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As a r esult of the knowledge gained dur­
i ng the past decade and in recognition of the 
c h anging conditions in the fishing industry. the 
research programs of the HBL were recently 
reoriented. In this report the results of the 
research for the ten year period 1949-1958 are 
summarized; the 1959 results are presented in 
somewhat greater detail and the plans for future 
investigations are discussed briefly. This re­
port is not intended to replace the scientific pub­
lications listed in the bibliography. 
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Since late 1949, scientists at the Honolulu Biolugi 1 Laboratory have studied the 
oceanic fishery resources of an area of the Pacific Ocean approximating 13 million square 
miles, an area over 4 times that of the continental United States. This postwar program 
of exploratory oceanographic and fishery surveys and accompanying biological studies of 
the ocean fishery resources, particularly the tunas, had its inception in a proposal for 
fishery research prepared in 1944 by the Territorial (now State)Division of Fish and Game. 
The proposal known as the Farrington Bill and passed by the 80th Congress (Public Law 
329) , resulted from general expressions of interest both on the continental United States 
and in Hawaii. Funds were appropriated to the Department of Interior and in August 1948 
the Pacific Oceanic Fishery Investigations (POFI) was organized with headquarters to be 
located in Honolulu, Hawaii. 

Public Law 329 authorized and directed the Secretary of the Interior to conduct 
fishing explorations and necessary related oceanographic, biological, technological, sta­
tistical and economic studies to insure maXimum development and utilization of the high­
seas fishery resources of the territorif's and island possessions of the United States in the 
tropical and subtropical Pacific Ocean md intervening seas. 

The first work of this new fishery research laboratory included studies of the 
oceanography of the central tropical and subtropical Pacific,ofthe distribution, abundance 
and biology of the tunas, of their commercial potE-ntialities, of technology and economics 
of the tuna industry. In 1950, aft r some preliminary results of these investigations were 
availablE-, the technological .lnd economic studie s were eliminated and effort concentrated 
on the oceanographic and biological studies and on thE commercial potentialities of the cen­
tral Pacific. These three broad areas of research formed the basis of the Laboratory's 
programs from 1951 through 1957. In 1957, a fourth area of investigation, that of tuna 
behavior, was added. 
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FIG. 1 

These changes 1n the research natur lly 1 d to ccom­
panying revisions in the organizatlon of the Laboratory . In 
1949 , there were the Dir ctor's office and th of Bl(:~ 
logical Research and D velopment, Techn logic 1 R earch 
and Development, Exploratory Fi hin nd Admlni trahon. 
In e ar ly 1951, the taif was reorg DlZ d into thr e s ction : 
R esear ch and Development, Ves Is and G ar and AdmiDl -
t r a tion . In 1958, as a result of the Fi hand Wlldhf Act of 
1956, the Hawaii Area of the Bureau of Commercial Fish nes 
was es t ablished. The section of Administration was placed 
directly under the Area Director's office; the section of Re­
sear ch and Development and of Vessels and Gear were re­
organized into the Honolulu Biological Laboratory {HBL~ The 
major divisions of the pre ent or gaDlzation c..f the Hawaii Area 
are shown in figure 1. 

Dr. O. E. Sette was the first Director of the Pacific 
Oceanic Fishery Investigations, with Mr. F. Johnson as his 
Assistant Director. Mr. Johnson was transferred in June 
1950 and the position was vacant untilDr. J. L. Kaskwas ap­
pointed in January 1951. 

In 1955, Dr. A. L. Tester was appointed Director 
when Dr. Sette left to organize a new Bureau Laboratory 
in Palo Alto. At the same time, Mr. D. L. McKernan, who 
had been Assistant Director since Dr. Kask's transfer in De­
cember 1951, was appointed Administrator of the Alaska 
Comme r cial Fisheries. 

Mr. G. 1. Murphy, AssistantDirector since 1955, be­
c a me Director in November 1957, shortly after Dr. Tester 
left to become Chief of the Division of Biological Research 
i n the W a shington office. Mr. V. E. Brock became Assist-

a nt Director in January 1958. Nearly coincident with the ea­
tabUshme nt of the Hawaii Area office, Mr. Murphy accepted 
the position of R e search Coordinator, California Marine Re­
se arch Committee and Mr. Brock assumed the duties of Area 
Di r e cto r. In Ju ne 1959, Mr.J. C. Marr, formerly.Director 
o f t he Bur e a u' s La Jolla Biological Laboratory, was appoint­
ed A s s is t a nt Ar ea Director and Director of the Honolulu Bio­
log ic a l Labo rator y. 

Phy s ical fa cilities of the Honolulu Biological Labora.­
t o r y consis t o f a mai n laboratory adjacent to the University 
of Hawaii , a docksit e locat ed a t Honolulu's Kewalo Basin, and 
the research vesse l Charles H. Gilbert. 

The main labor ato r y (fig ur e 2) i s a two-story stucco 
buildin of tropical architecture , completed in Ju ne 1950 at 

co t of $235,000. It has 16,00 0 s quar e fe et of floor area 
nd 50 rooms including biological and chemical laboratories, 

oHice , a library and a photographic darkroom. An adjacent 
tora e building houses extensive biological c ollections, six 

large concrete aquaria for experimental purposes, a cold 
storage refrigeration plant, a garage, and a work shop. 

From 1948 to 1958, the docksite was 10cate datPier 
Howe 8 in the Pearl Harbor Naval Shipyard. A l though the s e 
facilities were adequate in some respects, they wer e a con­
siderable distance away from the main labor a t ory and from 
the center of activities of Hawaii's commercial fi sheries. 

FIG. 2 



A new docksite facility was completed in July, 1958. 
The main building (figure 3) with la, 800 square feet of floor 
space includes a warehouse, machine shop, net loft, offices 
and a biologica1laboratory with sea water aquaria. Berthing 
spaces for research vessels are alongside. Adjacent grounds, 
39,200 square feet in area, provide space for baitfish experi­

ments and tuna holding tanks. 

Part of the buildmg is occupied by the Marine Sec­
tion of the Bureau of Fisheries, Hawaii Division of Fish and 

Game. 

Between 1950 and 1958, the laboratory operated three 
research vessels; two ex-Navy YP's, the Henry O'Malley 
and Hugh M. Smith, both of tuna clipper design, and a purse 
seiner, the John R. Manning. The O'Malley was sold in • 
1951 and the funds from its sale were used in constructing 
the Gilbert. The Manning was transferred to the Alaska 
Commercial Fisheries in 1958. The Smith was transferred 
to the California Area Office in June ,1959 and is now on 
loan to the Scripps Institution of Oceanography. 

The Charles H. Gilbert (figure 4), designed for the 
Labor atory as a live bait and longline flc;hing vessel, was 
completed in April 1952 at a cost of $217, 000. In 195 3, i t 
was lengthened 28 feet and a wet labor atory added. An addi­
tional alteration in 1959 included conversion of an after 
fuel tank into an '.lnderwater observation chamber. Instal­
lations of a bow underwater observation chamber and a new 
main engine are now in progress. 

The Gilbert, 120 feet long, weighs 200 tons and has 
a cruising range of la, 000 mlles. She carries a crew of 12 
and can accommodate seve~ in the scientific field party. Be­
sides fishing, the Gilbert is equipped for many types of 
meteorological, oceanographlc and biological observations. 

r , 

FIG. 3 
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RESEARCH RESULTS 
OCEANOGRAPHY 

In 1 58, d cad f f'xplordtory oceanogrdphybytht 
HBI m to an nd. FOllr 'neral ar as (see inside front 

r) of th P <'1£1<. w r lnv stigated during this penod; 

(1) C(ntr 11 and ('ustl'rn lqU torial Pacific, with par-
11<.1.11 r (,Inphasl on OC('anographic features at or 
nlar the equd.tor, 

(l) North c ... nt~aI and t'clstern subtropical and tem­
perate Paclfic. waters, 

(3) r he waters of French Oceania, particularly those 
n ar ttl Marque anand Tuamotuan Archipelagos, 
.... nd 

(4) Hawcli1eln welters. 

Each of the four investif(atlOns followed a similar pat­
tern. Exploratory crusil's werE' c..lrried out during mid­
summer ..lnd mid-wInter In ord('r to observe maximum 
s,'ason..ll vanations in the oceanographic conditions. Subse­
quent cruisE's and observations were planned to investigate 
conditions during periods of seasonal change and also to 
study those oc eanographic features wIthin the area which were 

rev aled to be of particular biological significance. 

Highh~ht f:., of the results of these oceanographic re­
search programs ar<:>: 

Equatorial Pacific. - - The geographical and seasonal 

variations in the circulation features of the surface waters, 
both honzontal and vertical, w('re investigated in the area 
b~tween lOON. and lO~S. latitude and between the 180th 



Ineridian and lZOoW. longitude (1950-1953). A Inajor oceanic 
current, the subsurface, easterly flowing Equatorial Under­
current, was discovered (1951) . The area of enrichInent of 
surface waters along the equator, which results froIn upwel­
ling of the subsurface, cooler enriched waters (divergence 
at the equator) was intensively studied and seasonal varia­
tions in this enrichInent were observed. Studies of the diver­
gence of the surface waters at the equator, the convergences 
to the northand south of the equator, and the relation between 
these biologically iInportant oceanographic features and the 
trade wind systeIn resulted in the forInulation of a theoretical 
Inodel to explain the wind -ocean interrelationships (CroInwell, 
1953). In 195Z, a scheIne (figure 5) off the equatorial circu­
lation features was cOInpleted. Subs equent surveys have pro­
vided data which perInit refineInent of the details, but the 
general features reInain unchanged. 

The subsequent surveys Inentioned above were Inade 
by HBL vessels operating both independently and in cooper­
ation with vessels of other research institutions. Three 
notable exaInples of such cooperative surveys are the 
EASTROPIC Expedition (1953)with participation by AInerican 
and Peruvian vessels; Operation 
EQUAPAC (1957) during which Japanese, 
French and AInerican vessels partici­
pated in a quasi -synoptic oceanographic 
survey between l35°W. longitude and 
the Asiatic Coast and ZooN. to ZOo S. 
latitude (Austin, 1957), and finally a de­
tailed study of the Equatorial Undercur­
rent (4°N. to 4°S. latitude near l50 0W. 
longitude) Inade by the HBL and the 
Scripps Institution of Oceanography 
(Knauss and King, 1959). 

and 45°N. latitude and 1700E. to 160 0W.longitude. Subse­
quent cruises (1954 to 1959) extended the area northward to 
the Aleutian Islands and eastward to waters off the coasts of 
Washington, Oregon and California. The HBL participated 
in an international study of the Pacific Ocean north of ZooN. 
latitude, Operation NORPAC (suInIner of 1955), which invol­
ved vessels froIn Japanese, Canadian and AInerican Oceano­
graphic and Inarine biological institutions, (McGary et al., 
1956) . 

The results of the 1954-1958 HBL North Pacific cruises 
reveal that there is a zone of transition between the subarctic 
and the central water Inas s es . The southern boundary of 
this transition zone is located near 31 ° -3Z oN. in winter and 
33°_34°N. in SUInIner. This boundary is clearly discernable 
in the surface waters during winter, in subsurface waters 
during SUInIner. EnrichInent occurs in the transition zone 
and there is a proportionate increase in biological productiv­
ity. During winter, the Inixed layer in the transition zone 
is deep. During spring, surface warIning causes a marked 
shallow thermocline to develop, beginning at about 35 oN. and 
progressing northward, until by late SUInIner it reaches 

E w 

DEE P 

North Central and Eastern 

Pacific - -Early in 1954, HBL began 
investigating the distributions, abun­
dance and biology of the albacore in the 
north central and eastern Pacific, as 
well as the oceanography of the area. 
The first of the Laborator'yl s explora­
tory oceanographic cruises into the 

North Pacific was in January, 1954 in 
the area between t} Hawaiian Islands 

__________________________ -r ________________________ ~Jl~ ______ _.--------~Jl----,,---

SOUTH EQUATORIAL CURRENT EQUATORIAL NORTH 
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RESEARCH RESULTS 
OCEANOGRAPHY 

In 19 St!, a decade of explordtory oceanography by tht 
liBI c m to an nd. Four gene tal aredS (see inside fronl 

ov r) of tht Pacihc. were investigated during this period: 

(1) C ntrdl and east rn quatorial Pacific, with par­
tlc.ular >mphaSl& on oceanographic features at or 
near the equator, 

(l) North cl'nt~dl dnd eastern subtropical and tem­
perat> Pacific walt:'rs, 

(3) fhe waters of French Oceania, particularly those 
nE'ar the Marquesan and Tuamotuan Archipelagos, 

and 

(4) Hdwaiian waters. 

Each of the four investigations followed a similar pat­
tern. Explordtory cru:;ies were carned out during mid­
summer dnd mid-winter in order to observe maximum 
seasonal variations in the oceanographic conditions. Subse­
quent cruises and observations were planned to investigate 
conditions during periods of seasonal change and also to 
study tho:;e oceanographic features within the area which were 

revealed to be of particular biological significance. 

Highhghts of the results of these oceanographic re­
search programs are: 

E qua tor i a I Pac if i c - - The geographical and seasonal 

variations in the circulation features of the surface waters, 
both horizontal and vertical, were investigated in the area 
between lOON, and IO~S. latitude and between the 180th 



ITIeridian and 1200W. longitude (1950-1953). A ITIajor oceanic 
current, the subsurface, easterly flowing Equatorial Under­
current, was discovered (1951). The area of enrichITIent of 
surface waters along the equator, which results froITI upwel­
ling of the subsurface, cooler enriched waters (divergence 
at the equator) was intensively studied and seasonal varia­
tions in this enrichITIent were observed. Studies of the diver­
gence of the surface waters at the equator, the convergences 
to the north and south of the equator, and the relation between 
these biologically iITIportant oceanographic features and the 
trade wind systeITI resulted in the forITIulation of a theoretical 
ITIodel to explain the wind -ocean interrelationships (CroITIwell, 
1953). In 1952, a scheITIe (figure 5) off the equatorial circu­
lation features was cOITIpleted. Subsequent surveys have pro­
vided data which perITIit refineITIent of the details, but the 
general features reITIain unchanged. 

The subsequent surveys ITIentioned above were made 
by HBL vessels operating both independently and in cooper­
ation with vessels of other research institutions. Three 
notable examples of such cooperative surveys are the 
EASTROPIC Expedition (1953)with participation by AITIerican 
and Peruvian vessels; Operation 
EQUAPAC (1957) during which Japanese, 
French and AITIerican vessels partici­
pated in a quasi-synoptic oceanographic 
survey between 135°W. longitude and 
the Asiatic Coast and 200N. to 20·5. 
latitude (Austin, 1957), and finally a de­
tailed study of the Equatorial Undercur­
rent (4°N. to 4°5. latitude near 150 0W. 
longitude) ITIade by the HBL and the 
Scripps Institution of Oceanography 
(Knauss and King, 1959). 

North Central and Eastern 

w 

/ 

and 45°N. latitude and 1700E. to 160 0W. longitude. Subse­
quent cruises (1954 to 1959) extended the area northward to 
the Aleutian Islands and eastward to waters off the coasts of 
Washington, Oregon and California. The HBL participated 
in an international study of the Pacific Ocean north of 20 oN. 
latitude, Operation NORPAC (summer of 1955), which invol­
ved vessels from Japanese, Canadian and American Oceano­
graphic and marine biological institutions, (McGary et al., 
1956) . 

The results of the 1954 -1958 HBL North Pacific cruises 
reveal that there is a zone of transition between the subarctic 
and the central water ITIasses. The southern boundary of 
this transition zone is located near 31 ° -32 oN. in winter and 
33 ° _34°N. in summer. This boundary is clearly discernable 
in the surface waters during winter, in subsurface waters 
during summer. EnrichITIent occurs in the transition zone 
and there is a proportionate increase in biological productiv­
ity. During winter, the mixed layer in the transition zone 
is deep. During spring, 'surface warming causes a marked 
shallow thermocline to develop, beginning at about 35°N. and 
progressing northward, until by late sumITIer it reaches 

E w 

Pacific --Early in 1954, HBL began 
investigating the distributions, abun­
dance and biology of the albacore in the 
north central and eastern Pacific, as 
w 11 as the oceanography of the area. 
The first of the Laboratory's explora­
tory oceanographic cruises into the 

North Paclfic was n January, 1954 in 
the r a between Hawailan blands 
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47° to 48°N. (figure 6). Optimum conditions for phytoplank ­
ton and zooplankton production "follow" the northward pro­
gression of the surface warming and associated dev elopment 
of the thermocline (McGary e t al. , 1958). 

Activities of fishing v essels in the North Pacific ar e 
often limited by s trong winds. A s an aid to the industry in 
evaluating a v erage fi s hing conditions , an atla s s howing m ean 
(60-yea r period) m ont h l y va r iations of obse r ved w ind s pe ed s 
was pr e pared (Mc Gary e t al. , 19 57). 

A s sea surface temp eratures may be an index to the 
presence or a b sence of albacore and as the month-to-month 
and year -to -year sequenc e of these temperatures reflect 
various oceanographic processes at work, a series of charts 
showing the average surface temperatures for each mid­
month 10 -day period and the anomalies for the particular 
month compared with the 3D-year mean (H. O. 225) was 
initiated in October, 1957 . In January, 1958, an additional 
chart showing the anomaly for the particular month compared 
with the same month for the previous year was added, and 
the historical charts (January to October, 1957) were com­
pleted. E x amples of both the wind and temperature charts 
are shown in figur e 7. 

Fren ch Oceania - -Two full-scale oceanographic cruises 
to the waters of French Ocea nia were completed, one during 
August-October , 1956 (southern hemisphere winter) and one 
dur ing January-March , 1957 (southern hemlsphere summer). 
Surface temperature observations were made, salinity and 
phosphate samples collected and bathythermograph, trans­
parency and water color obs ervations were made during seven 
additional fishery cruises, 1956-1958. 

North of approximate ly 10 0S., the flo w of water 
through the Marquesas Islands was from the NE : south of 
thIS latitude the flow was from the SE. There was little 
evidence of seasonal vana tion in velocity. Near 100S. is a 
zon.- of transition between Padfic Equatorial water and South 
Ea tern Pacific water. Nutrients (morgamc phosphate) in 
the surfde' wdt'rs north of 10 0S. during the winter were 
11 rly doubl!" nost. dUrIng th summer. Soutlof 10°S. they 
..,.,er~ pr(>s nt only In tril~' ~oncentrutivns in both sumrrer 

'1ci '-'lIlt r. rh,' salimtyof t 1 ,;urfac.e tt rs in r s d 

en 100 a: 
ILl 
I-
ILl 
:i! , 
:z: 
I-
0- 200 ILl 
0 

300~--~----------~----------~----~--~~ 

en 
a: 
ILl 
I­
ILl 
:i! . 
:z: 
I-
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ILl o 

~UMM~R , 
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25· 30· 35· 40· 

NORTH LATITUDE 
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progressively from north (34.5 0/00 near the equ tor) to 
south (36.5 0 /00 at 20·S.). 

Temperatures in the surface waters of French Oc n1 

showed a progressive warmin~ dunn the perIod of the ur­
vey, as was the case over most of the e tern h l! of the 
PacifIc, north of ZO·S. latItude, 
pronounc.ed during th 1.3.tt r h 1£ 
Aver ge qUdrt~ rly surfae temper ture 
.waters a"e c.ompar a In h ur£> fl, w th th r 

• BBL Chnstmas 151 nd t t1 >no 



FIG. 7 

Hawa i ian W ate r s - - Oceanographic cruises extending 
several hundreds of miles offshore from the Hawaiian Islands 
were made at varying intervals from late 1949 through 1958. 
Results from these cruises demonstrated that there were no 
gross seasonal variations in oceanographic conditions or zoo­
plankton volumes, but did reveal a complex circulation system. 

In November, 1955, a 3 -year series of monitoring 

cruises around the island of Oahu was started. During the 
same month, colle ct ions of weekly surface temperature and 

salinity measurements were initiated near Koko Head on the 
island of Oahu. These observations were augmented in 1957 
by data from similar stations on the islands of Hawaii, 
French Frigate Shoals, Midway, Johnston and Wake, and by 
observations from Coast Guard and commercial vessels 
(figure 9). An oceanographic station in deep water off Oahu 
was occupied once each month during International Geophys­
ical Year, June, 1957 through December, 1958. 

Although the more extensive surveys in the open ocean 

around the Hawaiian Islands did not reveal any gross seasonal 
variations, the frequent observations at the monitoring sta­
tions did reveal significant but subtle seasonal changes. 
During the winter, the islands are normally bathed in waters 
of the w estern North Pacific (salinities in excess of 35.00 
0/00) and, during the summer, by the somewhat fresher 
(34.6 to 3'%. 8 0/00) waters of the California Current Exten­
sion. There are year -to -year variations in the time that 
the boundary between these two types of water moves through 
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the island chain. These variations are reflected in both the 
temperature and salinity measurements at the Koko Head 
station. 

Climatic studies have shown that seasonal changes 
in the major current systems are reflected by subtle changes 
in the sea surface temperature measured at the Koko Head 
station. For example, the im HI warming signifies that the 
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boundary has started its northward movement. When this 
occurs in February, a well-developed California Current 

system has been experienced later in spring. Conversely, 
a weaker current system has been experienced with lnitlal 
warming in March. This association has predictive value 
for both oceanic circulation features and the skipjack fishery 
in Hawaiian waters. 



FISHERY RESOURCES 
The first of many fishery exploratory cruises by HBL 

vessels took place in 1950. These cruises covered essen­
tially the same areas as did the Laboratory's oceanographic 
research (see inside front cover). Besides gathering a 
wealth of basic scientific information on the Pacific, the ex­
ploration of the high seas fishery resources has resulted in 
a number of findings including: (l)the discovery of rich fish­
ing grounds for yellowfin tuna in the v icinity of Christmas 
Island and of oceanographic featur e s to accoun t for their pre­
sence; (2) the determination that the mid-ocean skipjack, 
pr e s e ntly utilized only near Hawaii, is an extensive resource 
capable of large yields; (3) the discovery of concentrations 
of albacore associated with specific oceanographic features 
south of the Aleutian Islands. 

Ye ll 0 w fi n - - Figure 10 summarizes 
the l o ng line catch of yellowfin tuna by 
lab o r a t o ry vessels between 1950 and 
19 56. Details of the exploratory cruises 

sure of aging, or time at the surface, is the rise in tem ­
peratures. The correlation between the catch and the age of 

the water suggests that this explanation may be correct, al­
though to ascribe all variations in long lining in this area to 
changes in water temperature is undoubtedly an over-sim­
plific ation. 

The decline in catch of the yellowfin in the Hawaiian 
longline fishery and the associated increase in catch of big­
eye tuna, investigated through the use of commercial catch 
statistics (Shomura, 1959), was shown to be the result of 
changes in fishing areas. 

Ski P j a c k - - Although there have for many ye ars been fish­

eries for skipjack off the west coast of the Americas and 
near the Japanese Islands, the extent of the central Pacific 
skipjack resource remained largely unknown. Sightings of 
tuna schools by HBL vess e ls, particularly since 1956lUcon­
nection with the Marquesas Islands exploratory surveys, 

YELLOWFIN TUNA CATCH /IOO HOOKS 

on which th e se c atches were made are 
give n In re p ort s byMurphy and Shomura, 
1953a, :9 5 3b, 19 55 ; Shomura and Mur­
phy, 1955; and by Ive rsen and Yo shida, 
lQ')b, 19')7. 
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indicate that mid-ocean surface tuna schools are numerous 
(figure 11). Since most of the schools successfully fished 
were skipjack, it is assumed that skipjack make up most 
of the schools designated simply "tuna". 

One of the problems in estimating the magnitude of 
the skipjack resource is determining whether the stock.s of 
these tunas presently exploited in widely separated parts of 
the Pacific are independent. There is considerable evi­
dence, particularly from tagging, that they are distinct. 
Thousands of skipjack have been tagged in Hawaii (Yama­
shita, 1958), but none of the tagged fish have been recover­
ed in any other fishery. Extensive tagging in the Marque­
sas yielded no returns. Also, skipjack tagged off the West 
Coast have never been recovered in the Hawaiian fishery. 

One of the goals of fishery research is to under­
stand some of the interrelationships among fish and their 

environment and to use such understanding as a means of 
predicting changes in the availability of fish. In an effort to 
develop such a prediction for the Hawaiian skipjack fishery, 
catch records for the post-war years provided by the Hawaii 
Division of Fish and Game were analyzed along with meteoro­
logical and oceanographic data for the Hawaiian area. 

As one of the first results of these analyses, it was 
noted that a good season's catch was associatedwithlowsur­
face salinities in the waters near Oahu (figure 12). Subse­
quently, an empirical relationship, associating the seasonal 
availability of sk ipjacks in Hawaiian waters with the lower 
salinity waters of the California Current Extension, was de­
veloped. 

As discussed on page 8, however, the prediction 
which evolved was primarily based on late winter variations 
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in the sea surface temperatures near Oahu and not on the 
salinity/skipjack availability relationship. The reliability 
of this predictive technique received its first critical test 
in 1959. The results are discussed in the next section of 
t his report. 
Albacore - - B eginning in 1954 a study of the central 
North and Northeastern Pacific albacore r esources was un­
d e rtaken. Longlining, trolling and gillnetting fishing tech­
niques were used. 

Figure 13 indicates the abundanc e of albacore found 
in this area during the summer of 1955. During the sum­
mer of 1957, operation NEPAS (North East Pacific Alba­
core Survey) indicated that concentrations of albacore, 
some in commercial quantities, were present off the west 
coast of North Arne rica. Details of these surveys are 
g i ven by Shomura and Otsu, 1956; Graham, 1957; McGary, 
Jone s and Graham, 1958; Graham and Mann, 1959; Calla­
way and McGary, 1959. 

A logical extension of laborato ry exploratory fish­
ing was to assess the economic potentials of the concentra­
tions thus re ve aled. Such activities, as shown by table 1, 
we r e encouraged by chartering commercial fishing ves s e ls 
for trips to the yellowfin, skipjack and albacore grounds. 

Vessel Year 

Cavalie ri 1952 
North American-1954 
Alrita 1954 
Lancing 
Gypsy 

1957 
1957 

Flicker 1957 
Lynn Ann 1957 
RowlandR. ,Sr.1957 
Allen Cody 1957 
Luella 1957 
Paragon 
Cape Falcon 

1958 

1959 

Table 1 

Area Species 

Central Equa Pac Yellowfin 
Central Equa Pac Yellowfin 
Central Equa Pac Yellowfin 
Northeastern Pac Albacore 
Northeastern Pac Albacore 
Northeastern Pac Albacore 
Northeastern Pac Albacore 
Northeastern Pac Albacore 
Northeastern Pac Albacore 
Northeastern Pac Albacore 
Central North Pac Albacore 
French Oceania Skipjack 
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Space does not permit the detailed discussion of 
all thes e charters, some of which proved moderately suc­
cessful. Data for one operation, the 1954 North American 
and Alrita ventur e to the Line Islands in search of yellow­
f i n a~mmarized in table 2. 

Landings 
Income 
Contract 
Expenses 

Share/man 
Boat shares 

Table 2 

North Arne rican 

127 tons 

$35,000 
16,875 
13, 899 

3, 151 
15.030 

Alrita 

83 tons 
$25,054 

13,125 
10,315 
2,077 
7,512 

In this operation, the largest factor in reducing the 
monetary return for the 210 tons of fish caught was rejec­
tion of 17 percent owing to "off color." A lesser but still 

important factor was loss of fish and hshing hme because 
of breaks in the long line gear. 



BAIT SUPPLEMENTS 
The principal commercial fishery in Hawaii, that 

for skipjack, is a pole and line fishery using live bait for 
chum. The principal bait is the nehu, a small anchovy. 
As the volume of the skipjack catch is, in part, governed 
by the limlted bait supply, the use of supplemental bait, 
either artificial or natur aI, has be en inve stigated. 

During 1952 - 1953, the Univer sity of Hawaii, under 
contract to the Honolulu Biological Laboratory, investigated 
the use of artificial bait, studying the reactions of the skip­
jack to both ediblE' (agar, fish flesh) and inedible (aluminum 
foil, mica flakes) materials. The results were generally 
negatlv~ 0r inconclusive (Tester et al., 1954). 

Three specles of potential natural bait supplement, 
tilapia, Marquesan sardine and threadfin shad, have been 
investigated. 

Tilapia-- Tilapia, a fish native to East Africa, was 
brought to Hawaii in 1951 and released in various ponds and 
reservoirs in the State. They are prolific breeders. E:rom 
1954 through 1956, the HBL in cooperation with the State 
Division 'Jf Fish and Game and the Hawaiian Tuna Packers, 
Ltd., conducted sea tests to determine the effectiveness of 
tilapia as skipjack balt. The young til apia proved to be an 
adequate baitfish for .::atching skipjack, especially the 
larger (18-24 pounds) "season" flsh. 

In 1956, a small scale hatchery to determine the eco­
nomics of rearing tilapia was constructed at the Honolulu 
laboratory. During 1957-19S'l a larger hatchery was opera­
ted on the island of Maui. The Maui plant (figure 14) was a 

cooperative venture involving Maui Fisheries and Marine 
Products, Ltd., the Hawaii Division of Fish and Game and 
the HBL. In addition, experiments were conducted at the 
Kewa10 facility in 1958-1959 to determine food requirements 
and the influence of temperature. salinity, male/female ratio 
and degree of crowding on reproductive rate. 
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Mar que s an Sa r din e - - The excellent live-bait qualities 
of the Marquesan sardine were demonstrated from HBL 
vessels fishing for skipjack in Marquesan waters. Hawaiian 
waters appeared to provide a suitable habitat for this species. 
Accordingly, in late 1955 the first introduction of Marquesan 
sardines into Hawaiian waters was made. Additional plant­
ings were made during 1956, 1957 and 1958. Adults in spawn­
ing condition were recaptured from various embayments and 
harbors around the island of Oahu during 1957; islands of 
Oahu, Maui and Kauai in 1958 and 1959. Planting and cap­
ture sites are shown on figure 15. Small fish have also 
been collected, indicating successful local spawning. The 
frequency of recapture, the distribution among the islands 
and the occurrence of succes sful spawning demonstrate that 

this transplanted marine species has become established in 
Hawaiian water s. 

TIOOffi~ill@~~OO 
~OOill@ 

T h rea d fin S had - - Shipments of threadfin shad, a small 
fish found in the Gulf of Mexico and Atlanhc drainages ofthe 
United States, have been received at the HBL and introduced 
into various tanks, ponds, reservoirs and rlvers in the islands. 
As this potential live bait. species can tolerate fresh or sea 
water, is prolific dnd has been proven by sea tests to be an 
excellent bait fish, it shows considerable promise as a bait 
supplement for u y the Hawaiian skipjack fishermen. 

Although these studies of potential live -bait supple­
m ents were designed t o a llevi ate the bait shortage problem 
in Hawaii, the results of s u ch studie s will be a pplicable to 
other areas where the fishe ries a r e lim ite d by inadequat e 
natural bait supplies. 
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TECHNOLOGY 
HBL technological research has considered only a few 

subjects, including honeycombing in Hawaiian skipjack, green 
or off -color tuna and the canning quality of large size yellow­
fin and bigeye tunas. 

H 0 n e y corn bed Tun a - - The appearance of honeycombing 
in Hawaiian skipjack (figure 16) is related to the temperature 
at which the fish are held following capture (Otsu 1957). 
Figure 17 shows this relationship. Since the rate of honey­
combing is more rapid at higher temperatures and since the 
months of highest temperatures in Hawaii coincide with the 
peak skipjack season and peak "honeycombing season", it was 
inferred that there is a close relationship between water tem­
perature and the pronounced seasonality of thi s problem i n 
Hawaii. 
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Can n in g Qua lit i e s 0 f La r geT una s - - A problem 
associated with long lining for large, deep-swimming tunas 
is the occasional high rate of rejection by canneries of these 
fish. Figure 18 shows the acceptance of yellowfin and bigeye 
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caught in the central equatorial Pacific in 1952 by the 
Cavalieri. Since the bigger tunas make up a large portion 
of such catches, their rejection is economically significant 
to commercial fishermen. 

A test of the ~uitability of yellowfin captured by HBL 
l onglining in the central equatorial Pacific was made by re­
cording conditions under which each fish was landed and by 
examining them at successive steps in processing. The fish 
considered unsuitable for canning after precooking did not 
corne from any specific locality nor sex. Further, the meth­
od of handling the fish prior to freezing had no relation to 
their rejection. There were indications that size influenced 
the acceptabliity of the fish, i. e., more large fish were 
rejected. 

T h ree separate tests of the canned product permit the 
foll owin g statements: (1) Bleeding the fish while alive and 
after land ing on the vessel did not improve the product. 

(2) A comparison of the canned product of four sizes of 
yellowfin (80,100,120,140 pounds) indicated that the larger 
fish produced a slightly inferior product with respect to tex­
ture. However, in general, the large fishproduceda product 
comparable to commercial packs. (3) Fish which were off­
color subsequent to the precooking produced an off-color 
pack of canned fish, but the peculiar color of the flesh was 
les s noticeable after canning. 

Cavalieri 



GEAR DEVELOPMENT 
Research nd developITlent o f fishin g gear, having as 

an objective the increase in efficiency of catching tunas, h v 
been an iITlportant part of th Labor tory's prograITl. 

HBL gear development projects have mcluded long­
line fishing, purse seining, trawl modifications, el c tro­
fishing and echo -ranging equipment. 

Longline Gear--Oneofthefirstefforts(1952)was re­
designing the conventional, Japanese type, 6 -hook per bas­
ke t gear so that the nun1ber of baskets and nUITlber of hooks 
pe r baske t could be easily changed under varying conditions. 

WIRE BRIDLE 

9/0S~va-V 

HOOK DROPPER ' 
2 FATHOMS 

FIG. 19 

With this method froITl 1 to 13 
hooks per basket can easily 
be fished (Mann, 1956). 

Another iITlprovement 
was the design of droppers 
which attach to the main line 
by a system of swivels and 
an AK snap (see flgure 19). 
This helped eliITlinate tangling 
of droppers around the main 
hne and decreased the time 
required to reITlove droppers 
from the main line. 

Extending the fishing 
lifetiITle of longline gear was 
investigated by treating the 
cotton gear with a variety of 
preservatives. Soaking in 

tars or several commercial products resulted in resistance 
to the deteriorating effects of sea water. 

Another development was the fabrication of a contin­
uous longline made of steel. However, as a completely sat­
isfactory steel longline is not yet a reality, the idea of a 
continuous main line was applied to cotton gear and a contin­
uing investigation begun in 1954. This application utilizes a 
radical departure froITl previous methods in that the ITlain 

lin is stored in a large tub (figure 20) which revolves as the 
gea r is set and hauled (Mann, 1958). Use of such gear 
s hould permit as few as 4 or 5 men to fish 1, 100 or 1,200 
hooks per day as compared with 500 hooks or less with reg­
ular gea r. A catch rate of 5 tunas per 100 hooks could pro­
duce a catch of 3 -1/2 tons of yellowfin per day, which should 
make s uch fishing profitable. 

Pur s e S e in in g - - An intensive test of conventional purse 
seining m thods for skipjack was made during the 1951 sea­
son in Hawaii. The results were disappointing. Conven­
tional purse seining methods proved to be unsatisfactory for 
catching skipjack in the central Pacific. It was demonstrated, 
however, that skipjack could be purse seined when concen­
trated by chumming with live bait. Perhaps modifying the 
conventional west coast method might allow the successful 
purse seining of central Pacific skipjack. 

T raw 1 i n g G ear - - Several mid -water trawls were devel­
oped as sampling tools for the investigation of tuna forage 
organisms. These included a 6 -foot beam trawl, I-meter 
ring trawl and modified 6 - and 10 -foot Isaacs -Kidd trawls. 
An unmodified Nanaimo - type mid-water trawl showed par tic -
ular promise. During 1958, 39 juvenile tunas were captured 
on one equatorial cruise. This was more than had been ob­
tained by trawling during any previous HBL cruise. 

E 1 e c t r 0 f ish in g - - Investigations in ponds we r e be gun on 
some of the basic problems involved in the use of electro­
fishing gear (Miyake and Steiger, 1957). This study showed 
it was possible to induce electrotaxis in small yellowfin . It 
also included a theoretical study of the potential, electric 
field, and current density for spherical electrodes deeply 
submerged in a large body of water. The results showed 
that the power requirements necessary to use this technique 
in tuna fishing were too great for immediate practical 
application. 

E c h 0 - ran gin g - - Development of experimental echo­
ranging equipment for t,una schools was investigated, but 
prevalence of trade wind-induced vessel motion and other 
difficulties have forestalled immediate use of such gear. 



I '" 

/' 

FI ;. lO 



BIOLOGY OF THE TUNAS 
qu 
th 
th am 
in th n rth rn 

\ here do th y 
ar truded 1n 

hI' t P '" ()? 

ctions d 
tions. 

xplorator 
hneated 

1: ( underst 

bf>t ( r 

+ d r d of 
n t )\l f c (" 

Jd n u f c 

) 1 ) b 

r 

itt< 1 tb q+ ~ rE' r r 12 

Ihe s - r r , I th C E r t r I f.c f 

c..ut me, eft Y" < r l ~b r, I t' 

t'lE mGnt »w p wr In~ nh 1.1ty 
PKtErde( "piNnl g ""< 0n prob b.y relet 
singl yE 110 11n "I. <- ...... n< n IrE ~he n cn( t' 

or. the £ P from 2. tv & nlll)[ 0. ,Ire E 

spawning. 

r to uch 
T' 

qu 

ttl-

y fr 
nIl 

pt"'C r i~ of 1 h 
cr. (/1 TU" ). 

( ter.d • r'0u£,h-
l.n~. r u "'y 

) .). Th s 
r, to thE' factt ct d 

yE -ir • 
t . ldE f' 

)t" .I( r dir t~ 
r d f l"l!i;le 

Coincident wltn ttE' wlQ~-sprE'ad .... istribuhon vf ~e1C­

ually mature yellowfin, thE larvae of thIS 'p cies haVE been 
taken with plankton nets throughol..t the equatorial waters. 

r oorl studi (H ~intj·s 

lk. he r ,191)6) inuic tl that whil 
<Inri King, 1953; King and 
there are some differences 

in lh,' kllld llf food 
c p~url. dl t nc. 

orgilni ms eaten according to depth of 
from land and si:Gc of fioh, the yellowfin 

a grt·at variety of food. t: n r 11 y <: ~ pt 

D ta on y"llowfin growth imply a tremendous intake 
f food nd lor hIgh .. ffeden y as evidenced by a gain of as 

much 60 pound p r year (Moore. 1951). 

Tun a - - Anctlyses of tht stomach contents of 
~.;....;..J.:..t....:.;...;;.....;.;.......;;;......,;;-.....;; 

"ld II Iwatian skipjack showed that the food items 
w r np r bl for skipjack in the different areas, WIth 
h and !T1011usks occurring in that order of 
II'!"P rt n( Ap Tr>Xlmdt ly 10 perct>nt of the food-contain-

of rq.l~ an skipjack were found to contain 
kIP! (ther tunas. Howevf>r, most of the 

klpjac were thO'l!! commonly associated 
It.l tt pr No comparable figures were 

z 
ii:' 

~ 
J 
J 

>-

J 
ct 
~ 

J 

J ,. 
) 

ct 

J 
<t , 
')( 
..J 
~'l 

;; 

J 
.l. 

100-

() 

o 

,W 

0 

FIG. 21 

I 
J F 

0 

M A M J J A S 0 N 0 



available for the Hawaiian skipjack, although land associated 
species were reported to have occurred in the stomach con­
tents from 38percent (13 out of 34)of the schools examined 
(figure 22) . 

There is a seasonal variation in spawning of Mar­
quesan skipjack. Using the stage of maturity of ovarian 
eggs as an index, adv anced or "soon to spaw n" eggs were 
found in the ovaries during November through April. Dur­
ing the remainder of the year, the eggs w ere characterized 
as "developing" or "early developing. 11 Advanced eggs were 

recorded over a size rang e of fish from 43 cm. (3.5 Ibs.) 

to 75 cm. (about 20 lbs.). Similar obser v ations hav e been 
made on Hawaiian skipjack. 
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Estimate s of the growth of Hawaiian skipjack were 
obtain ed from r e cove ries from a group of 3,200 fish tagged 
w i thi n a p e riod of one w eek off Hilo, Hawaii. Taggedfish 
we r e r ec aptur e d over a period of sev eral months and showe d 
a g r owth of fro m 4 to 15-pounds in about 13 months (see 
figu r e in sec tion on 19 59 progress). 

Mig r ations of skipjac k we r e studie d by tagging ove r 
13,000 fish in Hawaii an w ate rs a nd about 4,600 in the Mar­
quesas and Tuamotus with the D-2 dart t a g d eve l o p e d a t 
HBL. Recoveries from the H awaii an r eleases t otale d ove r 
1,300, while none of the Marquesas and Tuamot us r e l eases 
have been recovered. The recove ries i ndicat ed consid er ­

able interisland movement within the H awai ian Islands 
(figure 23). The spotty recovery patte r n suggested , how ­
ever, that some schools roamed a r ound the Hawaiian I slands 
for a time, while others moved rapidl y through the a r ea and 
became unavailable to the local fishe r men. The complete 
absence of returns from fish tagged in the Marquesas and 
Tuamotus area, contrasted to the l arge number s of recoveries 
from fish tagged in the Hawaiian area, indicate that the Mar­
quesan and Tuamotuan fish represent a relatively unexploited 
resour ceo 
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Al b a cor e - - One thousand two hundred albacore were tagged 
in the temperate North Pacific Ocean between January, 1954 
and August, 1957. Sixteen tagged fish (1. 3 percent) have 
been recovered (figure Z4). Thes e recoveries indicate con­
siderable movement of fish in the North Pacific. Albacore 
tagged in mid-ocean north of Hawaii have been retaken in the 
American west coast fishery as well as in the Japanese fish­
eries. Other recoveries were of fish tagged by HBL and west 
coast organizations which migrated across the Pacific from 
the American west coast to the vicinity of Japan. As yet, al­
though large albacore have been tagged in the western Pacific, 

none have been recovered in the American fishery. 
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These recoveries suggest that there is a single popu­
lation of albacore in the temperate North Pacific, fished sea­
sonally by Americans off the west coast during the summer 
and fall, by the Japanese in mid-ocean during the winter, and 
also by the Japanese in the western Pacific during the spring 
and summer (Otsu, in press). 

Attempts to estimate albacore growth rates from hard 
parts have been unsuccessful for the following reasons: (1) 
The rings on the scales and bones cannot be counted with 
reasonable consistency. (2) The increments that are noted 
do not appear to give either a reasonable or a consistent pat-



tern of growth. (3) The results are not consistent with 
growth as shown by tag returns (Otsu and Uchida, 1959a). 

The best estiInate of albacore growth steIns froIn tag 
recoveries (figure 25). These indicate they are a relatively 
slow -growing species and als 0 confirIn that the growth studies 
Inade by the use of Inarkings on hard parts, which tend to 
show linear growth rates, are not valid (Otsu, in press). 

ExaInination of albacore gonads froIn three general 
areas, the North Pacific, Hawaiian Islands, and the central 
equatorial Pacific, showed that albacore do not spawn in teIn­
perate waters. However , good evidence of spawning was 
found in Hawaiian fish taken during the Inonth of June and 
July. Central equatorial Pacific albacore showed interInedi-
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ate developInent. It appears that albacore In the region of 
the Hawaiian hllands ctnd in the central equatorial Pacific 
repre~ent a segInent of tt e population which, after attainlng 
a certaln size .n teInperate waters of the North Pacihc, 
'move" south llltO tropical and subtropical waters to spawn. 
Bas d on evidence obtamed [roIn this study, It appears that 
spawning occur!'; ln the general latltude of the Hawaiian 
I lands, an area under the lnfluence of the North Equatorial 
Currp'lt (Otsu and { Hda, 1959b}. 

The IniniInuIn size at which albacore attain sexual 
Inaturity is about 90 CIn. or a weight of 33 pounds. This 
corresponds to an age, judging froIn growth rates obtained 
fr oIn the tagging data, of at least 5 or 6 years. Since alba­
core enter the fishery at around 50 CIn. in length, a year­
c1as s IS thus exploited for about four year s before it attains 
sexual Inaturity and can participate in spawning. If it be 
assuIned that all the eggs cOInprising the most advanced 
group within an ovary are extruded in a single spawning, the 
nUInber released per spawning is in the order of one to two 
million eggs per feInale. 

One thousand seven hundred seventy two pairs of 
albacore gonads were collected in American SaInoa during 
the period July, 1957 to SepteInber, 1958. Laboratory ex­
aInination showed the greatest developInent of the ovaries 
occurs during the southern SUInIner, October to February. 
The areas of capture (figure 26), considered along with 
the relative stages of Inaturity of the ovaries, indicated 
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Albacore, hke th y llowfin nd bl t .... 
great varletyof food. In ')4.. lb c re stomach e dnnned, 
there were representatives of 34 fish, 10 mollusk. nd 14 
crustacea famihes. Albacore are appar ntly opportunl he 
feeders, feeding on whatever prey IS available. 

fhe presence of lantern and hatchet fishes In the 
stomachs of albacore captured dunng dayllght hours is an 
indication that albacore can feed under cundltions of low il­
lumination, either at the surface at night ur at depths dUring 
the day. The capability of feeding under luwh>l;ht intensities 
was confirmed by histological examination of the retina of 
albacore. Arr,ong £ish that feed in brl~ht light, the retina IS 

characterize, by more cones than rods. In albaco~e •. how­
ever, ther .ere at least twice as many rods as cones. 

o the r S ) e c i e s - - Of the commercially important tuna 
species. he biology of the big eye tuna is the least known. 
Little is known about the stocks. migration, and nothing on 
the identification, dis tribution and abundance of bigeye la rvae 
and juveniles. 

Studies on the sexual maturation of the bigeye (Yuen, 
1955) showed that this species spawns in the western equa­
torial Pacific, central equatonal Pacific and at locations 400 

mll s southeast of Hawaii. The extent of the spawning sea­

son could not be determined with certainty. but bigeye tuna 
in dv nced stages of maturity were found in tb. central 
quatorl 1 Paclhc in January. February. July. August. Sep­

t mber, and October. The size at which bigeye first spawn 
was found to be about 30 to 45 pounds. 

Bigeye utlhz a great variety of animal food ranging 
from pi nkton to large squid and fish (King and Ikehara, 
195 ). A omp r tlve study of yellowfinand bigeye stomach 
ontents r v led a stnklOg Similarity in the food of both 

I/) 

I s (fl ure 6, King and Ikehara). When occupying the 
n r I are ,th two species have essentially the same 
h blt 

mlntn the size frequency distributions of 
II In the Hawaii .... n Islands, it was estimated that 

CI s gr w much as 50 pounds a year (figure 27). 
pan may be about b .:Ir 7 years. 
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S pea r { ish e san d S h ark s - - Besides tunas, spearfishes 

dnd sharks were the other two groups of fishes most common­
ly taken by HBL longline fishing methods (Royce, 1957 and 
Strasburg, 1958). 

The spearfish investigation considered the taxonomy, 
distribution, size, food and spawning habits of this group, 
together with an extensive review of Japanese and other liter­
ature on the subject. 

Six species were recognized: swordfish (Xiphias 
gladius), shortnos e spearfish (Tetrapturus angustiros tris), 
sailfish (Istiophorus orientalis), black marlin (Istiompax 



marlina), stripe d marlin (Makaira audax ), and Pacific blue 

marlin (Makaira a mpla). 

All six species we re shown to be fishe s of the high 
seas, wit h wide distribution in the Pacific, but with different 
centers of abundance. The swordfish and striped marlinfre­
quent the more temperate waters, the Pacific blue marlin 
the equatorial re glons, and the black marlin the coastal areas 
off Asia, America, and Australia. All are broadly carnivor­
ous on fish and cephalopods. The PaClfic blue marlin prob­
ably spawns throughout most of the ye lr in equatorial waters. 

The distributlOn and abundance of central Pacific 
pelagic sharks was investigated during 1952-55. More than 
6,000 sharks (of 12 species) were ca ... ht. Great blue, white­
tip, and silky sharks predominated. Bonito, thresher, 
mackerel, and other species were un 'ommon or rare. 

Several significant facets of the biology of the com­
mon sharks were evident. The wide -ranging great blue 
shark made pronounced seasonal migrations during which 
sexual segregations occurred. Distribution of the great blue 
shark coincided in the north with the 45°_69°F. isotherms; 
it is truly an oceanic species. The whitetip and silky sharks 
are tropical forms and show no particular migratory tend­
encies. The former is oceanic, but the latter tends to be 
neritic. 

In equatorial waters, great blues and whitetips were 
more abundant ln warm years and the ilky more abundant 
in cold years. The species '"tudied ft:'ed principally on small 
fish and squid. The great blue was virtually harmless to the 
tuna catch. Only 1 percent of the catc.h was damaged where 
it abounded. as conpart:'d with 20 perc.ert damaged in rei510ns 
where the whitetip dnd silky sharks were dominant. 

/, 
(, 



BEHAVIOR 
A tuna behavior investigation was begun in 1957. Em­

phasis during 1957 and 1958 were on development of adequate 
tools and techniques. Various types of underwater observa­
tion chambers were installed on the Gilbert in order to di­
rectly study tuna behavior, particularly skipjack, during the 
course of experiments performed while baiting and fishing. 
In addition to these direct observations at sea, construction 
of facilities to hold tuna in captivity was started. 

FIG. 28 

Pre 1 i min a r y Res u 1 t s - - P rio r t o us e of und e r wat e r ob­
s ervations, behavior studies were made from the decks of 
fishing vess els. These studies revealed that the duration of 
skipjack response to chum wag found to be negatively corre­
lated with volumes of stomach contents and the stage of di­
gestion of the dominant component of the stomach contents 
(Yuen, 1959). Skipjack feeding on fast-swimming fish were 
caught at a faster rate and fished for a longer period than 
those feeding on a slow-swimming fish. 

First attempts at underwater observation were made 
from a platform that was swung into the water on the port 

1958 



side of the Gilbert (figure 28) in 1957. The observer, being immersed, was limited in 
his observational and recording techniques. In 1958 a more suitable observation chamber 
consisting of a steel cylinder 14 feet in length with windows at the lower end was installed 
on the Gilbert (figure 28). The cylinder was lowered into the water during fishing so that 
the windows-;'ere 6 feet below the surface. From the dry interior of this cylinder the ob­
server was able to take underwater movies of feeding tuna and to record his observations. 

Experiments were conducted to evaluate the effects of certain variables on the 
feeding response of skipjack and, to a minor degree, yellowfin during live bait fishing. 
The variables tested were the use of water sprays, different rates of chumming live bait, 
dead bait, different sp"cies of bait, fish blood, extracts of fish skin, sound, and dyes, 
such as red food coloring and lampblack. The field observations indicated that: (1) Small 
skipjack were stimulated to greater heights of excitement than larger skipjack. (2) The 
usC' of water sprays increased the excitement of some schools of skipjack but had no ef­
fect on others. (3) The more active baitfish elicited greater excitement from the skip­
jack than the less activE. (4) The introduction of fish blood, skin extracts, light concen­
trations of lampblack, red food coloring, and noise other than the usual ship sounds had 
no apparent effect on the behavior of skipjack. (5) Skipjack tended to avoid dense, opa ­
que concentrations of'lampblack and red food coloring. 
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I tle C~ Falcon ieparted San D1E?O early in. ~anuary; c..l.ptured l4, 000 pounds of 
ba1t in Alme.as Bay, ':viex:i 0 and then ~ tiled to Marqueuan water!'!. Thirty days fishing 
fr[lm the C..l.pe Falt )n rE,:,;ul+ec. in a ~ atch of onlv 16 tuns of yellowfin and skipjack. A pri­
'nary factor limitlnl:\ the cdtch was the larf,p size of the ~nchovetas (6-7 inches) brought 
from Mexi(o. rhlS balt, while attractive to yellowfin, faIled to attract and hold the small 
(6 -8 pound) Marquesan skipjack. Another factor was the unexpectedly low abundance of 
surface schools. 

Results of the survey from the Gilbert showed that the number of schools were 
les'l than half those sighted during the same season in previous years (figure 29). Twenty­
SlX schools were sighted, compared with 79 in 1957 and 99 in 1958. The schools were 
wild and fast -moving. 

Preparation for publication of the results of the flshery, other marine biological 
and oceanographic studies continued during the year. Four of six scheduled manuscripts 
were completed. In addition, processing of samples and associated data for a study of 
the biology of the Marquesan sardine and those from 6 diurnal statiops in Marquesan 



waters and from 7 Honolulu-Marquesan transects was com­
pleted. Manuscripts describing the results were begun. 

North Pacific Albacore Investigations - -In 
June, 1959, the Hugh M. Smith returned to Honolulu from a 
cruise to the north central and northeastern Pacific, termi­
nating a 5 -year study of the distribution, abundance and bi-
0logy of the albacore and of the as sociated oceanographic 
conditions. This cruise, carried out in cooperation with the 
N. B. Scofield of the California Department of Fish and 
Game, was planned to intercept the entry of the albacore in-
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to the west coast c ommercial fishery. Fishing from the 
Smith, first along a line from 600 miles west of Point Arena, 
California southeastward to a point 350 miles west of Punta 
Eugenia, Baja California and then in the 350 mile offshore 
band between Punta Eugenia and San Diego (figure 30) result­
ed in a catch of 17 tuna, only two of which were albacore . 
These two were taken on the first leg about 500 miles west 
of Monterey Bay, California. Approximate ly , 300 albacore 
were caught from the Scofield in an area e x t e nding 300 miles 
offshore between San Diego and Cape San Martin. Viable 
tuna were tagged and released from both vessels . 

The results of the cooperative venture suggest that 
during 1959, the albacore entered the area of the fishery 
from the northwest in late Mayor early June. 

With the exception of the one survey mentioned above. 
principal efforts during the year were directed towards com­
pleting the publication of the oceanographic, biol ogical and 
fishery data collected during the 1954 -19 59 study and pre­
paring related descriptive and analytical reports. The in­
vestigation will be terminated in June, 1960. 



AREAS OF ABUNDANCE 
tuna in each. In an effort to trace the fish as they enter the 
Hawaiian fishery, tagging of skipjack in waters 100 miles 
or more from the islands was also car ried out. 

& THE RELATION OF STOCKS The draft of an atlas of ocean climate for Hawaiian 
waters (30 o N. - lOON., 180 o W. - 150 o W.) was completed. 
Des cribing the seasonal and year -to -year variations of the 
physical and chemical characteristics of the marine environ­
ment, this study serves as a basis for interpretation of the 
results from the cruises and various monitoring stations 
(figure 9, this report). Figure 31, showing the details of 
the circulation features in Hawaiian waters, is made possible 
by the preparation of the atlas. 

C en t r alP a c if i c Ski P j a c k - - During 1959, various 
cruises and studies were undertaken to test the hypothesis 
that th e "season" skipjack which enter the Hawaiian fishery 
are associated with the waters of the California Current Ex­
tension. Five cruises were carried out in Hawaiian waters 
to determine the boundaries of the water masses, the chem­
ical and physical properties of these waters, and the dis­
tribution and abundance of plankton, forage organisms and 

The above -mentioned hypothesis, based upon em­
pirical relationships, was believed sufficiently valid to 
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permit a prediction of the 1959 Hawaiian skipjack landings. 
In March, therefore, it was predicted that the landings would 
be better than those for an average season. With incomplete 
statistics at hand, the partial landings for the year totalled 
11,429,350 pounds. The total average landings for the 
years 1948 to 1958 were 9,800,000 pounds. Only the 1951 
(12,900,000 pounds) and the 1954 (14,000,000 pounds) land­
ings exceeded those for 1959. The higher -than-average 1959 
catches were made from a reduced fleet of 20 sampans as 
compared to 28 in 1951 and 27 in 1954. 

The prediction was primarily based on late winter 
variations in the temperature of the sea surface (page 8). 
In order to strengthen the reliability of this prediction for 
future years, studies of the characteristics of the stocks of 
th(' skipjack available to the Hawaiian fishery were augment­
ed in August by measurements of fish sizes in the landings at 
the Honolulu cannery . 

fhe skipjack fishery in Hawaiian waters is seasonal; 
th bulkof the annual catch is made between May and Septem­
ber. A l<irge percentage of the fish caught during these 
months <ire norm.dly 18-22 pounds with lesser weights of 

mali ft h, 4-8 pounds, and of large fish, 28 -32 pounds. 

fh,' 1959 size measurements, 25 each from a total of 
218 chools, revealed thdt a .!4-31 pound group dominated 
th,' (;dtch throu h October (figurp 32). By December, a month 
WI II Into tilt offsedson, the dominant group In the catch wa" 
I S-,-5 pound fi h rather than the anticipated under 10 pound 
group. 

th 

A total of Z 3tJ skipJack Wt're tagged dUring 1959 
tIt Jt d t:lgged In H,lwaiidn waters to 13,500, 
), g n rally outsld of the pr'8 nt lirrlts of the 
fl h. ry (hgur 33). rh rt> wer 17 recaptures' 

1 ~7 rd , 13 from 1958 releases, .lnd 3 from 
1959. 
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September, 1958. This tudy a b donthe min ton 
of 1,772 pair" of albacore onad collected from iuh 1 nd d 
in An1erican Samoa during the period July, 195. to S pt m­
ber, 1958. 

Preliminary analyses of th d t r sulhn from x-
arnination of thes onad reveal th t th proportion of 
OV"lrleS in th "late developm nt" tag lncre d from JuI 
1957 to a m xlmum in Decemb r-J nu ry nd d clin dto 
minimum in May (flgur 35). 
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Sup po r tin g Pro g ram s - - The HBL studies of tuna 
larvae and juveniles are of value not only in furthering the 
knowledge of the tuna life history but also as an aid to studies 
of the distribution and abundance of the adults. The latter 
is particularly true for those oceanic areas where sampling 
of the adult populations is not presently practicable. 

Larval studies require adequate quantitative and 
qualitative sampling methods. Various types of nets have 
been used, including 45 cm. and I-meter plankton nets and 
mid-water trawls with a mouth opening of 1,200 square feet. 
By exchange with various research organizations, additional 
larvae and juveniles have been obtained for study. The lab­
oratory has received, on a loan basis, the collection of lar­
val scombroids made from the Dana. 

Larval studies, whether they be related to life history 
or to the distribution and abundance of the adults. require iden­
tification of the species involved. On the basis of morpholo­
gical characteristics, positive identification has been made 
of the following tuna and tuna-like larvae: skipjack. yellow­
fin, black skipjack and the frigate mackerel. Yet to be 
identified are larvae of albacore. bigeye, bluefin and of such 
closely related forms as the dogtooth tuna. 

In addition to studies of morphological features, lar­
val identification has been attempted by means of paper 
chromatography and serological techniques. The applicabil­
ity of these techniques to species indentification of adults 
was simultaneously investigated. It was found possible to 
identify the adults of albacore, bigeye, frigate mackerel, 
yellowfin, skipjack and black skipjack through chromatog­
raphy. Technological problems limited its use with larvae. 
However, the chromatograms for the two species of larvae 
tested, skipjack and yellowfin. did show a general similarity 
to those for the adults of these species. 

A contract was negotiated with Dr. George RIdgway. 
Seattle Biological Laboratory, to test the applicability of 
serological techniques for identification of larval and adult 
tunas. Results show that the species of adult tuna are sero­
logically identifiable and that their identification by serum 
reactions shows a marked parallelism to relationships in­
ferred from morphology. Albacore, yellowfin and bigeye 

appear to be 
little tunny 
tooth tuna is 

!MM. 

closely related serologically. The skipjack and 
are closely related to these three but the dog­
quite distinct. 

Technological problems have limited the use of sero­
logical methods for identification of the larvae. Their small 
size precludes use with serum antigens, and extracts of the 

soluble antigens from the larval (and adult) tissues hav e been 
found to be unstable. Considerable research was done in 
1959 on methods of extracting, stabilizing and preserving 
tissue antigens. Using the best method found, extraction 
and storage in a cold glycerol-saline solution, it was pos­
sible to distinguish skipjack flesh from that of albacore, 
bigeye and yellowfin. 

I •• 



EFFICIE CY OF CAPTURE 

FIG. 36 
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nd IIlld r prim 'nt onditions. The school 
h lWII on tho t ront (OV r of this r port was phote>­

Irom th inboard h.lnlbl'r. 
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Pr hmm ry nalys of vanous type" of behavior 
h b (n omplettd. Forexample, lao (silversides) 

Mp iT d With n hu (anc.hovy) as IlVl' balt. When nehu 
schum, larg skIPJac.K (2!:>-30 pounds) would 

m mp ratlv Iy lowly and along straight paths while 
th m 11 r t r (4-~O pound) would move quickly and er-
r tl lly. Wh n lao was 1.1 .d, the reactions of the larger 

kip) k w re Imllar to thos of thf' small fish toward nehu. 

Ih r latlve effec.tiveness of live and dead nehu was 
also xamm~d. Skipjack schools, previously chummed to 
th stern of the veSSt I wlth live nehu, would immediately 
If'av wh,-n dead nehu only were used. A mixture of de'.l.d 
and hve nehu cOuld be used to a limited extent. 

In one effort to supplement the limited supply of 
natural bait, the use of "balt enhancers" was tested. Tin­
sel glitter was thrown into the water along with live nehu, 
dead nehu and without balt. The skipjack, as observed 
through the ports of the chamber, moved toward the glitter-
109 particles and began feeding on the live nehu; showed no 
interest in the glitter and dead nehu; showed some alert­
ness to the glitter alone, but did not exhibit feeding reac­

tions. 



Direct obs('rv'ihons of tuna behavior from lnstallations on surface vessels, such as that in figure 36, are severely lim­
itf'd. Oth€.r quipmfnt necessary to such observation or to finding and tracking the schools, including television, sonar and cam­
eras all have limitations when used from surface vessels. 

One obvious solutionis a specially designed submarine - a small, speedy, highly maneuverable submersible. Consequent­

ly, early in 1959 inquiries were sent to several companies presently engaged in manufacturing submarines. From their response, 
it now appears that such a submarine may be practicable and preliminary design studies are presently underway. 
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BAIT SUPPLEMENTS 
Til a pia - - 'fforts to find suitabl supplements for inade­

qu t livt!.·bait uppl1· contmu·d during 1959. In late Feb­
ruary, th ttl pi plant ilt Paia, Maui (figure 38) was reac­
tlV t d. Thi operatlon r pr's nted a cooperative venture. 
1 ui FI henes and M. nn Products, Limited, Improved 

the plant, th -tat Board of Agrlcultur and Forestry pro­
vid'd pellcin , f 'nclng and other services and HBL operated 
th pi nt. Sim !ltan 'ou ly with the operation of the Maui 
pi nt, xp nments w re conducted at the Kewalo Basin Lair 
oratory to t t m!,thods for inducing early spawning and 
to dt t rmln optim.l salinity, oex ratios, brood stock con­
c ntratlOns, nd type and rate of feeding (figure 39). As 
th re ult of the 'xperiments were available, they, a­
long with thos from Imilar experiments conducted during 
1958, were ..ltilized to modify the Maui plant. 

On .. significant result of the Kewalo experiments 
was that t'arly spawning could be induced. Heating cables 
were Installed in two tanks, one with a plastic cover and 
one witho ... •• Du ring late winter months (January through 
Mar h). fry production in an unheated control tank was 
6,000 as I.. ornpared with 14, 000 in the tank with heater and 

FIG. 38 
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Whil th pplication of result. from the Kewalo ex-
p nm nts to th operation of the Maui plant (such as lower 
cone ntrations of brood stock, heating and aeration and more 
optimal m lelf male ratio and rates of feeding) undoubted­
ly contnbut d to the higher 1959 production; a warmer 

prlD with proportlOnately more days of sunlight was a 
contnbutlD fetor. 

T to d termine the effectiveness of tilapia as 
hv b it w re tart d dU1'lng 1958 and considerably aug­
m nt d durlng 1 Q5 . In 1958 the average catch was 46 
pounds of klpJack per pound of tilapia used as live bait; in 
lQ5 th r ult w r 50 pounds per pound of tilapia. Corn­
p rabl f1 ur for nehu were 50 (1958) and 57 (1959) pounds 

of klPJ k p r pO.lnd of nehu. 

Mar que an Sa r din e - - Fifteen samples of Marquesan 
ardine, pot ntial bait supplement which was Hrst re-

I ased into Hawaiian waters in 1956, were received at HBL 
durmg 1959. In prevlous years (1956-1958) recoveries were 
r ported fro':T) waters near the islands of Oahu, Kauai, and 
MacH (figure l"i). In 1959, 1n addition to these 3 islands, 
samples were received from the islands of Hawaii and Ka­
hov1awe. Recoveries of young fish, indicating successful 
spawning in HawaIian waters, were made during late sum­
mer of 1959, paralleling those made during a similar pe­
nod 10 1958. 

Threadfin Shad-- Alarge shipmentofthreadfin shad, 
transported from California in a specially-designed tank 
developed by Dr. Kenneth Norris of the Marineland of the 
Pacific, was received during August, 1959. These fish, 
first acclimatized to fresh water, were planted in various 
rivers and reservoirs on the islands of Maui, Kauai, and 
Oahu. In addition about 1,000 shad were established in lab­

oratory tanks for use in studies comparable to those des­
cribed above for tilapia. 



Termination (June, 1960) of the exploratory phases of the Laboratory's research 
and recognition of the need to produce the more fundamental knowledge necessary for the 
solution of immediate practical problems, as well as those of the future, have res ulted 
in a regrouping of the HBL research efforts. 

One problem that has been and will continue to receive attention is that of increas­
ing the efficiency of capture. HBL behavior studies will be augmented through the use of 
additional underwater observation facilities in order to increase our knowledge of the re­
actions of the tuna and other marine organisms to various specific stimuli and to their en­
vironment in general. Such knowledge may result in the development of more efficient 
fishing gear and in reducing scouting time. 

Inadequate supplies of naturally occurring live bait often limit efficiency of capture. 
Potential supplemental bait species, such as those discussed in the previous two sections 
of this report and other species, will be evaluated. Studies are planned of their biology, 
the economics of rearing these fishes and of selective breeding experiments in order to 
combine several qualities, each of which have been proven to be of particular value to 
their use as a live bait. 



EfCicien y of c pture m y b increaa d thr u h the 

u e of rehable pr di tion techniqu u h pr di ti n will 
be of optlmum alu. b th to the prod uc r pro-
cessor • wh n th y prov1d infor n t1 n h re. 
and how m n fish will b ilabl th 

of lu pri ril 
"how man II kipJack h 
ultimate reli bllit mu t 
ed knowled of the biolo 

Inv tl 

:)1tuation 1n Ha aiian wat rs, 
will b apphc ble to Imil r hsher problem 

rhlS ablhty to predict 1S by-pr duct or pph tl n 
of re ults from study that not rn d wlth pr c­
hcal problem. Similarly. con ld r ble (fort 1S pI nned on 
the ::.tudy of the blo~ogy of th tun s 1n order to contnbut to 
the fund of knowledge avallable for apphc tion 10 the solutlOn 
of practical problems of the fut..lre. 1.lJor (fort 10 the Im­
mediate future wl11 be placed on stud1es of spawrung. rowth. 
Slze dlslnbutlon. -pawning and y ar-das size of kipJack 
in Hawai1an waters and on the locdtton of North PaclflC. alba­
core spawmng grounds and the IdentifiCcltiOn of dlbacore egg , 
larvae and juve niles. 

As the eff1ciency of capture 1S increased and as the 
exploitation of the tuna resources of the Pac1fic expands, the 
identity of stocks becomes increasingly important. That is, 
to know if the tuna fished in separate areas represent dis­
tinct stocks or if they are all part of an ocean-wide popula­
tion. If there is a single population, a fishery in one area 
may affeC' other widely separated fisheries. If there are 
localized subpopulations, individual fisheries will have only 
localized effects. 

Identification of the stocks may be determined by a 
study of body proportions, by tagging and through the study 
of genetic characteristics. Body proportion studies have 

given inconclusive results. Tagging experiments have been 
instructive, but are expensive and generally limited only to 

reas where there re fisheries te recapture the tagged fish. 
D t rmin tlOn of netic characteristics. through the study 
of blood roups. are less xpensive than tagging. are appli-
c bl to ny r wh r samples can be obtained and the 

re known to b heritable. The occurrence 

C t whetlH r or 
wht th r r not 
1nvolv d. 

in fIsh from different areas indi-
not Inter -br eding occurs and. thus. 

on or more distinct subpopulations 

Blood g oup studies will be started at the HBL in 
19 0 It i planned. through a sampling program conducted 

bo rd th HBL v ssel nd through the cooperation of other 
labor tori nd commercial fishery activities, to study the 
enehc ch racten hcs of the Pacific tunas. Initially, effort 

will b dlr c.ted towdrd Identification of blood group systems 
1n tun and. subsequently. determination of the occurrence 
of th s roups In tun 6 of different areas. 

E(f1clency of capture. biology of the tunas, and iden­
tificatlon of stocks are meaningful on a localized basis. 
However, in order to obtain the greatest value from the re­
sults of these studies. the Pacific -wide resources must be 
conslderl'd. Thus, it is planned to accumulate and organize. 
on a Pacific -wide basis. the data necessary to determine 
the distribution and abundance of the tuna resources and the 
var1at10ns with time of these qualities. When such data have 
been compiled, their understanding will require, in part. 
knowledge of the relation of the fishes to their environment 
and of the geographical and temporal variations in the re-
1ated oceanographic factors. 

As a beginning of these Pacific -wide studies, HBL 
oceanographic, biological and catch records are being trans -
ferred to punch cards. When these data are ready for me­
chanical processing, test runs will be made to determine 
adequacy of format. Changes in the system will be made as 
nece s sary in preparation for punching the Pacific -wide data. 
As the files become complete for particular areas, average 
yield figures per unit area, per unit time and per unit of 
effort will be prepared. In addition, the average values 
for units of area and time for selected oceanographic fea­
tures will be similarly prepared. Examination of both sets 



of data maybe expected to lead to identification of problems 
or apparent relationships requiring more intensive study. 

On the basis of existing knowledge, various explora­
tory theoretical studies are planned. Through attempts to 
generalize and synthesize existing knowledge, it is hoped to 
push understanding beyond present levels, perhaps by iden­
tifying critical observations or experiments to be made in 
the laboratory or at sea. It is only by such attempts that 
fishery biology will eventually be advanced to an understand­
ing or analytical rather than a descriptive science. Ex­
amples of the kinds of studies planned include, first, 
population dynamic models that are more realistic than ex­
isting models or, in areas where we lack adequate data, 
that can set limits on what we may expect to find in nature. 
Second, evaluation of the consequences of changing the abun­
dance of species at one trophic level and the results of these 
changes on other trophic levels, particularly thos e of pre­
sent or potential commercial importance. 



PUBLICATIONS 1949-1958 
A In Jor pr duct 

Ilabl th b i~ d l. 

publi tlon d, l nbin th 
tion .1nd 

cr 
pt riod, 

!lei 
r' tar h und .. rl k . n 

ft h ry n' Ire h rtl 
1 s 0 pu b It h d, Ali t 

th publi allons whi h aery to mak 
n lyti 1 r. suits . In addition to these 

by m tnb rs of tht BBL staff, transla­
I s from for Ign languages, particularly 
of th HRL publications for the ten-y ar 

II III RlBl , 

SOl II 

J (. I H. I If (\\ f R, 



PUBLICATIONS 1949-1958 

1949 

SETTE, O. E. 
Methods of biological research on pelagic fisheries re­
sources. Indo-Pacific Fisherie s Council Proceedings, 
1st Meeting: 132-138. 

Pacific Oceanic Fishery Investigations. Copeia 1949 (1): 

84-85. 

1950 

AlKAWA, H. and M. KATO 
Age determination of fish (preliminary report). U. S. 
Fish and Wildlife Service, Special Scientific Report-­
Fisheries 21, 22 p. (Translated from the Japanese by 
W. G. Van Campen) 

BATES, D. H., JR. 
Tuna trolling in the Line Islands in the late spring of 
1950. U. S. Fish and Wildlife Ser v ice, Fishery Leaflet 

351, 32 p. 

CLEAVER, F. C. and B. M. SHIMADA 
Japanese skipjack (Katsuwonus pelamis) fishing methods. 
Commercial Fisherie s Review 12(11): 1-27. Separate 
No. 260. 

HIYAMA, Y. 
Poisonous fishes of the South Seas. U. S. Fish and Wild­
life Service, Special Scientific Report--Fisheries 25, 
221 p. (Translated from the Japanese by W. G. Van 
Campen) 

JUNE, F. C. 
Preliminary fisheries s urvey of the Hawaiian-Line Islands 
area. Part 1 - The Hawaiian longline fishery. Commer­
cial Fisheries Review 12(1): 1-23. Separate No. 244. 

The tuna industry in Hawaii. Pan-American Fisherman 
4(10): 11, 19. 

KISHINOUYE, K. 
Larval and juvenile tunas and skipjacks. U. S. Fish and 
Wildlife Service, Special Scientific Report- - Fisheries 
19, 14 p. (Translated from the Japanese by W. G . Van 
Campen) 

A study of the mackerels, cybiids, and tunas . U . S . Fish 
and Wildlife Service, Special Scientific Report - -Fisheries 
24, 14 p. (Translated from the Japanese by W. G . Van 
Campen) 

MATSUI, K. 
The gonads of skipjack from Palao waters. U. S. Fish 
and Wildlife Service, Special Scientific Repo r t - -Fisheries 
20, 6 p. (Translated from the Japanese by W . G. Van 
Campen) 

MOORE, H. L. 
The occurrence of a black marlin (Tetrapterus mazara) 
without spear. Pacific Science 4(2): 164. 

NAKAMURA, H. 
The food habits of yellowfin tuna Neothunnus macropterus 
(Schlegel) from the Celebes Sea. U. S. Fish and Wildlife 
Service, Special Scientific Report--Fisheries 23, 8 p. 
(Translated from the Japanese by W. G. Van Campen) 

NAKAMURA RESEARCH STAFF 
Report of investigations of skipjack and tuna resources 
in 1947. U. S. Fish and Wildlife Service, Special Scien­
tific Report--Fisheries 17, 19 p. (Translated from the 
Japanese by W. G. Van Campen) 

SCHAEFER, M. B. and J. W. REINTJES 
Additional records confirming the trans-Pacific di s tribu­
tion of the Pacific saury, Cololabis saira (Brevoort). 
Pacific Science 4(2): 164. 

SCHAEFER, M. B. and L. A. WALFORD 
Biometric comparison between yellowfin tunas (Neothunnus) 
of Angola and of the Pacific coast of Central America. U. 
S. Fish and Wildlife Service, Fishery Bulletin 51(56): 425-
443. 



SETTE, O. E. and M . B. SCHAEFER 
Pacific Oceanic Fishery Investigations: Statement of pro­
gram. Indo-Pacific Fisheries Council, Proceedings 
2nd Mee t ing: 85-87. 

SHAPIRO, S. 
The Japanes e l ongline fi s h e r y for tunas . C omme r cial 
Fisheries R evi ew 12(4): 1-26. 

SHIMADA, B . M . and W. G. VAN CAMPEN 
Mor p h ometry, growth, and age of tunas. U. S. Fish 
and Wildlife Service, Special Scientific Report--Fisheries 
22, 3 0 p. (Translated from the Japanese by the Supreme 
Commander for the Allied Power's translators and W. G. 
Van Campen; edited by B. M . Shimada and W. G. Van 
Campen). 

Spawning grounds of tuna and skipjack. U. S. Fish and 
Wildlife Service, Special Scientific Report--Fisheries 
18, 14 p. (Translated from the Japanese by the Supreme 
Commander for the Allied Power's translators; edited by 
B. M. Shimada and W. G. Van Campen). 

TAUCHI, M. 
Three papers on the stocks of tunas in Japanese waters. 
U. S. Fish and Wildlife Service, Special Scientific Re­
port--Fisheries 16, 15 p. (Translated from the Japa­
nese by W. G. Van Campen). 

VAN CAMPEN, W. G. (Translator) 
Albacore fishing grounds development in 1939. U. S. 
Fish and Wildlife Service, Special Scientific Report-­
Fisheries 33, 175 p. (Translation from the Japanese 
of the rerort by the Japan Fisheries Bureau) . . 

1951 
CROMWE L.L, T. 

Mid-I 'acific oceanography, January through March 1950. 
U. S. Fish and Wildlife Service, Special Scientific Re­
port--Fisheries 54, 9 p. 

IMAMURA, Y. 
The Japanese skipjack fishery. U. S. Fish and Wildlife 
Service, Special Scientific Report--Fisher i e s 49, 67 p. 
(Trans late d f rom the Japanese by W. G. Van Campen). 

JUNE , F . C. 
Notes on the feeding habits of the giant white marlin of 
the Pacific. Pacific Science 5(3): 287 . 

Preliminary fisheries survey of the Hawaiian-Line Is­
lands area. Part 2 - Notes on the tuna and bait r e­
sources of the Hawaiian, Leeward, and Line Islands. 
Commercial Fisheries Review 13(1): 1-22. Separate 
No. 270. 

Preliminary fisheries survey of the Hawaiian- Line Is­
lands area. Part 3 - The live-bait skipjack fishery of 
the Hawaiian Islands. Commercial Fisheries Review 
13(2): 1-18. Separate No. 271. 

KING, J. E. 
Two juvenile pointed-tailed ocean sunfish, Masturus 
lanceolatus, from Hawaiian waters. Pacific Science 
5(1): 108-109. 

MOORE, H. L. 
Estimation of age and growth of yellowfin tuna (Neothunnus 
macropterus) in Hawaiian waters by size frequencies. 
U. S. Fish and Wildlife Service, Fishery Bulletin 52(65): 
133-149. 

SCHAEFER, M. B. 
Estimation of size of animal populations by marking ex­
periments. U. S. Fish and Wildlife Service, Fishery 
Bulletin 52(69): 191-203. 

Some recent advances in the study of the biology and ra­
cial division of Pacific tunas. Indo-Pacific Fisheries 
Council, Proceedings, Section 2, 2nd Meeting: 63-69. 

SHIMADA, B. M. 
An annotated bibliography on the biology of Pacific tunas. 

U. S. Fish and Wildlife Service, Fishery Bulletin 52(58): 
I-58. 



SHIMADA, B. M. 
Contribution to the biology of tunas from the western 
Equatorial Pacific. U. S. F ish and Wildlife Service, 
Fishery Bulletin 52(62): 111-11 9 . 

Japanese tuna-mothership operations in the western 
Equatorial Pacific Ocean. Commercial Fisheries Re­
view 13(6): 1-26. Separate No. 284. 

Juvenile oceanic skipjack from the Phoenix Islands. 
U. S. Fish and Wildlife Service, Fishery Bulletin 52 
(64): 129- 13 1. 

SHIMADA, B. M. and W. G. VAN CAMPEN 
Exploratory tuna fishing in the Marshall Islands. U. S. 
Fish and Wildlife Service, Special Scientific Report-­
Fisheries 47, 21 p. (Translated from the Japanese by 
the Supreme Commander for the Allied Power's trans­
lators; edited by B. M. Shimada and W. G. Van Campen). 

Tuna fishing in Palau waters. U. S. Fish and Wildlife 
Service, Special Scientific Report--Fisheries 42, 26 p. 
(Translated from the Japanese by the Supreme Command­
er for the Allied Power's translators; edited by B. M. 
Shimada and W. G. Van Campen). 

Exploratory tuna fishing in Indonesian waters. U. S. 
Fish and Wildlife Service, Special Scientific Report-­
Fisheries 45, 17 p. (Translated from the Japanese by 
the Supreme Commander for the Allied Power's trans­
lators; edited by B. M. Shimada and W. G. Van Campen). 

SUEHIRO, Y. 
A study of the causes of death of bait fishes. U. S. Fish 
and Wildlife Service, Special Scientific Report--Fish­
eries 62, 57 p. (Translated from the Japanese by W. G. 
Van Campen). 

VAN CAMPEN, W. G. (Translator) 
Exploratory tuna fishing in the Caroline Islands. U. S. 
Fish and Wildlife Servic.e, Special Scientific Report-­

Fisheries 46, 42 p. (Translations from the Japanese). 

VAN CAMPEN, W. G. (Translator) 
Japanese skipjack studies. U. S. Fish and Wildlife 
Service, Special Scientific Report--Fisheries 51, 30 p. 

(Translations from the Japanese). 

Japanese tuna surveys in tropical waters. U. S. Fish 
and Wildlife Service, Special Scientific Report--Fish­
eries 48, 40 p. (Translations from the Japanese). 

Kishinouye's order Plecostei. U. S. Fish and Wildlife 
Service, Special Scientific Report--Fisheries 50, 16 p. 
(Translations from the Japanese). 

On the Japanese black tuna (Thunnus orientalis). U. S. 
Fish and Wildlife Service, Special Scientific Report-­
Fisheries 52, 22 p. (Translations from the Japanese). 

Tuna bait resources at Saipan. U. S. Fish and Wildlife 
Service, Special Scientific Report--Fisheries 44, 15 p. 

(Translation from the Japanese of the report by K. Ikebe 
and T. Matsumoto). 

VAN CAMPEN, W. G. and B. M. SHIMADA 

The Japanese albacore fishery of the North central Pa­
cific. U. S. Fish and Wildlife Service, Fishery Leaflet 
388, 6 p. 

WATANABE, H. 

Fishing conditions south of the Marshall Islands. U. S. 
Fish and Wildlife Service, Special Scientific Report __ 
Fisheries 43, 23 p. (Translated from the Japanese by 
W. G. Van Campen). 

1952 

EGO, K. and T. OTSU 

Japanese tuna -mothership expeditions in the western 
Equatorial Pacific Ocean (June 1950 to June 1951). 
Commercial Fisheries Review l4(6): 1-19. Separate 
No. 315. 



JUNE, F. C. 
Observations on a specimen of bluefin tuna (Thunnus 
thynnus)taken in Hawaiian waters. Pacific Science 
6(1): 75-76. 

An "unusual" yellowfin tuna (Neothunnus macropterus) 
from the waters of the northern Line Islands in the 
central Pacific Ocean. Copeia 195 2(3): 210-211. 

KAWANA, T. 
On the relation between t he tuna fishery and oceano­
graphic co nditions. U. S. Fish and Wildlife Service, 
Special Scientific Report--Fisheries 78, 33 p. (Trans­
lated from the Japanese by W. G. Van Campen). 

MATSUMOTO, W. M. 
Experimental surface gill net fishing for skipjack 
(Katsuwonus pelamis) in Hawaiian waters. U. S. 
Fish and Wildlife Service, Special Scientific Report-­
Fisheries 90, 20 p. 

MURPHY, G. 1. and R. S. SHOMURA 
New tuna source. Pan-American Fisherman 6(10): 
14-16. 

NAKAMURA, H. 
The tunas and their fisheries. U. S. Fish and Wild­
life Service, Special Scientific Report--Fisheries 82, 
115 p. (Translated from the Japanese by W. G. Van 
Campen). 

SCHAEFER, M. B. 
Comparison of yellowfin tuna of Hawaiian waters and 
of the American west coast. U. S. Fish and Wildlir'e 
Service , Fishery Bulletin 52(72): 353-373. 

SELLA, M. 
Migratlons and habitat of the tuna (Thunnus thynnus L.), 
studied by the method of the hooks, with observations 
on growth, on the operation of the fisheries, etc. U. 
S. Fish and Wildlife Service. Special Scientific Report-­
Fisheries 76, 20 p. (Translated from the Italian by 
W. G. Van Campen). 

TESTER, A. L. 
Establishing tuna and other pelagic fishes in ponds and 
tanks. U. S. Fish and Wildlife Service, Special Scienti­
fic Report--Fisheries 71, 20 p. 

TESTER, A. L. e t al. 
Reaction of tuna and other fish to stimuli - 1951. U. S. 
Fish and Wildlife Se r vice, Special Scientific Report-­
Fishe10ies 91, 83 p. 

VAN CAMPEN, W. G. 
Japanes e mother ship -tuna -fishing operations in the 
western Equatorial Pacific, June-October 195 1 (Report 
on the Seventh, Eighth, and Ninth Expeditions). Commer­
cial Fisheries Review 14( 11): 1-9. 

VAN CAMPEN, W. G. (Translator) 
Five Japanese papers on skipjack. U. S. Fish and Wild­
life Service, Special Scientific Report--Fisheries 83, 78 p. 
(Translations from the Japanese). 

The Japanese tuna fishing industry, U. S. Fish and Wild­
life Service, Special Scientific Report--Fisheries 79, 32p. 
(Translations from the Japanese). 

Oceanographic conditions and the albacore grounds east 
of Cape NOjima (Contributions to Fisheries Guidance 
No.2). U. S. Fish and Wildlife Service, Special Scien­
tific Report--Fisheries 77, 18 p. (Translation from the 
Japanese of the report published by the Miyagi Prefecture 
Experiment Station). 

1953 

CROMWELL, T. 
Circulation in a meridional plane in the central Equatorial 
Pacific. Journal of Marine Research 12(2): 196-213. 

DUNG, DOROTHY 1. Y. and W. F. ROYCE 
Morphometric measurements of Pacific scombrids. U. 
S. Fish and Wildlife Service, Special Scientific Report-­

Fisheries 95, 170 p . . 



IKEHARA, 1. I. 
Live-bait fishing for tuna in the central Pacific. U. 
S. Fish and Wildlife Service, Special Scientific Re­
port--Fisheries 107, 20 p. 

JUNE, F. C. 
Spawning of yellow fin tuna in Hawaiian waters. U. 
S. Fish and Wildlife Service, Fishery Bulletin 
54(77): 47-64. 

JUNE, F. C. and J. W. REINTJES 
Common tuna-bait fishes of the central Pacific. U. 
S. Fish and Wildlife Service, Research Report 34, 
54 p. 

KING, J. E. and J. DEMOND 
Zooplankton abundance in the central Pacific. U. S. 
Fish and Wildlife Service, Fishery Bulletin 54(82): 

111-144. 

MC KERNAN, D. L. 
Pioneer longlining for tuna along the equator. Pa­
cific Fisherman 51(8): 19, 21, 23. 

MURPHY, G. 1. and E. L. NISKA 
Experimental tuna purse seining in the central Paci­
fic. Commercial Fisheries Review 15(4): 1-12. 
Separate No. 347. 

MUR PHY, G. I. and R. S. SHOMURA 
Longline fishing for deep-swimming tunas in the cen­
tral Pacific, 1950-51. U. S. Fish and Wildlife Ser­
Vile, SP' cial Scientific Report--Fisheries 98, 47 p. 

Longlin.> fishing for deep-swimming tunas in the cen­
tr I P cific, January-June 1952. U. S. Fish and 
Wildhf S rvict", ::ipeclal Scientific Report--Fisher1~B 
108, '3l p. 

NI KA, L. 

C ,n tru tlon detail uf t'111a longline gear u15ed by Pa­
Inc Oc 111 Fish ry In" tl ations. Commt"rclal 

1'1 htrll R VH l'l(b): 1- • ~ p rate No. '3')1. 

REINTJES, J. W. and J. E. KING 
Food of yello~in tuna in the central Pacific. U. S. Fish 
and Wildlife Service, Fishery Bulletin 54(81): 91-110. 

ROYCE, W. F~ 
Preliminary report on a comparison of the stocks of 
yellowfin tuna. Indo-Pacific Fisheries Council Pro­
ceedings, Section 2, 4th Meeting: 134-145 . 

VAN CAMPEN, W. G. 
Tuna fishing at Tahiti. Commercial Fisheries Review 
15(10): 1-4. Separate No. 358. 

YUEN, H. S. H. and J. E. KING 
Sampan from Hawaii makes visit to Line Islands. Pan­
Amer ican Fisherman 7(12): 10-11, 22. 

1954 
AUSTIN, T. S. 

Mid-Pacific oceanography Part V, Transequatorial wa­
ters, May - June 1952, August 1952. U. S. Fish and 
Wildlife Service, Special Scientific Report--Fisheries 
136, 86 p. 

CROMWELL, T. and T. S. AU STIN 
Mid-Pacific oceanography II, by T. Cromwell, and Mid­
Pacific oceanography III, by T. S. Austin. U. S. Fish 
and Wildlife Service, Special Scientific Report- -Fish­
eries 131. (Part II: 13 p., Part III: 17 p.). 

CROMWELL, T.,R. B. MONTGOMERY, and E. D. STROUP 
Equatorial undercurrent in Pacific Ocean revealed by 
new methods. Science 119(3097): 648-649. 

KING, J. E. and T. S. HIDA 
Variations in zooplankton abundance In Hawaiian wat~rB, 
1950-52. U. S. Fish and Wildlife Service, Special Clen­
tific Report--Fisheries 118, 66 p. 



KING, J . 

URPHY, G. 1. ndK. C. ELLIO T 
U. 

R -

MURPHY, C. 1. ndT. OT U 
Analy i J 
eXped1tlOn to the 
V.1ldlif S r 1(' , 
erie 128, 46 p. 

'AKAMURA, H. 

t 

U. 

Tuna longhne h h ry nd h h1ng rouI'ds. U. • Fi h 
and Wlldhfe Serv1ce, Sp C1 C1 nhfic R port--Fi h-
eries 112, 168 p. (Translat d from t Japan by 
W. G. Van Campen). 

OTSU, T. 
Analysis of til Hawaiian Ion line fishery, 1948-19<;2. 
Commercial Fisheries Renew 16(9): 1-17. Separate 
No. 376. 

ROYCE, W. F. 
Tuna bal ' urvey in the Marquesas ard Tuamotus. 
Pan-Am rlcan Flsherman <)(1): 10-11,24. 

SETTE, G. E. and STAFF OF POFI 
Progr€ ss in Pacific OceaniC' Fishery InvestigatlOns 
1950 - 53. U. S. Fish and Wildlife Service, Special 
Scientific Report--Fisheries 116, 75 p. 

THOUP, . D. 

1id-l 1fl~ oc tlography, Part IV, Tr nsequatorial 
w t re, J nil ry - Mdrch 1952. U. S. Fish and Wild­
lif r vi p Cl 1 .. i •. lltiflC R"port--Fisheries 135, 
52 p. 

T R, A. L., H. YUEN, and M. TAKATA 
tion to lun to etimuli , 1953. U. S. Fish and Wild-

hf rvic, ~p cl.d cicntifi R port--Fi heries 134, 
B p. 

VA CAMPEN, W. C. 
Tun 
Comm r 
No. 382. 

tAm rlCan amoa , January - April 1954. 
H 'vicw 16(11): 1-9 . Separate 

1955 

HillA, T. 5. nd J. r. KING 
V rtl 1 dt tributlOn of zooplankton in the central Equa­
ton 1 P cifl , July - August 1952. U. S. Fish and Wild­
hft: 5 rvu;; , pedal Scientific Report--Fuiheries 144, 
II p. 

IVERSEN, E. S. 
~lZ frequencies and growth of central and western Pa­
c1fic. bigey ~ tuna. U. S. Fis h and Wildlife Service, 
Sp ial SCientific. Report--Fisheries 162, 40 p. 

IVERSEN, E. S. and C. 1. MURPHY 
What the Jar.gaard longline venture found in mid-Pacific. 
Pdcific Fisherman 53(4): 22, 25, 27. 

KING, J. E. 
Annotated list of birds observed on Christmas Island, 
October to December 1953. Pacific Science 9(1 ): 42-48. 

MANN, H. J. 
Construction details of improved tuna longline gear used 
by Pacific Oceanic Fishery Investigations . Commercial 
Fisheries Review 17(12): 1-10. Separate No. 422. 



MC GARY, J. W. 
Mid-Pacific oceanography, Part VI, Hawaiian off­
shore waters, December 1949 - November 1951. U. 
S. Fish and Wildlife Service, Special Scientific Re­
port--Fisheries 152, 138 p. 

MC KERNAN, D. L. 
Dividends from research: the birth of a fishery. Pro­
gressive Fish Culturist 17(1): 42-43. 

MURPHY, G. 1. and 1. 1. IKEHARA 
A summary of sightings of fish schools and bird flocks 
and of trolling in the central Pacific. U. S. Fish and 
Wildlife Service, Special Scientific Report--Fisheries 
154, 19 p. 

MURPHY, G. 1. and R. S. SHOMURA 
Longline fishing for deep-swimming tunas in the cen­
tral Pacific, August-November 1952. U. S. Fishand 
Wildlife Service, Special Scientific Report--Fisheries 
137, 42 p. 

NAKAMURA, H. 
Report of an investigation of the spearfishes of For­
mosan waters. U. S. Fish and Wildlife Service,Spe­
cial Scientific Report--Fisheries 153, 46 p. (Trans­
lated from the Japanese by W. G. Van Campen). 

PRITCHARD, A. 
Oxygen requirements of some Hawaiian tuna baitfish. 
U. S. Fish and Wildlife Service, Special Scientific Re­
port--Fisheries 146, 30 p. 

ROYCE, W. F. and T. OTSU 
Observation of skipjack schools in Hawaiian waters, 
1953. U. S. Fish and Wildlife Service, Special S::ien­
tific Report--Fisheries 147, 31 p. 

SECKEL, G. R. 
Mid-Pacific oceanography, Part VII, Hawaiian off­
shore waters, September 1952 - August 1953. U. S. 

Fish and Wildlife Servite, Special Scientific Report-­
Fisheries 164, 250 p. 

SETTE, O. E. 
Consideration of mid-ocean fish production as related to 
oceanic circulatory systems. Journal of Marine Re­
search 14(4): 398-414. 

An invitation to systematic zoologists. Systematic Zoo­
logy 4(1): 40, 42. 

SHOMURA, R. S. 
A comparative study of longline baits. U. S. Fish and 
Wildlife Service, Special Scientific Report--Fisheries 

151, 34 p. 

SHOMURA, R. S. and G. I. MURPHY 
Longline fishing for deep-swimming tunas in the central 
Pacific, 1953 . U. S. Fish and Wildlife Service, Special 
Scientific Report--Fisheries 157, 70 p. 

STROUP, E. D. and T. S. AUSTIN 
Review of the oceanographic programs of the Pacific 
Oceanic Fishery Investigations. American Geophysical 
Union, Transactions 36(5): 881-884. 

TESTER, A. L. et al. 
Reaction of tuna to stimuli 1952-53. U. S. Fish and 
Wildlife Service, Special Scientific Report--Fisheries 
130, 124 p. 

YUEN, H. S. H. 
Maturity and fecundity of bigeye tuna in the Pacific. U. 
S. Fish and Wildlife Service, Special Scientific Report-­
Fisheries 150, 30 p. 

1956 

AUSTIN, T. S., E. D. STROUP, and M. O. RINKEL 
Variations in the equatorial countercurrent in the cen­
tral Pacific. American Geophysical Union, Transactions 
37(5): 558-564. 

IVERSEN, E. S. 
Size variation of central and western yellowfin tuna. U. 
S. Fish and Wildlife Service, Special Scientific Report-­
Fisheries 174, 23 p. 



nd H. O. YO HIDA 
(or tu In th 

• F h nd Wlldl ! 
Report--Fiah rl • I ,33 p. 

KI G, J. 
A tripon mp 

KI 'G, J. and I. I. IKEHARA 
Comp r tlv 
tb c n r IP ctflc. 
F18 h ry B 11 Un 57(1 

o 17(1): 3- • 

n 

P S IC 

MC G Y, J. a d E. D. STROCP 
Mid-Pacshc. oc. no raphy, Par VIIl, 
ter , Jan ary - March 1 '5. U. S. F18 
Vlce, Specla Sc.lcnuI c. 

• AUGHTON, .::. J. t a • 
at r of r n 0 f-co.or con IUon In pr coo e 

fin Lma. U. S. Fish an Wlld.l! Sri ,Sp C1 

u!ic R port--Flsh rl a '0. 197, 7 p. 

OTSU, T . aT R. . UCHIDA 

OR PAC. 

wa-

Y llow­
SCI 

Tagge-3 bi eye tur.a rec.over d. Pac1fic Sc I r, 10(l): l36. 

SHOMURA, R. S. an r T. OTSU 
Central orth Pacibc albacore aur.eye, JarOlary 1954 -
F ebru;;. y 1'155. U. S. Fish and Wildlife rrV1C ,Special 
Scient. c. Report -- Flsheries 173, 2.9 p. 

TESTER, A, L, 
The where and Nhy of al/acort;.. PdClfic F1S crrn n 54(4): 

VA AMP 

p rt -- F 
RuaSI n). 

, W. G. (Tr nal lor) 
t rn F' .. cific plar kt(jn . 

SpecIal Sci nt1f1C k -
(Translallon from th'" 

y r's Cuhln c ndltlOn of tuna Ion hn r• flsh r­
Sl dill n. U. S. Fish and TIldhf C:;;ervlCe, Sppdal 

11 , 131 p. (rran l .. ttc/ns 
of th r port dlted by ankal R, glr,Tl_ 
r h Laboratory . 

compe,s ItlOO stu­

rVlc ,Special Scientific 
(Transldti(lns frrJm the 

, W. G. and E. E. HOVEN 
and t r fi h ri s oC the orid: A'1 annotated tJib­

ho rdphy, 1930-53. U. S . Fish and Wild ill' Service, 
.bah ryBu.1 tir 57(111): 173 -l49. 

1957 
AU TI', T. S. 

S mmdry, oc ano raphic ard H6hery data , Marq'.IeBas 
I la da area , Aug 1St - September J '}5fJ (EQUAPAC). u . 
S. Fish and ,vildlif Service, Special Scientific f/eport-­
Fish ries 217, 186 p. 

AUSTI T, T. !>. ad M. O. RINKEL 
Variations 10 upwelling in the Equatoria PaClfic (Ahstrcct). 
Jl<lnth Pacific bri nu: Congress. Ahstracts (jf F'apet''l, 
p. 1&8. 

CALLA AY. R. J. 
Oceanographic an' meteorolrJgical observations in th", 
northeast and central. orth Pacific, J'lly-Decern"ber 1956, 
U. S. Fish and WildLife Service, Special Scier.tific p.ep(jrl 
--Fisheries Z 30, 4'1 p. 

21, d-24. GRAHAM, J. J. 

Recent equatorial tur.a rf'search, F'ar-AmE'ricdn FlSr. r­
mar. 1 () (8): If) - 11, 2 1. 

Centra orth PariIlc albacorE' sur'/eys, May to November 
1'155, U, S. Fi hardWildlifeSerllc,", Sp":cialScientiftc 
p. port--Fishenes 2.2, 38 p. 



HIDA, T. S. 
Chaetognaths and pteropods as biological indicator s in the 
North Pacific. U. S. Fish and Wildlife Service, Special 
Scientific Report--Fisheries 215, 13 p. 

IVERSEN E. S. and H. O. YOSHIDA 
Longline and troll fishing for tuna in the central Equatorial 
Pacific, January 1955 to F ebruary 1956. U. S. Fish and 
Wildlife Service, Special Scientific Report--Fisheries 
203, 38 p. 

Notes on the biology of the wahoo in the Line Islands. Pa­
cific Science 11(4}: 370-379. (October issue). 

KING, J. E. 
Variations in abundance of zooplankton and forage orga­
nisms in the central Pacific in respect to the equatorial 
upwelling. (Abstract). Ninth Pacific Science Congress. 
Abstracts of Papers. p. 169. 

KING, J. E., T. S. AUSTINandM. S. DOTY 
Pr eliminary r epor t on Expedition EASTROPIC. U. S. 
Fish and Wildlife Service, Special Scientific Report-­
Fisheries 201, 155 p. 

KING, J. E. and T. S. HIDA 
Zooplankton abundance in Hawaiian waters, 1953-54. U. 
S. Fish and Wildlife Service, Special Scientific Report-­
Fisheries 221,23 p. 

Zooplankton abundance in the central Pacific. Part II. U. 
S. Fish and Wildlife Service, Fishery Bulletin 57(118}: 
365-395. 

KING, J. E. and R. L. PYLE 
Observations on sea birds in the tropical Pacific. Condor 
59(1}: 27-39. 

KING, J. E. and P. T. WILSON 
Studies on tilapia as skipjack bait. U. S. Fish and Wild­
life Service, Special Scientific Report--Fisheries 225, 8p. 

MANN, H. J. 
A new method of handling long line gear. Indo-Pacific 
Fisheries Council, 7th Session. pp. 73-76. 

MC GARY, J. W. and T. M. NAITO 

Wind atlas of the North Pacific. U. S. Fish and Wildlife 
Service, Special Scientific Report--Fisheries 243, 35 p. 

MIYAKE, I. and W. R. STEIGER 
The response of tuna and other fish to electrical stimuli. 
U. S. Fish and Wildlife Service, Special Scientific Report 
--Fisheries, 223, 23 p. 

MURPHY, G. I. and R. S. SHOMURA 
Variations in yellowfin abundance in the central Pacific. 
(Abstract). Ninth Pacific Science Congress. Abstracts 
of Papers, p. 170. 

NAUGHTON, J. J., M. M. FRODYMA, and H. ZEITLIN 
Further studies on green or offcolor condition in pre­
cooked yellowfin tuna. U. S. Fish and Wildlife Service, 
Special Scientific Report- -Fisheries 247, 13 p. 

NAUGHTON, J. J. et al. 
Spectral reflectance applied to the study of heme pigments. 
Science 125(3238}: 121-122. 

OTSU, T. 
Development of "honeycombing" in Hawaiian skipjack tuna. 
Commercial Fisheries Review 19(1}: 1-8. Separate No. 
464. 

OTSU, T. and H. O. YOSHIDA 
Another record of the rare shark, Euprotomicrus bispi­

natus, from the Pacific Ocean. Copeia 1957(1}: 58. 

ROYCE, W. F. 
Statistical comparison of morphological data. In contri­
butions to the study of subpopulations of fishes. (Coordi­
nated by J. C. Marr.) U. S. Fish and Wildlife Service, 
Special Scientific Report--Fisheries No. 208: 7-28. 

Observations on the spearfishes of the central Pacific. 

U. S. Fish and Wildlife Service , Fishery Bulletin 57(124}: 
497-554. 



STRASBURG, D. W. 
Notes on th respiration of small Remora remora. Co­
peia 1957(1): 58 - 60. 

Sharks of the central Pacific--Nuisance or r source. Pan­
American Fisherman 11(9): 6-7, 14-15 . 

TESTER, A. L. 
Sumznary of experlments on the response of tuna to sllTn­
muli. International Fishing Gear Congress J 957, October 
7-12, Hamburg, Germany. Paper No. 74-(b). 

TESTER, A. L. and E. L. NAKAMURA 
Catch rate, size, sex, and food of tunas and other pela­
gic fishes taken by trolling off Oahu, Hawaii, 1951-55. 
U. S. Fish and Wildlife Service, Special Scientific Re­
port--Fishenes 250, 25 p. 

VAN CAMPEN, W. G. and G. I. MURPHY 
Tagging albacore on a Japanese bait boat. Pacific Fish­
erman 55(3): 37, 39, 41-43 p. 

VAN LANDINGHAM, J. W. 
A modification of the Knudsen method for salinity deter­
mination. Extrait Du Journal Du Conseil International 
Pour L'Exploration de la Mer 22(2): 174-179. 

WILSON, R. C. and T. S. AUSTIN 
U. S. Fish and Wildlife Service task force in the Marque­
sas. Pan-American Fisherman 11(12): 6-7, 14. 

WILSON, R. C. and M. O. RINKEL 
Marquesas Area Oceanographic and Fishery Data, .Jan . -
March, 1957. Special Scientific Report--Fisheries 238, 

135 p. 

YUEN, H . S. H. and F. C. June 
Yellowfin tuna spawning in the central equatorial Pacific. 
U. S. Fish and Wildlife Service, Fishery Bulletin 57(112): 
251-264. 

1958 

AUSTIN, T. S. 
Variations with depth of oceanographic properties along 
the Equator in the Pacific. Transactions, American Geo­
physical Union 39(6): 1055-1063. 

Seasonal variations in the oceanographic and the marine 
biological features in the waters of French Oceania (Mar­
quesas). Proceedings Hawaiian Academy of Science. 
33rd Annual meeting 1957-58. p. 20 (Abstract only). 

CALLAWAY, R. J. 
Annual variations of sea surface temperature in the east­
ern North Pacific Ocean. Hawaiian Academy of Science. 
Proceedings 33rd Annual Meeting 1957-58. p. 27 (Abstract) . 

GRAHAM, J. J. and DOROTHY D. STEWART 
Estimating maximum fishing depth of longline gear with 
chemical sounding tubes. U. S. Fish and Wildlife Ser­
vice, Special Scientific Report--Fisheries No. 285. 16p. 

IVERSEN, E. S. and E. E. HOVEN 
Some trematodes of fishes from the central equatorial 
Pacific. Pacific Science 12(2): 131-134. 

KING, J. E. 
Some observations on the birds of Tahiti and the Mar­
quesas Islands. Elepaio (Journal of the Hawaii Audubon 
Society) 19(3): 14-17. 

KNAUSS, J. A. and J. E. KING 
Observations of the Pacific equatorial undercurrent. 
Nature 182:601-602. August 30, 1958. 

MANN, H. J. 
A new method of handling longline gear using a rotating 
tub. U. S. Fish and Wildlife Service, Commercial Fish­
eries Review 20(10): 1-8. Separate No. 526. 

MATSUMOTO, W. M. 
Description and distribution of larvae of four species of 
tuna in central Padfic waters. U. S. Fish and Wildlife 

Service, Fishery Bulletin 58(128): 31-72. 



Me GARY, J. W., E. C. JONES and J. J. GRAHAM 
Enrichment in the transition zone between the Subarctic 
and Central Water Masses of the central North Pacific. 
Proceedings 9th Pacific Science Congress, 1957, 16: 
82-89. 

MC GARY, J. W. and E. D. STROUP 
Oceanographic observations in the central North Pacific, 
September 1954 - August 1955. U. S. Fish and Wildlife 
Service, Special Scientific Report--Fisheries No. 252. 
250 p. 

NAKAMURA, E. L. and J. L. YOUNT 
An unusually large salp. Pacific Science 12(2): 181. 

NAUGHTON, J. J., H. ZEITLIN, and M. M. FRODYMA 
Spectral reflectance studies of the heme pigments in tuna 
fish flesh. Some characteristics of the pigments and dis­
coloration of tuna mean. Agricultur al and food chemistry 
6(12): 933-938. 

OTSU, T. and R. N. UCHIDA 
Age determination of albacore by the vertebral method. 
Proceedings of the Indo-Pacific Fisheries Council 7{II­
III): 49-52. 

SETTE, O. E. 
Nourishment of central Pacific stocks of tuna by the equa­
torial circulation system. Proceedings of the 8th Pacific 
Science Congress, 1953, vol. 3: 131-137. 

STRASBURG, D. W. 
Distribution, abundance, and habits of pelagic sharks in 
the central Pacific Ocean. U. S. Fish and Wildlife Ser­
vice, Fishery Bulletin 138, vol. 58: 335-361. 

STRASBURG, D. W. and R. W. HIATT 
Sexual dimorphism in the labrid fish genus Gomphosus. 
Pacific Scienc e ll( 1): 133- 134. 

VAN LANDINGHAM, J. W. 
Stabilizing heteropoly coior in the estimation of phosphate 

phosphorus in sea water. Proceedings Hawaiian Academy 
of Science. 33rd Annual Meeting, 1957-58. p. 22 (Abstra:t). 

WILSON, R. C., E. L. NAKAMURA and H. O. YOSHIDA 
Marquesas area fishery and environment data, October 
1957-June 1958. U. S. Fish and Wildlife Service, Spe­
cial Scientific Report--Fisheries No. 283, 105 p. 

YAMASHITA, D. T. 
Analysis of catch statistics of the Hawaiian Skipjack Fish­
ery. U. S. Fish and Wildlife Service, Fishery Bulletin 
No. 134, vol. 58: 253-278. 

YAMASHITA, D. T. and K. D. WALDRON 
An all-plastic dart-type fish tag. California Fish and 
Game 44(4): 311-317. October, 1958. 

YUEN, H. S. H. 
A preliminary report on the Sea Scanar, an ultra-sonic 
fish finder. Proceedings Indo-Pacific Fisheries Council 
7 (II-III). Abstract p. 83. 



TRA SL TION (U P BLISHED) 1949-1958 

fA 0, K. l. 
1955. Studie on th rediO ell Ity In C rt In p 1 {I h 

- 1. Distnbuti0n of r dl 
f fi h. Bull tin f th 

lO( 10) 
Jap n se). 

BABURINA. E. A. 
1955. Ch racterlshcs of th stru tur 

h In Worle 

BEKl EMISHEV. K. V 
lQ54. Feeding of som 

East rn t r . 
(Translation {ron ). 

BEKLEMISHEV, K. V. nd G. 1. SEMINA 

h n uith 

r ne 

cop 1'0d In Far 
Lhurnal ~(6) 

i956. On the "tructure of n e blOgt:"O Jrapnlcal boundary 
between boreoll and tr:1. 1(, i rE"gi ms in th p lagi i 
of the north .... e ,tern PaeiIi ... Oeear •. Doklady Akadt:"-
mii auk. SSSR 108(6): 10!l7 lObO (I rolnslltion 
from • H' Russian). 

BELLOC, G. 
lQS4. Tunas in the Mediterranectn. rechnical Paper No. 

49. Pr lc.eedings and Technical Papers '"', (,eneral 
Fi heries Council for the Mediterranean, F AO: 2.B6-
97 Albacore section only translated from the French) 

BIRYUDIN, G. M. 
1955. nternal waves as a LHtor In the distribution of or­

ganisms in t'le oIJen sea. IzuestiJd, Tlkhookeanskogo 
n. -i. ins tit uta rybnogokho -ziais tva i okeanografii. 
43: 20B-210 (Translation from the Russian). 

B G H. V. v. G. and K. V. BEKLEMISIlEV 
19!15. On the pruducllOn of phytoplankton in the north-

w t rn part of th' Pacific Ocean. Doklady Akade­
mil Nauk SSSH. 104(1) (Translation from the 
Russian) . 

BRAGA, R. A. 
l'pj6. N sts of tu unarf'S, Cic.hla temensis Humboldt and 

Cichla 0et:"llans Bloch and Schneider. PiSCiculture 
D p rtrr nt, Mimstry of Roads and Pubhc Works. 
Bra i: Publlc. twn No. 174 1-5. 

BRUDSKlI, K. A. 
lQC,l. D epwolter copepods (Calanoida) of the northwestern 

P 1£1 U e In. lnv stigatlOns of the Far Eastern 
as of th USSR, No.3: 37 -87. (Introductory and 

conc ludlnf, € ... tlOns unly) (Translation from the 
Russloln) . 

ENOKlDA, S. 
1958. A tudy on the distrlbutlon sea areas of yellowfin 

and blgcye lunas, which have different ovary ma­
tUrlty. Tuna Fishing 50: 19-21 (Translation from 
tl e J panese). 

FIGUERAS, A. 
1 ,},),. Report on the age and growth of the albacore (Germo 

alalunga Gmdin). International Council for the Ex­
ploration of the Sea. Committee on Scombriform 
Fishes, No. 24 (TranslatlOn from the French). 

FRADE. F. 
1937. Researches on the sexual maturity of the bluefin 

tuna of the Atlantic and Mediterranean (in June, 
1933). Bulletin of the Portuguese Society of Nat­
ural Sciences l2(2B): 243-250. 

FUKUSHIMA PREFECTURE FISHERIES EXPERIMENT 
LABORATORY 

195B. Report of investigation of tuna long-line fishing, 
7th voyage of the lwaki-Maru. lB p. (Translation 
from the Japanese). 



FURUKAWA, 1., N. ANRAKU, Y. KUROHIJI, T. KOTO, 
and K. KODAMA 

1957 . Study on the tuna longline fishery in the East China 
Sea - 1. Report of the Nankai Regional Fisheries 
Research Laboratory 6: 46 -7 6 (Trans lation from 
the Japanese). 

GRYAZEVA, E. D. 

1936. On the alternation of gonads of Abramis brama as 
connected with the ripening of generative products 
and age. Bulletin de l' institut de recherches bio­, 
logiques et de la Station bio1ogique a l' Universite 
de Perm. 

HONMA, M. and T. KAMIMURA 
1955. Bigeye studies II. A consideration of the size 

composition of big eye taken on pole and line. 
Bulletin of the Japanese Society of Scientific Fis h ­
e rie s 20( 1 0): 863 -9 (Translation from the Japanes e). 

IKEDA, Y . 
1958 . Introduction of new fishing equipment, aluminous 

bait. Tuna Fishing 50: 23. (Translation from the 
Japanese) . 

INOUE, M. 

1953. Oceanographic conditions and the albacore fishing 
situation in the 195 2 -53 longline fishing season. 
Tokai University, Industrial Science Laboratory, 
Fisheries Research Section, Fisheries Data No. 
3, 17 p. (Translation from the Japanese). 

1954. Why is the albacore fishing poor this summer and 
what is the outlook for the future? T6kai Univer­
sity' Industrial Science Laboratory, Fisheries 
Research Section, Fisheries Data No.5, 10 p. 
(Translation from the Japanese). 

INOUE, M. and K. WATANABE 

1958. The fishing power of saury blanket net (Bouke -Ami) 
fishery. Bulletin of the Japanese Society of Scien­
tific Fis heries 2 3( 12): 745 - 7 48 (Translation from 
the Japanese). 

INVESTIGATIVE SOCIETY OF TUNA FISHERY 
1958. Results of landings survey on tuna, April 1955 -

March 1956. Kanagawa Prefecture Fisheries E x ­
pe riment Station, Misaki, Japan, 135 p. (Trans­
lation from the Japanese). 

ISHIDA, M ., T. SUZUKI, and N. SANO 

1955. An experimental study for estimating the approxi ­
mate amount of fish shoals by echo sounding meth­
od. Bulletin of the Faculty of Fisheries, Hokkaido 
University 5(4): 362-367. (Translation from the 
Japanese) . 

ISHII, K . and M. INOUE 
1956. Some notes on the ovary of albacore, Germo germo, 

taken from the Coral Sea. Bulletin of the Japanese 
Society of Scientific Fisheries 22(2): 89 -93. (Trans­
lation from the Japanese). 

IZHEVSKII, G. K. 
1955. Problems and paths of development of investiga­

tions in the field of scouting and behavior offishes. 
Works of the Conference on Problems of Behavior 
and Scouting of Fishes, 1953: 1-3 (Translation 
from the Russian). 

KAGANOVSKII, A. G. 
1955. Basic traits of behavior of pelagic fishes and meth­

ods of scouting and forecasting them in Far Eastern 
waters. In Works of a Conference on Problems of 
Behaviorand Scouting of Fishes, 1953, USSR 
Academy of Science, Works of Conference 5: 26-
33 (Translation from the Russian). 

KAMIMURA, T. 
1957. Studies on variability of yellowfin tuna catch rates 

in tuna longline fishing. 1. - -An attempt to esti­
mate the confidence limits of mean catch rates using 
data from commercial fishing boats. Report of the 
Nankai Regional Fisheries Research Laboratory 5: 
97-118 (Translation from the Japanese). 



KAMIMURA, T. and L HO 1A 
1953. Biolo)' of the bi -ey d tun, Parathunnu m b chI 

(Kishinouye) - 1. Length frequency of th big­
eyed tuna c u ht in th orth Pacific with p ci 1 
referenc to the bi nm 1 fr quency. Contribution 
of the ankai Re iona1 Fi h R e reh Labor­
ator', o. 1. Contribution o. 46, 18 p. (Tr ns­
lation from the Japan s ). 

KARZINKlN, G. S. 
1955. Introduce more widely th method of r dio ctIVe 

isotopes in HsheTie science and practice. Rybno 
KhoZlaistvo 11: 48 -50 (rranslation from th 
Russlan). 

KATAOKA, A. 
1957. Result of tuna long -lin hshlOg experiment in the 

central Indian Ocean. Journ 1 of the Shimonosekl 
College of Fi!:lherleS 8(l)' .:!41-Z48. (Translatlon 
from the Japanese). 

KlKAWA, S. 
1953. Observations on the spawning of the bIg-eyed luna 

(Parathunnus mebachl Kishlnouye) near the south­
ern Marshall Islands. Contributions of the Nankai 
Regional Fisheries Research Laboratory, No. I, 
Contribution No. 24, 10 p. (Translation from the 
Japanese) . 

KlMURA, K. 
1942. The condition of the tuna and spearfish fisheries. 

Suisan seizo kogaku koza 5: 94-101. (Translation 
from the Japanese). 

KIMURA, K., M. IWASHITA and T. HATTORI 
1952. 'i'races of skipjack and tuna schools recorded on 

cho -sounders. Contribution 11 of Tohoku Region­
al Fisheries Research Laboratory 1: 15-19 (Trans­
lation from the Japanese). 

KITAMURA, H. 
MS Oceanographic conditions and yellowfin tuna fish­

ing conditions in the central equatorial Pacific. 

(Translation from the Japanese). 

KOYAMA, T. 

1957. Study on bail fo r luna 10ngEne - 1. An artificial 
bait of lat x-sponge like a squid. Bulletin of 
Tokai R giona1 Fisheries Research Laboratory 
15 : 89 -94 (Translation from the Japanese). 

KUSAKA, T. 

1958. Exp rimenb to see the effect of color and its depth 
on the driving net by the centralized method. Bul­
l tin of the Japanese Society of Scientific Fisheries 
23(12): 766-767 (Translation from the Japanese). 

MANTELFEL, B. P. 
1955. The study of the behavlOr of schooling fishes with 

the object of perfecting techniques of capture. In 
Works of a Conference on Problems of Behavior­
and Scoutmg of Fishes, 1953. USSR Academy of 
SCience, Works of Conference 5: 108-116 (Trans­
lation from the Russian). 

MATSUBARA, K. 
1955. The Order Myctophida. In Fish Morphology and 

Hierarchy, vol. I: 237-244 . Tokyo, Ishizaki 
Shoten Publication (Translation from the Japanese). 

MIMURA, K. 
1957. Albacore studies. IV --Albacore of the Indian 

Ocean, particularly the eastern Indian Ocean. Re­
port of the Nankai Regional Fisheries Research 
Laboratory 5: 138-144 (Translation from the 
Japanese) . 

Length frequency of bigeye tuna, caught from the 
Indo -Australian Archipelago area. Report of the 
Nankai Regional Fisheries Research Laboratory 
6: 77 -83 (Translation from the Japanese). 

1958. Fishing condition of the so-called Indo-Magro 
(Thinnus maccoyi?) in the eastern Indian Ocean. 
Report of the Nankai Regional Fisheries Research 
Laboratory 7: 59 -71 (Translation from the 
Japanese) . 



MIMURA, K. 
1958. Study of the fishing condition of yellowfin in the 

Indian Ocean, especially on the annual differences 
of the hooked -rate and size composition. Report 
of the Nankai Regional Fisheries Research Labor­
atory 7: 59-71 (Translation from the Japanese). ':' 

MIZVSHIMA, K., et a1. 
1951. Studies on green meat in albacore. Itsumi sho 

tosen rombun. Published by Shizuoka Kanzume 
Kyokai Gijutsubu, 81 p. (Only the section on bio­
chemistry translated, pp. 32-59) (Translation 
from the Japanese). 

MORITA, T. 
1956. On the catch efficiency derived from the differ­

ence in the construction of tuna longline gear, 
parts I and II. Memoirs of the Faculty of Fisher­
ies, Kagoshima University 5: 30 -41 (Translation 
from the Japanese). 

MOTODA, S. and M. ANRAKU 
1951. An observation on the vertical distribution of 

plankton at Ishikari Bay, Hokkaido. Journal of 
the Oceanographic Society of Japan 6(4): 194-201 
(Translated from the Japanese with English sum­
mary). (Reprint, Institute of Fisheries, Faculty 
of Agriculture, Hokkaido University, Contribution 
120) . 

MOTODA, S. andS. SATO 
1949. A brief observation on the diurnal migration of 

marine zooplankton off Shiretoko, Hokkaido. Re­
port of Hokkaido Fisheries Scientific Institution 
2: 72-77 (Translation from the Japanese). 

NAGAI, M. and A. NAKAGOME 
1957. A comparison of body weight of yellowfin tuna 

from the western, central, and eastern parts of 
the Indian Ocean. Tuna Fishing 43. (Translation 
from the Japanese). 

II< Available for di tribution. 

NAKAGOME, A . 
1958. Info r mation on the tuna resources of the equatorial 

Pacific at 1l0o-140oW. Tuna Fishin g 46: 31 - 33. 
(Translation from the Japanese). 

NAKAMURA, H. 
1935. On two new species of Alopiidae. Translations of 

the Natural History Society of Taiwan 25( 142): 
220-225. (Translation from the Japanese). 

1938. A report of a study of the spearfishes of Formosan 
waters. Reports of the Formosa Government­
General Fisheries Experiment Station (1937), No. 
10, 34 p. (Translation from the Japanese). 

1954. Ocean currents and tuna fishing grounds. Suisan 
kagaku 14: 9-17. (Translation from the Japanese). 

1956. Increasing tuna and decreasing tuna. Tuna Fish­
ing 33: 13-18. (Translation from the Japanese). 

NAKAMURA, H., T. KAMIMURA, and Y. YABUTA 
1953. Size composition of the albacore and big-eyed tuna 

caught in the North Pacific area. Contributions of 
the Nankai Regional Fisheries Research Labora­
tory, No. 1. Contribution No. 12, 6 p. (Transla­
tion from the Japanese). 

PONOMAREV A, L. A. and K. V. BEKLEMISHEV 
1956. On the plankton of tropical waters and of frontal 

regions in the northwestern Pacific Ocean. C. R. 
Academy of Science, USSR 109(4): 869-872. (Trans­
lation from the Russian). 

POSTEL, E. 
1954. Growth of the yellowfin tuna, Neothunnus albacore 

(Lowe), in the tropical Atlantic. Bulletin de la 
I I 

Societe Zoologique de France 79(2 -3): 85 -90. 
(Translation from the French). 

SAIKI, M. and T. MORI 
1955. Studies on the distribution of administered radio­

active zinc in the tissues of fishes - 1. Bulletin of 
the Japanese Society of Scientific Fisheries 21(8): 
945 -949 . (Translation from the Japanese). 



SANZO. L. 
1909. E nd 1 r e of Au I bi us. nit r Zo -

11 no 20: 79- O. (Tr nsl tlon from th 

193 • lb ore 

SELLA, .1. 
1 !4. Duf of 

UDA, A. 
19') 

1955. 

Size composition of alba or t Ken in the North 
Pacific during th p nod of southward mlgratlon. 
Bulletln of the Japanes Soc.i ty of Scientific 
Fisherit>s, lO (6): 4. 0-468. (rranslation from th,' 
Japanese) . 

Albacore studies II. Size composition of th._ alba­
core taken in the North Paciflc during the penod 
of northward movement. Bulletin of the Japant>s 
Society Scientific Fisheries 21(5) 314-319. (Trans­
latlOn from the Japanese). 

1956. Albacore of the PaciCic and Indian Ocean. Tuna 
Fishmg 34: 11-15. (Translation from the Japanese) 

Studies on the albacore III - Size composition 
classified by ocean current. Bulletin of the Japan­
ese Society of Scientific Fisheries 21(12): 1194-
1198. (Translation from the Japanese). 

SUZUKI, A., Y. SHIMIZU and T. MORIO 
1958. Serological studies of the race.s of tUIl;a. Fun.da­

mental investigations of the blood groups of alba­
core. Report of Nankai Regional Fisheries 
Research Laboratory 8: 105-116. (Translation 
from the Japanese). 

TANAKA, O. 

19 5. The Copepods of Sagami Bay. Part II. Family 
C nd cidae. Report of the Fishery Institute 
(Japan) 6(4): Ll3-LL7. (Translation from the Jap­

n s ). 

TE rsu, K. 
I 5 . On comp rison of the morphology of the tunas, 

Part 1. una Fishing 35. ('l'r ... nslation from the 
.J panl_s ). 

1< 57. On comparison of the morphology of the tunas, 
P rt.!.. I una Fishing 3b. (Translation from the 
Jape n se). 

TOKAREV, A. K. 
1,55. On the charactt>ristics of the food seeking and the 

character of feeding of schools of pelagic fishes. 
In Works of a Conference on Problems of Behavi­
~and Scouting of Fishes, 1953, USSR Academy 
of Sci, nce, Works of Conference 5: 158-166. 
(Translation from the Russian). 

On the tuna fisheries of the Atlantic and Pacific 
Oceans. Rybnoe Khoziaistvo 11: 27-31. (Trans­
lation from the Russian). 

TOMINAGA, S. 
1957. Fragments of the skipjack--its habits and fishing 

methods. Tokyo, Ishizaki Shoten Publication. 
(1' ranslation from the Japanese). 

UDA, M. 
1936. Relation of movements of the saury fishing 

grounds and the Oyashio cold currents in the 
Northeastern Sea area. Bulletin of the Japanese 
Society of Scientific Fisheries 5(4): 236-238. 
(Translation from the Japanese). 

UEY ANAGI, S. 
1955. On the ripe ovary of the albacore, Germo germo 

(Lacepede), taken from the Indian Ocean. Bulle­
tin of the Japanese Society of Scientific Fisheries 
20(12): 1050-1053. (Translation from the Japanese). 



UEY ANAGI, S. 
1957. Spawning of albacore in the western Pacific. Re­

port of the Nankai Regional Fisheries Research 
Laboratory 6: 113-124. (Translation from the 

Japanese) . 

WATANABE, H. 
1958. On the difference of the stomach contents of the 

yellowfin and big eye tunas from the equatorial Pa­
cific. Report of the Nankai Regional Research 
Laboratory 7: 72 -81. (Translation from the Jap­
anese) . 

YABE, H. 
1955. Studies on the fish larvae in the western Pacific 

Ocean - I. Post-larvae of Katsuwonus pelamis. 
Report of the Nankai Regional Fisheries Research 
Laboratory 4 (September 1956). Reprinted from 
Bulletin of the Japanese Society of Scientific Fish­
eries 20( 12}: 1054-1059. (Translation from the 
Japanese) . 

YABE, H. and T. MORI 
1950. An observation on the habit of bonito, Katsuwonus 

vagans, and yellowfin, Neothunnus macropterus 
schools under the drifting timber on the surface 
of ocean. Bulletin of the Japanese Society of 
Scientific Fisheries 16(2}: 35-39. (Translation 
from the Japanese). 

YABE, H., S. UEYANAGI, S. KIKAWA and K. WATANABE 
1958. Young tunas found in stomach contents. Report of 

the Nankai Regional Fisheries Research Labora­
tory 8: 31-48. (Translation from the Japanese). ,:e 

YABUTA, H. and M. YUKINAWA 
1958. Studies on the yellowfin tuna - II. Size composi­

tion in the waters adjacent to the east Caroline 
Islands. Report of th,~ Nankai Regional Fisheries 
Research Laboratory 7: 82 -88. (Translation 
from the Japanese). 

,~ Available for distribution. 

YABUTA, H., M. YUKINAWA and N. ANRAKU 
1958. Studies on the yellowfin tuna - III. Annual varia­

tions of the size composition and the hooked-rates 
of yellowfin tuna distribution in the equatorial Pa­
cific. Report vf the Nankai Regional Fisheries 
Research Laboratory 7: 88-99. (Translation from 
the Japanese). 

YABUTA, Y. and S. UEYANAGI 
1953. The distributions of tunas in the equatorial region­

I. Contribution 28 of the Nankai Regional Fisher­
ies Research Laboratory. (Translation fro~TI the 
Japanese) . 

The distributions of tunas in the equatorial re­
gion - II. Hooked-rate of yellowfin tuna. Con­
tribution 29 of the Nankai Regional Fisheries 
Research Laboratory. (Translation from the 
Japanese). 

YAMADA, K. et al. 
1955. Studies on radiologically contaminated fish - 11. 

On the res ults of group separation of radioactive 
elements. Bulletin of the Japanese Society of 
Scientific Fisheries . 20(10}: 916-920. (Transla­
tion from the Japanese). 

Studies on the radioactivity in certain pelagic fish­
Ill. Separation and confirmation of Zn 6 5 in the 
muscle tissue of a skipjack. Bulletin of the Jap­
anese Society of Scientific Fisheries 20(10}: 921-
926. (Translation from the Japanese). 

YAMAMOTO, S. 
1933. Some points of reference for the skipjack fishery 

gained from the study of fish's eyes. Rakusui 28 
(11): 927-930. (Translation from the Japanese). 

YAMANAKA, H. 
1956. Vertical structure of the ocean and albacore fish­

ing conditions in the vicinity of 100S. in the west­
ern South Pacific. Bulletin of the Japanese Society 
of Scientific Fisheries 21(12}: 1187-1193. (Trans­

lation from the Japanese). 



F1Sh 'choolin : A poe ibl f clor 10 r dUC1,} pr d li n. 
Proc ding Ha\,\;al1an Ac d my f 1 nc , 3 lh Ann\lal 
M elm . Ab lr act p. 32 - 33. 

CALLA\\AY, R. J. and J. v.. C GARY 
orthea tern Pacific albacore "urv y Part 2.. 0 ano­
raphlc and m t orela iealob'H: rvation". U. S. Fl h 

and 'Wildlife Sen lce, Special SCientific Report- -Fish ri 
No. 315, 133 p. 

GRAHAM, J. J. 
Tortheastern Pacific albacore survey Part 1. Biological 

observations. U. S. Fish and Wildlif Service, Special 
Scientific R port--Fishenes No. 310, 3.3 p. 

GRAHAM, J. J. and H. J. MANN 
Constructior 'lnd catch selectivity of albacore gill nets 
used by POFI in the central North Pacific. U. S. F~sh 
and Wildlife Service, Commercial Fisheries Review 
21(8): 1- • August 1959, Separate No. 556. 

KING, J. E. 
Franklin's gull in the central Pacific. The Condor 61 (3): 
226. 

MANN, H. J. 
A new method of handling longline gear - a description 
of POFI "tub" gear. Modern Fishing Gear of the World: 
430-432. 

IA'l 'U IT, W. M. 

Dl & riplion of Euthynnus and Auxis larvae from the 
III 'lnd Atlanti 0 l'ans and adj cent seas . Carlsberg 

l' llnJallOn' 8 0 'an graphical Expedition round the world 
ICZil-30. ltd PH'ViUU "Dana" - Exp ditions . Dana Report 

I 59. 

{URi llY, C. I. 
of "'at~r clarIty on albacore catches. Limnology 
'nu raphy 4(1)~ 86-93. Jan . 1959. 

01 SU, 1. 

A urv y of lh~' 
fl It ri S ln tht 

tl tIC . U. S. 
r 1 hed R Vi 

Am t rican and Japanese albacore tuna 
Pae ific through examination of catch sta­
Fish and Wildlife Service, Commercial 

w ZI(I): 1-12. Jan. 1959. Separate No.534. 

OISU, 1. nd R. N. UCHIDA 
xual maturity and spawning of albacore in the Pacific 

can. U. S. Fish and Wildlife Service, Fishery Bulletin 
No. 148, vol. 59: 287-305. 

Study of age determination by hard parts of albacore from 
central North Pacific and Hawaiian waters. U. S. Fish 
and Wildlife Service, Fishery Bulletin No. 150, vol. 59: 
353-363. 

SHOMURA, R. S. 
Changes in tuna landings of the Hawaiianlongline fishery, 
1948-56. U. S. Fish and Wildlife Service, Fishery Bulle­
tin No. 160, vol. 60: 82-106. 

STRASBURG, D. W. 
An instance of natur al mas s mortality of larval frigate 
mackerel in the Hawaiian Islands. Journal du Conseil. 
International Pour l'Exploration de laMer 24(2): 255-263. 

Notes on the diet and correlating structures of some cen­
tral Pacific echeneid fishes. Copeia 244-248. 

Some aspects of the biology of the central Pacific great 
blue shark. Proceedings of the Hawaiian Academy of 
Science, 32nd Annual Meeting. Abstract p. 28. 



STRASBURG, D. W. 
Underwater observations on the behavior of Hawaiian 
tuna. Proceedings of the Hawaiian Academy of Science, 
34th Annual Meeting. Abstract p. 21. 

TESTER, A. L. 
Summary of experiments on the response of tuna to stim­
uli. Modern Fishing Gear of the World: 538-542. 

WILSON, R. C. and T. S. AUSTIN 
Tuna season in the Marquesas. Pacific Fisherman. 57 

(l): 29- 31. Jan. 1 959. 

YAMASHITA, D. T. and K. D. WALDRON 
Tagging of Skipjack in Hawaiian waters. Pacific Science 
13: 342 - 348. 

YUEN, H. S. H. 
Variability of skipjack response to live bait. U. S. 
Fish and Wildlife Service, Fishery Bulletin No. 162, 
vol. 60: 147-160, 1959. 

MANUSCRIPTS APPROVED FOR PUBLICATION, 
ORIN PRESS 

AUSTIN, T. S. 
Oceanography of the east-central Equatorial Pacific as 
observed during Expedition EASTROPIC. U. S. Fish 
and Wildlife Service, Fishery Bulletin 168. 

BROCK, V. E. and R. H. RIFFENBURGH 
Fish schooling: A pos sible factor in reducing predation. 
Journal du Cons e il. 

GRICE, G. D. and E. C. JONES 
Two new species of Candacia (Copepoda: Calanoida) 
from the central Pacific with notes on two other species. 
Pacific Science. 

MATSUMOTO, W. M. 
Notes on the Hawaiian frigate mackerel, genus Auxis. 
Pacific Science. 

"The Application of Paper Chromatography in Identifying 
Tuna Larvae." Special Scientific Report--Fishedes 
No. 337. 

MURPHY , G. 1. 
Introduction of the Marquesan sardine, Harengula vittata 
(Cuvier and Valenciennes), to Hawaiian waters. Pacific 
Science. 

OTSU, T. 
Albacore migration and growth in the North Pacific Ocean 
as estimated from tag recoveries. Pacific Science. 

RIFFENBURGH, R. H. 
A new method for estimating par ameter s of the Gompertz 
growth curve. Beverton and Holt's proposed Journal of 
Fishery Dynamics. 

SECKEL, G. R. and K. D. WALDRON 
Oceanography and the Hawaiian skipjack fishery. Pacific 
Fisherman. 

STRASBURG, D. W. 
A new Hawaiian engraulid fish. Pacific Science. 

Blennies. For publication in handbook of Hawaiianfishes 
by William A. Gosline. 

Estimates of larval tuna abundance in the central Pacific. 
U. S. Fish and Wildlife Service, Fishery Bulletin 60(167). 



STRASBURG, D. W. and H. S . H. YUEN 
Pr liminary results of underwater obs('rvations uf tuna 
school and prar;tici11 ;'pplications of thes . r eSIJlts. Inde.>­
Pacifi Fish ri s Council 8th seSSIOn . 

VAN CAMPbN, W. G. 
Japan.' summ r fishery fur ,t1bi,c:ore (C.·rmn ;da lunga). 
U . S . Fish and Wildlif S rvic' , r ish(>ry Bull"tin No. St.. 

VAN LANDINGHAM, J. W. 
A not· on a stabili;.o;cd'starch indl i.ltor for US" In iudf)­
mf·tric and iodimetric dctf'rminations. Limnology iind 

Oc dnography. 

MANUSCRIPTS IN PREPARATION 
(Complt.led iind submitted to the J IbL editorial bCJ<1rd.) 

GOCJDING, H .• M. and J. J. GRAHAM 
Atl,HI of th,. distribution (Jf alb;!( or" luna G,~rrno ,ll;dung" 
(B(Jnnat"rr") in thf' l-'ilcific O(":MI. 

MATSU MOTO, W. M. 

Young tuna from ttl/' cI:ntr"l Pi;Jcific Oc(>an with notes on 
thl: Nanalrno and midwat/'r trawl catch/·s. 

Me GAR. Y, J. W. and J . J. GRAffAM 
Biolc)gical ,md oceanographic f)bs/'rvations in the c(:ntral 
Nf)rth Pacific, July - September, 1958. 

MC GARY, J. W., J. J. GRAHAM, and T. OTSU 
Oc':anography and the North Pacific albacorr:. 

RIFF ENBUH.(,FI, H. H. 

Growth curv' df'l/'rrnination using parametric; /:xtrerTl/;ra. 

SHIPPEN, H. H. 

Distribution and abundanCf; of flkipjack in th" Hawaiian 
fis h('r y. 

SHOMURA, H. S. and F~. L. NAKAMURA 
f, mp('r;ol variationfJ in marine ;.o;ooplanktcJO from Hawai­

ian w;;.l'~rR. 

YAMASHITA, I). 'I'. 
GRAHAM, .J. J. R"FlUits ()f Hawaiian Hkipjack tagging , 1957 - 1958. 

MdcrrH cr)iogy of th/ ;llbac()re tun;.,. 

CJb/it rvationB on the [coi()gy "f the lan(,pt fiHh, AI/!!,i­
gill in th' central ;;.nd !aBtt rn N()rth 

(,PAHAM, J. J. ,wd W. L. CRAIG 
Or l'an()gr'lfJh1C (JbHI'rvatiunH rnMjl' during a cc)opf'raliv,' 
alha(;()r(.. ((,(Tmf) i,dalunga)Rurv"y f;fJOductl;d dllTing I ~J59 

()ff th" Nf" th Am 'riean w 'fJt coaat. 

GH.AflAM, J. J. and R. M. GOOUING 
Nc)rth,: ·tern l-'hcific; ;db,)eor, tHlrv/'y. 

Gf{AHAM, .J. J. ;,nd J. W. Me GARY 
'1 h,· j'ar;igon '11bacorc v,·ntllr,·. 

KIN'" J. ~,. ;;.nrl R. T. B. IVI!:R.S~JN 

Mirlwat,; r trawllng for [Drage organiartlB In th, centr;.,.1 

I'"e 1fic. 

YOSHIDA, I I. O. 
MarqlH:safJ an'" fishing and ('nvironrnental data. 

YOSHIDA, H. O. and R. C. WILSON 
Longlin,· fisbing for d/:(~p-Rwimming tunaR in the Marqu(:­

HaR IfJlhndH and "djac"nt arf'as. 

TRANSLATIONS(UNPUBLISHED) 1959 

IJAN~ LF vsv.Y, N. N. ;ind D. V. RAfJAKOV 
1958. ObfJl:rvati()ns on th(· rl action of BI;,ck Sf'a ancho­

vi'>Fj ;,nd aom" f)thl'r fiRh, R to artifi(.lai irritant;!. 
Bl'h;lvior ()f flBh "nd c()mrnl'rei,') I'xplnratir)n. 
V.N.I.H.O., 'I rudy vol. ~(,: Z5-'3i!.. Mf)RCDW, 

,pjaehl'promi;.o;dat. (Tr<JnR\;lti()n from lh' Russian). 



HASHIMOTO, T. and Y. MANIW A 
1958. Comparison between survey map by 14.5 kc. fish­

finder and that by 200 kc. fish-finder with sharp 
beam on same sea. Technical Report of Fishing 
Boat, Japanese Fisheries Agency, No. 12, pp. 
149-155. (Translation from the Japanese). 

HONMA, M. and T. KAMIMURA 
1958. A population study on the so-called Makajiki 

(striped marlin) of both northern and southern 
hemispheres of the Pacific - II. Fishing conditions 
in the southern hemisphere. Report of the Nankai 
Regional Fisheries Research Laboratory, No.8, 
pp. 12-21. (Translation from the Japanese). 

1957. Studies on the albacore - V. The fishing condi­
tion and size of albacore taken in the South Pacific 
Ocean. Report of the Nankai Regional Fisheries 
Research Laboratory, No.6, pp. 84-90. (Trans-
1ation from the Japanese). 

HOTTA, H. and T. OGAWA 
1955. On the stomach contents of the skipjack, Katsuwonus 

pelamis. Bulletin Tohoku Regional Fisheries Re­
search Laboratory 4: 62 -82. (Translation from 
the Japanese). 

KAMIMURA, T . 
1958 . Fishing ground of Goshumagro (Australian Bluefin) 

and the fishing grounds of bigeye and yellowfin in 
the eastern equatorial sea area. Tuna Fishing, 
No. 53: 27-32. (Translation from the Japanese). 

KAMIMURA, T. and M. HONMA 
1958. A population study on the so-called Makajiki 

(striped marlin) of both northern and southern 
hemispheres of the Pacific - 1. Comparison of 
external characters. Report of the Nankai Re­
gional Fisheries Research Laboratory, No.8, pp. 
1-11. (Translation from the Japanese). 

KAWASAKI, T. 
1955. On the migration and the growth of the skipjack, 

Katsuwonus pelamis (Linnaeus), in the Izu and 
Bonin Sea areas and the northeastern sea area 
along the Pacific coast of Japan. Bulletin Tohoku 
Regional Fisheries Research Laboratory 4: 101-119. 
(Translation from the Japanese). 

KAWASAKI, T. 
1955. On the migration and the growth of the skipjack, 

Katsuwonus pelamis (Linnaeus), in the south­
western sea area of Japan. Bulletin of the Tohoku 
Regional Fisheries Research Laboratory 4: 83-
100. (Translation from the Japanese). 

KUROKI, T. 
1959. Correlation between the movement and appearance 

of fish schools . Memoirs of the Faculty of Fish­
eries, Kagoshima University, vol. 7, pp. 87-101. 
(Translation fr,om the Japanese). 

MIMURA, K. 
1958. Study of the fishing condition of the yellowfin in 

the Indian Ocean, especially on the annual dif­
ferences of the hooked-rate and size composition. 
Report of the Nankai Regional Fisheries Research 
Laboratory, No.7, pp. 59-71. (Translation from 
the Japanese). * 

Fishing condition of the Indian Ocean. Tuna Fish­
ing 53: 25-26. (Translation from the Japanese). 

NAGAI, , NAKAGOME -- --- ' KO BA Y ASHI and 
SHIMOSATO 

1959. The operating conditions of Japanese tuna long­
line boats, sea currents and the fishing condition 
of yellowfin and albacore in the equatorial waters 
of the Atlantic Ocean. Tuna Fishing, No. 57: 21-
24. (Translation from the Japanese). 

* Available for distribution. 



NAKAGOME, J. 
1959. Comparison of variations of fishing condition in 

SAEKI, A. 
1957. 

1958. 

SUDA, A. 
1958. 

a whole year among each subarea and migration 
of fish groups in the southern part of the Pacific 
Ocean. Bulletin of the Japanese Society of Scien­
tific Fisheries. 24(12): 957-960. (Translation 
from the Japanese). 

Studies on fish culture in the aquarium of closed­
circulating system--Its fundamental theory and 
standard plan. Bulletin of the Japanese Society 
of Scientific Fisheries , vol. 23, No. 11, pp. 684-
695. (Translation from the Japanese). * 

On the nitrogen cycle and cultivable capacity of 
fish in the balanced aquarium. The Japanese 
Journal of Limnology,vol. 19, Nos. 3-4, pp. 118-
129. (Translation from the Japanese). * 

On estimating tuna fishing condition in the North 
Pacific. Tuna Fishing, No. 54: 27-31. (Transla­
tion from the Japanese). 

Attempts at estimating the abundance of fish abun­
dance of fish population from the data of tuna long­
line fishery - 1. A few considerations on the var­
iation in distribution of catch per 1,000 hooks. 
Report of the Nankai Regional Fisheries Research 
Laboratory 7, pp. 105-126. (Translation from 
the Japanese). 

Catch variations in the North Pacific albacore - I. 
R e cruitment and dispersion of the North Pacific 
a lbacore. Report of the Nankai Regional Fisheries 
R e search Laboratory, No.9, pp. 103-116. (Trans­
l ation from the Japanese). * 

1959. Catch variations in the North Pacific albacore - II. 
Variation in the amount of recruitment. Report 
of the Nankai Regional Fisheries Research Labora­
tory, No. 10, pp. 72-87. (Translation from the 
Japanese). * 

TIKHONOV, V. N. 
1958. Migration and behavior of large scad in the Black 

Sea. Behavior of fish and commercial exploration. 
V.N.1.R.O., Trudy vol. 36: 52-61. Moscow, 
Pischepromizdat. (Translation from the Russian). 

WATANABE, N. 
1958. On the mechanism of variation in water temperature 

and chlorinity of upper layer in the seas southwest 
off Kyushu and around Nansei-Shoto. Bulletin of 

the Tokai Regional Fisheries Research Laboratory 
21: 15-24. (Translation from the Japanese). 

YABE, H. 
1954. 

YAO, M. 
1955. 

A study on spawning of sk'ipjack in the Satsunan 
sea area. (Nippon Gakujituse Shinko Kai). Con­
tributions of Fisherie s Experimental Station, No. 
115: 182-199. (Translation from the Japanese). 

On the ovaries of the skipjack, Katsuwonus pelamis 
(Linnaeus), captured in the fishing grounds along 
the Japanese coast. Bulletin of the Tohoku Re­
gional Fisheries Research Laboratory, No.5: 
43-52. (Translation from the Japanese). 

ZUSSER, S. G. 
1958. The daily vertical migration of pelagic fis h. Be­

havior of fish and commercial exploration. 
V. N. 1. R. 0., Trudy vol. 36: 83-105. Moscow, 
Pischepromizdat. (Translation from the Russian) , 

*Available for distribution 


	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	013
	014
	015
	016
	017
	018
	019
	020
	021
	022
	023
	024
	025
	026
	027
	028
	029
	030
	031
	032
	033
	034
	035
	036
	037
	038
	039
	040
	041
	042
	043
	044
	045
	046
	047
	048
	049
	050
	051
	052
	053
	054
	055
	056
	057
	058
	059
	060
	061
	062
	063
	064
	065
	066
	067
	068
	069

