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ABSTRACT

This study was undertaken to determine the cause of a change in species
dominance in the catch of the Hawaiian longline fishery from yellowfin
(Neothunnus macropterus) to bigeyve tuna (Parathunnus 8ibi) during the
period 194849. The available commercial catch records showed that the
reversal in species resulted from a shift by the larger vessels of the fleet from
fishing grounds in the leeward waters of the northern islands to grounds lo-
cated in the windward waters of the southern islands. Bigeye tuna are more
avallable to the ichery in the windward waters than in the leewvard, whereas the
yvellowfin tuna are taken in greater numbers in the leeward areas. The bigeye
season extends from October through May, whereas the best yellowfin catches
are made during the summer months. June through August.

A hypothesis is given to explain the distribution and migration of the bigeye
tuna in the central Pacific. Essentially, it postulates spawning in the tropical
waters south of the Hawaiian Islands, a migration of young fish northward,
a seasonal north-south movement of the adult population, and finally a con-
tinued southward movement to the tropical spawning grounds by adults in
imminent spawning condition.

v




CHANGES IN TUNA LANDINGS OF THE HAWAIIAN
LONGLINE- FISHERY, 1948-1956

By RICHARD S. SHOMURA, Fishery Research Biologist

BUREAU OF COMMERCIAL FISHERIES

The Pacific Oceanic Fishery Investigations?!
(POFT) of the U.S. Fish and Wildlife Service
has studied the hydrography and productivity of
the central Pacific Ocean and has carried out ex-
ploratory fishing cruises to encourage the maxi-
mum development and utilization of the high-seas
fishery resources of this area.

One segment. of POFT’s task has been to gain
an understanding of the nature and problems of
the existing commercial fisheries in the cential
Pacific. Although small quantities of tuna are
taken in Hawaiian waters by trolling and hand-
line, the two major fisheries in the islands are
the pole-and-line fishery for skipjack (June 1951,
Yamashita 1958) and the longline (flagline)
fishery (June 1950, Otsu 1954) for the larger
subsurface tunas. In a good year (1951) the
skipjack fishery landed 12,900,000 pounds with a
value of $1,700,000 (Yamashita 1958). The long-
line fishery in 1952, a good year for that fishery,
landed tunas and marlins totaling 4 million
pounds and valued at $1,200,000 (Otsu 1954).
Though these fisheries are small in respect to total
landings, their strategic occurrence in midocean
makes them ideal laboratories for the study of
certain problems concerning midocean tunas.

The present study of the Hawaiian longline
fishery was stimulated by Otsu's (1954) finding
that from 1946 to 1952 there was a decline in land-
ings of yellowfin (Neothunnus macropterus) and
an increase in landings of bigeye (Parathunnus
ibi), with the reversal in dominance between

1948 and 1949. The change in the bigeye landings .

is especially noteworthy since it involved an in-
crease from 12,000 pounds in 1946 to 2,200,000
pounds in 1952, without a corresponding increase

! Redesignated Bureau of Commereial Fisherles Lahoratory,
January 1, 1959.

NoOTE.—Approved for publication, July 1. 1958. Fishery Bul-
letin 160.

in the overall fishing effort as indicated by the
total number of trips (Otsu 1954). The purpose
of the present study was to describe the seasonal
and long-term trends in the landings of the two
species, and if possible, to determine cause of the
fluctuations.

The basic catch data utilized in this report were
supplied by the Hawaiian Division of Fish and
Game, through the courtesy of Director Vernon
E. Brock. T. Shimizu of the Division’s staff
helped to assemble the data for analysis. The
longline fishermen provided valuable information
on the fishery and personnel of the auction firms,
Kyodo Fishing Co., United Fishing Agency, and
Hawaii Fishing Co., made auction records avail-
able.

DESCRIPTION OF THE FISHERY

The Hawaiian longline fishery is the only
American commercial fishery utilizing the long-
line method, as developed by the Japanese (Sha-
piro 1950), to capture subsurface tunas.” The
history and recent status of the fishery in Hawaii
have been described by Brock (1949), June
(1950),_and Otsu (1954).

The longline fishery is dependent on vessels lo-
cated at various ports throughout the Hawaiian
Islands chain; however, the two major fleets are
based at Hilo, Hawaii, about 10 vessels, and at
Honolulu, Oahu, 31 to 33 vessels (Otsu 1954).
These vessels range from 25 to 62 feet in length
and are constructed along lines similar to the
sampans used in the pole-and-line fishery (June
1951). They have a high, narrow bow with the
wheelhouse and sleeping quarters located forward,
leaving a spacious afterdeck of low freeboard.
The latter facilitates the landing of large fish
which, in the case of the marlins, occasionally
exceed 1,000 pounds in weight. The vessels are
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generally powered by high-speed diesel engines,
and since they lack mechanical refrigeration sys-
tems the catch is stored in crushed ice.

The longline is made up of a number of units
of gear called baskets which are joined in a series
and allowed to drift frée of the vessel (June
1950). Each basket of gear is composed of a cot-
ton mainline section from which are suspended 4
to 6 branch lines each bearing a single hook. The
longline is supported at the surface by wooden,
glass, or metal floats. The number of baskets
fished per day varies with the individual vessel
but rarely does it exceed 40 baskets. By compari-
son, Japanese fishermen operating on a consider-
ably larger scale may use more than 300 baskets
of gear per set. (Ego and Otsy; 1952).

The average length of a trip for a Honolulu-
based vessel is 8 or 9 days and a majority of the
trips are made within sight of land. The gear is
set in the morning and retrieved in the afternoon.
During the intervening period the line is patrolled
and, if the fishermen are able to recognize the
presence of a hooked fish by a submerged buoy,
the fish is landed and the hook reset.

Composition of the longline catch is varied and
consists of a number of species of tunas and spear-
fishes. In addition to bigeye and yellowfin, the
tuna catch includes small numbers of albacore
(Germo alalunge), skipjack (Katsuwonus pela-
mis), and on rare occasions bluefin tuna (7 hun-
nus orientalis). Among the spearfishes the most
commonly taken species are the striped marlin
(Makaira audax) and black marlin (Makaira
ampla),® while lesser numbers of white marlin
(Istiompaze marline)? broadbill swordfish (Xi-
phias gladius), and shortnose spearfish (7Tetrap-
turus angustirostris) are taken. Other species
caught on the longline include the dolphin
(Coryphaena hippurus), wahoo (Aecanthocybium
solandri), and various species of shark. Because
of the wide variety of species taken and different
periods of seasonal abundance, the fishery is ca-
pable of year-round operation.

MATERIALS AND METHODS
The basic data used in this study were derived
from fish catch reports submitted by members of
the fishing industry to the Hawaiian Division of

*Called blue marlin by continental Americans.
3 Called black marlin by continental Americans.

Fish and Game. The form of this report used in
the longline fishery has undergone several modifi-
cations; a sample of the present form is shown in
appendix figure 1, page 105. The areas fished were
reported in code numbers indicated on a fisheries
chart (app. fig. 2). The reported data were com-
pared with records kept by the auctioning firms
and some adjustments made, especially for the
early years when individual boat owners filled in
the fish catch reports, for they occasionally com-
bined the catches of several trips and reported
them as a single trip. Also, the yellowfin and
bigeye catches often were not separated according
to species, but were combined in one or the other
species category. In recent years the auction
firms have filled out the forms after obtaining the
essential data from the fishermen.

In addition to the sources given, more detailed
information was obtained from 1949 to 1952 by
interviewing vessel captains. These data formed
the basis of Otsu’s (1954) study and have also
been utilized in this report.

Preliminary examination of the data showed
that for an accurate evaluation of the fishery some
selection of data would be necessary. Descrip-
tion of the method used. follows.

SELECTION OF FLEET AND VESSELS

Initially, the study was limited to the Honolulu-
based fleet, because the landings from this fleet
comprised more than S0 percent of the total
Hawaiian longline landings and accessibility of
the Honolulu auctioning records made it possible -
to check doubtful data. Limiting the study to the
Honolulu fleet does not. imply that the fishing area
was proportionately restricted, since the larger
vessels at least fished throughout the major
Hawaiian Islands group.

It was also decided to limit the sampling to ves-
sels operating 5 or more of the 9 years under con-
sideration. This eliminated recent additions to
the fleet, which were known to fish for longer pe-
riods and with more units of gear than the older
vessels. Evidence that the bulk of the fleet was
the same throughout the period-1948 to 1956 is
indicated by the operation during 1956 of 23 of
the total of 31 vessels comprising the 1948 fleet.
This stability is in part a reflection of the short
period under study and the fact that most. of the
vessels were comparatively new. Of the 39 vessels
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fishing from 1948 to 1956, 21, or more than half
of the total were launched during 1946 or 1947.

SEPARATION OF FLEET BY SIZE OF VESSEL

Otsu (1954) stated that some of the Honolulu-
based longline vessels fished in waters around
Oahu continuously throughout the year while
others roamed the entire area, fishing as far as
the northeastern shore of the island of Hawaii
(fig. 1). The records showed that vessels fishing
exclusively around Oahu were smaller in size (reg-
istered length * of 45 feet or less) and fished fewer
units of gear and fewer days per trip. Aeccord-
ingly the vessels were classed, based on our knowl-
edge of the fishery, as small or large and the
catch data for each class were treated separately.

THE TRIP AS A MEASURE OF EFFORT

Longline catch data have ordinarily been pre-
sented in terms of catch per 100 hooks (Murphy
+The vessel lengths were obtained from Annual Merchant

Vessels of the United States, compiled by the U.S. Treasury
Department.

and Shomura, 1953). For the Hawaiian fishery,
some data are available on the number of boat-
days and the number of baskets fished in the eariy
years, 1949 to 1952 (Otsu 1954), and for the years
subsequent to 1955 the revised fish cateh report
includes the number of days at sea (app. fig. 1,
p- 105). For the intervening years, 1953 to 1955,
no such measures of effort are available. Even
for the earlier period, 1949 to 1952, the data on
the number of days fished are inadequate for a
comprehensive study.

The only measure of fishing effort available for
the entire period, 1948-56, is the number of trips.
Thus, through necessity, the catch per unit of ef-
fort must be based on the catch per trip. To
justify the trip as a measure of effort it was nee-
essary first to determine whether there had been
any changes in the length of trip during the
period. Before 1952-53 some data were available
on the number of days fished per trip, whereas
for the subsequent years data were available on
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90

the number of days at sea. Excluding weather
as a factor, these two measures are essentially the
same for the small vessels. These vessels gener-
ally fish in the immediate vicinity of Oahu and
are thus able to return to port the night of the
last fishing operation. On the other hand, if the
large vessels fish in the windward areas of the

FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

southern islands, they must travel from 120 to 200
miles from the fishing grounds to Honolulu. This
introduces a possible differences of at least 1 day,
depending on the area fished, between the number
of days fished and the number of days at sea.
Table 1 gives the average number of days of fish-
ing per trip for small and large vessels (the latter

TABLE 1.—Number of days fished per trip, by size of vessel, 1949 to 1956

[Vessels selected]

1949-50 1950-51 1951-52 1052-53 1953-54 195455 1955-506
Small vessels (<45 feet):
Number of trips. .o e mea 41 52 47 10 88 201 183
Average numbher of days fished per trip.... ... ... 8.3 8.2 8.4 8.0 7.9 7.7 S. 4
Large vessels (>45 feet):
Numhber of triPS_ - o 125 132 165 186 178 321 316
Average number of days fished per trip.. 9.7 9.0 R4 8.6 .2 9.4 9.3

adjusted for traveling time). There are no evi-
dent trends in length of trip for either vessel
category. For the small vessels the average trip
ranged from a low of 7.7 days during 195455 to
a high of 8.4 days in both 1951-52 and 1955-56,
with an overall average of 8.1 days for the entire
period. For the large vessels, the number of days
fished per trip (adjusted) ranged from a low of
8.4 days during 1951-52 to a high of 9.7 days for
1949-50. The overall average length of trip for
the entire period for the large vessels was 9.1 days.

Another factor that should be considered in this
evaluation of fishing effort is the number of bas-
kets fished per day. As mentioned previously,
the amount. of gear fished per day was related to
the size of the vessels, the larger vessels fishing
more baskets of gear than the smaller. This dif-
ference is reduced in importance by the separation
of the fleet into the two size categories. Some
data are available on the number of baskets fished
per day for the years 1950, 1952, and 1955 (table
2). There is some evidence that 1952 was an

TaBLE 2.—Nuwinber of baskets of gear fished per day, by
sire of vessel

[Vessels seleeted]

1950 1952 1055

Small vessels (<45 feet):
Numberof vessels._.___________.______.
A\éerage number of baskets fished per

A o oo e
Range (baskets) ..

Large vessels (>45 feet
Number of vessels._
Average number of baskets fished per

12

wm

26
20-30
16

31
24-35

24
21-31
18

26,
22-30
17

30 28
21-36 25-32

atypical year (Otsu 1954). If this year is omitted
and only 1950 and 1955 considered, it appears that
the number of baskets fished per day did not
change materially for either the small or the large
vessels. In hoth years the small vessels fished an
average of 26 baskets of gear per day, whereas the
large veszels increased the amount of gear fished
per day from 30 baskets in 1950 to 31 baskets in
1955.

A final test of the trip as a measure of fishing
effort is afforded by a comparison of the catch
per trip with the catch per 100 hooks in those
periods for which both kinds of data are avail-
able. TUnfortunately, however, the only year with
adequate data was 1952, which has been con-
sidered atypical. Nevertheless, a plot (fig. 2) of
these two units shows that the two variables are

€0 T
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[ | 1 [ [ |
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F1cURE 2—Comparison of monthly mean bigeye catch per
100 hooks and per trip in 1952.
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closely correlated and exhibit a linear relation.
We believe, therefore, that the catch per trip is
the best. attainable measure of availability of the
two species of tuna to longline gear.

ANALYSIS OF THE DATA

The total Hawaiian landings of higeye and
yellowtin, shown in figure 3,® include catches made
by various methods of tuna fishing, e. g., the long-
line, pole-and-line, trolling, and handline fishing.
The yellowfin catch has shown a steady decline
from 1,325,000 pounds in 1946 to 446,000 pounds
in 1955, whereas the bigeye catch increased from a
low of 199,000 pounds during the 1946—47 season
to a high of 2,710,000 pounds for the 1953-54 sea-
son. Since 99 percent of the higeye and about 85
percent of the yellowfin are caught in the longline
fishery, the longline landings parallel the total
landings.

The trend in yellowfin landings of the Hono-
lulu-based vessels shows some divergence from
the trends in the total catch by all methods and
in the total longline landings (fig. 3). Despite
the steady decline observed in the overall catch,
the yellowfin landings of the Honolulu fleet re-
mained at a relatively stable level, averaging
375,000 pounds annually from 1948 through 1952.
Then in the 3 yeais that followed, 1953 to 1955,
the Honolulu landings dropped 30 percent to an
average annual figure of 275,000 pounds. Even
this drop failed to keep pace with the decline of
the overall catch, with the result that the Hono-
Inlu landings, which in 1948 and 1949 made up
only 36 and 38 percent of the total yellowfin catch
of the longline fishery, averaged 64 percent dur-
ing the next 6 years, 1950 through 1955. This
failure of the trend in the Honolulu yellowfin
landings to parallel that for the Territory as a
whole cannot be fully explained at present; it
appears to be associated with operational aspects
of the fishery to be discussed later in this report.
It should be mentioned, however, that while the
data for the Honolulu fleet have been checked and
corrected by means of various sources, the same
has not been done for the remaining Hawaiian
longline data.

“8inee the bhigeye season occurs in the winter and spring
months, the annual period for bigeye extends from July of one
year through June of the following year. For yellowfin the
calendar year is retained, inasmuch as the yellowfin landings
reach a peak during the summer months.
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Ficure 3.—Landings of bigeye (by fiscal year) and yel-
lowfin (by calendar year), 1946 to 1956. (See appendix
table 1.)

CATCH STATISTICS

Unless otherwise stated, the following discus-
sions on landings and catch rates are in térms of
numbers of fish rather than weight.

The bigeye catch of the selected large vessels
varied directly with the landings of the entire
Honolulu fleet, with a 300-percent increase be-
tween 1948—49 and 1953-54 and a decline thereafter
(fig. 4). In contrast, the catch of the small
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Ficure 4—Bigeye catch (by fiscal year) and yellowfin
cateh (by calendar year), by size of vessel.

selected vessels showed a slight rise from 194849
to 1951-52 and a decline thereafter. Thus, it ap-
pears that the tremendous increase in overall pro-
duction was contributed by the large vessels.
The yellowfin landings, likewise, suggest that
changes in the total catch were caused by changes
in the landings of large vessels only. The most
distinctive feature of the yellowfin landings (fig.
4) is the shift in relative proportion of the total
catch obtained by the two classes of vessels, The
proportion of the total yellowfin catch taken by
the larger vessels was much higher before 1953

than it was during the last 3 years of the study,
1953 through 1955. Since this shift was coinci-
dent with the increased bigeye catches of the large
vessels, it is evident that the changes in landings
are related to factors affecting only the large
vessels.

FISHING EFFORT

Examination of the number of baskets fished
per day and the number of days per trip indicated
only slight variations in these measures of effort;
thus, any substantial 'cha.nge.s in the overall effort,
if they did occur within the Honolulu fleet, should
be revealed in the number of trips made each year.
Figure 5 shows that there was a steady increase
in the total number of trips from 194849 to
1953-54¢ and a decline in the last two seasons
1954-55 and 1955-56. The increase was the result
of more trips being made per boat, as shown by
the higher number of trips per boat-month (fig.
5), and also the result of more vessels being added
than were lost to the fleet. The latter is indicated
in table 3 by the increased number of trips of the
nonselected vessels, which presumably were recent
additions.

TOTAL BOAT -MONTHS
______ NUMBER OF TRIPS
s TRIPS/BOAT -MONTH

700 T T T — T 113
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Fieure 5.—Trends in fishing effort of Honolulu-based
fleet. 194849 to 1955-56.

In a comparison of the effort expended (fig. 6)
we find that both the small and large selected ves-
sels followed the trend of the entire fleet.
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TABLE 3.—Effort expended by Honolulu-based fleet, 1948-49 to 1955-56

Measure of effort 194849 1949-50 | 1950-51 | 1951-52 | 1952-53 | 1953-54 | 1054-55 | 1956-56
Boat-months:
Selected small vessels._ . ..o ool 105 119 119 136 141 108 111 100
Selected large vessels . . .o e 186 195 196 199 213 207 199 194
B 7 U U 291 314 315 335 354 315 310 204
Nonselected small vessels 4 4 5 1 12 12 12 12
Nonselected large vessels_ . 30 34 27 7 7 43 49 54
ot . o oo i 31 38 32 8 19 55 61 66
Trips:
Selected small vessels. el 197 215 238 263 264 218 219 193
Selected large vessels_ . 309 327 344 354 374 370 344 323
Total. oo mmmmmm e e ———— 506 542 580 617 638 588 583 518
Nonselected small vessels.__ . 4 6 ] 2 19 24 27 19
Nonselected large vessels. ___ 47 53 46 12 10 3 81 83
Motal e 51 59 54 14 20 97 108 107
Trips per boat-month:
Selected small vessels. o o iiimimaaoaas 1.88 1.81 1.98 1.93 1.87 2,02 1.97 103
Selected large vessels_ e emmooao 1.67 1.68 1.76 178 1.76 1.79 L73 1.66

———— TOTAL, HONOLULU FLEET
— LARGE SELECTED VESSELS
--------------- SMALL SELECTED VESSELS
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Fraure 6.—Trends in fishing effort of small and large
vessels, 1948-49 to 1955-56.

CATCH PER UNIT OF EFFORT

The marked seasonal variation in catch per unit
of effort for the bigeye and yellowfin tuna is
shown in figure 7. The peak catch of yellowfin
occurred during the summer and of bigeye during

the winter and spring months. Of interest is the
difference in catch rate for the two species in re-
lation to size of vessel. The bigeye catch of the
large vessels was considerably higher than that of
the small vessels, the difference being more evident
during the later years. On the other hand, with
respect to yellowfin, the large and small vessel
catch rates were nearly equal, the large vessels
having only a slightly higher average catch.

The increase in bigeye catches and the difference
in relative fishing success by vessel size for the two
species can he better illustrated by the average
annual catch rates (fig. 8). The large vessels ex-
perienced a sharp increase from 6.5 bigeye per
trip during the 1948-49 season to 21.9 during the
1951-52 season, an increase of about 240 percent.
The catch rates in subsequent years were stable at
this high level, with only a slight decrease during
the last two seasons, 195455 and 1955-56. The
small vessels, on the other hand, exhibited minor
fluctuations in the bigeye catch rate during the
eight seasons, but the catch remained at a rela-
tively low level.

The yellowfin catch rates (fig. 8) varied irregu-
larly. The small vessels had a stable yellowfin
catch rate of three to four fish per trip from 1948
through 1954 and a noticeable decline in 1955.
On the other hand, the large vessels experienced
two levels of fishing success. The first and higher
level during 1948 through 1952, when the catches
ranged from four to five yellowfin per trip, and
the second and lower level persisting through the
last three seasons, 1953 to 1956, with a catch rate
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of two to three yellowfin per trip. The most sig-
nificant feature of this change in level is that for
the Jast three seasons the catch rate of the large
vessels was lower than that of the small vessels.
This difference is surprising when it is realized
that the large vessels fished more days per trip
and more units of gear than did the small vessels.

Since the factors contributing to the trip as a
measure of fishing effort have been analyzed and
found to be stable, especially when vessel size has
been adjusted, the discrepancies observed must be
explained by changes in availability of the species,
either by fluctuations in their actual abundance or
indirectly by inherent. differences in fishing success
in the various areas fished. With regard to abun-
dance, to explain the differences in bigeye catch
by the two size groups of vessels would require
an increase in the bigeye population which did not
distribute itself uniformly throughout the fishing
areas. This is possible, but improbable, when one
must explain a simultaneous decrease in yellow-
fin abundance during the last three seasons—a de-
crease which would be confined only to the areas
fished by the large vessels. The most probable
explanation which satisfies all these varying points
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is a difference in availability of the two species
among localities and an increased fishing effort by
the large vessels in areas containing more bigeye.

CHANGES IN FISHING AREAS
AND EFFORT

Because of a limited range, the Honolulu-
based small vessels must confine their fishing to
the immediate vicinity of Oahu. The distribution
of their trips, by season and area, is given in table
4. Aside from a seasonal shift in effort, there
appears to be no general change in fishing area
within the period studied. More than 80 percent
of the trips of these vessels were to the windward
and leeward areas of Oahu, and of these the lee-
ward areas received the greater effort. The small
vessels fished almost exclusively in the leeward
areas during the summer months, and although
there is a noticeable increase in fishing effort in
the windward areas during the fall, winter, and
spring months, the greatest percentage of the
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trips were made in the leeward waters at all sea-
sons. The reason that the increase in effort was
not more pronounced in the windward areas dur-
ing the bigeye season may be that the small
vessels prefer the calmer waters to leeward in
spite of the greater availability of bigeye in the
windward areas (Otsu 1954).

The distribution of trips by season and area for
the large vessels is given in-table 5. In general,
these vessels tended to fish in the lee of the north-
ern islands and on the windward side of the
southern islands. During recent years there has
been a pronounced shift in emphasis from the
former to the latter area. With the exception of
the winter of 194849, the majority of the fishing
during the winter season has been in the wind-
ward areas of the southern islands. Also notable
is the small yet consistent fishing effort in the
windward areas of the northern islands, which
could be in response to a greater availability of
bigeye in these waters.

TaABLE 4.—Percentage distridution of irips of small vessels, by season and area, 1947 to 1956

Season 1947 1048

1949

1950 1951 1952 1953 1954 1855 1956

Spring:
Northern Islands:
Windward Kauai. .o
Leeward Kauai_ ...
Windward Oahu...
Leeward Oahu......._______
Southern Islands:
Windward Maui-Molokai.___
Leeward Maui-Molokai--.
Windward Hawaii_____.
Leeward Hawaii.
Number of trips. v e ceo -
Summer:

Northern Islands:
Windward Kauai
Leeward Kauai. .
Windward Oahu.
Leeward Oahu

Southern Islands:
Windwar@ Maui-Molokai
Leeward Maui-Molokai
Windward Hawaii.._.__
Leeward Hawaii...
Number of trips. - ccoovmmm oo amiaoaan

all:

Northern Islands:
Windward Kauai. .. _coomooooioeooooas
Leeward Kauai_ _____..

Windward Oshu
Leeward Oahu__ . __________.__

Southern Islands:
Windward Maui-Molokai
Leeward Maui-Molokai
Windward Hawalii.
Leeward Hawaii. ..
Number of trips. ...

Winter:

Northern Islands:
Windward Kauai. . _-.....__.__.___.___.
Leeward Kauai_.......

Windward Oahu. ..
Leeward Oahu.. . ______________.

Southern Islands:
Windward Maui-Molokai
Leeward Maui-Molokai
Windward Hawaii.._._.
Leeward Hawaii__.__
Number of trips. - caoo oo e amieanas
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TABLE 5.—Percentage distribution of trips of large vessels, by season and area, 1947 to 1956

Season 1947 1948 1950 1951 1952 1953 1954 1955 1956

Spring:

Windward northern islands. _ ... . |......... 20 3 23 41 2 19 oo 26 5

Leeward northern islands. .. . 23 68 29 49 42 L T 12 11

Windward southern islands. - 43 26 37 6 43 52 97 53 43

Leeward southern islands. __ 14 3 6 4 12 21 3 41

Number of trips... ... R q 68 86 81 81 92 35 34 37
Sumimer:

Windward northern islands 10 18

Leeward northern islands. 61 75

Windward southern islands. 13 4

Leeward southern islands. . . . 18 3

Number of trips_ . ..o et 69 71
Fall:

Windward northern islands. _.....____......__. 18 24

Leeward northern islands. . . .- 55 27

Windward southern islands. 18 48

Leeward southern islands. .- 9 1

Number of trips.- .o .o I 82
Winter:

Windward northern islands_ . _..._........_. 21 24 24

Leeward northern islands. 15 44 17

Windward southern islanc 52 31 59

Lecward southern islands 12 ) N P,

Number of trips......__ 66 68 75

Of the four seasons, the spring distribution of
fishing effort was the most erratic. Even during
this season, however, the effort was concentrated
in the leeward areas of the northern islands and in
the windward arens of the southern islands. In
the earlier years, effort during the summer was
concentrated in the ieeward waters of the norti-
ern islands, but during the last three summers,
1953 through 1954, it noticeably declined.

The annual effort and catch of bigeye and yel-
lowfin by the large vessels in the windward areas
of the southern islands are summarized in figure
9. The effort increased from a low of 22 percent
of the total annual trips made into this area dur-
ing 194549 to a high of 83 percent during the
1953-54 season. The following two seasons showed
a slight decline. Again the significant feature
both of the bigeye and of the yellowfin catch is the
position of each relative to the effort expended.
It is evident that bigeye fishing was more suc-
cessful in this area than elsewhere, judged by the
consistently higher catch percentage, than would
be expected from the amount of effort expended.
On the other hand, the reverse is true for yellow-
fin, with the catch consistently lower than the ef-
fort expended, indicating that the area is not as
good a fishing ground for yellowfin as for bigeye.
From this it can be deduced that yellowfin are
relatively more abundant in the leeward waters of
the northern islands than in the windward waters
of the southern islunds.

The seasonal breakdown of catch and fishing ef-
fort for the windward areas of the southern is-
lands is presented in figure 10. The bigeye and

yellowfin catch and effort by season still follow
the yearly trends. For all four seasons, the big-
eye catchis consistently higher than expected from
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Ficure 9.—Catch of bigeye (by fiscal year) and yellowfin
(by calendar year) in respect to effort of large vessels
in windward waters of the southern islands. (See
appendix table 2.)
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Ficure 10.—Bigeye and yellowfin catch and fishing effort of large vessels, by seasons, in the windward waters of the

southern islands.

the amount of effort. expended, whereas the reverse
is true of the yellowfin catch. Thus it seems that
the differences in availability of the two species in
these windward areas are real and not due to a
shift in effort among the four seasons.

Firm evidence of areal differences in the avail-
ability of the two species is shown by a compari-
son of the distribution of etfort and the resulting
catch in the windward area by the small vessels
(fig. 11). To reduce the variation due to the sea-
sonal shift in effort, this comparison has been con-
fined to the winter and spring seasons, December
through May. Considering the small amount of
data available, the possibility of an error in the
magnitude of the catches cannot be denied ; how-
ever, the consistently higher percentage of bigeye
taken from the windward areas for the effort ex-
pended gives evidence that bigeye were more avail-
able in the windward than in the leeward areas.
Unfortunately, a similar areal comparison cannot
be made for yellowfin, since the small vessels

(See appendix tables 3 and 4.)

fished almost exclusively in the leeward waters
during the height of the yellowfin season.
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Fr1e¢Uure 11.—Comparison of fishing effort and higeye catch
in windward areas by sinall vessels, winter and spring
seasons combined. (See appendix table 5.)
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In summary, the increase in landings of bigeye
and the decline in landings of yellowfin can be
related largely to a shift in fishing area by the
large vessels from the lee of the northern islands
to the windward waters of the southern islands.
However, this does not preclude the existence of
natural fluctuations in availability, since the catch
rates of the small vessels, which did not partici-
pate in this shift, show a peak in bigeye during
the 1951-52 season. Otsu (1954) points out that
on several occasions during this season the catches
were limited to prevent flooding of the fresh-fish
market. The yellowfin, too, show natural fluctua-
tions, as evidenced by the decline in catch rate of
the small vessels during 1955.

SEASONAL DISTRIBUTION OF
BIGEYE AND YELLOWFIN

A composite of the monthly average catch rates
over the entire period is not the best means of
depicting the seasonal distribution of bigeye and
vellowfin tu
cludes a detailed examination. This method, how-
ever, does show the seasonal trends and for this
purpose the data are presented as such in figure 12.

The bigeye season can be considered to occur
from October through May, when the large vessels
made catches of better than 10 bigeye per trip
and the small vessels from 5 to 12 bigeye per trip.
The average monthly catches (fig. 7) for the large
vessels showed considerable variation, which is
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F1GuRre 12.—Composite catch per trip of bigeye tuna for
smnatll and large vessels, July 1148 to June 1956.

reflected in the composite catch per trip, with
peaks during December, February, and April and
lows during January and March. On the other
hand, the small vessel category shows only one
depression covering January through March.
This double peaking of the bigeye catches for the
small vessels appears to hold true even for indi-
vidual years; e.g., 1949-50 and 1953-54 (fig. 7).
One possibility which could account for the low
points would be the inability of the vessels to fish
because of bad weather. This would be expected
to affect the catch rates inasmuch as the trip is
used as the unit of effort. A cursory examination
of the days on which small eraft warnings were
issued by the U. S. Weather Bureau (table 6)
shows that there is some correlation of low catches
with bad weather. At the present time, however,
we are unable to make any quantitative estimates
of the effect of weather on catch and fishing effort.

The yellowfin season extends over the summer
months and unlike the more gradual entrance of
the bigeye into the fishery, the yellowfin enters
abruptly during the month of June (fig. 13).
This is indicated by the high catch rate of nearly
10 yellowfin per trip for both small and large

TABLE 6.—Number of days cith small craft warnings

| Oct. I Nov. | Dee. | Jun. | Fceh. }.\-Im-. I Apr. | May

S1951-52_ . .. 2 4 1 3 Q 9 1 {]
1952-53. . 0 10 1 1] 4 0 [ 0

1953-54 1 f 1 3 2 3 1 0

1054-55 1 3 B 1 9 a3 6 0

1955 ... 0 9 F 2N PRI ROIDIOR FRUIPIEvS FSERIINY PR

NoTE.~Unpublished data furnished by U.3. Weather Burcau.
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FicurE 13.—Composite catch per trip of yellowfin tuna
for xmall and Inrge vessels, M8 to 1956,
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vessels during June compared with the low of
about 4 fish per trip during the previous month.
The rapid decline of the catch rates during August
and September, from eight yellowfin per trip to
four, also suggests a rather rapid movement of
‘the yellowfin from the fishing grounds.

The yellowfin catch shows uniform single modes
for both small and large vessels. This absence
of fluctuations could possibly be due to a more
uniform number of days fished per trip, a result
of the genérally good weather which prevails dur-
ing the summer months. As pointed out in the
earlier discussion, there are significant ditferences
in the relative fishing success for bigeye and yel-
lowfin, related to vessel size. The catch rates for
yellowfin by small and large vessels were approxi-
mately equal throughout the year, whereas for
bigeye the large vessels experienced 2.5 times bet-
ter fishing than the small vessels.

SIZE OF FISH

The Hawaiian longline fishery, by virtue of the
method of fishing, primarily exploits the large

tunas, a majority of the catch being composed of .

fish exceeding 100 pounds in weight. The lack
of small fish in the catch is not due to their absence
from the area, for Moore (1951) has reported that
small bigeye and yellowfin are taken in Hawaiian
waters by surface-fishing methods; but more
likely it is due to a differential size segrega-
tion of the species with depth. Bigeye and yellow-
fin appear to spend their early life near the
surface and their adult life in deeper waters, thus
the small fish are not available to the deep-fishing
longline gear (Murphy and Shomura, 1953).

As noted previously and shown in figure 12,
good higeye catches are made in Hawaiian waters
from October through May and only during the
summer months are the catches considered poor.

In their work on albacore and bigeye (Honma and

Kamimura, 1955; Suda 1954), the Japanese have
shown that west of the 180° meridian these two
species undergo a latitudinal migration, being
taken farthest to the north during the summer
period and to the south during the winter months.
They also present some evidence that at any given
time small fish are located to the north of the
larger fish, the net result being a gradation in
sizes with progressively larger fish to the south.
Some evidence of such a phenomenon in the Ha-

waiian fishery is indicated by the changes in
average size of the bigeye (fig. 14). Despite the
variability of the averages from month to month,
the catch was composed of consistently smaller
fish during the winter months, as is to be expected
if the larger fish in a population sorted by size
did move to the south during the winter.
Another interesting size variability in the catch

s the consistently lower average size of bigeye

taken by the small vessels as compared with those
taken by the large vessels. This ditference, which
is most noticeable during the winter months (fig.
14), is clearly indicated in a comparison of the
annual average size of bigeye by size of vessel
(fig. 15). Although the magnitude of the dif-
ferences is not important, the consistency of the
relation, i.e., small fish being captured by small
vessels, is striking. This may be confirming evi-
dence of the size gradation with latitude, inas-
much as the small vessels operate in waters farther
north than the large vessels.

The yellowfin also show considerable seasonal
fluctuations in average size, with the larger fish
occurring during the summer months when the
catches are best (fig. 14). Unlike the bigeye,
there are no pronounced ditferences in the annual
average size of yellowfin taken by small and large
vessels (fig. 15).

DISCUSSION

At present, little is known of the life histories
of the various tuna species. Research has been
conducted on various segments of the biology of
the bigeye and yellowfin in Hawaiian waters
(Brock 1949, June 1953, Otsu 1954, Iversen 1956,
and Yuen 1955). Utilizing all available infor-
mation, we have constructed a hypothesis to ex-
plain the presence of the bigeye in Hawaiian
waters, In brief, this assumes that bigeye tuna
spawn in tropical waters south of the Hawaiian
Islands and that the young fish migrate to the
north of Hawaii. Superimposed on this migra-
tion of the young fish are regular, seasonal
north-south migrations of the adult population.

This explanation is based on the following in-
formation. Yuen (1955) established that the
higeye in Hawaiian waters are not in spawning
condition, and thus their presence in the longline
fishery cannot be attributed to a spawning runm,
such as was suggested for the yellowfin by June
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F1eUurE 14-—Average size of bigeye and yellowfin, by months, in the catch of small and large vessels,

(1953). Maturation studies show that bigeye
spawn more than once a year and that they have
a widespread spawning area extending from the
waters southeast of the Hawaiian Islands and
wesiward to the Caroline Islands group (Yuen
1955). The presence of small bigeye in Hawaiian
waters has been demonstrated (Moore 1951), but
no studies have been made on the details of their
distribution or seasonal variability. '
According to our hypothesis, the adult bigeye
population shifts southward during the winter,
bringing the fish within reach of the Hawaiian
fishery. Since the fish remain segregated by size,
an auxiliary effect of this southern migration is
to-reduce the size of the fish taken in Hawaii in
winter as compared with the size taken during
the summer. Even during the winter it appears
that the peak density of the population lies to the
north of Hawaii, for Japanese vessels, specifically
searching for bigeye, fish from 100 to 200 miles
north of the Hawaiian Islands chain during Janu-

ary and February. Following the winter, the
northward shift of the population leaves the
Hawaiian Islands on the extreme southern fringe
of the distribution and the catch rates of bigeye
drop precipitously, though a few relatively large
individuals are taken. It is during this period of
low bigeye catch that the large yellowfin move into
the Hawaiian Islands area.

SUMMARY

1. A detailed examination of the catch records
of the Honolulu longline fleet, covering the period
1948 to 1956, was made to determine the causes
of a marked increase in landings of bigeye tuna
and a decline in yellowfin.

2. A study of the fishing effort expended in the
fishery showed a substantial increase in the total
number of trips, resulting from an increase in the
number of. trips per vessel and from the addition
of new vessels to the fleet. " The magnitude of the
increase in effort was not sufficient, however, to
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FIGURE 15.—Average annual size of bigeye (by fiscal
year) and yellowfin (by calendar year) taken by small
and large vessels.

account for all of the increase in bigeye landings
and did not explain the decline in yellowfin.

3. When the catch-per-trip data were classified
according to size of vessel, they showed a gener-
ally stable catch rate for both bigeye and yellowfin
by the small vessels during the period under study
but an increase in catch per trip for the bigeye by
the large vessels, accompanied by a decline in yel-
lowfin during the last 3 years (1953-55). This
divergence was explained on the basis of a shift in
area of fishing by the large vessels. The small
vessels, which concentrated their efforts in waters
surrounding Oahu, experienced uniform bigeye
and yellowfin catches. The large vessels, on the
other hand, shifted from the leeward areas of the
northern islands to the windward areas of the
southern islands. The increase in bigeye catch
rate was due to the greater availability of bigeye

in the windward areas as compared with the lee-
ward areas. The decline in yellowfin catch rates
by the large vessels during the last 3 years of this
study was related to the increased fishing effort
during the summer in the windward areas of the
southern islands, which are areas of reduced yel-
lowfin availability. -

4. Annual variations in availability not due to
areal shifts in the fishery were shown in the catch
rates of the small vessels. The 1951-52 season
was exceptionally good for bigeye, while the yel-
lowfin showed a decline in availability during the
1955 season.

5. The bigeye captured by the small vessels were
consistently smaller than those captured by the
large vessels, and the smallest bigeye were talken
during the winter months.

6. A hypothesis explaining the seasonal varia-
bility in bigeye distribution has been developed
utilizing the results from various studies on the
life history of the bigeye and on the ecommercial
fishery. Essentially, it assumes that spawning
takes place in tropical waters followed by a mi-
gration of the small fish northward to a center of
abundance located north of the Hawaiian Islands.
The adult population undertakes a north-south
seasonal migration, spending the winter and
spring months in Hawalian waters, where it sup-
ports a sizable longline fishery.
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APPENDIX

APPENDIX TABLE 1.—Annual landings (pounds) of bigeye and yellowfin tuna, 1946 to 1956

Total Hawai- Total land- Total Hawai- Total land-
Year ian landings |Total longline| ings Hono- Year fan landings (Total longline| ings Hono-
(all types of landings lulu-based (all types of landings lulu-hased
gear) longline fleet gear) longline fleet
Y ellowﬁn:
______________________ 199,007 || 1946, 1, 324, 767
- 621,794 || . 1,314, 349 -
- 632, 269 630, 935 460, 705 1,158,111 1, (06, 160 365, 717
- 1,707, 884 1,706, 035 1,138, 454 929, 239 817, 057 307, 201
- 1, 820, 5584 1,819, 088 1,215, 505 720, 537 605, 315 383, 918
- 2, 252, 985 3, 248, 640 1,721,017 757,199 661, 314 368, 686
- 2. 498, 162 2, 473, 583 . 648, 006 855, 6ad 719, 326 454, 819
- 2,710, 437 2, 899, 390 2,032, 208 621, 54 459, 196 272, 214
. 2, 346 632 2, 340,824 1, 880, 600 525,770 435, 5l 322, 237
______________________ 2,241, 782 2,231, 488 1,528, 932 445, 769 352, 751 229, 191

APPENDIX TABLE 2.—Catch of bigeye and yellowfin and fishing effort of large vessels in windward waters of the
southern islands, 1948 to 1956

I. BIGEYE (FISCAL YEAR)

1048-49 1949-50 ~ 195051 1251-52 1952-53 1953-54 1954-55 1955-56
Windward waters of southern islands;
Effort (trips) 682 131 110 149 133 138 101 106
Catch (number). oo 740 3.053 .2,919 4,922 3,540 4,170 3,179 2,786
All areas: .
Effort (trips)_ ... ... 282 819 319 314 241 157 135 150
Catch (number) ... 1,823 4,528 5,360 6, 099 4,595 4,332 3,539 3, 529
II, YELLOWFIN (CALENDAR YEAR)
1948 1949 1950 1951 1952 1953 1954 1955
Windward waters of southern islands:
Effort (trips).. 7% 99 138 129 150 129 110 112
Catch (number 367 191 335 188 325 283 260 161
All areas:
Effort (trips). . - 280 288 3140 208 328 161 134 144
Cateh (mumber)-._._..._ . . _IITIIIIITTIIL 1, 400 1,260 1,383 1,267 1,810 351 468 243
APPENDIX TABLE 8.—Bigeye catch and fishing effort by seasons, of large vessels, 1948 to 1955
1948 1049 1950 1951 1952 1953 1954 1955
Sprin
Wmdward wdters of soubhern islands:
Effort (brips) . o oo e 30 18 32 5 35 22 34 18
All e (‘atch (number) . oo ieiaaaae 328 337 605 76 1,180 806 1,166 379
Eﬂort (€7 o 1) TP 70 68 86 81 81 42 35 34
Cateh (number). . . eiiiaaas 545 693 1,437 1,670 2,198 1, 164 1,181 643
Summer:
Windward waters of soythern islands;
Effort (4rips) . o .co e et 9 3 24 12 14 34 14 24
Catch (number). ... ..o 30 19 417 8 243 555 216 288
All areas:
Effort (brips) . . oo oo o oo a 69 n 84 67 89 39 32 36
Fall Catch (number). ... .. ... . ..... 149 172 638 501 406 573 273 365
all:
Windward waters of southern islands:
Effort (trips). oo e oo e 14 39 34 57 50 41 33 39
Catch (number). ... ... 101 735 838 1, 541 1,001 1,251 1,249 1,048 -
All areas: .
Effort (4rips) -« oo oo e 77 82 33 85 77 43 34 40
w Catch (number) ... 347 856 1,247 1,726 1,322 1, 264 1,258 1,052
inter:
Windward waters of southern islands:
Effort (trlps) . . oo 21 44 56 48 40 36 32 29
Cateh (number). ... a--. 260 1,358 1,643 1,993 1,380 1,329 1,339 1,007
All areas:
Effort (trips) . . - o 68 75 76 72 53 42 32 37
Catch (number). ... oo 811 1,824 1,850 3, 564 1, 602 1,423 1,339 1,196
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APPENDIX TABLE 4—Yellmwefin catch and fishing effort, by seasons, of large vesselz, 1948 to 1955

1948 1949 1950 1951 16952 1953 1954 1955
Spring: !
Windward waters of southern islands:
Effort (trips) - oo o e - 30 18 32 5 35 22 34 18
Cateh (number) .- - oo 100 10 28 6 45 22 50 8
All areas:
Effort (tripsy . i 70 68 86 81 81 42 34 34
Catch tnumber)_ ... ... 162 153 82 339 22 34 53 19
Summer:
Windward waters of southern iIslands:
Effort (trips) oo .o e 9 3 24 12 14 31 14 24
_Cateh (number) .. .- .o 138! 40 177 33 81 158 75 101
All areas:
Effort (trips).__ ... 69 71 84 67 89 39 2 36
Cateh (number). - .o or oo e e e 4 803 881 608 1. 260 198 269 168
I:
Windward waters of southern islands:
Effort (brips) . _ . 14 39 34 57 50 41 33 3¢
Catch (mumber) . . e o) 71 76 2 100 46 61 32
All areas;
Effort (trips) o oo 77 82 83 85 7 43 34 40
Cateh (number) - - e 341 181 307 233 176 46 87 34
Winter:
Windwurd waters of southern islands:
Effort (trips) 21 44 56 48 40 36 32 20
Cateh (number) ... .o 61 33 117 57 7R 100 24 %
All areas:
Effort (trips) . oo o eamimeiias 75 K 72 53 42 32 7
Cateh thumber) ... s 134 o7 153 83 116 i1 24 29
APPENDIX TABLE 5.—Bigeye catch and effort by small vessels in all windward areas, 1947 to 1956
[Winter and spring seasons combined]
194748 104849 1949-501 1950-51 1051-52 1052-53 1953-54 1954-55 1955-56
Windward areas:
Effort (trips). . oo 29 13 13 19 9 15 L] 22 12
Cateh (number) .. ____ . _______._____ 23 83 191 279 272 221 63 255 2
Allareas:
Effort (trips) .. 72 87 105 114 46 73 47 48 33
Catch (number) oo 407 405 1,077 aT7 656 766 535 447 678




BOARD OF COMMISSIONERS OF
AGRICULTURE AND FORESTRY

Name of Permittee

FLAGLINE CATCH REPORT

Fisherman's
.License No.

. Month.. . .

DIVISION OF FISH AND GAME =

TERRITORY OF HAWAII

Name of Boat... . .... . . WFEGNo. L e . No. of Baskets Used .

Dnj_hl No. of Area Porl ot AHI {Yellowhn) 003 BiG EYE (Blushay 006 AHIPALAHA (Albacore Tombo) 004 STRIPED MARLIN 009 BLACK MARLIN Q10 SHORT-NDSE MARLIN 107
Landing 1 Davs at ok Landing No. Lbs. Value No Lhe. Value Na. Lbs. Value Na. Lbs Valut o b Value Na. Lbs Value
o al - Caught Caught Caunht Cauyht Caught Cauyht Caught Caught Caugnt Caught Caught Caught

Day of No. of Area Port of SILVER MARLIN 105 BROADBILL SWORDFISH a1l AU LEPE 1Salfushy 012 MAHIMAHY 013 onp 014 OTHER (Give Names®
i Land
tandine | B | coten Andim Ao, o Value Ho. Lbs Value Ne Vaiue No Lbe Value o Lbs. Value Sorces Lbs. Valut
Caught | Caught Caught | Cawght Cauuit Covubl | Caugie Caught | Caupht Caught Caught
LOCAL BAIT TMPORTED BAIT
MACKEREL
OPELU*® OTHERS 1Saba) 96 SMELT 47 SARDINE 34 HERRING 95 OTHER 92
Date Pounds Locatity Species Dale Lbs Date Lb:. Date Loz Dare Lbs Date Lbs, Dare Lbs. .
Caught Caught Baughl Bounht Bought Bowlhl Boushl Baught Bought The reporls conlained hereon are true, cor-
rect, and complele to the best of my knowledge

and belief.

Signature

ized Ag

*H severa' 4 are tohen on a trip. which are

under " ofl

3 hat number of lines when ®
caich report for nert trip.

* 1 apels purchased from sther fishermen write in “bought
undor locolity cough.

APPENDIX FIGURE 1.—Presently used longline (flagline) fish catch report form.
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FISHERIES CHART NO. 2

Ti '\ Chart shoull t on boavd all hshing boars for use i
fuh reports. FU the carch repon the arca or ave.
were ght hy writing on the blunk linc imnediately foll
Carch” the arca number ur arcz numbers as given oo this chatt.

The shaded areas reprewmt Lhe inshote areas which exiend Just berand the
rerls, roughly 2 miles Hom Lhe coastline.

The wishore areac extend from the outer boundaries of the ishore areas
o Al miles {ram the coastline.

The blorks on the chart reproent the mid-acean areas whith cover twenty
minutes of Latitwile and 1wenty minates of longitude. Should mid-aean seas
h ore nut shown on the char. indicate on the rach rep
1 longitude of «atch ux well s the course of the fishing 1
14 N, 1% W, from (] may Istand to Honolulu,
islanels he fished whidt are not given on this chart. iudicae ou the
name »i names of the islands fished; e.g., Pearl and Hermes Reef ur
tmas and Fanning hlads

Additional vopies of this chart may be obiained fiym the Division of Fish
and Game.

THIS CHAKT IS NOT INTENDED FOR USE IN NAVIGATION.

AprrENDIX Kiqurk 2.—Huawaiian Division of Fish and Gume tisheries chart No. 2, showing the statistical areas.

901

HSId ¥HL 40 NILITING AUTHSIL

JAITATIMA ANV

ADIAYTS



