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The oceanographic, marine biological, and fisheryre-
search conducted by the Bureau of Commercial Fisheries Bio-
logical Laboratory, Honolulu, is authorized by provisions of
Public Law 329, 80th Congress (1947). The results of the firstll
years of the Laboratory's research, 1949-1959,were reviewed
in last year's annual report (Fish and Wildlife Circular 83).
This report summarizes scientific accomplishments for the
year 1960 and plans for the future.

The major goals of the Laboratory are to further the
understanding of the character, magnitude, and potential yields
of the fishery resources of the Pacific, particularly the tunas,
and to improve or develop methods for harvesting these re-
sources. Thus, principal research efforts during 1960 were
directed towards studies of the tunas and of the pelagic marine
environment in which they live.

Among the highlights of the scientific accomplishments,
each of which will be subsequently discussed in greater detail,
are the following: An atlas of the oceanic climate of the cen-
tral Pacific, describing the distribution of various chemical
and physical oceanographic features, the processes with which
each is associated, and variations as related tothese processes,
was completed. A prediction, issued in March and based on
the time of late winter temperature changes in Hawaiian sur-
face waters, thatthe 1960skipjack catch by the Hawaiianfisher-
men would be less than average proved to be valid.

Studies leading to definition of Pacific tuna subpopula-
tions through use of blood group characteristics were started.
Excellent progress was made in the development of techniques
for preservationof red blood cells of the albacore, bigeye, and
yellowfin, and a number of test fluids for the differentiation of
the blood group patterns were developed. Studies of the skip-
jack stocks in the central Pacific showed striking genetic dif-
ferences between those sampled near the Marquesas and Tua-
motu Islands and less clear -cutdifferences between those from
the Hawaiian and Line Islands areas.

Facilities for study of the behavior of tuna were ex-
panded with the addition of an underwater observation chamber
in the bow of the Charles H. Gilbert and the construction of
new tanks for holding tuna in captivity. The potential utility of
the latter was apparent after holding skipjack in a plastic pool
for periods up to 6 months.
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With available data suggesting that the albacore in the
North Pacific are of a single stock and distinct from those in
the South Pacific and Indian Oceans, a model was devised to
explain the distribution and migration of these tuna in the
North Pacific.

Another significant accomplishment was the tentative
identification of albacore, bigeye, and two species of bluefin
larvae. As skipjack and yellowfin larvae had previously been
identified, it is now possible to delineate the time and areas
of spawning for all major tuna species.

Analyses of results from cruises made in 1959 suggest
that the seasonal movements of skipjack in the central Pacific
are associated with certain oceanographic features and that
these fish enter Hawaiian waters each spring from the west
through southwest.

By means of a deductive approach, hypotheses were
developed that schooling of fishes is a protective mechanism
and that the degree of schooling by tunas is a function of fish
size: the larger the fish the less the tendency to school. Us-
ing the Laboratory's longline data, an analysis showed that
the smaller yellowfin were more frequently caught on adjacent
hooks and that the largest yellowfin were solitary, thus tending
to confirm the hypothesis.

In June, a 6-year investigation of albacore in the north
central and northeastern Pacific was terminated. From June
1959 through June 1960, the principal efforts in this investiga-
tion were concerned with the analyses of data and preparation
of reports. Similar efforts were spent in preparation of final
reports describing the results of the 2-1/2-year exploratory
oceanographic and fishery studies of the waters of French
Oceania. The results of both of these investigations have been
reported in various publications of the Laboratory and were
summarized in the 1959 progress report (Fish and Wildlife
Circular No. 83).

As the objectives had been achieved, studies directed
toward supplementing the supply of natural bait available to
Hawaiian skipjack fishermen were terminated. Reports des-
cribing the results of the studies, which were concerned with
tilapia, Marquesan sardine, and threadfin shad, were com-
pleted.

The Laboratory's research requires the use of more
than one ship. In addition to the Charles H. Gilbert, there is
need for a vessel specifically designed for long-range oper-
ations. As it has been proposed that such a vessel be funded
during 1961-1962, preliminary plans were completed during
1960. Requirements considered in the preparation of these
plans were a cruising range of 10,000 miles at a speed of 12
knots. Maximum and minimum speeds requested are 14 knots
and one-half knot respectively. Design specifications call for
space for a crew of approximately 18 and for 12-13 scientists.
Working space for the scientists includes oceanographic, bio-
logical, and electronic laboratories, a drafting room and a
library, and sufficient deck space to accommodate the winches
and associated equipment for oceanographic and fishery (long-
line, trawl, and gill net) operations. Consideration of the
above requirements has resulted in plans for a twin-screw
vessel, 193 feet long, with a beam of 33 feet, and a l2-foot
draft. :

In addition to the general facilities mentioned above,
detailed specifications include a stern ramp to facilitate han-
dling trawls,underwater observation portsinthe bow and stern,
a salt water system for use withaquaria in the biological labo -
ratories, recording instruments such as the thermograph,
barograph, and echosounder, and refrigerated space for 10
tons of specimens. All berthing and working areas are to be
air -conditioned, with facilities for heating as areas of oper-
ation require.

With reassignment of personnel from completed investi-
gations and recruitment of new staff members the Laboratory's
research staff was reorganized into six investigations. These
are Oceanography, Fishery Potentials, Skipjack Ecology,
Albacore Ecology, Behavior, and Tuna Subpopulations. The
reorganization was toa large extent a matter of administrative
convenience, as the research efforts of the investigations are
mutually interdependent.



OCEANOGRAPHY: OCEAN-WIDE

As a first step in the compilation of Pacific-wide oceanographic station data, ap-
proximately 500, 000 IBM cards were received from the U. S. Navy Hydrographic Office.
Sorting of this deck was started in order to determine the number of stations available for
selected geographical areas for each month. Once all available data are compiled and
sorted, analyses, as described below, will be carried out using, in part, the University
of Hawaii's IBM 650 electronic computer.

Considerable progress was made during the year in transferring to IBM cards the
surface and subsurface oceanographic data collected aboard the Laboratory's vessels
during oceanographic and fishery surveys. In order to reduce the time spent ashore in
coding the data prior to punching, new forms were designed and printed (fig. 1) for use
in the field.

In addition to studies of chemical and physical oceanographic features, studies of
both invertebrate and vertebrate plankton and nekton as potential indicator species were
begun.
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Plankton samples collected during both summer and
winter by the Laboratory's vessels along longitude 160°W,
between latitude 50°N. and 15°S., were examined to determine
the distribution and abundance of the calanoid copepods of the
genus Candacia. As may be seen from figure 2, the winter
distribution of nine species of this genus is discontinuous, with
variations in presence or absence and in abundance evident
along the transect from subarctic waters south across the
Equator into tropical waters of the southern hemisphere.
These variations are being examined, along with surface and
subsurface variations in the ocean, to determine which of the
species may be used as biological indicators of the oceano-
graphic features traversed by the section.

Preliminary studies of marine vertebrates as indicator
species involved examination of Nanaimo trawl collections
(fig. 3) made along a transect from Honolulu to latitude 5°S.
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Figure 2. --Latitudinal distribution of nine species of Candacia.

Figure 3, ~-Recovering and emptying the Nanaimo trawl,

This transect crosses the westerly flowingNorth Equatorial
Current, the easterly Equatorial Countercurrent (l10°N. to
5°N.), and extends into the westerly South Equatorial Current.
In addition, samples were collected in the region of the equa-
torial upwelling and from the subsurface, easterly flowing
Equatorial Undercurrent. It is anticipated that sampling in
such a diversity of ecological situations will result in the dis -
covery of one or more vertebrates which may be used as indi-
cator organisms. Preliminary to the ecological studies, the
samples were sorted and progress was made in the identifica~
tion of each type of organism.

The acquisition of copies of all oceanographic station
data from the Pacific will be considerably expedited with the
inauguration of the National Oceanographic Data Center in
Washington, D. C. It is anticipated that through the services
of this new organization these data will be more readily avail -
able to this Laboratory for use in the proposed analytical stu-
dies. Present plans call for detailed analyses of areas of spe-
cial interest, such as those where important temperature and
salinity gradients, current boundaries, or areas of transition
from one water mass to another occur. In general, selection
of these areas of specialinterest will be guided by the require-
ments of the biological and fishery studies, as well as of the
oceanographic studies.



The use of biological indicators to supplement the re-
sults of the physical and chemical oceanographic studies will
be continued. With the results of the studies of the variations
in distribution of the copepod Candacia along longitude 160°W.
as a guide, samples from transects in other areas will be
selected and the distribution of Candacia similarly analyzed.
Other invertebrate indicator species will also be considered.

In the use of marine vertebrates as indicator species,
consideration will be given not only to forage fishes captured
by trawls, but also to larger predators,such as the sharks
and the tunas.

CENTRAL PACIFIC

An atlas describing the oceanic climate of the central
Pacific was completed. This study describes, for the area
from latitude 30°N. south to the northern boundary of the
Countercurrent (l0°N.) and from the 180th meridian east to
longitude 150°W., the distribution of such features in the sur-
face waters as the depth of the mixed layer, temperature, and
salinity. In addition, such processes as evaporation, rainfall,
and solar heating were investigated and the variations in the
various features were related to these processes (fig. 4). By
quantitatively eliminating the effects of rainfall, evaporation,
and solar heating, estimates were made of the effects of heat
transport by currents (advection). These estimates provided
an explanationfor the observed seasonal changes in movements
of the surface waters in the central Pacific area.

In 1956, a monitoring station was established at Koko
Head on the Island of Oahu. Weekly temperature observations
and salinity samples were taken. Seasonal changes in the Koko
Head data, particularly temperatures, were analyzed during
the preparation of the atlas. One result, when considering the
rate of change of temperature, was atechnique for determining
the date, in late winter, when the advection of surface water
in a southerlydirection past Koko Head reversed to a northerly
movement. At the time of this change, the temperatures re-
versed from cooling to warming. Subsequently,it was observed
that the time of this change, between early February and late
March, could be related to the total catch of skipjack landed at
Honolulu during the subsequent summer. Thus a prediction
technique for the skipjack fishery was available.
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Figure 4, --Sample charts from Atlas.

The prediction for the 1960 total catch was for a poorer -
than-average year. Approximately 7,300,000 pounds were
landed, as compared with an average catch of 10,000,000
pounds. The 1960 catch will be discussed in greater detail
below (Skipjack Ecology Investigation).

In the Hawaiian skipjack fishery, the catch rate gen-
erally begins to rise rapidly in April from 200,000 pounds or
less per month to 2, 000, 000 pounds or more in August, thence
dropping rapidly inSeptember and October, reaching the mini-
mum rate during late fall or early winter. Large annual fluc-
tuations have been recorded, ranging from alow of about
6,000,000 pounds in 1957 to a high of 14,000,000 pounds in
1954. Because both the seasonal and annual variations are
believed to be, in part, associated with changes in the environ-
ment, and because of a need to understand the "why' of the
prediction technique in order to increase its reliability, a
series of five oceanographic and biological cruises were made
during 1959. Analyses of the resulting data were completed
during 1960.
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The adjacent figure (fig. 5) shows the seasonal changes
in surface salinities which are considered as an index to simi-
lar changes in advection of surface watersthrough the Hawaiian
area. During the 1959 cruises, the boundary betweenthe North
Pacific Central water (salinities greater than approximately
35 %0) and the waters of intermediate salinity (34.5 to 34.9 %),
designated as those of the California Current Extension, mi-
grated northward until October, then reversed direction. The
maximum northerly position of the boundary, latitude 26°N.,
occurred in July; the southernmost position, 19°N.; inOctober.
The California Current Extension, or intermediate salinity
water, which occupied a comparatively restricted area in
January (fig. 5A), expanded into an area almost equal to that
encompassed by the survey in July (fig. 5B). By October,
this water was again restricted to a narrow band.

One objective of these surveys was to correlate the
open-ocean observations with those from the Koko Head sta-
tion, in order that the variations at Koko Head could be more
adequately understood with reference to large-scale central
Pacific circulation features. It became evident during 1960
that additional stations in the Hawaiian Islands were desirable.
Consequently, a survey of the surface salinities around the
shoreline of various islands was made, and additional moni-

toring stations were established on the Islands of Kauai and
Lanai (fig. 6).

Studies through 1960 of the variations (both seasonal
and year-to-year) in oceanographic features and associated
distribution of properties in the central Pacific, and in the
distribution of skipjack in both space and time,led to an hy-
pothesis that the 18-20 pound fish which enter the Hawaiian
area each spring, the ''season fish', are associated with the
intermediate salinity water (California Current Extension) and
its boundaries. In ordertoinvestigate this hypothesis, a series
of cruises is planned for 1961: one to study the oceanographic
conditions during the winter (January-February), one during
the summer (May-June), and a third cruise during the period
of change from winter to summer conditions (March-May). In
addition to surface temperatures and salinities and temperature -
depth observations, various biological samples will be collected
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Figure 5, --Hawaiian area surface salinity, 1959: A, January; B, July.
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Figure b, --Location of monitoring stations.

(zooplankton, nekton, and tuna blood). Efforts will be made
to tag fish to the west and southwest of the area fished by
Hawaiian commercial fishermen. It is anticipated that the
surface temperature and salinity observations plus the BT
data, particularly during the March-May transition period,
will be augmented through cooperation of the U. S. Navy and
the U. S. Coast and Geodetic Survey.

Itis realized that variations indistributionand abundance
of the skipjack in the central Pacific are related to a sequence
of events--the wind, water, and fish. It is proposed thata
1arge-scale ""oceanographic experiment' be conductedin central
Pacific waters, to attack the problems raised by the cli-
matic atlas study. A series of oceanographic and meteoro-
logical observations will be made over a period of 2 years
(1964-1966). From the resulting data, it is anticipated that
details of the variations in horizontal and vertical distribution
of properties may be described for the period of the survey
and that the rates of change and the mechanism involved may
be determined. It is further anticipated that the results of
this experiment will: (a) provide for a more adequate under-
standing and increased reliability of the prediction technique,

7

(b) provide data for more detailed studies of the relationships
between the marine biota and their environment, and (c) add
significantly tothe present knowledge of the atmosphere/ocean
interaction processes.




FISHERY POTENTIALS

The principal objectives of the Fishery Potentials Investigation are to compile
information on the present yield, the standing crops, and the potential yield of tunas and
other ma jor predator species in the Pacific. Analyses resulting in such information re-
quire the acquisition of all available data on catch and effort and on the determination of
growth and mortality rates for each species.

Preliminary efforts were made for the acquisition of the required catch and effort
data. Discussions were held with various research organizations, both American and
Japanese, and preliminary arrangements were made for the acquisition of selected sets
of such data.

Arrangements and plans were completed in December for sending a Laboratory
staff biologist to Samoa to explore the methods of collecting catch and effort data, along
with various other biological information from the longline fishery centered about
American Samoa.

It was suspected that large female bigeye and yellowfin tuna grow at a slower rate than do the males. Therefore, to investi-
gate this hypothesis, a study was made of the size and sex of longline -caught tuna landed at Honolulu. From April through Decem-
ber 1960, 4,261 bigeye tuna and 1,770 yellowfin tuna were measured and sexed. The hypothesized differences in growth rates were
verified. Another interesting fact of importance to the growth studies was revealed from the sex ratios of bigeye. There wasa
progressive change in the male/female ratio, with a noticeable absence of males in early April 1960, changing to a 50-50 or greater
sex ratio (males predominating) in later months. A growth analysis without a separation of the sexes would have shown a rapid, but
false, growth rate resulting from the progressively increasing
percentage of the larger males in the catch.

Continued efforts will be made to acquire catchand
effort data for the various tuna fisheries in the Pacific. In
addition to the use of these data for estimates of potential
yields, they will be charted, on a geographical and temporal
basis, to explore the relation of variations in catch per unit of
effort and estimates of standing crops to changes in oceano-
graphic conditions.

During early 1961, as mentioned above, the possibilities
of obtaining catch and effort data for the longline fishery (fig. 7)
in Samoan waters will be investigated. During the acquisition
and preliminary analysis of Pacific-wide data, a study will be
made of the availability of yellowfin and bigeye data from the
Japanese longline fishery. If adequate dataare available, even
though only from limited areas, estimates of total catchand

catch per unit of effort will be made.

Figure 7. --Setting longline from Japanese boat near Samoa.



SKIPJACK ECOLOGY

Principal emphasis has been on biology, variations in distribution and abundance,
and the relationship of these to the environment. As in the past, in addition to the results
of research from the Charles H. Gilbert, commercial catch statistics were made avail -
able to the Laboratory by the Hawaii Division of Fish and Game. These data provide
information on fluctuations in availability of skipjack in Hawaiian waters. Personnel of
Hawaiian Tuna Packers, Limited, and the commercial fishermen assisted by makingfish
and facilities available for various biological studies.

The Laboratory's prediction of the 1960 landings, made in March 1960, was for a
poorer -than-average year. The total landings for the year were 7.3 million pounds, as
compared with an average of 10.0 million for the past 11 years. The lowest totalduring
this period was for 1957, 6.1 million pounds; the highest was for 1954, 14.0 million
pounds (fig. 8).

In figure 9, the average catch/boat/month is shown for
: ‘ | . : : : — 1960, along with the l0-year (1951-1960) average and, for
comparison, the averages for 1959 (a good year) and 1957 (a
poor year). During most of the 1960 season, the average
monthly catch was below the 10-year mean. The average catch
per boat (fig. 8) was nearly 5, 000 pounds less than the 10-year
average (34,500 as compared with 39, 500).

[l ANNUAL cATCH 70
AVG. CATCH /BOAT /MONTH

AVG. ANNUAL CATCH

(1951-60)
\
; A significant feature of the 1960 landings was the spo-
50 radic low availability of the season fish, the 18- to 22 -pound
MEAN AVG.

group that ordinarily contributes greatly to the catch during
the summer months. During May and June, 75 percent of the
skipjack landings were of fish weighing less than 10 pounds;
25 percent were less than 10 pounds during July, 40 percent
during August, and nearly 70 percentduring September (fig. 12).

CATCH/BOAT/MONTH

30

On page 5of this report, the technique for predictingthe
total annual catch was discussed. This prediction, based on
the late-winter change in surface temperature, is empirical
and does not take into account the biology of the skipjack. A
prediction, based on oceanographic considerations, might be
10 for a good season, for example. However, failure of a year-
class entering the fishery could result in a poor season. There-
fore, in order to improve the reliability of the prediction, bio-
logical studies of the central Pacific skipjack have been in-
cluded among the projects in the Skipjack Ecology Investigation.
These include primarily studies of spawning, size distribution,
and migration.
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Figure 8, --Annual Hawaiian skipjack landings and average catch/boat/month, 1951-1960,
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Figure 9. --Average catch/boat/month, 1951-60 and 1957, 1959, and 1960,

Ovary samples were taken from 21 different skipjack
schools fished from May toDecember. These schools may be
divided into seven schools of small fish (4 to 6 pounds), six
schools of medium-sized fish (18 to 22 pounds), and eight
schools of large fish (28 to 30 pounds). Analyses of the ova
size distributions for 10 of the schools showed that within
samples from separate schools there was very little variation
(0 -0.11 mm.) in the ova diameters of the last modal group.
The average variation in this last modal group among fish
from different schools was also very small (0 - 0.06 mm.).
Of the two modes identified, the smaller was somewhat more

difficult to define. However, the variations in ova diameter
in the smaller modal group, both within and among schools,
were also very slight (0 - 0.05 mm.).

In the summer samples, the male/female ratio for all
small fish was 60/40, a significant deviation from equal repre-
sentation. The ratios within individual schools of small fish
conformed to that for the combined total. The ratio for two
schools of small fish sampled during the winter months, and
for the combined total of the large fish examined, approximated
the expected 50/50 ratio.

Seasonal variations of skipjack spawning in Hawaiian
waters were shown by preliminary counts of larvae from zoo-
plankton samples collected during two series of cruises in
Hawaiian waters, the monthly collections made during the IGY
(1957-1958) and five cruises during 1959. Skipjack larvae were
few or absent during the winter months, increasing inabundance
during spring, reaching a peak during August (IGY) and May-
July (1959), and then decreasing again to the winter minimum.

Among the Laboratory's studies of skipjack and other
tuna larvae, one very significantaccomplishment was the tenta -
tive identification and description of the larvae of bigeye, alba-
core, and two species of bluefin. Previously, skipjack, yellow-
fin, frigate mackerel, and little tunny larvae had been identi-
fied from the Pacific. The new identifications were made pos-
sible through the study of collections made in the western Pa-
cific during the late winter and early spring of 1529 aboard the
Danish vessel Dana. These collections weregenerously made
available to us by the Carlsberg Foundation. The approach to
the problem of identifying the bigeye, albacore, and bluefin
larvae was made in a rather novel manner. The area surveyed
by the Dana was divided into four geographical units (fig. 10):
Formosan waters; the Sulu and Celebes Seas and the southern
half of the south China Sea; the waters off northwestern New
Guinea; and the eastern Indian Ocean (off the west coast of
Sumatra). All unidentified larvae from samples taken in each
area were segregated into one or more ''types.' Comparison
of these types with catch records of adults (other than yellow-
fin, which occur in all four areas) revealed a correspondence
in the number of adult’ species reported from each area and
the types of larvae. For example, in the Sulu and Celebes

Seas, where, besides yellowfin, only bigeye are caughton long-
line, one larval type was found in abundance and was designated
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Figure 10, <~Areas where Dana collected larval tunas.

as bigeye. Inthe waters off Sumatra, both albacore and bigeye
are regularly taken by longline. Larvae from these waters
fell into two general types; one was identical to that from the
Sulu and Celebes Seas and thus was designated as bigeye, the
other was designated as albacore. In Formosan waters, a
similar approach resulted in the segregation of the larvae into
three types, albacore, bigeye, and bluefin. For confirmation
of these tentative identifications, studies were made of tuna
larvae in the Laboratory's samples collected in the central and
eastern Pacific. The types of tuna larvae in each sample were
compared with the known distribution of the adults of the several
species, and thetentative identification of the three species of
larvae made through use of the Dana material was thus con-
firmed. A manuscript describingand figuring the larvae of the
albacore, bigeye, and bluefin (fig. 11) was completed.

A
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Figure 12, --Hawaiian skipjack length frequency distribution.

During mid-1959, measuring of skipjack was startedat
the cannery in Honolulu. When sufficient data are at hand, it
is anticipated they will be of value in determinations of year-
class strength and growth. In figure 12, the means for similar
measurements made during 1948-1954 and August-December
1959 are shown, together with means for various selected
periods in 1960. Two modes are evident in the 1948-1954 data,
one at 4.1 pounds and one at 17.9 pounds. These modes are
typical for the summer season of active fishing, while during

the winter off-season the modes are less distinct, with a domi -
nant mode frequently at 11 pounds.

The sizes of thefish caughtduring late winter and early
spring, 1960, are represented primarily by two modes, one
near 6 pounds and the other near 22 pounds. During May and
June, small skipjack (mode at 7 pounds) were comparatively
abundant, with an appreciable decrease in availability of the
larger fish. July, normally the peak month in terms of total
landings, was characterized by recruitment of larger (24-
pound) fish, August by two modes (7 pounds and 26 pounds),
and the late fall and winter months by the smaller fish (5-7
pounds), with but few of the larger sizes represented in the
catch.

In previous years, considerable effort was expended in
tagging skipjack within the Hawaiian fishery. Over 13,000
were tagged with the D-2 dart tag; 1, 300 were recovered. Al-
though these recoveries indicated considerable movement with-
in the fishery, there are no records of recapture of these fish
in any other fishery. Available evidence, such as that from
the size distribution described above, points to the fact that
the season fish normally enter the Hawaiian area in the spring
and leave in the fall. However, lack of tag returns from other
fisheries, the lack of positive evidence that fish recovered one
or more seasons after tagging have been away during the inter-
im, and thelack of recoveries in Hawaiian waters of fishtagged
elsewhere in the Pacific all stimulated increased efforts,
starting in 1960, to tag skipjack wherever encountered outside
of Hawaiian waters.

In April, 46 skipjack were tagged and released from
the Charles H. Gilbert near Roca Partida in the eastern Pa-
cific. Although the results of this limited tagging effort have
failed to shed any light on the problems of migration into
Hawaiian waters, it is interesting to note that 11 of the tagged
tunas (24 percent) were recaptured within 2 months and all but
one from the area of the release. All recoveries were re-
ported through the Inter -American Tropical Tuna Commission.

One aspect of an adequate understanding of the causal
relationships involved in the seasonal and year-to-year vari-
ations in availability of skipjack in Hawaiian waters is a
knowledge of why they migrate into Hawaiian waters each
spring. Do they come to feed or to spawn or because their
migration is related to certain oceanographic features? From
where do they come ?



Consideration of the various oceanographic, biological,
and fishery data previously discussed suggests that the move-
ment of the skipjack into Hawaiian waters may be associated
with the boundary between the higher salinity North Pacific
Central and the intermediate salinity waters, the latter posi-
tioned between the North Pacific Central and North Pacific
Equatorial waters.

During the five cruises of the Charles H. Gilbert in
Hawaiian waters in 1959 (page 5), various biological and fish-
ery observations were made to determine if the suggested
association was plausible. Although the results of these obser-
vations were not definitive, the greatest number of skipjack
schools was sighted near the boundary between the higher and
intermediate salinity waters (fig. 13) and to the west of long-
itude 155°W. A total of 170 fish schools and bird flocks (of
which approximately 80 percent were undoubtedly skipjack)
were sighted, 28 of them between longitude 145°W. and 155°W.,
76 between 155°W. and 160°W., and 66 between 160°W. and
170°W. An example of the distribution during one cruise,
Hugh M. Smith cruise 51, is shownin figure 13. These results
suggest that the season fish enter the area from the southwest.

Inadequate supplies of live bait frequently limit the
catch of skipjack by the Hawaiian live -bait fishery. Inaddition,
the necessity for bait to sample skipjack for research purposes
seriously limits the areafrom which samples can be taken and
the number of specimens available for study. As part of a
continuing study to increase the efficiency of the Hawaiian
skipjack fishery, and in aneffort to provide a means for sampl -
ing which is not dependent upon bait, an attemptwas made to
capture skipjack in Hawaiian waters by means of an encircling
gill net. Using a power block for retrieving the net, a 304-
fathom -long, 50-fathom-deep gill net was set around four skip-
jack schools off the leeward shores of the island of Oahu. The
schools were small and the fish wild. A few skipjack were
caught in the first two sets, none in the second two.

It appeared toobservers looking through the underwater
viewing ports in the Charles H. Gilbert that the first set sur-
rounded the entire school; no skipjack were seen in the second
set and only parts of the schools in the third and fourth. Ob-
servers on the surface within the encircled area during the
first, third, and fourth sets did not see any fish within the top
10 fathoms,the limit of their vision. These observations
suggest the fish escaped before the schools were completely
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Figure 13, --Skipjack sightings and selected isohalines in Hawaiian waters,

encircled. The question of whether the skipjack dived under
the net (into the thermocline) is as yet unanswered. The catches,
although very small, suggest the method has possibilities if a
longer, deeper net, set from a speedier vessel, is used.

Three cruises in central Pacific waters have been planned
for 1961 to study the validity of the previously suggested asso-
ciation of the skipjack withtheir environmentand the direction
of their spring migration into the Hawaiian fishery. These
cruises will include oceanographic and biological observations
and live -bait fishing during the winter (January-February) and
summer (June -July) months and the transition period (March-
April). During the March-April cruise, particular effort will
be made to tag skipjack in waters to the west of the grounds of
the commercial fishery to determine if the fish do enter the
fishery from this area. In addition, studies of the blood group
characteristics will be made for comparison with those of skip-
jack caught in Hawaiian waters during the winter (off-season)
and in other areas of the Pacific.



ALBACORE ECOLOGY

From 1954 to June 1960, the albacore investigations were primarily concerned
with studies of these fishin the north central and northeastern Pacific. During 1960, with
the termination of this exploratory investigation, efforts were directed to the Pacific-wide
aspects of albacore biology. Studies of spawning, age and growth, migration, and distri-
bution and abundance of albacore, in both the northern and southern hemispheres of the
Pacific Ocean, were augmented or started.

In an attempt to locate and define North Pacific albacore spawning grounds, the
Charles H. Gilbert surveyed the area west of Hawaii to longitude 160°E. (fig. 14), be-
tween June 20 and August 28, 1960. A cooperating laboratory, the Nankai Regional Fish-
eries Research Laboratory of the Japanese Fisheries Agency, carried out a similar sur-
vey (June 27 to July 30, 1960) in the western Pacific between 140°E. and 150°E. withits
research vessel Shunyo Maru. Both vessels longlined for adults and made net tows for larval and juvenile albacore.

Longline catches from the Charles H. Gilbert were small. Six albacore were captured, five of which were males. The
single female possessed ovaries which were well developed but not in spawning condition. The Shunyo Maru took only one albacore,
a female, whose ovaries were apparently spent.

Net tows were somewhat more successful in that they resulted in the capture of five larval albacore from the area between
180° and 160°E. The Japanese have not completed examination of their larval tuna collections, but have indicated that they collected
about 1,000 ""tuna like'' larvae. It is possible that the survey from the Charles H. Gilbert may not have extended far enough tothe
west or that the survey was towards the end of the spawning season. However, part of this question should be resolved once the
Japanese complete their examination of the larval tuna collected in the more westerly survey area.

— e Preliminary findings from an analysis of albacore
”&"’ e ’%f“""i length frequency data revealed that the three ma jor fisheries in
{ ‘ the North Pacific, the American west coast summer live-bait

| and troll fishery, the Japanese winter longline fishery, andthe
Japanese spring live-bait fishery, are exploiting mainly the 3-
= to 5-year-old fish (fig. 15). These ages are assigned on the
| assumption that albacore are 2 years old when they first enter

the commercial fisheries.

o HAWAID
o 12

The American fishery takes four age groups ranging
from 2- to 5-year-olds. The mostheavily fishedare generally
the 3-year-olds, which constitute roughly 70 percent (by weight)
of the total landings. Contributing less, but still presentin
significant numbers, are the 2- and 4-year -olds, while the 5-

O B— s — year-old albacore constitute an insignificant proportioninthe

— o]

catch.
Figure 14, --Track chart of Charles H, Gilbert albacore spawning ground survey.
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Figure 15, --Size and age composition of catch in U, S, and Japanese albacore fisheries.
The 4- and 5-year-olds are the major groups taken by
the Japanese winter longline fishery, with the 4-year-olds ac-
counting for about 29 percent of the landings and the 5-year-
olds about 27 percent. The 3-, 6-, and 7-year -olds make up
29 percent, while older fish contribute smaller amounts.

15

The Japanese spring live-bait fishery also has a major
part of its catch composed of 4- and 5-year-old fish, which to-
gether account for 88 percent of its total landings. Next in
importance are the 3-and 6-year-olds (about 12 percent),
while fish of ages 2, 7, and 8 comprise a small portion of the
catch.

Considering the total North Pacific albacore landings
(fig. 16), itis estimated thatthe most heavily fished age group,
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Figure 16. --Size and age composition of North and South Pacific albacore catches.
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Figure 17, --Albacore length frequency distributions in North Pacific fisheries,

in terms of weight, is the 4-year-old fish. It is interesting to
note thatthe fisheries are heavily exploiting the younger mem -
bers of the albacore stock. Nearly 85 percent by weight of the
total North Pacific landings areof fish 5 years old or younger.
Spawning studies have shown thatalbacore attain sexual matur-
ity and spawn for the first time when they reach about 90 cm.

in length (between 5 and 6 years old). This means, then, that
the fisheries are most heavily fishing the immature segment
of the North Pacific stock.

In contrast is the situation in the South Pacific Ocean
(fig. 16). Here, the major exploitation at present is from the
Japanese longliners fishing in waters generally between 10°S.
and 30°S. According to available data, the Japanese catch in
the South Pacific is composed of only about 22 percentim-
mature fish as compared to 85 percent in the North Pacific.
Assuming the albacore populations in the two hemispheresto
be of approximately equal size, then the more intense fishery
in the North Pacific has probably acted to reduce the average
age and longevity of North Pacific albacore as compared with
those in the South Pacific.

On the basis of tag recoveries and age, growth, distri-
bution, and size data, a hypothesis was developed that the alba-
core in the North Pacific are of a single stock. Considering
that the sizes of the albacore differ from one fishery to an-
other (fig. 17) and assuming that the fish are 2 years old when
they first enter the commercial fishery, a migration model
may be proposed which is consistent with the hypothesis of a
single stock and with existing knowledge. Briefly statedit is:
The North Pacific albacore undertake no more than one trans-
Pacific crossing each year, with a rapid migration between
the areas of established fisheries and a slow movement within
the area of each of the fisheries. The movements within the
fisheries are generally reflected by seasonal shifts of the fish-
ing grounds (fig. 18).

The migration between fisheries (fig. 19) may be des -
cribed as follows: Each fall, a varying portion of the 2-, 3-,
and 4-year-old fish and the majority of the older fish in the
American fishery migrate westward into the Japanese longline
fishery and, during the following spring, into the Japanese
live -bait fishery. The remainder move into mid-ocean, or
possibly as far west as the easternfringe of the Japanese long-
line fishery, returning to the American fishery the following
summer. Consequently, some of the fish may be available to
the American fisheryfor as manyas 4 or 5successive seasons.

The Japanese live-bait fishery is notably lacking in 2-
and 3-year-old fish. When present, these small albacore may
migrate eastward into the American fishery after spending a
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Figure 18, --Albacore movements in each fishery,

part of the season in the winter longline fishery. Of the more
common sizes in the live-bait fishery, comparatively few of
the 4- and 5-year-old groups migrate eastward during the
following summer into the American fishery. This is evident
from the small proportion of these size groups in the American
catch. The bulk of the albaeore from the Japanese live -bait
fishery migrate into the longline fishery and then return to
the live -bait fishery the following spring.
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There is considerable mixing of the various segments
of the population in the winter longline fishing grounds in mid-
ocean, involving fish from both the American fishery and the
Japanese live-bait fishery. A large part of these fish under-
take a southwesterly movement, entering the live -bait fishery
in the spring. A few may depart earlier to migrate into the
American summer fishery.

The 6-year and older age groups present in the winter
longline fishery are not available to either of the other two
fisheries (fig. 17). A portion of these larger fish, having
reached sexual maturity intemperate waters, moves south into
subtropical and tropical waters, forming the reproductive seg-
ment of the North Pacific population. Since these older fish
are always present in the winter longline fishery, itis apparent
that a portion moves back northin the spring, possibly to areas
not included in the Japanese live-bait fishery.

.
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Figure 19. --Scheme of trans-Pacific migrations of albacore,

Judging from the size composition of the catch, it ap-
pears that recruitment takes place primarily in the eastern
North Pacific, with 2- and 3-year-old albacore entering the
fishery. From this area there is a generally westward move -
ment, from the American into the Japanese fisheries.

[ Principal emphasis during 1961 will be given to studies
of the North Pacific albacore. These will include genetic studies
to test further the validity of the hypothesis that the North
Pacific albacore are of one subpopulationand studies to deline-
ate the distribution and abundance of the larvae.

Further cruises todefine the albacore spawning grounds
in the subtropical waters of the westernPacific are scheduled.
It is anticipated that these will be cooperative with Japanese re-
search agencies. Tosupplementthe results of previous experi-
ments in the North Pacific, tagging of albacore in Japanese
coastal fisheries will be encouraged.

Preliminary to more detailed studies of the albacore in
the South Pacific, blood samples for genetic studies will be ob-
tained early in 1961 fromalbacore caught by longline in waters
near American Samoa. Subsequently, as funds and vesselfa-
cilities become available, it is planned that small albacore will
be tagged off the coast of Chile todetermine if these small alba-
core subsequently support the longline fishery near Samoa.
Studies of blood group characteristics of the South Pacific alba -
core will be augmented.



BEHAVIOR

In 1959, an observation chamber was installed near the stern of the Charles H.
Gilbert to facilitate direct underwater observation of tuna behavior under varying experi-
mental situations. In January 1960, this stern chamber was supplemented by an under -
water observation chamber in the bow (fig. 20). Sailing in late Marchfrom Portland,
Oregon, where the bow chamber was installed, the Charles H. Gilbert proceeded to the
waters off southern California and Mexico, where observations were made of the behavior
of skipjack, yellowfin, and various kinds of bait.

Scouting for tuna was conducted off the west coast of Baja California, Cape San
Lucas, and Las Tres Marias and Revillagigedo Islands. Catches were made only near
Roca Partida in the Revillagigedos. Although the observations were limited to a period
of 4 days, and although analysis of the resulting records is incomplete, some preliminary
comparisons may be made with the results of similar observations previously made in the
central Pacific.

Experiments in Hawaiian waters were conducted mostly on schools comprised entirely of skipjack. There were a minimum
of three species of fish present during the experiments off Roca Partida. A school of rainbow runners (Elagatis bipinnulatus) was
usually present at the surface, with yellowfin and skipjack below.

Comparisons based primarily on field observations re-
vealed that skipjack schools encountered near Roca Partida
were denser (the individual fish were closer together) than
those in Hawaiian waters. The skipjack were not held to the
stern by the chum, but approached the vessel, moved off, and
returned at intervals. In contrast, the skipjack in the central
Pacific are not known to return to the boat once the school has
left. The skipjack in the eastern Pacific schooled at a depth
of 6 feet or greater, with individual dashes to the surface for
bait, while those observed in Hawaiian waters schooled at the
surface.

In the eastern Pacific, the apparently mixed schools of
yellowfin and skipjack of approximately the same size were, in
reality, separate schools. Whenobserved from the underwater
chamber, the distinction was obvious as the separate schools
of each species moved to and from the area of chumming.

Direct observations suggested that the eastern Pacific
tuna did not exhibit any differences in behavior whether water
sprays were on or off. These tentative conclusions may be
subject torevisionafter analysis of the motion picture records.
In experiments in the central Pacific, it is apparent that

Figure 20, «-Underwater observation chamber in bow of Charles H, Gilbert,
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Figure 21, --Track chart of Charles H, Gilbert cruise 50 to Line, Marquesas, and Soclety
Islands.

differences in behavior of the skipjack, with sprays on or off,

are related to the type of bait used in the experiment. For
example, with nehu (Stolephorus purpureus) as bait, thereis

an evident increase in excitement of the fish and in the catch

rate, when the sprays are on. With mullet (Mugil longimanus),

goatfish (Mulloidychthys samoensis), or iao (Pranesus insularum),
no increase in either excitement or catch rate was observed
with the sprays on, while with aholehole (Kuhlia sandvicensis)
and tilapia (Tilapia mossambica), there was an increase in

catch rate, but no observed increase in excitement.

During the spring cruise of the Charles H. Gilbert there
were opportunities to observe both the response of the tunato

different types of bait and the behavior of the bait. Northern
anchovy (Engraulis mordax) were obtained at San Diego and
thread herring (Opisthonena libertate) andanchovy were caught
in Banderas, Santiago, and Manzanillo Bays. The most pro-
nounced excitement was induced in the tuna by the most elusive
bait, the thread herring. Northern anchovy sounded immedi-
ately and , upon sighting the tuna, reverseddirectionand swam
to the surface. The two other species of anchovy (both of the
genus Anchoa) assembled into schools and moved away from
the vessel. The thread herring sounded, but, unlike the north-
ern anchovy, exhibited considerable evasive activity as they
sounded, luring the tuna away from the surface and the vessel.

In order to extend the studies of comparative behavior
of tuna in different geographical areas, observations were
made on the behavior of fish in seven skipjack schools and two
mixed schools of yellowfin and skipjack during a mid-winter
cruise of the Charles H. Gilbert to the Line, Marquesas, Tua-
motu, and Society Islands. One school of skipjack was studied
near the Line Islands and the remaining eight near the Mar-
quesas (fig. 21).

In addition to the observations of variations in tuna and
bait behavior under experimental conditions, similar to those
mentioned above, a new study was started during this cruise.
Underwater sounds associated with thefishing operations were
recorded, and various sounds were transmitted into the water
in order to observe the behavior of the fish in the preseance of
these sounds. The equipment used forthese experiments was
a towed, free-flooding, plastic housing containing a U. S. Navy
sonobuoy hydrophone (fig. 22). This instrument towed well at

Figure 22, --Experimental sound transducer.



Figure 23, --Plastic pool in which skipjack were held,

speeds of up to 9 knots. On one fishing station, porpoise (a
predator) and squid (forage) noises were transmitted into the
water. Although the observers did not note any significant
change in behavior of the tuna when the sound was introduced,
the final results must await analyses of the film and tapes.

Although various aspects of the behavior of skipjack
have been successfully studied by the Biological Laboratory,
Honolulu, from the underwater observation chamber of the
Charles H. Gilbert, only limited control over the fish is pos-
sible in their natural environment. As a first step toward
meeting the need for holding skipjack in captivity, where they
can be studied under more controlled conditions, 35 skipjack
captured by live-bait fishing in late 1959 were placed in a pool
at the Kewalo Basin Laboratory (fig. 23). All died within 1to
1-1/2 days. Various methods of handling weretried with other
skipjack, but none lived in captivity for more than 50 hours.
Then, in February 1960, a way was found to eliminate manual
handling of the fish. Skipjack captured and introduced into the
pool in the manner described below lived for nearly 6 months.
Caught by pole and line, with a barbless hook, they were low-
ered into a specially constructed tank (fig. 24) carried on the
stern of the fishing boat (fig. 24a). The line was slacked to
allow the fish to shed the hook. During transport to Kewalo
Basin, water was continually circulated within the tank. When
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Figure 24, -~Portable skipjack tank on sampan and in pool.

the vessel reached shore, the tank was lifted from the stern
and immersed in the pool (fig. 24b). The hatch on the side of
the tank was opened, and the skipjack were allowed to swim
out.
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A total of 13 skipjack were introduced into the pool dur -
ing February 1960; 4 were 6-pound and 9 were 2-pound fish.
Two of the four larger fish died shortly after confinement; the
other two were induced to feed within 9 days. Of the smaller
fish, eight (one was injured during capture) were induced to
feed within 3 days. These fish lived for varying periods of
time, three of the smaller ones surviving in captivity for near-
ly 6 months. At the end of 5 months, each had gained about 1
pound in weight. Their food was mainly pieces of frozen shrimp.

With the successful development of a technique for es-
tablishing skipjack in captivity, construction of a tank more
suitable for experimental purposes was begun (fig. 25). The
circular portion of this concrete tank is 15 feet in diameter;
each of thetwo rectangular sections is 35 feet long,6 feet wide,
and 4 feet deep. The water to be used in the tank, as was the
case in the pool (fig. 23), is pumpedfrom an adjacent well. It
differs from ocean water in that it is less saline (32 %0 as com-
pared to 34.5 - 35.0 %0) and more acidic (pH 7.6 vs. 8.2), and
is nearly devoid of oxygen, necessitatingaeration (by cascading
down a tower) prior to use in the tank.

Those behavior studies described above which were con-
ducted through use of the underwater viewing ports in the
Charles H. Gilbert have been primarily concerned with the
feeding reactions of surface skipjack schools. The principal
objective of these studies has beento increase efficiency of cap-
ture. It is planned that such investigations will be continued,
but that they will be augmented by studies of schooling behavior
of the tuna, of the behavior of individuals within the school, and
of schools under conditions other than feeding at the surface.

When a surface school is chummed to the stern of the
vessel, only a portion of the school is available for study.
There is, at present, no waytodetermine the size of the school
or to observe the activity of the fish which are not within the
field of view from the window of the observation chamber.
Similar problems, considerably magnified, are to be expected
in investigations of the behavior of sub-surface schools and of
surface schools under conditions other thanfeeding. New types
of instruments are needed, both for detection and for observa-
tions of fish behavior. Sonar equipment, presently available
or to be developed, will undoubtedly facilitate detection of both
surface and sub-surface schools from surface vessels. Under

ideal conditions, such equipment will make possible some

Figure 25, --Skipjack behavior study tank with and without quonset hut mounted,

tracking of the schools and estimation of their horizontal and
vertical distribution. Underwater television, to a very limited
extent, may be used for the direct observation of fish behavior
(as contrasted with the indirect observations through use of
sonar). In view of these limitations to studies of fish behavior
from surface vessels, an investigation into the feasibility of
constructing a small, maneuverable, high-speed submarine is
planned. If such a submarine proves feasible, its use will
eliminate many of the present limitations imposed by use ol
surface vessels for direct observations of the behavior of both
surface and sub-surface fish schools.

During 1961, thefirst experiments to study the behavior
of captive skipjack, under controlled conditions, will be made
in the new tanks at Kewalo Basin. These experiments will in-
clude studies of color, size, shape, and odor discrimination
ind other experiments designed to test the response of skip -

ack to variou stimuli supplementary studies Of the mors-
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BAIT SUPPLEMENTS

A series of studies, begun in 1952, to determine the
feasibility of supplementing the supply of natural bait to Ha-
waiian comme rcial skipjackfishermen, was brought to success -
ful completion in 1960. These studies included investiga-
tions of the use of artificial baits, introduction of Marquesan
sardines (Harengula vittata) into Hawaiian waters, the intro-
duction of tilapia and threadfin shad (Dorosoma petenensis) into
various ponds and reservoirs in the State, and studies of the
methodology and economics of rearing tilapia by hatchery
methods.

The principal bait used in the Hawaiian live -bait skip-
jack fishery is the nehu, a small anchovy. Not only are the
nehu frequently in short supply, thus limiting total landings,
but they are comparatively delicate fish, and it is estimated
that 30 percent of those caught are lost through mortality.
This not only limits the total amount of nehuavailable for chum,
but also reduces the time the bait may be maintained in the
wells aboard the vessels. It has been estimated that if bait
were not limiting, the Hawaiian skipjack landings would be in-
creased by at least 50 percent (from an annual average total
of 10 million to 15 million pounds).

The results of investigations of the use of artificial
baits were generally negative or inconclusive. Skipjack showed
little or no response to the use to both edible (agar, fish flesh)
and inedible (aluminum foil, mica flakes) materials as chum,
and the study was terminated in 1953.

The Marquesan sardine proved to be excellent live -bait
during the Laboratory's skipjack investigations in waters of
French Oceania, and this potential bait supplement was intro-
duced into Hawaiian waters in late 1955. Additional releases
were made in 1956, 1957, and 1958. By September 1960, adults
in spawning condition and young sardines had been captured
from waters near six of the eight Hawaiian Islands. State
restrictions on the capture of these fish, pendingtheir establish-
ment in Hawaii, were lifted during 1960, thus permitting Ha -
waiian fishermen to capture and use them as livebait. A total
of 14 reports of capture of Marquesan sardines by commercial
fishermen were received during 1960.
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Tilapia were first brought to Hawaii in 1951. Seatests
proved these fish to be an effective bait for skipjack, particu-
larly for the larger (18-24 pound) tuna. Investigations into the
economics and methodology of rearing tilapia were first made
by the Laboratory at a small hatchery on Oahu in 1956 and
were continued at a larger hatchery on the island of Maui in
1957-1959. Experiments were carried out todiscover methods
for inducing early spawning and the optimal salinity, sexratios,
brood stock concentrations, feed, and rate of feeding. The
Maui plant produced slightly over one million fry annually in
1958 and 1959. Bait-size tilapia from the Maui plant yielded
on the average 46-50 pounds of skipjack per pound of tilapia.
Comparable figures for nehu were 50-57 pounds of skipjack
per pound of bait.

The favorable results of the Laboratory's tilapia investi-
gation, both as to the economics of their rearing by hatchery
methods and their success as a livebait, encouraged the Ha-
waii State Board of Agriculture and Forestry to request funds
from the State Legislature for construction and operation of a
tilapia hatchery. The funds were appropriated, site was se-
lected, and plans for construction completed. The plant is
expected to be in operation in 1961.

Threadfin shad, which are prolific, can tolerate fresh
or sea water, and have been proven by sea tests to be an ex-
cellent bait fish, were introduced into Hawaii by the Labora -
tory in 1959. The first indication of successful spawning was
reported from a reservoir on the island of Oahu during May
1960. In June, additional evidence of spawning was provided
by the capture of shad from a reservoir on the island of Maui.
The average length at time of planting in August 1959 was 9.5
cm. Those captured in June 1960 were as small as 1.9 cm.
With the successful introduction of the threadfin shad into Ha -
waiian waters, this supplemental bait species is now potentially
available to the Hawaiian skipjack fishermen.



SUBPOPULATIONS

Studies of the composition of Pacific tuna stocks were started, using as ''matural
tags' the inherited characteristics detectable as individual differences between red blood
cells of different natural population units or subpopulations. The principal efforts during
1960 were directed towards definition of the stocks of skipjack in the subtropicaland tro-
pical waters of the central Pacific. Such definition, not only for the tunas but alsofor
other climax predators, will result in a better understanding of growth and rates of re-
cruitment and mortality, which may be unique to different racial or genetic stocks within
each species.

Before beginning to compile data, at least partial solutions to two technical prob-
lems were needed: development (1) of methods for preservation of fresh red blood cells
for considerable lengths of time and (2) of a battery of testing fluids.

T T T T T T Excellent progress was made toward the solution of both. Methods
HAWAIL I----- == ANTI A W were developed which permit keeping albacore, bigeye, and yellowfin
HAWAIL 11 -+« pomp . bloods for several months. No such success has been achieved, as
. () yet, with skipjack bloods, and thus analyses must be made within 10 -
:(:;r::::r;s 95% CONFIDENCE H:T, 14 days, which means that frequently they have to be made at sea.
MARQUESAS - e Fifty-eight yellowfin samples were screened with a number of
RANGIROA - b testing fluids, of which one revealed consistent individual differences.
5 = - P T LTI o Samples from 115 albacore, 65 fresh and 50 frozen, were collected.
: . : - ‘ . . y The 65 fresh samples were screened with 38 fluids, of which 25 were
HAWAIL [---- ANTI B e bean extracts. From these, five fluids, two animal sera and three
HAWAII I + bean fluids, were selected as reagents or potential reagents. Although
JOHNSTON -+ : only 24 bigeye blood samples were tested, at least eight reagents were
g found which differentiated more than six different blood-group patterns.
CHRISTMAS-- ¢
MARQUESAS - In the investigation of skipjack stocks in the central subtropical
RANGIROA - and tropical Pacific, 154 skipjack blood samples from Hawaiian waters
5 | & 1‘5 o o o & - ﬁs 3 and 325 from the Line, Marquesan, and Tuamotu area§ v&'le.re tested.
: - - ‘ - . . The results showed qualitative and quantitative discontinuities among
HAWAII [~ ANTI C the stocks. Ofparticular interest (see fig. 26), is the sharp demarca-
HAWAII I -+ e e S tion evident between samples from skipjack caught near the island of
Rangiroa in the Tuamotus and those from fish caught near the Mar -
HCHNETON == quesas, separated by a distance of only approximately 600 miles. The
CHRISTMAS- + data suggest that these two stocks do not interbreed. On the other
MARQUESAS P hand, samples from near Christmas Island and from Hawaiian waters
RANGIROA - A ‘ (separated by nearly 1,200 miles) do not show such differences.
| | | L 1 |
0 60 65 70 75 80 85 90 95 100

Figure 26. --Differences in reactions of skipjack blood from various areas.

PERCENT POSITIVE

The study of natural populations of pelagicfishes does not per -
mit use of the technique of individual crosses in order to investigate



the inheritance of particular characters. There is need for
fundamental studies of blood group inheritance in fishes. Thus,
a study of blood group inheritance in tilapia was initiated.
Facilities for holding these fish were constructed at the Bio-
logical Laboratory, Honolulu, and the tanks were stocked in
preparation for making the necessary crosses, both brother-
sister and among species.

Although particular emphasis during 1961 will be de-
voted to use of blood groups in the identification of subpopula-
tions of the Pacific skipjack and albacore, such studies will be
made for all major species of tuna, and other climax predators,
as samples become available. Simultaneously, the improve-
ment of methods of preserving red blood cells, particularly
from skipjack, and development of additional testing reagents
will be continued.

Blood samples will be collected from skipjack in cen-
tral Pacific waters, fromthe Charles H. Gilbert (three cruises,
January through July) and from commercial sampans. Also,
additional samples will be collected from waters near the Line,
Marquesas, Tuamotu, and Society Islands in the fall.

Previous investigations by the Biological Laboratory,
Honolulu, and by other laboratories suggest that the albacore
of the North Pacific are members of a single subpopulation
and, largely by inference, that those of the South Pacific be-
long to a distinct subpopulation. Albacore blood samples will
be collected, as practicable, from both the American and
Japanese fisheries. Further, samples will be collected by a
biologist of the Honolulu Laboratory from albacore caught by
Japanese longline fishermen in southern hemisphere waters
around American Samoa. The results of analyses of these
samples should considerably expand our knowledge of the de-
gree of heterogeneity of the Pacific albacore stocks.

Subsequent to 1961, along with studies of the blood
group systems of skipjack and albacore in various areas of the
Pacific (and possibly the Indian Ocean), increasing effort will
be devoted to such systems in the yellowfin and bigeye and in
other climax predators. Samples will be collected from fish
caught from the Laboratory's vessels, those of other research
organizations, and from commercial fishing boats.
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As adequate knowledge of the blood group systems of
the various species becomes available, the distribution of the
various subpopulations in both space andtime will be compared
to the oceanography of the Pacific, in order to determine if
there are obvious features which may be natural barriers be-
tween subpopulations.
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MODEL STUDIES

In addition to studies involving various types of oceano-
graphic, biological, and fishery data, various model studies
were undertaken. Verification of these models (or hypotheses)
was, where practicable, done by testing with data collected
during the course of the Laboratory's various investigations.

Four such models were considered during 1960. They
were concerned with: (1) the relationship between spawning-
stock size and year-class size; (2) the schooling behavior of
tuna; (3) the efficiency of longline gear for schooling and non-
schooling tuna; and (4) the effects of modifying the abundance
of a particular organism upon its biological associates. Pre-
liminary results from two of these studies are as follows:

One model study involves an examination of the effects,
through 215 generations, on population size and on year-class
size of five different year-class size — spawning-stock size
relationships, a single set of density-independent factors, and
four different survival rates (15, 30, 50 and 70 percent).

The results of the calculations demonstrated that pop-
ulations resulting from two of the year-class — spawning-stock
size relationships either became extinct or infinitely large at
any but middling survival rates. The populations from a third
relationship became extinct at low survival rates. It thus
seems unlikely that such relationships could exist in nature.
Populations from a fourth did not become extinct nor infinitely
large; however, characteristics of year-class sizes did not
correspond to available data on year-class sizes in nature.
The latter did not differ from those of a fifth population, in
which all of the variation in year-class size resulted from
density-independent random factors.

In the second model, an equation was developed which
would express the ratio of the encounter rates between a given
number of prey and schooled or scattered predators. Since a
set of longline gear with its baited hooks could be regarded as
a given number of prey, it was hypothesized that the large
tunas are selectively takenbythis gear because they are either
scattered or in small schools, while the smaller fish are
schooled to a greater degree and thus less likely to encounter
the hooks. The Laboratory's longline catch data were examined
to see if fish caught on adjacent hooks, and thus more likely to

have been hooked from a school, were smaller than those that
were not so caught. The analyses disclosed that the most
numerous and largest fish were solitary. Next in abundance
and size were fish hooked in pairs. Three fish on adjacent
hooks were less abundant and smaller, while runs of four were
both the rarest and the yellowfin thus caught were the smallest
of all.
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REPORTS, PUBLISHED AND IN PREPARATION

In the following list are the papers of the Bureau of Commercial Fisheries Biological Laboratory, Honolulu, published, in

press, or in preparation during 1960.

In addition to publications describing research undertaken by the members of the Laboratory

staff, a number of translations of oceanographic and fishery research papers, particularly Japanese to English, were prepared.
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