catch includes all the tunas taken by pole and 
line and the boats include only those larger than 20 t .  
Live-bait boats smaller than 20 t number in the 
thousands but these vessels primarily catch frigate 
mackerel and contribute only a small amount to the 
skipjack tuna and albacore landings (Van Campen 1960). 

=J-- --- 7-- -- - 

Figure 9.-Total catch of tunas, number of boats. and catch per 
huat in the Japanese pole-and-line fishery. (Original data from 
[Capan. I Ministry of Agriculture and Forestry. Statistirs and Sur- 
vey Division. 19fi0-1973.) 

Table IO.-The number of bait boats based in U.S. ports (including Puerto Rico) in the 
pale-and-line fishery in the eastern Pacific (from IA'ITC 1961, 1966. IY71). 

Capacity In metric tnn9 ani vhort tons (In parentheses) ___ -~ .- ~- 

<46.4 4li.4-90 9 91.8-lRl.H 182 -272 7 273.6-:163 6 364.5 
Year (51) (51.1001 (101-200) (21) -:<On) (901-400) 2 401) Total 

1956 12 11 4 3  ($6 :12 11 17s 
1957 11 11 43 64 3s 10 I70 
195R 12 R 35 Sfi 36 11 1 SR 
1959 13 8 31 4fi J3 10 141 
1960 i n  21 11 17 3 69 
1961 11 4 i7 1 11 0 44 
1961 1 3 4 12 1 6 0 36 
1963 1:) 4 11 2 0 0 30 
19fi4 I f i  5 11 2 I 0 35 
1965 21 12  3 1 0 44 
I966 25 9 11 S 2 0 52 
1967 21 9 10 4 2 0 46 
1968 23 I I  11) 4 2 0 50 
19fi9 l i  I! 9 4 1 0 43 
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Because catches of hoats smaller than 20 t ,  but not num- 
ber of boats, were included in the computations, the 
catches per boat as shown in Figure 9 are probably higher 
than the actual catches. However, this should not mask 
any trends that may be present. 

The number of boats in the Japanese pole-and-line 
fishery has fluctuated between 451 and 623 from 1958 to 
1971. Although, as i t  was pointed out earlier, there was 
no trend apparent in the landings of the various tuna 
species, it appears that  the total tuna landings are in- 
creasing. The catch per boat also appears to be on a 
slight upward trend. There has been a change in the size 
composition of the Japanese pole-and-line fleet in that 
since 1967 the number of vessels in the 200- to 500-t class 
has been increasing (Table 11). If size IS also related to 
efficiency in the Japanese pole-and-line fishery, then the 
increase in the catch per boat could be accounted for by 
the increasing number of larger boats in the fleet. 

The number of boats in the Hawaiian pole-and-line 
fishery has been declining steadily since 1950 (Fig. 10). It 

Table 11.-The number of pole-and-line boats in various size categor- 
ies (metric tons) in the Japanese fishery (from [Japan.] Ministry of 
Agriculture and Forestry 1959-62. 1964-73). 

- 

Year 20-30 30.50 50-llx) 100-200 200-500 2500 Total 

35 

30 

25 r 

20 8 
I 

3 
w 

15 1 

10 

5 

~~ 

I958 
1959 
1960 
1961 
19@2 
1963 
19fi4 
1965 
1966 
1967 
1968 
1969 
1970 
1971 

19 
1R 
11 
19 
1.3 
33 

14 
14 
12 
6 
4 
2 
2 

40 

66 
Ro 
98 

I22 
I79 

251 
2R4 
285 
2R4 
27 1 
244 
21H 
163 

207 

239 
234 
179 
132 
111 
111 
103 
91 
71 
54 
60 
7, 
91 

133 

473 
2 6 2  
229 
178 
126 
I]:! 
106 
148 
I67 
173 

1 56 
140 
129 

170 

24 - 
26 - 
28 - 
26 - 
28 - 
29 - 
32 - 
35 - 
34 - 
41 -- 
54 I 
53 - 
61 - 
R3 -- 

623 
620 
545 
477 
151 
492 
532  
572 
571 
564 
56 1 
528 
612 
510 
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Figure lO.-Landings of skipjack tuna, number of boats. and catch 
per boat in the Hawaiian pole-and-line fishery. (Original data from 
Hawaii Division of Fish and Game.) 

is interesting that in spite of this the landings have not 
declined cw,spondingly. The caLL!, per boat showed 
large annual fluctuations, but appeared to be at a higher 
level after 1963 than before. Except for the addition of 
one new vessel in December 1971, the composition of the 
Hawaiian fleet has remained unchanged for many 
years. Thus, although the new addition to the Hawaiian 
fleet is a larger vessel with a greater fish-carrying capaci- 
ty and range than the average Hawaiian boat, this fact 
alone cannot account for the apparent increase in ef- 
ficiency. Among other things, a change in fishing tech- 
niques has been suggested as a factor in the improved ef- 
ficiency of Hawaiian pole-and-line vessels (Uchida 1967). 

BAIT AND TUNA CATCHES 

The catch of tuna and the amount of bait used in the 
Japanese pole-and-line fishery from 1957 to 1971 are 
shown in Table 12. Although skipjack tuna and albacore 
are the most important species of tuna caught in the 
pole-and-line fishery, as noted earlier appreciable 
amounts of other species are also taken with live bait. 
These include frigate mackerel and bluefin, bigeye, and 
yellowfin tunas (listed under "others" in Table 12). In 
analyzing the relative effectiveness of the Japanese 
anchovy in the pole-and-line fishery the total catch of all 
species should be considered. This must be done because 
although the statistics published by the Japanese 
Government lists all the species caught by the pole-and- 
line method, no breakdown is given on the amount of 
bait expended to catch each species. In addition to the 
tunas, species of mackerel are actively fished with live 
bait and pole and line. These catches will not be in- 
cluded in the discussion, but it should be borne in mind 

Table l2.-Catch of tunas and bait (metric tons) in the Japanese 
pole-and-line fishery (fiom [Japan.] Ministry of Agriculture and 
Forestry, Statistics and Survey Division 1958-62, 1964-73.) 

Tuna catch 
Skipjack Japanese per unit 

Year tuna Albacore Others' Total anchovyi of bait 

92.156 
131.44 1 
145.447 
70.428 

157.01 1 

94.767 
IR6.08I 
1 ";.4:iR 
212.985 
I(i5.492 
15i.:340 
163,455 
IRi.438 
1,57.:180 

1 5 2 . ~ 7  

49.500 
22,190 
14.252 
25.156 
18.63fi 

R 729 
26,420 
23.858 
41.491 
22,830 
30.4R1 
16.597 
31.912 
24.263 
52.957 

20.675 162,331 
22.778 176.409 
17,058 176.757 
9.081 104.665 

14,914 160,561 
18.111 179,227 
28.342 149,519 
16,827 176,766 
19.R21 1M,748 
14.71R 2,50,533 
16.431 212.404 
15.021 188,958 
19.641 215.008 
17,391 229.09'2 
12.327 

2.793.642 
15 

186.243 

18.466 

16,304 
15,916 
15.6434 
18.526 
16,067 
14,915 
27,5&? 
22.262 
18,320 
20,771 
21.606 
21.264 
20,848 

286.548 
15 

19.103 

18,109 
8.8 
9.7 

10.8 
6.6 

10.3 
9.7 
9.3 

11.8 
6.8 

11.2 
11.6 
9.1 

10.0 
10.8 
10.7 

9.7 

'Includes Auxis .  bluefin, bipeve. and yellowfin tunas 
Engrouiis japrinicus 
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that  an undetermined amount of bait and effort is ex- 
pended towards the catch of these nontuna species. 

The total landings of tuna from 1957 to 1971 in the 
Japanese pole-and-line fishery ranged from 104,665 to 
250,533 t with an expenditure of 14,915 to 22,262 t of bait. 
The tuna catch per unit of bait (CPUB) ranged from 6.6 
to 11.8 t per metric ton of bait. The mean values for the 
14-yr period were 186,243 t for the total annual catch of 
tuna, 19,103 t for the annual catch of anchovy, and 9.7 t 
of tuna per metric ton of bait for the mean annual CPUB. 

Table 13 gives the estimated landings of skipjack 
and yellowfin tunas and the amount of bait caught from 
1950 to 1969 by bait boats based in California ports. The 
bait data were given in terms of “scoops” in the IA’ITC 
annual reports, and these were converted to metric tons. 

The total bait boat landings of skipjack and yellowfin 
tunas ranged from 6,811 to 117,369 t and averaged 54,602 
t. The total bait catch ranged from 813 to  16,138 t and 
averaged 7,304 t .  The CPUB of yellowfin and skipjack 
tunas ranged from 5.5 to 12.2 t per metric ton of bait and 
averaged 7.5 t per metric ton of bait. 

As noted earlier, several different species of fish are 
used as bait in the eastern Pacific bait boat fishery. 
However, there is nothing in the literature on a com- 
parison of the relative effectiveness of the various species 
of bait used in this fishery. Although figures are available 
on the catch of baitfishes by species (Table 1 ) .  no figures 
are available on the catch of tunas by the use of the 
various species of bait. Thus the CPUB figures given in 
Table 13 are based on the total catch of all species of 
bait. 

The catch of skipjack tuna and the amount of bait 
caught from 1950 to 1972 in Hawaii are given in Table 14. 
The bait catch statistics provided by the Hawaii Divi- 
sion of Fish and Game, which are given in terms of 
buckets, were converted to metric tons using a factor of 

Table Il.-Estimated landings (metric tons) of yellowfin and skip- 
jack tunas by bait boats based in California ports. 

Tuna catch 
Landings 

Yellowfin Skipjack Catch per unit 
Year tuna tuna Total bait ofbait 

1950 
1951 
19.52 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
19H) 
1961 
1962 
19fi:i 
1964 
1965 
1966 
1967 
19m 
I969 

66.655 
66.ooo 
67.018 
43.797 
46,524 
43.157 
49.363 
47.524 
37,17:3 
24.3.32 
19.664 
10.965 
7.25; 
5.4m 
3.9m 
6.604 
4.812 
3.692 
3.748 
7.409 

50,714 
46.626 
33.435 
50,374 
61.235 
41.041 
51.940 
3R7.403 
51,511 
39.215 
15.690 
8.900 
5.972 
5.215 
z1.656 
6.649 
4,728 
5.587 
3.063 
2.936 

11 7,369 
112.626 
100,453 
94.171 
107.759 
84,198 

85,927 
88,684 
63.547 
35.354 
19.865 
13,229 
10,6H:3 
1,644 
13.253 

9,279 
6,811 
10,345 

i01.303 

9.540 

12,956 
9.766 
15.492 
15,782 
14.251 
9,384 
13.257 
13,453 
16,13R 
10,814 
4.329 
2.359 
1.502 
a74 
R13 

1,118 
1.031 
864 
983 
w 4  

9.0 
11.5 
6.5 
6.0 
7.6 

7.6 
6 4  
5.5 
5.9 
8 2  
8.4 

12.2 
9 4  

11.8 
9.2 
10.7 
6.9 
11.4 

9.0 

a.8 

5.4 kg (12 Ib) per bucket. In the past, the bucket was as- 
sumed to be equivalent to about 3.2 kg (7 lb) of fish 
(Yamashita 1958). However, more recent data indicate 
that this figure is an underestimate (T. S. Hida, South- 
west Fisheries Center, Honolulu, HI 96812, pers. com- 
mun.). 

The skipjack tuna catch ranged from 2,679 to 7,324 t 
from 1950 to 1972. The catch of bait ranged from 124 to 
270 t and the skipjack tuna CPUB ranged from 16.3 to 
37.0 t per metric ton of bait. The mean values were 4,478 
t of skipjack tuna, 194 t of bait, and 17.2 t of skipjack 
tuna per metric ton of bait. 

The relative effectiveness of the bait used in these 
fisheries in terms of CPUB is summarized in Table 15. It 
can be seen that the mean annual CPUB for the 
Hawaiian fishery a t  23.1 was higher than the Japanese 
and eastern Pacific fisheries. In terms of the CPUB then, 
the Hawaiian pole-and-line fishery is 3.1 times more ef- 
ficient than the eastern Pacific fishery and 2.3 times 
more efficient than the Japanese fishery. 

Table 14.-Catch of nehu and skipjack tuna (metric tons) in the 
Hawaiian pole-and-line fishery.’ 

Skipjack tuna catch 
in metric tons per Skipjack 

Year Nehu catch tuna catch metric ton of nehu 

1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
195H 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
19% 
1967 
196R 
1969 
1970 
1971 
1972 

216 

I62 
205 
238 
270 
222 
I67 
1x1 

124 
202 
186 
17R 
166 

172 
173 
191 
164 
IR3 
?29 
212 

220 

20s 

i9a 

4.312 
5.863 
3,908 
5,470 
6.360 
4,397 
5,050 
2.7R1 
3,100 
5.631 
3.338 
4.942 
4.271 
3,674 
4,093 
7.329 
4.257 
3,647 
4.228 
2,679 
3.314 
6.023 
4.930 

20.0 
26.6 
20.4 
27.1 
26.7 
16.3 
22.7 
16.6 
17.1 
27.5 
26.0 
24.3 
22.7 
20.6 
23.5 
37.0 
24.8 
21.0 
21.9 
16.3 
18.2 
26.3 
23.1 

Original data cnurtew Hawaii Division of Fish and Game 

Table IS.-The relative effectiveness of live bait used in the eastern 
Pacific. Japanese, and Hawaiian pole-and-line fisberier. 

Mean annual 
%lean annual Mean annual catch of tuna 
catch of tuna catch of bait per unit of bait 

Area and period (metric tonal (metric tons) (metric tons) ~ _ _ _ _ _ _ _ ~ _ _  - 

Eastern Pncific 
I l!M-fi9I ,54.M)2 7,304 7.5 

Japan (1957-71) lU6.2443 i 9 . m  9.7 
Hawaii (1950.721 4.478 194 23.1 

.___ -~ _ _ _ ~ ~ ~ ~ ~  ~ .. 
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FACTORS AFFECTING CPUB 

ALAWAI 

ALAWAI 

ALAWAI 

ALAWAI 

CAN%16/47 . A 
HONOLULU 

HA?%7/48 fi __ 
HONOLULU 

HONOLULU 

I / / I I I / I  

CAN%12/4.. A 
cMl&725/46 A 
cAN5A:2,,, ~ 

HARB%/49 L 
HAR?%/49 PEARL -r. 
HARBOR 

PEARL 
7/30/47 .~ 

H A R F 9 / 4 9  n_ 
Y::5/47 -A ~~ A- ~. 

KAWOHE 
BAY 

KMEOHE 
BAY 

KlHEl 

3/10/48 . 

3/17/48 A - 

The CPUB in terms of the weight of tuna caught in a 
pole-and-iine fishery can be affected by many variables 
including the size and species of fish caught, the number 
of men fishing, the number of fish in a unit weight of 
bait, and, less directly, the apparent abundance of the 
fish caught. 

The size of the fish would affect the CPUB in that, as- 
suming that fish up to a certain maximum size, i.e., one- 
pole size fish, are caught a t  the same rate, the catch in 
weight would be greater if the fish caught were larger. If 
the fish are so large as to require a two-pole rig, then the 
effective fishing power would be reduced because it 
would require two men to bring in one fish. However, it 
may happen that the fish are large enough to balance out 
or even exceed the difference caused by the loss of fishing 
power in usiiig a two-pole rig. In the eastern Pacific 
fishery, one pole is used on fish up to 13.6 kg (30 lb). For 
fish from 13.6 to 27.2 kg (30 to 60 lb) two-pole rigs are 
used. With fish larger than 27.2 kg, a three-pole rig is 
used (Godsil 1938). In the Japanese pole-and-line fishery 
albacore fishing is done with two-pole rigs and one-pole 

KlHEl 

KlHEl 

3/15/48 
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KAWAIHE 
BAY 

8/24/46 

1/29/49 
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rigs are used on skipjack tuna (Van Campen 1960). 
Another important variable affecting the CPUB is the 

number of fish in a unit weight of bait. Obviously, the 
size of the fish will affect the number in a unit weight of 
bait: the larger the fish, the fewer per unit. Presumably, 
the greater the number of fish per unit weight of bait, the 
greater would be the "fishing power." The length- 
frequency distribution of the baitfishes used in the three 
fisheries is shown in Figure 11. For the eastern Pacific 
fishery, the length distribution of two of the more impor- 
tant baitfishes, the anchoveta and the northern anchovy, 
is shown. If it is assumed that these size distributions 
are representative of the bait in the three fisheries, i t  can 
be seen that the bait used in the Hawaiian fishery is 
generally the smallest and that used in the eastern 
Pacific the largest. The Japanese anchovy is inter- 
mediate in size between the Hawaiian and the eastern 
Pacific baitfishes. It can be deduced, then, that  the 
fishing power of a unit weight of bait in the Hawaiian 
fishery is greater than that in the eastern Pacific and - 
Japanese pole-and-line fisheries. 

Finally, the apparent abundance of the tunas in any 
one year may have an influence on the mean annual 

ANCHOVETA 

:pz040-k~' ' ' ' ' ' ' ' ' ' 
0 A- 

51 AUG (3324-23) 
0 

15 

JULY ( I  I I3 -I I ) 

JUNE (2108-20) 

MAY (2395-25 )  

(3667-3e) 
MAR (4115-29) -- 
FEE (5276-31)  - A- 
JAN (65-1) 

11- 40 53 80 100 A- 120 140 160 

LENGTH (mm) 

NEHU 
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Figure 1 I.-Length-frequency distribution of Japanese anchovy. anchoveta, northern anchovy, and nehu. (From Clerk and Phillips 1952; 
Tester and Hiatt 1952; Mie Prefectural Fisheries Experiment Station 1953: Howard and Landa 1958.) 
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CPUB: if the apparent abundance is higher, it may be 
expected tha t  the mean annual CPUB will be greater. 
Figure 12 shows the relation between the mean annual 
CPUB and the mean annual apparent abundance for 
skipjack tuna in the Hawaiian fishery, and Figure 13 
shows the mean annual CPUB and the mean annual ap- 
parent abundance of yellowfin and skipjack tunas in the 
eastern Pacific fishery. For the eastern Pacific figure, the 
apparent abundance is expressed in terms of the mean 
catch of yellowfin and skipjack tunas per day's fishing. 
The data for 1950-58 are based only on bait boat 
operations and the data for 1959-69 are means based on 
bait boat and purse seiner operations. The basic data 
were taken from the annual reports of the IATTC. 

For the Hawaiian pole-and-line fishery figure, appar- 
ent abundance is simply represented by the total annual 
catch. Uchida (1967) found that the apparent abundance 
of skipjack tuna expressed as the catch per standard 
effective trip was correlated with the total catch of skip- 
jack tuna from 1952 to 1962. He stated, therefore, that 
the total catch may be used as an index of apparent 
abundance during 1952-62. Although he cautioned 
against the use of the total catch as an index of apparent 
abundance for other years, we assumed that i t  was 
reliable for other years also. 

It can be seen that CPUB was positively related to the 
apparent abundance of tuna in the eastern Pacific and 
the Hawaiian fisheries. In years when the apparent abun- 
dance was high the CPUB was also high. The coefficient 
of correlation was computed for the data for both 
fisheries. The results (eastern Pacific fishery, r = 0.556; 
df = 19; P.0.01; Hawaiian fishery, r = 0.839; df = 22; 
P4.01) indicated that the mean annual CPUB was 
highly correlated with the apparent abundance of tuna. 

Higgins (1966) examined the size distribution of the 
various tunas caught in the Pacific and noted fundamen- 
tal differences in the sizes caught in the different areas. 
For example, he noted that larger skipjack tuna are 

caught around the Hawaiian Islands than in the eastern 
Pacific or near Japan. Obviously, i t  would be expected 
that differences in size would exist among the different 
species of tuna. The albacore caught by pole and line in 
the Japanese fishery are larger than the skipjack tuna 
caught by the same method. The yellowfin tuna taken by 
pole and line in the eastern Pacific are larger than the 
skipjack tuna. Thus CPUB is not only influenced by dif- 
ferences in sizes within the same species among the dif- 
fcrent fisheries, but also by the species of fish taken. 

The number of men fishing per unit of bait expended 
also affects the CPUB. In the eastern Pacific fishery the 
size of the crew on a bait boat ranged from 12 to 20 men 
(Godsil 1938). The average number of crewmen on a 
Japanese pole-and-line boat ranged from 29 o ; i  20- to 50- 
ton boats to 54 on 100- to 200-ton boats (Van Campen 
1960). In the Hawaiian pole-and-line fishery from 1950 to 
1960. lichida (1967) indicated that,  depending on the 
size of the vessel, an average of 6.7 to 10.4 fishermen fish- 
ed on each trip. However, the relation between the num- 
ber of men fishing and the amount of bait expended is 
not very clear. Generally, i t  is likely that more men 
fishing would require a greater use of bait.  In the 
,lapanese pole-and-line fishery bait is chummed a t  the 
stern, amidships, and forward (Van Campen 1960). In 
the eastern Pacific fishery. the smaller boats have one 
chummer and the larger ones usually have two (Godsil 
1938). The Hawaiian pole-and-line boats usually have 
only one chummer. 

SUMMARY 

This report reviews the pole-and-line and live-bait 
fisheries of the eastern, central, and western Pacific 
Ocean including historical catch and effort statistics on 

I 

- 5 5r*-- .,96? 

TOTAL CATCH (THOUSAND METRIC TONS) 

Figure lZ.-Relation between lotal catch of skipjark luna and catch 
per unit of bait in the Hawaiian pole-and-linr fisher), 1950-72. 
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Piyure 13.- Relation between the mean apparent abundance (catch 
per dey's fishing) of yellowfin tuna and skipjack tuna and the catch 
per unit of bait in the eastern Pacific. 1951-69. 

I 
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the fisheries for tuna baitfishes. Included in the report 
are compariscins on the relative effectiveness of the live 
bait used in the fisheries and a discussion of the factors 
that  may contribute to the relative effectiveness. 

Although the eastern Pacific fishery for yellowfin and 
skipjack tunas is now dominated by the purse seiners, 
bait boats are still active in that fishery. In Japan, the 
pole-and-line technique of catching albacore and skip- 
jack tuna is still one of the important methods of fishing 
for tuna. And in Hawaii, the pole-and-line fishery for 
skipjack tuna is the most important fishery in the State. 

In the Japanese pole-and-line fishery, the Japanese 
anchovy, Engraulisjaponicus, is the most important bait 
species used. The more important bait species utilized in 
the eastern Pacific fishery are anchoveta, Cetengraulis 
mysticetus, northern anchovy, E. mordax, California 
sardine, Sardinops caerulea, Galapagos sardine, S. 
sngax, and southern anchovy, E. ringens. The Hawaiian 
skipjack tuna fishermen primarily use an anchovy called 
nehu, Stolephorus purpureus. 

In the eastern Pacific it was seen tha t  landings of yel- 
lowfin and skipjack tunas by the bait boats dropped sud- 
denly starting in 1959 owing largely to the reduced num- 
ber of bait boats in the fleet following the conversion of 
many of them to purse seiners. It was also seen that there 
was a downward trend in the catch per boat, which was 
attributed to a reduction in efficiency of the remaining 
bait boat fleet. 

Landings of tuna by species in eJapan did not show any 
important trends, although the total catch of all tuna 
species combined appeared to he increasing. The catch 
per boat also appeared to be on a slight upward trend. A 
change in the composition of the fleet by the addition of 
larger vessels may have contributed to the increasing 
catch per boat. 

Landings of skipjack tuna in the Hawaiian pole-and- 
line fishery did not show any significant trends. 
However, the number of boats in the fleet has been 
steadily declining since 1950. The fact that the landings 
did not decline correspondingly suggested an improved 
efficiency in the operation of the Hawaiian pole-and-line 
fleet. 

In terms of tuna catch per unit of bait, the Hawaiian 
fishery appeared to be the most efficient among the three 
tuna fisheries considered. Catch per unit of bait, 
however, is affected by many variables including size of 
tuna, number of men fishing, the numher of fish in a unit 
weight of bait, and the apparent ahundance of tuna 
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