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ESTIMATION OF AGE AND GROWTH OF YELLOWFIN TUNA (NEOTHUN-
"NUS MACROPTERUS) IN HAWAIIAN WATERS BY SIZE FREQUENCIES

By Harvey L. Moore, Fishery Research Biologist

With a commercially important species, such as
the yellowfin tuna (Neothunnes macropterus Tem-
minck and Schlegel), knowledge of age and growth
is essential in both the management and develop-
ment of a fishery. To be able to assign ages and
to determine the rate of growth makes it possible
to determine the number and strength of the year
classes that comprise the fishable stock. A
fishery dependent on a few age groups or year
classes is greatly affected by the marked success
or failure of the brood produced in any one year.
The reduction or increase in numbers is strongly
evident in the total catch when that particular
year class enters the commercial fishery, If,
however, the fishery is composed of many age
“groups, the success or failure of spawning in any
one year will have little effect on the total stock.
It is only when there are several consecutive years
of marked failure or success that any appreciable
differences in numbers are evident.

The vital statistics necessary for-quantitative
study of fish populations are based on knowledge
of the age composition of the stock. It would be
difficult indeed to .determine such statistics as
rates of increase, decrease, fishing, and natural
mortality without some knowledge of age and
growth. These vital statistics are fundamental in
the management of a fish stock. _

The age and growth rate of tunas may also be of
value in the study of migrations, since it seems
logical to expect, in general, that short-lived, fast-
growing fish travel shorter distances than fish
which are long lived and slow growing.

Since Petersen's first application of the method

of size-frequency study to age and growth de-

termination of plaice (1922) many such studies of
different species have been made. Much im-
provement in the original method has been made,
and the application of mathematical formulae to
describe the growth of fishes has contributed much
toward its refinement.

‘The question whether

Application of length- or weight-frequency
analysis to study of growth of tunas has been
limited. Kimura (1932) calculated growth curves
for bluefin (Thunnus orientalis) and yellowfin
(Neothunnus macropterus) from weight frequencies
of fish taken in Japanese waters from 1924 to 1931.
Although the data were- collected over a long
period of time, those for yellowfin were based on a
few specimens if all data were included in the
graphs. An examination of the data, as presented, -
shows that the values plotted in the graphs are
based on a few specimens.of yellowfin. _

Westman and Gilbert (1941) employed length-
frequency distributions in their study of the
Atlantic bluefin (Thunnus thynnus). The ages of
bluefin as determined by this work were based
primarily on scale readings although the conclu-
sions were correlated with the results of the length
frequencies. Westman and Neville (1942), in
another study of the Atlantic bluefin tuna, used
length frequencies of tuna samples from chum-
ming and trolling catches made during August and
September 1941. The results of this study were
also correlated with scale readings. Brock-(1944)

" applied the method of length frequencies in a

study of albacore (Germo alalunga) taken in the
North Pacific and was able to demonstrate the
growth of size groups through the albacore season.
Partlo (1950) has produced weight-frequency dis-
tributions of albacore (Thunnus alalunga) taken
in the waters of British Columbia during 1949.
Sampling was not sufficient to show changes in
length throughout the albacore season, but the
frequency distributions show the definite size
groups which make up the fishery. Okamoto
(1940) applied Petersen’s method to weight data
of skipjack (Katsuwonus vagans) taken in Japanese
waters. It was possible to follow definite modal
groups through 5 months of the fishing season.
modes represented age
groups or whether they represented different
133
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strains of skipjack was raised. The conclusion
was in favor of age groups.

There has been little study of age and growth
determination of Hawaiian tunas. Somé measure-
ments of the skipjack (Katsuwonus pelamis) were
collected by Bonham (1946) in 1944 and 1945,
and length frequencics were plotted from these
data. Bonham suggested the possibility that
two successive year classes were present, but
recognized the limitations of his data and did not
attempt to assign ages. Brock (ms.) made a
rather detailed study of size frequencies of skip-
jack. He was able to identify modal groups in
the catches of successive years and to demon-
strate progression of the modes during the year,
whence he concludes they are year classes. No
previous studies have been made of the Hawaiian
yellowfin tuna.

SOURCES OF DATA AND METHODS OF
' COLLECTION

The data for this study were obtained from two
different types of fishery, the long-line or flag-line
fishery, and the pole or live-bait fishery. The
long-line fishery in Hawaii is carried on through-
out the year in most of the waters around the
main Hawaiian Islands. The catch from this
fishery is sold primarily to the fresh-fish markets
by auction. The live-bait fishery, on the other
hand, is more seasonal and the catch is primarily
for the cannery, although some of the fish are
sold on the fresh-fish market, especially when
the cannery is not operating during the slack
season. '

The long-line fishery is conducted by means of
setlines made up of units of gear known as baskets.

The term ‘‘basket” is derived from woven bamboo

baskets in which the units of gear are stowed. A
vessel fishes a long-line composed of about 30
baskets, each of which is from 140 to 203 fathoms
in length and has 4 to 6 branch lines with hooks.
When the baskets are fastened together and the
long-line is set, the hooks fish from 30 to 50
fathoms in depth (June 1950).

Long-lines are set in the early morning and are
fished only during the daylight hours. Usually
a few tunas are taken each day, and the catches
may also contain several marlin, swordfish, and
sharks. Fish taken by this method are generally
large in comparison with those taken in the live-

bait fishery. Yellowfin tuna caught by this
method average about 140 pounds in weight, and
the big-eyed tuna (Parathunnus sibi) are heavier.
The total landings, by months, vary considerably
in both the numbers and the species of fish caught.
The yellowfin is the most abundant species taken
during the summer months, and the big-eyed tuna
dominates the winter catch. Albacore also are
caught on the long-lines during the winter months,
but the numbers are small in comparison with
either of the other two species. Although the
tunas are definitely seasonal in availability, some
fish of all three species usually are taken during
the entire year.

The second source of data was the live-bait
fishery. This fishery is seasonal; most of the
catch is taken during the summer months. The
fishery is dependent on small live fishes which are
used as chum to lure the tunas within reach of the
feather lures or live bait on hooks on the poles of
the fishermen. The fish caught by this method are
much smaller than those taken by the long-line
method; the largest weigh near 25 pounds. The
fact that no large fish are caught on the surface by
the pole or live-bait fishery and no small fish are
caught at depths fished by the long-line gear indi-
cates that there may be a possible vertical migra-
tion downward of yellowfin tuna during the early
years of life.

Although this fishéry is primarily for the skip-
jack, mixed schools of skipjack and yellowfin or
skipjack and big-eyed tuna are sometimes found.
Approximately 12 to 15 catches from mixed schools
are landed at the cannery each season. It was
from schools such as these that the data on small
yellowfin were collected for this study. Schools
of tuna, whether a pure school of skipjack or
mixed with either yellowfin or big-eyed tuna,
tend to contain fishes with little range in size.
Brock (ms.) says of skipjack schools, “no indivi-
dual school of fish sampled contained fish differing
by more than 20 centimeters in length and usually
much less.” Differences in sizes of fish from dif-
ferent schools, however, were as much as 50
centimeters. _ .

Weight and length frequencies of the long-line
catch were taken from fish sold at auction by the
Kyodo Fishing Co., Ltd.; Honolulu. The officials
of this company were kind enough to allow measur-
ing of the fish on the auction floor before the
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bidding had begun. As.the fisbh are sold indi-
vidually, it is necessary for the company to keep
accurate records of the weight of each fish sold.
Weights as determined by the auction company
were taken from the auction records which were
available beginning with November 1947. Weights
of tunas caught by the live-bait fishery during 1949
were recorded by Fish and Wildlife Service
scientists at the cannery of Hawaiian Tuna
Packers, Ltd. This study includes only the data
of 1948 and 1949.

The data for the 2 years consist of 4,793 indi-
vidual weights of yellowfin tuna ranging from 5
to 265 pounds. Of the total number of weights
taken, 124 are of small fish most of which were
representative of four mixed schools caught by
live-bait methods. A few of this group were taken
incidentally by trolling or hand-lining. The re-
mainder of the data were obtained from the auc-
tion records.

Since small yellowfin and big-eyed tuna are

likely to be confused, a check of the reliability of

species determination by the auction company was
made during October 1949. During this period
95 yellowfin and 272 big-eyed tuna were identi-
fied by various Fish and Wildlife Service scientists.
In no case was there found to be an auction record
in disagreement with our identifications. It was
concluded that the assignment of species as shown
by the auction records was accurate.

The auction records provided an excellent source

of weight-frequency data for several reasons. Be-
cause Honolulu is the center of population in the
.Hawaiian Islands, most of the long-line catch is
landed there, and most of this long-line catch
passes through the auction-of the Kyodo Fishing
Co., which supplied the auction records. Fish
taken by long-line gear are generally few in num-
ber per day’s fishing, which would suggest that
either the fish tend to be solitary in habit or, if
they are schooled, only a few fish from several to
many schools are caught during a fishing trip.
Since tunas tend to school by size (Brock, in un-
published ms.; Schaefer 1948), samples of this
sort which are composed of a few fish from each
of many schools will tend to be more nearly
representative than large samples drawn from
only a few schools as are the samples from the
cannery,

Weights of fish in the round, that is, the entire

uncleaned fish as landed at the dock, were weighed
on the auction company’s scales or on those of the
Hawaiian Tuna Packers. Weights were recorded
to the nearest pound for long-line fish and to the
nearest quarter pound for small fish taken by
live-bait fishing.

ANALYSIS OF WEIGHT FREQUENCY DATA

The initial step in processing the raw data (see
the appendix) was to plot the weights of individual
fish as frequency distributions for monthly
periods. A class interval of 10 pounds was arbi-
trarily chosen, with midpoint values of 4.5, 14.5,
and so on. Because the monthly catches varied
considerably in numbers of fish, they were made
comparable by converting the class frequencies
into percentages of the total for the month. The
average frequency distribution for each year was
calculated by averaging the 12 monthly-percentage
curves. The results are plotted in figures 1 and
2 for 1948 and 1949. In order to show more
clearly the presence of modes, positive deviations
from the mean curve for the year are shaded on
the graph for each month. The scale at the
bottom of each graph is in terms of hboth weight
in pounds and length in centimeters. The length
scale was derived from the equation log L=
1.45660--0.33290 log W which was calculated from
a sample of 200 length-weight measurements of
yellowfin tuna collected during 1949 by Fish and
Wildlife Service scientists,

Because there were many irregularities evident
in the frequency curves of each month’s catch in
both 1948 and 1949, and because the 2 years were
similar in monthly frequency distributions, it was
convenient to combine the 1948 and 1949 data.
The combination of the data for the 2 years was
then treated in the same manner as that of the
the individual years with the exception of a process
of first smoothing. the data by the formula

‘#ﬁ", where a, b, and ¢, are actual values for

consecutive class intervals. After smoothing, the
data were transformed into percentages of monthly
catch. The resulting monthly distribution curves
of the combined data with the superimposed
mean-percentage curve for the 2 years calculated
in the same manner as for individual years is
shown in figure 3.
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Figure 1.— Weight-frequency distributions (in percentage)
of long-line catches of yellowfin tuna landed at Honolulu,
1948. Monthly frequency distributions are shown by
fine line, and mean monthly frequency distributions by
heavy line. Positive deviations from the mean are
shaded.
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Ficure 2.— Weight-frequency distributions (in percentage)
of long-line catches of yvellowfin tuna landed at Honolulu,
1949. Monthly frequency distributions are shown by
fine line, and mean monthly frequency distributions by
heavy line. Positive deviations from the mean are
shaded.
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Ficure 3.—Weight-frequeney distributions (in percentage)
" of long-line and live-bait catches of yellowfin tuna
landed at Honolulu. Smoothed data of 1948 and 1949,
Monthly frequency distributions are shown by fine line,
and mean monthly frequency distributions by heavy
line. Positive deviations from the mean are shaded.

Initial examination of the plotted data in
figures 1 and 2 shows the presence of a modal
group of fishes which can be followed through most
months of both 1948 and 1949. The group was
designated N for reference. In the 1948 data the
progression of the modes representing this group
indicates gradual growth until June, followed by
a 5-month period in which no growth is indicated.
Following this there appears to be a short period

of rapid growth from October through December.
From January through December, modal group N
shows a gain in weight from 75 to 135 pounds, a
gain of 60 pounds in 1 year. Also present in the
plotted data is a smaller size group which becomes
evident in the long-line fishery in Qctober 1948
and in December 1949. This suggests the entrance
of a modal group 1 year younger than group N.

The 1949 data (fig. 2) presented a similar trend
in modal progression, except for the last 3 months
of the year where rather erratic modal peaks were
evident. Because the catches for these months
were not large in comparison to catches of the
summer months (table 1) any unusual distribu-
tions of weights of fish landed would cause erratic
modal peaks to appear in the percentage frequency
distributions.

TABLE 1.—Numbers of yellowfin tuna teken by long-line
fishing and aucltioned al the Kyodo Fishing Company,
Lid., Honolulu, in 1948 and 1949

Month 1048 1049
JANUATY - i ememiemmeiama- 40 30
Februar, 61 3
March 45 20
April. A0 67
May..- ur 15%
June. 362 514
July 530 545
Angnst. 542 400
September 381 165
October___._ R 179 102
November_ ... ... ... .- E
December
Total

For a more detailed study of the combined data
of the 2 years, a criterion was set up to determine
what should be designated a mode and to designate
its position. Modal peaks of positive deviations,
evident in the combined 2-year data, when plotted
as deviations from the mean curve (fig. 4) which
met either of the two following conditions were
treated as modes in this study:

(1) Any positive deviation of a class which
shows a difference of 0.5 or more from values of -

" both adjacent classes (fig. 5-A).

(2) When the difference between frequency
values of positive deviations of two adjacent
classes is less than 0.5, and when the frequency
values of the classes above and below these two
adjacent values are at least 0.5 less than the
adjacent values, the intersection of the extrapola-
tion of the lines connecting the two classes with
the adjacent classes was considered the position
of the mode (fig. 5-B).
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Figure 4.—Deviations of monthly frequeney distribution
from the mean monthly frequency distribution (in per-
centage) for combined and smoothed 1948 and 1949 data.

Using the above eriterion, values of modes were
selected as shown in figure 6. Each mode has
‘been labeled with the age group to which it was
presumed to belong. In order to plot modal
‘positions against successive months, January of
group N was arbitrarily assumed to occur in
month 37. Thus the mode of group N in Feh-
ruary, March, April, and so on, was plotted in
figure 5 against 38, 39, 40, and so on. Modes
corresponding to groups which are presumed to he
a year younger or older were then plotted 12
months above or below the month value corre-
sponding to group N.

Assuming group N—1I to be 1 year younger than
N and group NI to be 1 year older, N+1I 2
years older, and so on, we proceeded to determine
whether a regular growth curve fitted the data.

BULLETIN OF THE FISH AND WILDLIFE SERVICE

This was done by the ‘‘transformation’ method
of Walford (1946). This is a graphic method of
describing the growth of animals above the point
of inflection, the self-inhibiting phase of growth.

5.0
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3.4
ORE THAN a MORE THAN
30 |- MOSE THA + 0.5
2.0 -
LT
i.0
0
150 160 |7Q 180 iI90 200
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5.0 ! T
2.4-2.1=0.3
LESS THAN 0.5
4.0 \—
3.0
2.0
1.0
o EXTRAPOLATED VALUE 170.5
150 i60 170 180 190 200

B

Fiaure 5.— Theoretical conditions demonstrating the
eriterion used in selection of modes.
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Size of fish in figure 6 was plotted in terms of
length rather than weight since this method of
fitting a growth curve is applicable to sizes above
the inflection point. It was obvious from a plot
in terms of weights (fig. 9) that the inflection
point is within the range of our data, whereas our
data in terms of length appear to be above the
inflection point.

For the growth of a number of species of animals,
Walford’s graphic transformation method gives a
straight line when the lengths at age 1, 2, 3, 4,

. n, represented on the x axis, are plotted
against the lengths at age 2, 3, 4, 5, . . . n+1,
on the y axis. This method assumes the growth
during each period to be of constant ratio to that
of the previous period. It has already been noted
that the modes make all their progress during half
the year and none in the remainder. This should
and does show as a stepwise or sinuous deviation
from the straight line.  Also, this method requires
length values for each consecutive unit of time, in
this case for each month. Within the limits of
our data (fig. 6) there were 28 months for which no
modal values were evident in the plotted data.

"To furnish estimates of the missing values, linear
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The serics of actual values and interpolated
values was then smoothed twice by a running
average of three and resulting values of length at
age n were plotted against lengths at age n+1
where age is in months. The plotted data are
well fitted by the least-squares line T'=7.04—
0.96336 X, where Y is length at age n+1, and X
1s length at age n (fig. 7). From this straight line
the upper limit of growth or the upper asymptote
can be derived according to Walford’s method by
taking the point of intersection of the line fitted
to the plotted data and the line of no growth
represented by a line of slope 45° through the
zero point (fig. 7). In the case of the yellowfin tuna
data used herein, the value in length at the point
of intersection of the two lines is at 190.0 centi-
meters, which in terms of weight is equal to 294.9
pounds. A maximum weight of this magnitude
is within reason for this species; several specimens
approaching this limit have been taken in the local
flag-line fishery. The largest specimens included
in this study, however, were between 260 and 269
pounds.

Because the plot of n against #+1 is a constant-
percentage rate and not actual-length values, it is

interpolations were made between observed  possible to choose the point through which the
monthly values. | curve should be passed. As the period from
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Ficure 6.—Actual and interpolated values in length plotted against months and showing assigned modal groups. Solid

points are actual values and circles are interpolated values.
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From combined and smoothed 1948 and 1919 data.
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of the yellowfin tuna.

month 37 through month 47 is the time group N
and is most evident in the plotted data, the mean
month and mean length of fish occurring in this
period were used as the initial point for computing
the relation between fish length and time.

The reconstructed -growth curve of length on

time and the plotted values of the original modes
are shown in figure 8. Since figures 7 and 8
indicate that the position of plotted mode values
are well fitted by the calculated growth curve,
" this serves as verification of the assumption
thut modal group N—1 is a year younger than

The intersect of the straight line a.nd_t.he'line at 45° through the zero point indicates the upper asvmptote
Points marked by © are observed values.

N, group N+1 is a year older than N, and so on,
is correct. Since the original data were in terms
of weight, the calculated curve was also trans-
formed back to those terms. The growth curve
of weight on time is shown in figure 9.

From the results of figures 8 and 9, it is possible
to determine approximate age of fishes. BEx-
trapolation of the curves downward suggests the
origin of the fish to be in year N—III. Ex-
amination of the gonads of yellowfin taken in
local waters indicates the spawning period to be
centered about the summer months. Assuming



AGE AND GROWTH OF YELLOWFIN TUNA

this to bhe true, the month of June may be selected
to represent the mean spawning period; thus,
the period from_June N-—III to June N—II
represents age group O, or fish in their first year
of life, June N—II to June N—I, age group I,
and so on. Owing to possible error in extrapolat-
ing the curves downward to the origin, the ‘ages
thus assigned may not be quite correct. It is
felt, however, that ages through gloup IV cannot
be more than 1 year in error,

Sella (1929) states that bluefin tuna hatched in
June weigh 300 to 500 grams by September. This
is a weight of approximately 1 pound and would
fall very close to our growth curve as calculated.
Kishinouye (1923) says of the common tunny
(Thwnnus orientalis), “such small individuals are
found in August and in September. Some of them
grow to a length of 30 em. or more. By next spring
they grow to a length of ca 60 ectm. When 2 years
old they are about 1 meter in length and 11 kg.
in weight.”” These values when plotted on our
curve are not much in disagreement. Specimens
of yellowfin tuna have been taken during the
month of December in Hawaiian waters weighing
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2 pounds; these weights when plotted, also fall
very close to the curve of figure 9. Lengths and
weights by age groups may also be assigned from
figures 8 and 9 as has been done in table 2.

TaBLE "—Lenglhs and weights by age groups of yellowfin
tuna taken in Hawaiian waters determined by the method
of growth analysis of Walford (1946)

Age group Length in centimeters Weight in pounds .

Less than 54 Less than 7.
.| 54-103 7-46.
103-136__ 46-108.
136-155. . 108163
155-168 163-208

DISCUSSION

In fairly close agreement with this study are the
observations of Schaefer (1948) of the yellowfin in -
the waters off Central America, wheré modes in
length-freqiency distributions were observed at
approximately 60 cm., 85 ecm., and 115 em. These
modes, when plotted against the assumed age and
the month at which the fish were taken, showed a
close similarity to the age-length curve of the
Hawaiian yellowfin (fig. 10). The conclusion of
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FiGurr 8.—Growth curve of vellowfin tuna taken in Hawaiian waters fitted to lengths with actual modal values in
length superimposed. '
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F1cure 10.—Lengths of dominant size groups of yellowfin
taken in waters off Central America by Schaefer (1948)
plotted against calculated growth curve of Hawaiian
yellowfin.

‘Actual modal values in weight are superimposed.

Schaefer that the 60-cm. fish probably are 1 year
old and the 85-cm. fish a year older is also in close

. agreement.

~ Our growth curve indicates that the yellowfin
tuna grows rapidly during at leust the earlier years
of life. Group N demonstrates a gain in weight
of approximately 60 pounds in 1 year. Aikawa
and Kato (1938) and Kimura (1932) have studied
age and growth of the yellowfin tuna in Japanese
waters. Aikawa and Kato assigned ages by the
study of marks on vertebral centra which they
considered to be annuli. The resulting age-weight
relation is shown in figure 11. In plotting these
data, which are from table 3, it was assumed that
the maximum values were representative of the
end of the year of life because the length and
weight values for age group O were maximum
values. As the month of June has been used in
our study as being the approximate center of the
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Freure 11.—Growth in weight plotted against age for
Hawaiian yellowfin as compared to growth curves
calculated by Aikawa and Kato (1938) and Kimura
(1932).

spawning period, the maximum values as given by
Aikawa and Kato have been plotted for the
month of June, the assumed last month for any
age group. Regardless of the month of the year
these values are plotted against; the valurs for
any given age group differ greatly from the values
resulting from our study of the Hawaiian yellowfin.
TaBLE 3.—Age, length, and weight range of yellowfin

t(una from Japanese walers, from Aikawa and Kalo
1938

Length in

‘Weight in
centimeters

Weight in
kilograms

Age group pounds

Le:s than1.5...._. Less than 3.3.
4 3 t0 9.5.
R 95to 19.0.

The results of Kimura’s (1932) age-weight study
also are shown in figure 11. This study is based
on a few specimens taken over a long period with
no defined method of determining modal values
in frequency distributions. The presentation of

Kimura’s data is based on values of weight taken

directly from his growth. curve shown in figure 12.
Values were converted to pounds for comparison
with our data. This growth curve demonstrates
more rapid growth than the curve of Aikawa and
Kato but still does not agree with the present
Hawaiian study.

Figure 13 gives growth curves of other specnes
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of tuna taken from various areas in the world
compared to the growth curve of Hawaiian yellow-
fin. We have plotted these from the published
data. This graph shows no other tunas as having
a growth rate as rapid as that of the yellowfin tuna
of Hawaiian waters. The curve of bluefin tuna
of the Mediterranean Sea (Sella 1929) is based on
more than 1,500 vertebrae samples. This growth
curve, like the growth curve of yellowfin based on
vertebra-centra analysis (Aikawa and Kato 1938),
shows a very slow growth rate and infers a very
long-lived fish, for most of the plotted data are
below the point of inflection.
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Ficure 12.—Growth curve of yellowfin tuna in Japanese
waters from Kimura (1932). Circles show average
weight of a large number of fish of roughly equal
weight taken at one time. Solid dots are weights of
single fish.

Aikawa and Kato (1938), in addition to their
study of the yellowfin, determined ages and growth
of the black tuna (Thunnus orientalis), the bonito
or skipjack (Katsuwonus vagans), and the albacore
(Germo germo) by vertebral-centra analysis. Be-
cause the skipjack and albacore are smaller species
of tuna not comparable to the yellowfin, they have
not been included in the graph. The growth
curve of the black tuna, a species more comparable
in size, indicates a more rapid growth rate but the
curve has only the slightest suggestion of an in-
flection point. The growth curve of bluefin tuna
(black tuna of Aikawa and Kato, Thunnus orien-
talis) by Kimura (1932) from weight frequencies
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" Fiaure 13.—Age-weight curves of tunas from waters off Japan and Mediterranean Sea compared to curve of Hawaiian
yellowfin.

demonstrates the most rapid growth but shows no
semblance of a point of inflection. - As the curves
have been fitted to the data by eye, there may be
errors in the interpretation, but the curves show
the great variation in results of age and growth
studies of tunas.

Westman and Neville (1942), in a study of 751
length frequencies of bluefin tuna (Thunnus thyn-
nus) taken in waters off New York by both the
troll and chum fisheries, show the catch to be
made up of three distinct age groups. Ages were
assigned by scale readings. A comparison of size
of fish by ages with the Hawaiian-yellowfin study
shows more similarity than the curves indicate in
figure 13. Even so, the growth rate of the Atlantic
bluefin as shown by plotted data (fig. 14) is not
_ 8o rapid as yellowfin growth during the early years
of life.
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Ficure 14.—Lengths of dominant size groups of bluefin
tuna taken off Long Island, New York, by Westman
and Neville (1942), plotted against the calculated growth
curve of Hawaiian yellowfin.
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In’ general, the results of our study of weight
frequencies of Hawalian yellowfin tend to disagree
with results of some studies of other species of
tuna and even with comparable yellowfin studies.
Group N, present in the Hawaiian long-line catches
of both 1948 and 1949, is with little doubt an age
group demonstrating a weight gain of about 60
pounds in the calendar year. Whether or not our
conclusions about age are correct in other respects,
the yellowfin tuna of Hawaiian waters undoubt-
edly is a rapid-growing species.

CONCLUSIONS

1. The yellowfin tuna (Neothunnus macropterus)
in Hawaiian waters is a rapid-growing fish demon-
strating at least during part of its life a growth of
approximately 60 pounds in one calendar year.

2. Positions of modes of size frequencies are
well fitted by a growth curve calculated by Wal-
ford’s graphic transformation method, having an
upper asymptote at 2904.9 pounds.

3. Extrapolation of the calculated curve down—
ward shows the spawning period in reference to
mode N to be in year N—III. If this interpreta-
tion is valid, mode N is composed of fish which
were completing their third year of life and enter-
ing their fourth in the middle of the calendar year
of observation.

Using the customary designation of age groups
according to completed years of life, they would
be designated age group II until the middle
of the spawning season which occurs in the mid-
dle of the calendar year, and then become age
group III.
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TARLE A.—Weight frequencies of yellowfin tuna taken by
long-line fishing and landed at Honolulu during November

and December 1947

WaLrForD, LioNEL A. Number of
. ] u T O
1946. A new graphic method of describing the growth Class interval November | December tuna
of animals. Biol. Bull,, vol. 90, No. 1, pp. 141-147, landed
4 figs.
: 70to M pounds. .| .. 2 2
WesTtMaN, J. R. and P. W. GILBERT. 80 to 89 Bounds _ 1 1 2
1941. Notes on age determination and growth of the ?gotg;*,’ngogﬂgag --------- Sl 2 2
Atlantic bluefin tuna, Thunnus thynnus (Linnaeus). 110 to 119 pounds 1 2 3
« es 120 to 129 pounds 1 5 6
Copeia, 1941, No. 2, pp. 70-72, 3 figs. 130 to 139 pounds 3 9 12
WestMAN, J. R. and W. C. NEVILLE, I o s pounds. | 4 §: 13
1942. The tuna fishery of Long Island, New York. }f;g %o }gg pouggs._ ________ H ;g
. 0 UNAS. ___eecemamn -
Pp. 1-31, 12 figs. Board of Supervisors, Nassau 180 to 189 g‘.;u,,ds__ ________ 10 17
. T 7 190 to 199 pounds.___..._._.__._ 5 6
County, Long Island, New York. 200 to 209 pounds 3
to 24 b :
220 to 229 pounds
APPENDIX 230 to 239 pounds
. 540 to §49 pounds
The following tables of data on yellowfin tuna 33 o 3 bounds
are those on which the figures and calculations in Total. oo oo e " ™
the text are based.
TaBLE B.—Weight frequencies of yellowfin tuna taken by long-line fishing and landed at Honolulu during 1948
Class interval January | FePrU- | Maren | April | May | June | July | August |SePEM"| goroner | NOVEm-| Decem- Ig;l P rl:;r
¢ Y] Tary ¢ p Y une ¥ ug| ber ber her langed
20t0 29 pounds__ | e e e e e e e 1 1
30to89pounds_ oo et e e e 1 1
d0tod9pounds___ | e e e 8 e 2 6
50 to 59 pounds. 1 2 6
60toe9pounds____._ ...\ 1) ... | 1| 2 5 21
70 to 79 pounds. _. 3 6 31
&0 to 89 pounds__. 2 9 45
90 to 99 pounds__ . 3 2 79
100 to 109 pounds. 3 1 268
110 to 119 pounds. 10 8 361
120 to 129 pounds. 8 3 272
130 to 139 pounds. 18 11 218
140 to 149 pounds._ 10 8 199
150 to 159 pounds. 8 7 198
160 to 169 pounds. 5 5 216
170 to 179 pounds. 8 5 147
180 to 189 pounds. 10 ] 142
190 to 199 pounds._._. 4 5 125
200 to 209 pounds___ 2 4 85
210 to 219 pounds._. 2 1 46
220 to 229 pounds... 10
230 to 239 pounds... 4
240 to 249 pounds... 4
250 to 259 pounds..__ . 2
260to 269 pounds.____________.._ 1
) 10 61 45 60 97 362 530 542 381 179 ] 92 2,488
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TaBLE C.—Weight frequencies of yellowfin tuna laken by long-line fishing and landed at Honolulu, 1949
. Febru- . Septem- Novem- | Decem- | Number
Class interval January March | April May June July | August b Octoher of tuna
ary ber ber ber landed

0to20pounds.....aooooaal) 1 e e et e e el 1
30to30pounds. ... leoo] Y e [ e et e e 1
40tod9pounds .| feeaimeeo || M e e 2
S0todpounds......_.........| 1| Y. oaeo. 1L b 2 il e e L 6
60to6Opounds.._._.___.....___| 4| 2| |l 8o e 14
0to?pounds_....—___.__.....y 12 9| 2. vl vl_......| | 4. 30
80to®8pounds.....___.......4 & 15 2¢ 2y o 2¢ 2y 3 4| &1  R{________ &7
90 to 99 pounds_. ... 109
100 to 109 pounds. .. 217
110 to 119 pounds. __ 249
120 to 129 pounds. .. 238
130 to 139 pounds... 251
140 to 149 pounds..._ 191
150 to 159 pounds... 199
160 to 169 pounds_.. 165
170 to 179 pounds... 144
180 to 189 pounds... 84
190 to 199 pounds. .. 7%
200t0200pounds...— ..o Yoo |emeen e 82
20to209pounds. ... _|-oooooooo] 1 |l loo 45
220t0 220 pounds_ .- oo |aoimomcan e i e e 17
23010239 pounds... .o ooooinf iommmoecimmnn oo ]
U0to249pounds___ ... .| 1| |emeaos 9
25010250 pounds.___ .. | |em ool 1
260 t0 269 pounds. ... oo fe e e e e [

Total. ... .. 39 73 20 67 158 514 545 400 165 102 31 67 2,181

TaBLE D.— Weight frequencies of yellowfin tuna taken by long-line fishing and landed at Honolulu, 1948 and 1949 combined

Class interval

January

Febru-
ary

March

April

May

June

July

August

October

Decem-
ber

Number ~
of tuna
landed

20to 20 pounds. ......_..__..._.
30 to 39 pounds. ..

40 to 49 pounds
50 to 59 pounds.
60 to 69 pounds..
70 to 79 pounds. ..

TaBLE E.—Weight frequencies of yellowfin tuna taken by live-bail fishing and trolling and landed at Honolulu duriny 1949

Number
; Febru- " Septem- Novem-| Decem-

Class interval January March | April May June July | August October of tuna

ary T ber ber landed
0409 poUNdS - muu e cmcmie e[ e 2 76
10to 19 pounds. .. .- _..coooe . (] 2 S 1 12
20to 29 pounds... .- .eoo__ ) R P 1 1 1 4
30to39pounds. . |eieeceo)emeaeoe e 13 15 32
Total. - 7 3 1 14 39 57 1 b2 VSRR (RO SRR AR 124
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TABLE F.—Weight frequencies of yellowfin tuna taken by long-line and live-bait fishing and landed at Honolulw during 1948

and 1949
Class interval January | FePIU- | Mareh | April | Ma June July | August |Septem-| goiqper | Novem- | Decem- Nil'l {n ber
_ Y| " ary ¥ b ber i ber ber (l,anggg

Oto9pounds... ... __.___. 7
10 to 19 pounds - 12
20 to 29 pounds. 6
30 to 39 pounds 34
40 to 49 pounds. 8
50to 89 pounds. ... _.oooooooo.- | S [ B I N PR, 12
60to B9 pounds. ... SF 35
70to 79 pounds.. . ..o, 9 61
80to 90 poundds. - o-noooo.. 9 102
to99pounds _____...._.___._ 2 188
100 to 109 pounds._ .. ... __..___. 6 485
110to 119 pounds. ... 2 810
120 to 128 pounds. ... —.... ) 510
130t0o 139 pounds._.__..________. ] 469
140 to 149 pounds. .. ... 2 390
150 to 159 pounds._ ... _.____ 5 397
160 to 168 pounds._...._......._. 5 381
170 to 179 pounds. 5] 10 |caeaa..- 201
180 to 189 pounds. 3 - 226
190 to 199 pounds. 1 195
200 to 209 pounds. P21 [ U 167
210 to 219 pounds. - ]}
220 to 229 pounds. 27
230 to 239 pounds. 10
240 to 249 pounds. 6
250 to 259 pounds. 3
260 to 269 pounds. .. .ooo.ioiiifeiniiaen e : 1

Total. . e cccemecaea 4,793

TaBLE G.— Weight freq-uencies of yellowfin tuna taken by long-line and live-bait fishing during 1948 and 1949 as percentages
“of monthly caich with mean frequency distribution in perceniage

Class interval J::‘;," F:E;u March | April | May | June July | August te?flg:er October | el;rnob;er oegeb.er Mean
Oto9pounds.. . .|| (0% 25 SRR % . TN S (RO NP IR S S, 1.1
10to 19 pounds.__._....___.______ 7.0 2.2 e 0.3 01 || 01|l 0.8
20to 29 pounds. . .ocaooan.- P 2 (R 1.5 0.3 0.6 0.4
30t038pounds_______..________.|-.....- 0.7 |ceeeeao o 5.1 0.6 1.3
40to49pounds. . ... b foaoo L&l 0.7 |.o.... 1.9 0.4
50 to 59 pounds.. ... T 1.2 0.7 LB . 0.3 (U} 0.1 0.2 0.2 |oaeooaaee 0.8 1.3 0.5
60 to 69 pounds_____ 5.8 2.2 1.5 0.7 )1 J (SO 0.2 0.9 1.4 15 5.7 1.7
70 to 79 pounds._. __.. 22,1 7.3 6.1 0.7 ) 1 L R 0.2 ... 0.6 2.8 2.3 5.0 4.0
80 to 89 pounds..._... 10.6 16.8 9.1 1.4 2.8 0.8 0.6 0.7 1.5 2.5 1.5 11.9 5.0
90 to 99 pounds__.__ 2.3 8.0 18.2 7.1 10.9 3.5 3.0 1.8 1.5 5.3 3.8 6.9 6.0
100 to 109 pounds. 7.0 5.1 6.1 14.2 14.3 12.4 12.3 8.5 7.5 8.5 3.8 5.0 8.7
110 to 119 pounds_ 2.3 2.2 76 7.8 8.8 12.8 15.5 13.7 14.3 15.7 9.2 8.8 9.9
120 to 129 pounds. 5.8 5.1 1.6 17.7 8.5 10.4 1.9 10.2 12. 4 12.5 13.1 3.8 - 9.4
130 to 139 pounds. 58 10.2 10.6 12.0 8.8 9.5 8.4 10.5 10.6 10.7 14.6 9.4 10.1
140 to 149 pounds. 2.3 5.8 10.6 8.5 7.1 9.2 7.6 9.0 6.8 9.6 8.5 7.6 7.7
150 to 158 pounds. 5.8 10.2 12.1 5.7 5.1 9.3 1.5 911 9.7 6.4 85 6.9 8.0
160 to 169 pounds. 5.8 8.0 6.1 4.2 7.1 7.2 9.1 8.5 10.3 6.8 4.6 5.0 6.9
170 to 179 pounds. 58 [ ) [ 5.0 2.7 8.1 7.1 7.4 5.1 3.9 7.7 5.7 5.3
180 to 189 pounds. 3.5 3.8 3.0 2.1 2.6 2.8 5.3 6.7 6.0 3.9 8.5 5.7 4.4
190 to 199 pounds._ 1.2 2.9 1.6 2.1 1.4 3.2 4.4 6.0 4.4 4.6 3.1. 4.4 3.3
200 to 209 pounds. 2.3 [+ N N F—, 3.1 3.8 3.6 4.3 5.3 L1 3.1 2.5 2.5
210 to 219 pounds. 0.7 oo fammaeaees 2.0 1.7 2.2 2.2 2.2 2.5 1.5 1.3 1.4
220 to 229 pounds. 0.7 0.8 0.6 0.5 0.4 0.4 0.8 0.5.
230 to 239 pounds._ 0.3 0.3 0.1 [ 3 P, .8 0.2
240 to 249 pounds. 0.2 0.1 P 0.2
250 to 259 pounds. 0.1 joeeeeo o 0.8 0.1
260 to 260 pounds R SO RSO PSR AR,
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TaBLe H.—Time and position of recognized and inlerpolated modes from the combined 1948 and 1949 data

Observed Interpolated Observed | Interpolated
Month Number | length, in length, in Month Number | length, in leneth, in
i centimeters | centimeters centimeters | centimeters
| August. .- 44
.............. September....... ... ...... 45
July. oo 50.4 {| October._.___.___ ... ... 46
Auwgust. ... 53.6 47
September.. ... 56. 8 48 [t
October.._....oo e 60.0 49 [ ...l
November. .. .eia- 63.2 50
December.. . ... o.oaiaiiieas 86.5 51
Janvary. ... ... | 2 697 Jeeooooo.-. 52 |-
February..... oo 77.5 53 oo
Mareh.. ..o 85.2 54
April o] B 930 |aoae- 55
1% C:1 e -’ I I 3 | B A, 56 |ececnimcna
June. . e 97.6 57
July e 102.2 {| October_______ ... Fi N I
August __ ... 106.8 {| November_.: o . ccooioiaooonn 59
September._ .. 111,4 | December. . .o iimanas 80
October__.____ .. 116.0 || January._ .. .. ... () S I
November________________________... 120.7 j| February.. . ..o ooen. 62 |-
December. ... 36| 1253 |........ darch. ... aanl 63 |-
Janwary_ .. oao...o| 37 12002 .. April o aeaos 64 .
February... ... 38| 1253 |._____.__.___._ MaAY o e e 85 |-
Mareh . ...coiicimimiiiiiaeeeeee| 39 130T oo June. . iiieiiaaoees 66 |-
April ... 40 . 1426 . JUNY o e 67 |
. £ 1 Rt I 3 U I F. - A T . August. .. eae-n 68 |-
INNe. e 42 1T September....... .o eiiiaiaee- 69
July e 48 1387 |




