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1. INTRODUCTION
The present study is a continuation of the work published in 1948 by the senior author. At that time the attempt was
made to determine whether or not the yellowfin tuna from Japan and from the Hawaiian Islands comprised popula-
tions distinct from and nonintermingling with that of the eastern Pacific region exploited by the California fleet. Us-
ing body measurements, empirical regression lines for those characters investigated were established for the eastern
Pacific population, based upon 13 separate samples comprising a total of approximately 1,900 fish. It was found
that, although these samples differed significally in a statistical sense from one another when tested by methods of
analysis of variance, nevertheless all sample regression lines from these grounds conformed to the empirical popula-
tion regression lines within narrow limits. When the data from the Japanese and Hawaiian samples were compared
with the local population regression lines, it was found that in some characters these samples diverged from the local
stock by amounts many times greater than the most divergent local sample. (Local, as used herein, refers to the east-
ern Pacific population.) The Japanese fish diverged more than the Hawaiian, but in all cases the direction of diver-
gence was the same, suggesting a closer relationship between the Japanese and Hawaiian populations than existed
between either of these with the local stock. The tentative conclusion was therefore drawn that the local, or eastern
Pacific, stock of yellowfin tuna was separate and distinct from that of the central and western Pacific.

While this conclusion represented the most probable hypothesis upon which to formulate a management program,
it was nevertheless based upon a single small sample from each of the two distant regions. Every effort was there-
fore made to obtain additional and larger samples in order to check this important conclusion.

In the summer of 1948 we succeeded in getting a sample of 58 yellowfin tuna caught in the vicinity of the
Hawaiian Islands during the course of a cruise of the State's research vessel N. B. SCOFIELD. This sample was de-
rived in part from Johnston Island (16° 31' N., 169° 25' W.) and in part from those banks and islands situated
between French Frigate Shoals and the island of Kauai. It is therefore a composite sample from the region rather
than from any one specific area. The fish in this sample were relatively small and the range in body length extended
from 224 to 851 millimeters. Three of the smallest fish were eliminated from the final sample because lack of small
calipers prevented us from
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making comparable measurements. The residual range in body length was from 514 to 851 millimeters. Because of
this restricted size range, we attempted to supplement the sample by obtaining measurements from larger yellowfin
delivered to the Honolulu markets at the time we were in port. Here we added 24 measurements to each series, made
upon large, locally caught yellowfin, and thus extended the range to 1,638 millimeters.

A few months later we were fortunate in obtaining comparable measurements upon 94 fish in a load of yellowfin
tuna caught in the central Pacific in February, 1949, by the vessel CALISTAR. Again, this is a composite sample as
the fish in the load were caught in part at Palmyra Island (5° 52' N., 162° 02' W.) and in part at Fanning Island (3°
50' N., 159° 20' W.).

In April, 1950, before this analysis was completed, a small shipment of yellowfin tuna from the Fiji Islands was
received by a local canner. of this shipment we obtained measurements upon 13 yellowfin, all caught in the vicinity
of Suva. These three additional samples afforded the desired opportunity to check the tentative conclusions drawn
from the analysis of the original samples; and in addition, the four available samples from the central pacific fur-
nished material for a preliminary test of the homogeneity of the stock within that region.

2. METHODS
In the present study the methods used are identical with those discussed and explained in the earlier publication
(Godsil, 1948). First, standard methods of analysis of variance were applied to the data. The results thus obtained
yielded, in the aggregate, a statistical probability overwhelmingly supporting the original tentative conclusion that
the central Pacific stock differed from that of the eastern Pacific. However, significant statistical differences of a
smaller magnitude were found, in the earlier study, to exist between the several samples from the eastern Pacific.
For this reason a distinction was made between biological and statistical significance. To evaluate the former, a
method was evolved, used and described in the earlier study, by which the average squared distance separating a
sample line from a second or empirical line could be calculated. Differences between sample and empirical lines
were then evaluated in the light of sampling experience rather than in statistical probabilities. Briefly, if the sum of
squared deviations of the sample is first calculated about the sample regression line (the line of best fit) and then cal-
culated from any empirical population regression line, one obtains two values,

a. The variance of the sample about the sample line; and
b. The variance of the same sample about the population line. Inasmuch as the variates are the same, the differ-

ence between these two variances is proportional to the average squared distance separating the sample and popula-
tion regression lines. Where these two lines are identical, the difference in the variances is obviously zero, and the
difference in variances increases as the two lines become progressively more divergent, either in slope or intercept,
or both. Thus the method enables one to arrive at a numerical difference between any two lines.

From the earlier work the magnitude of such differences was determined for successive samples of tuna from the
eastern Pacific, compared
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with an empirical eastern Pacific population line. The limit of such differences was then used to evaluate the corres-
ponding differences found to exist between the empirical eastern Pacific line and samples derived from the central
Pacific. We thus obtained a numerical measure of such differences to compare with the maximum difference actu-
ally observed in samples derived from the assumedly homogeneous eastern Pacific stock. In the present study this
approximate biological evaluation is in complete accord with the results of the conventional statistical tests.

Throughout this work the function used to express the regression is

EQUATION
where X in each case is the body length, and Y the second measurement entering into the respective regression.
For the line of best fit

EQUATION
and the corresponding sum of squared deviations of a sample of variates measured from the empirical population

line is given by the expansion of

EQUATION
in which the constant and regression coefficients are those of the empirical line, and the sums and products of

variates are those of the actual sample under comparison. For a more complete discussion of the method the reader
is referred to Godsil (1948, pages 9 and 10).

3. EFFECTS OF FREEZING
Unfortunately, the four samples from the central Pacific were not in comparable physical condition. The original
Hawaiian sample consisted of 12 fish in excellent condition. They had been individually wrapped and frozen shortly
after capture and were in perfect physical condition when thawed and measured after some months of storage.

The second Hawaiian sample, that of 1948, was taken by the crew of the N. B. SCOFIELD. Each fish was meas-
ured fresh. Apart from any effects of freezing, storage and thawing the two Hawaiian samples were essentially com-
parable in physical condition.

The Palmyra sample, however, was caught commercially and stored for a period of five to six weeks in the hold
of a tuna boat. Although storage conditions and temperatures on such a boat are quite satisfactory for the preserva-
tion of a food resource, the volume handled and stored results in a certain amount of distortion and minor physical
damage to individual specimens. For purposes of the present study measurements from such fish are not entirely sat-
isfactory. The characteristic regression line remains basically the same, but the scatter of individual measurements
about this line is excessive, resulting in a mean square deviation that is higher than that obtained from fresh or care-
fully
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TABLE 1
The Summation of All Comparable Measurements in Millimeters Made Upon the Fresh and the Frozen Fish of

the 1948 Hawaiian Sample, With the Actual and Percentage Loss Caused by Freezing and Cold Storage
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preserved fish. As this has been repeatedly observed in numerous commercial samples, allowance must be made for
it in interpreting the results. The Fijian sample was comparable with the Palmyra sample, but was, if anything, in
poorer condition.

Apart from this consideration there is undoubtedly a degree of shrinkage in cold-stored fish. In a preliminary
measure of this it appeared that the change in measurements caused by prolonged cold storage was not sufficient to
change appreciably the resulting regression lines, although there was a slight upward displacement of "frozen"
measurements in the case of second dorsal and anal insertion plotted against body length (Godsil, 1948, page 21).
This preliminary test indicated that the regression lines of head length, first dorsal and ventral insertion, upon body
length, were not appreciably affected.

The present material offered an opportunity to investigate further the effects of freezing upon proportional meas-
urements. Fifty-five individuals of the tuna included in the 1948 Hawaiian sample were measured fresh upon cap-
ture. They were then promptly frozen and carefully stored at low temperatures. The fish were not individually
marked. Four to five weeks later the fish were again measured. For the 54 fish on which duplicate measurements
were made Table 1 shows separately for the fresh and frozen fish the summation of all comparable measurements,
and the aggregate and the percentage loss for each.

In general the actual shrinkage is small and, with one exception, is proportional to the magnitude of the initial di-
mension. Thus, the length of the head is the least measurement and shows the least change. The body length is the
greatest and shows the greatest change. The measurement of the ventral insertion, although roughly comparable with
the measurement of the first dorsal insertion, shows a shrinkage far in excess of the latter. The reason is not appar-
ent.

The effect of shrinkage upon the regression lines is shown in Figure 1. Here the individual regression lines for
both the fresh and the frozen samples are shown superimposed. In four of these regressions, namely, head length,
first dorsal insertion, second dorsal insertion and anal insertion, all on body length, the line for the frozen sample is
displaced slightly above that of the fresh sample. In the case of the ventral insertion the two lines are practically co-
incident.

It is apparent that in the four specified regressions freezing and cold storage cause a slight upward displacement
of the resulting regression lines. Figure 1 suggests that this effect is greatest in the case of head length and second
dorsal insertion, less in the case of first dorsal and anal insertion and negligible in the case of ventral insertion. In
general, the comparable lines are in all cases approximately parallel.

The magnitude of this displacement can be measured in several ways. One of the simplest is to compute, over the
same range of body length, the sum of the calculated ordinates of both the fresh and the frozen regression line, thus:

EQUATION
where subscript z designates the respective quantity pertaining to the frozen regression line, and:

EQUATION
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FIGURE 1. A comparison of the regression lines derived from measurements made upon the 1948 Hawaiian sample
before and after freezing and cold storage
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where subscript f designates the respective quantity pertaining to the fresh regression line. As [EY] is required only
over the range of the frozen sample, N, [EX] and [E 1/X] would theoretically be the same in both lines and actually
equal, respectively, to the total number of ordinates and the sum of all the [X's and 1/X's] within this range. As these
values are not available, and in the case of the [1/X's], not readily obtainable, it will suffice for the present purpose
to use the values of N, [EX]and [E 1/X] derived from the frozen sample, which will yield a close approximation to
the required values. Combining the two equations will then give the total difference in the sum of the ordinates of
the two curves, thus:

EQUATION
If this difference is divided by N, the quotient tells the actual average linear distance separating the two regression
lines, and the sign of the difference confirms the direction of displacement of the frozen variates.

The magnitudes of the present average differences, thus determined, are as follows:
Head length 1st dorsal 2d dorsal Anal Ventral

+ 1.839 mm. + 1.772 mm. + 2.166 mm. + 1.149 mm. + 0.085 mm.

Therefore for the five characters discussed the effects of freezing and cold storage are such as to raise the frozen
regression line, without appreciable change in slope, above the fresh line by linear distances corresponding approx-
imately with those tabulated above. Hence in evaluating differences observed between frozen samples and fresh ma-
terial a preliminary approximate correction of this magnitude will probably enhance the validity of such comparis-
ons.

The mechanics of applying the correction are simple. As the slope of the respective fresh and frozen line of a
sample is to all intents the same, the correction may be applied directly to "a," which determines the relative height
of the line. The correction may either be added to the "a" of the comparative fresh line, or subtracted from the "a" of
the frozen sample line. If, for example, the appropriate correction of 1.839 mm. in the case of head length is subtrac-
ted from the value of "a" derived from the frozen line of the Hawaiian sample, the two regression lines, i.e., the fresh
and the frozen line, should then be the same. That this is so is shown by Table 2 in which the figures shown are, for
each

TABLE 2
The Average Squared Distance in Millimeters Between the "Fresh" and the Adjusted "Frozen" Line of the

Hawaiian Sample. The Magnitude of "the Difference Between Lines" Reflects the Accuracy of the Applied Cor-
rection
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regression, the difference in variance of the frozen variates deviated, first from the fresh regression line, and
secondly from the frozen line to which the correction factor has been applied.

While the directional effect of freezing upon the resulting variates is consistent throughout, the magnitude of this
displacement should be further investigated. Until better factors are available, the present approximations will be
used in this discussion.

4. COMPARISON OF CENTRAL PACIFIC STOCK WITH THAT OF THE
EASTERN PACIFIC
For the five characters discussed, the population regressions for the local or eastern Pacific stock of yellowfin tuna
are given by the function

EQUATION
in which the constant and coefficients have the values (ascertained in the earlier study) tabulated below.
Regression (on body length) a b c Mean square

Head length 83.27424 .212240 -20,467.8084 9.6352

First dorsal 95.19221 .226156 -23,086.8236 15.9386

Second dorsal 111.91554 .441629 -27,416.5652 20.5399

Anal 88.79915 .515977 -18,202.4687 25.2867

Ventral 58.22874 .257736 -9,616.8242 19.3271

If these lines are used empirically to define the eastern Pacific stock, the individual central Pacific samples may
then be compared directly with them, using the standard method of analysis of variance. The results summarized in
Table 3 are derived uniformly from the analysis illustrated below, using the raw data without adjustment for the ef-
fects of freezing. The F values for the Palmyra and Fijian samples are much larger when this correction is applied.

1948 Hawaiian Sample
Source of variation Sum of squares D. F. Mean square

Deviations from empirical eastern Pacific line 8,431.9038 79

Deviations from Hawaiian sample line 1,149.0067 76 15.1185

Difference between lines 7,282.8971 3 2,427.6324

EQUATION
From such an analysis one must conclude that the central Pacific stock of yellowfin tuna is distinct from, and in

all probability noninter-mingling with, that of the eastern Pacific.
While the probabilities thus derived are convincingly high, it must be recalled that in the earlier study similar

methods showed that the several samples derived from the eastern Pacific differed significantly in a statistical sense,
although the actual differences between the respective lines was small. On page 8 of the earlier study this problem is
discussed, and the concept of biological homogeneity is contrasted with that of statistical homogeneity. This led to
the use of the average squared distance separating lines as a criterion for evaluating results.
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TABLE 3
Summary Comparison, by Means of Analysis of Variance, of Individual Central Pacific Samples With Empirical

Eastern Pacific Population Regression Lines No Correction Has Been Applied for the Effects of Freezing
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Table 4 is a reproduction of Tables 4 and 5 of Fish Bulletin No. 70. Samples 1 to 13 are derived from the eastern
Pacific, and all "differences" discussed are measured from the corresponding empirical eastern Pacific population
line. The Japanese, Hawaiian and Peruvian samples are the original ones discussed in the earlier study shown here
for comparison with present results. The tabulated values of this table give an estimate of the extent of divergence
that can be anticipated from any sample derived from the eastern Pacific population of yellowfin tuna. Also, they af-
ford, with the empirical regression line, a means of deciding the identity or distinctness of populations elsewhere in
the Pacific. Accordingly, in the following discussion the sample regression lines for the three recent samples from
the central Pacific are compared, graphically and numerically, with the corresponding regression line characterizing
the local population.

TABLE 4
The Difference Between the Individual Sample Regression Lines and the Eastern Pacific Population Regression
Line, Expressed in Terms of the Difference in Mean Squares. This Table Is a Reproduction of Tables 4 and 5 of

Fish Bulletin No. 70
In the case of the Hawaiian sample two separate comparisons with the local population were made. One was

based upon the sample obtained by the N. B. SCOFIELD, and the other upon this sample plus the market measure-
ments. The results of the two comparisons were in essential agreement. However, differences were in some cases ac-
centuated in the analysis based upon the combined sample because in these proportions the slope of the lines charac-
terizing the local and Hawaiian populations differed, and the divergence between the lines increased with increase in
size of fish. Because the extended regression lines based upon the greater size range give a better picture of differ-
ences and similarities, the present comparison of the Hawaiian with the local population is based upon the total
Hawaiian sample, including the market fish.
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In Figures 2 to 6 the regression line characterizing the local population is represented by the long-dashed line. The
short-dashed line is that of the Hawaiian sample: the solid line is the comparable regression line of the Palmyra
sample, while the dash-dot line is that of the Fijian sample. In the computations an adjustment has been made for the
effects of freezing.

4.1. HEAD LENGTH ON BODY LENGTH
Figure 2 shows that in the regression of head length upon body length the four lines differ appreciably. Selecting the
local population line as a base for comparison, the regression lines of the Hawaiian and Fijian samples are in parts
roughly parallel to this but removed from it a minimum distance of six to nine millimeters which is considerably in
excess of anticipated variation for the samples from the eastern Pacific. Moreover, both these lines diverge progress-
ively with increasing size of fish, indicating a slightly lesser slope. The regression line of the Palmyra sample has a
decidedly different slope. Starting higher than the local line the Palmyra sample line intersects the local line at ap-
proximately 700 mm. body length, and from this point diverges increasingly at higher values. In the upper range the
three central Pacific samples are in general similar. All possess a lesser slope and all fall, predominantly, appre-
ciably below the eastern Pacific population line. The corresponding numerical values of this divergence are shown
in Table 5. The differences

TABLE 5
Difference in Mean Squares Calculated From Sample and Eastern Pacific Population Regression Lines.

Palmyra and Fijian Sample Regressions Have Been Adjusted for the Effects of Freezing
in mean squares are excessively higher than in any sample obtained from the local population. In this character,
therefore, the data indicate that the central Pacific stock differs from that of the eastern Pacific.

4.2. FIRST DORSAL INSERTION ON BODY LENGTH
In this regression (Figure 3) the Hawaiian and Fijian sample lines are again similar. Both are approximately parallel
to the eastern Pacific line but lie at a distance of five to eight millimeters below it. Again the Palmyra line has a dif-
ferent slope. It intercepts the local line at about 740 mm. body length, and its divergence increases from this point
on. The graph, in conjunction with the numerical values in Table 5, suggests that in this character also the central
Pacific stock differs from that of the eastern Pacific, although the differences are not as pronounced as in the head
length.
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FIGURE 2. Comparison of the regression of head length on body length in the three central Pacific samples with
the eastern Pacific population line
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FIGURE 3. Comparison of the regression of first dorsal insertion on body length in the three central Pacific
samples with the eastern Pacific population line
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4.3. SECOND DORSAL INSERTION ON BODY LENGTH
In this character (Figure 4) the differences between the various samples are less than in any other. The Hawaiian and
Palmyra samples are similar. Both have a slightly lesser slope, that of Palmyra being the least, and both lie slightly
below the eastern Pacific line. In terms of mean square difference this divergence is many times greater than would
be anticipated in samples from the local population. The two samples can therefore be considered different from the
eastern Pacific stock.

FIGURE 4. Comparison of the regression of second dorsal insertion on body length in the three central Pacific
samples with the eastern Pacific population line

The Fijian sample is intermediate. The lower portion of this line is coincident with or extremely close to the east-
ern Pacific line, but from approximately 800 mm. body length the former diverges more and more, to approximate
eventually the Hawaiian and Palmyra lines. In terms of mean square difference this divergence is several times
greater than anticipated variation in local samples. To this extent the Fijian sample may also be considered distinct
from the eastern Pacific stock.
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4.4. ANAL INSERTION ON BODY LENGTH
Figure 5, illustrating this regression, is in general similar to the foregoing. The differences, however, are more pro-
nounced. The Hawaiian

FIGURE 5. Comparison of the regression of anal insertion on body length in the three central Pacific samples with
the eastern Pacific population line

and Palmyra samples, with mean square differences of 116 and 260 respectively, are clearly distinct from the eastern
Pacific population. The Fijian sample is again intermediate in position. Over the lower portion of its range it lies
closer to the eastern Pacific line than to the other central Pacific sample lines. As in the case of the second dorsal, it
subsequently diverges from the local line to approximate at its upper extremity the Hawaiian and Palmyra samples.
The mean square difference is excessively greater than any derived from a local sample, and on this basis the Fijian
stock must be considered distinct from that of the eastern Pacific.
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4.5. VENTRAL INSERTION ON BODY LENGTH
Figure 6, depicting this character, shows that the central Pacific samples are clearly distinct from the eastern Pacific
stock. All central Pacific samples have a comparable slope and position, which differs appreciably from that of the
eastern Pacific population. The mean square differences confirm the conclusion that in this character the central Pa-
cific stock is clearly differentiated from that of the eastern Pacific.

4.6. DISCUSSION
In the five characters discussed all central Pacific samples diverge in every case from the eastern Pacific regression
lines by amounts far in excess of anticipated variation of local samples. These numerical differences are reflected in
the majority of the graphs. Visual inspection of the latter would alone suggest that the central Pacific stock differed
in at least three characters. In general the slope of the central Pacific regression lines is less than that of the eastern
Pacific lines. Excluding intersection at the lower size range, every central Pacific regression line falls below that of
the eastern Pacific population line. In view of the fact that the foregoing observations are supported by extremely
high F values resulting from application of analysis of variance, one must conclude that the central Pacific stock is
distinct from that of the eastern Pacific.

4.7. COMPARISON WITH EARLIER RESULTS
It is of interest at this point to compare the above findings with those published in 1948. In that study the results
showed that the Hawaiian fish differed significantly in three characters, the head length, anal and ventral insertions.
In these three characters the Hawaiian specimens fell distinctly below the eastern Pacific population line. These res-
ults led to a tentative conclusion that the Hawaiian stock was different from that of the eastern Pacific, and hence to
the assumption that if such were correct, then subsequent samples of Hawaiian yellowfin should differ from those of
the eastern Pacific in like manner. In the original study, the head length, anal insertion and ventral insertion of the
Hawaiian sample differed significantly from the corresponding eastern Pacific line, with the Hawaiian values falling
distinctly below the latter. In the present study it is these three characters that differ most, and again the sample val-
ues fall appreciably below the local line. In the remaining two regressions, the first and second dorsal insertions,
there were no significant differences in the earlier comparison, whereas in the present study the Hawaiian sample
yields significant F values and large mean square differences. However, these values are not as great as in the re-
maining three regressions. In all cases the present Hawaiian regression lines fall below the eastern Pacific lines. A
comparison of the two Hawaiian samples by means of analysis of variance indicates that no significant differences
exist between the two samples in four of the five regressions tested. In one, the regression of ventral insertion upon
body length, the resulting F value indicates a probability approximating the 1 percent level of significance. In Figure
6 the short regression line of the original Hawaiian sample is shown for comparison. It has been omitted in the re-
maining figures because the line of this sample approximates the others so closely as to preclude reproduction. In
general, the
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FIGURE 6. Comparison of the regression of ventral insertion on body length in the three central Pacific samples
with the eastern Pacific population line
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present data are in close agreement with the original findings, and support the preliminary conclusions. The probab-
ility of their correctness is therefore considerably augmented.

5. HOMOGENEITY OF THE CENTRAL PACIFIC STOCK
Though beyond the original intent of this investigation it is nonetheless interesting to investigate the homogeneity of
the central Pacific stock of yellowfin tuna. For this purpose four samples are available, namely, the three discussed
in this paper, and the original Hawaiian sample of 12 fish.

If these four samples are combined into a single, central Pacific sample, the homogeneity of this stock may be
tested by means of analysis of variance, in which the sums of squares of the several samples, measured from the in-
dividual sample lines, are added together and compared (with the corresponding degrees of freedom) with the sums
of squares measured from the combined sample line, thus:
Source of variation Sum of Squares D.F. Mean square

Deviations from combined central Pacific line 4,162.1089 195

Deviations from (4) individual sample lines 2,936.4299 186 15.7873

Difference between lines 1,225.6790 9 136.1866

EQUATION
A summary of such analyses is shown with the resulting probabilities in Table 6. In these comparisons no correc-

tion has been made for the effects of freezing. From this it appears that the central Pacific stock may not be con-
sidered statistically homogeneous.

TABLE 6
Summary of Results of a Test of Homogeneity, Using Analysis of Variance, of the Four Central Pacific Samples

A study of the graphs (Figures 2 3 4 5 6) will show that in one character, the ventral insertion, all the central Pa-
cific samples are extremely similar. In the remaining four there is at some point in the range a considerable spread in
position. Moreover, the differences are not consistent. In two regressions, the second dorsal and anal insertions, the
Palmyra and Hawaiian samples are more akin, with the Fijian sample divergent; while in the remaining two, the
head length and the first dorsal insertion, the Fijian and Hawaiian samples are more alike, with the Palmyra sample
differing. In general, the Palmyra sample, by reason of a consistently lesser slope, appears to be the nonconforming
one, suggesting a possible difference in origin or stock.
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If one uses the regressions of the Hawaiian sample collected in 1948 as reference lines, and computes the differ-
ences between the divergence of the other central Pacific samples from these reference lines and from their own
sample regression lines, the results are those shown in Table 7. In this, the original Hawaiian sample, the Palmyra
and the Fijian sample have been adjusted for the effects of freezing.

TABLE 7
The Differences Between the Mean Squares Computed From the Sample Lines, and From the 1948 Hawaiian

Line
In a comparison of the Palmyra sample with the 1948 Hawaiian lines, the mean square differences are high in the

case of head length, first dorsal insertion and anal insertion. In the case of the anal insertion the difference is only
slightly in excess of observed variation within the eastern Pacific stock, whereas in the regression of head length and
first dorsal the divergence is much greater than one would anticipate in a homogeneous stock. This suggests the need
for further study, and indicates a probable difference between the Palmyra and Hawaiian stocks of yellowfin.

In the comparison of the Fijian with the Hawaiian stock, the mean square differences are relatively high in the
case of the second dorsal and the anal insertion. In view of this one must conclude from the present data that there
are indications of differences between the Fijian and Hawaiian stocks, but further studies based on larger samples of
fresh material are needed to confirm this.

The two Hawaiian samples are very similar in head length and second dorsal insertion, and relatively so in the
case of anal insertion. In the two remaining characters the differences are in excess of the maximum divergence re-
corded for the eastern Pacific stock. However, one important consideration must be kept in mind in evaluating all
these comparisons. In measuring the divergence in samples from the eastern Pacific, this was done from relatively
accurate parameters obtained by combining all (13) samples. The resulting regressions are therefore averages, and
the divergence from these averages of any one sample would be less than the corresponding differences between ex-
treme samples. The present comparisons of individual samples from the central Pacific, however, are between
samples, and therefore greater resulting differences must be anticipated. Until such time as more reliable population
parameters become available, the present results must be considered only indicative.

In general, this preliminary survey shows that the several central Pacific samples differ appreciably from one an-
other in some regressions, leading to a suspicion that the stock may be composed of two or more distinct units. In
particular, the consistently lesser slope of the Palmyra sample merits investigation.
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6. SUMMARY AND CONCLUSIONS
This study was designed to test the preliminary conclusion that the stock of yellowfin tuna in the central pacific dif-
fers from that of the eastern Pacific.

Three additional samples were obtained from the central Pacific, originating respectively in the Hawaiian,
Palmyra and Fijian area.

Standard methods of analysis of variance are employed, and these are supplemented by an objective comparison
of regression lines in terms of the mean square distance separating them.

The effects of freezing and cold storage of samples are investigated. The proportional change in measurements
and the displacement of the resulting regression lines is small but consistent. Approximate corrections for this effect
are developed.

Results of this study confirm the earlier findings and enhance considerably the probability that the central Pacific
stock is distinct from and nonintermingling with that of the eastern Pacific.

A comparison of the four samples available from the central Pacific does not warrant positive conclusions. There
are, however, indications that the stock within this large region may itself consist of separate discrete units. In partic-
ular, the Palmyra sample regression lines have a consistently lesser slope.
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APPENDICES
·Appendix A: Tabulation of original measurements and derived values

·Appendix B: Observations on the anatomy of the Fijian yellowfin
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APPENDIX A

HAWAIIAN SAMPLE
"N. B. Scofield" catch plus market specimens
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HAWAIIAN SAMPLE
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PALMYRA SAMPLE
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PALMYRA SAMPLE
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FIJIAN SAMPLE
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APPENDIX B
OBSERVATIONS ON THE ANATOMY OF THE FIJIAN YELLOWFIN
In July, 1950, one of the local canners received a small shipment of yellowfin tuna from the Fiji Islands. Initial ob-
servations suggested that these fish differed slightly in appearance from locally caught yellowfin tuna. The caudal
region appeared more elongate and the height of the second dorsal and anal fins seemed greater in proportion to
body length. As the measurements made upon fish of this shipment were intended for a population study of yellow-
fin tuna, we took the precaution of acquiring two specimens of this lot for a more detailed study in order to determ-
ine whether or not they were actually Neothunnus macropterus.

Complete dissections were made of these two specimens according to the procedure described by Godsil and By-
ers (1944), and in every respect the condition in these Fijian specimens agreed with that described for N. macrop-
teus. Variations encountered in the several systems examined were all within the limits observed in the earlier ma-
terial, and diagnostic characters in every case identified these specimens positively with this species.

Regarding the observed apparent differences, the measurements show that the caudal region was in fact slightly
more elongate than in the eastern Pacific stock. Figures 2 to 6 show that, for the central Pacific fish in general, the
head length is shorter and the insertion of all the fins is more anterior than in the eastern Pacific stock. This slight
difference was accentuated in appearance by the fact that the Fijian fish were relatively thin.

The apparent greater height of the second dorsal and anal fins was not substantiated by the measurements. The lat-
ter were well within the range established for the eastern Pacific population. Any difference in modal height that
might exist would at most be of a population rather than a specific nature.

The several measurements and meristic counts made upon these two specimens are appended for the record.
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MEASUREMENTS AND COUNTS OBTAINED FROM TWO YELLOWFIN TUNA FROM THE FIJI ISLANDS
Measurements in millimeters
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