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ABSTRACT

This work concerns morphological studies of the Japanese jack mackerel, Trachurus japonicus

(Temminck & Schlegel). A total of 48 random samples consisting of 2669 fish is examined, represen-

ting three gecgraphic regions, rnamelv, Kamakura, Nagasaki. and Totteri. Preservation affects

leagth axd weight of fish coasiderably. but the variability afier 10 days 1s showan to be negligible.

The variability in measuring the morphemetric characters due to different measurers and orders is

found to be significant. They are relatively small, hewever, compared to the variability in mcan

length to be expected in samples drawn from the population. Two meristic characters, namely,

anal and second dorsal fin rays and three mmerphometric characters, namely, head length, first and

sccond dorsal jusertion distances are chosen for the study. Results of the statistical analysis reveal

that differences in the sclected meristic characters among samples within and between regions are

found to be sigrificant. In general, it is reasorable to state that the jack mackerel collected in

Nagasaki regioa, oa the average, have greatest number of anal fin ray and second dorsal fin ray

followed by Kamakura, and Toitori regions ix that order. It is found that althcugh no significant

differences i the slope of regrcssion line are noticed, the mean differences of the sclected mor-

phometric measurements in relation to fish length are

fcund tc be significant among samples within

each region. Dificrences in the regression cocfficients as well as the adjusted sample means are

found to be significant betweea regions. The analysis suggests that samples from Nagasaki region,

on the average, havc loagest head length aad greatest distaaces from snout to the insertion of first

doreal and seccnd dorsal fins follewed by Kamakura, and Totieri regions in that order.

INTRODUCTION

The Japanese jack mackerel, Trachurus japonicus
(Temminck & Schizgel) forms one of the most
important commercial fisheries in Korea and Japan.

The problem of consarvation and development
of the jack mackerel resources has recently been
emphasized by fisheries researchers and relatively
extensive and diverse work which, however, is but
a brief prologue to what research can bring to
light, has heen carried out on this species.

A knowledge on the race of the species con-
cerned is of fundamental importance in designing

a practical management program for the fisheries.

Several methods have been employed in the racial
study of fish such as use of meristic, morphome-
tric, physiological, biochemical characters, and ta-
gging or marking experiments. Earlier investigations
dealing with the racial study in Japanese jack ma-
ckerel are reported by Yamada (1958 a, b) and
Azeta and Ochiai (1962).

In the present study, an attempt is made to
determine whether or not the jack mackerel taken
from different regions along the coast of Japan
formed physically unrecognizable homogeneous gr-
oups. A detailed study of the meristic and mor-
phometric characters of jack mackerel samples coll-

ected from the different geographic regions was
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carried out to see whether significant differences
in the meristic and morphometric characters can

be recognized between the regions.
MATERIALS AND METHODS

Sources of Samples

The jack mackerel were obtained mainly from
three sources, namely, from Sagami Bay, Kamakura
during November, 1963 to October, 1965, from
Nagasaki region during June, 1964 to October,
1965, and from Tottori region during November,
1964 to July, 1965. A total of 48 random samples
consisting of 2669 fish was examined. All the
samples have been preserved in 10% formalin.

Meristic Count

Meristic counts were centered on variations in
the number of anal and second dorsal fin rays.
All soft fin rays including rudimentary rays on the
anal and second dorsal fins were counted. Within
sample variability due to fish length was analyzed.
Since no differences in the number of anal and
second dorsal fin rays between different length
groups were found, the latter were combined for
further analyses.

Morphometric Measurement

The three characters selected on the merits of
their uniformity, easiness in measuring, and also
of promise in separating different groups are as
follows:

1. Head length-—the distance from the tip of
snout to the most posterior edge of the subopercle.

9. First dorsal insertion—the distance from the
tip of snout to the insertion of the first dorsal fin.

3. Second dorsal insertion—the tip of snout to
the insertion of the sscond dorsal fin.

Poorly preserved samples in a bad condition
were excluded from the measurement, and only
fish belonging to size range of 100-200mm in
body length were used in the analvses. Effect of
formalin preservation on length and weight of fish

was examined and differences between measuring

fish were analyzed.

Body length as measured from the tip of snout
to the insertion of the lower lobe of the caudal
fin was taken to the nearest millimeter with the
fish lying flat on its right side on a measuring
board. Measurements of the body part selected
for morphometric characters were made with a
divider and read to the nearest millimeter. All
measurements were taken by the author himself

and always on the left side of fish.

MORPHOLOGICAL STUDY

Effect of Preservation on Length and Weight
of Fish

As has been mentioned earlier the fish were
preserved in 10Y% formalin when collected. The
effect of the preservation on subsequent measure-
ment of length and weight was considered impor-
tant at the begining of the study to determine the
safe intervals of preservation, after which the
variation would be negligible. Hence an inquiry to
measure the effect of 109% formalin was made on
18 fresh jack mackerel, ranging from 145 mm to
176 mm in body length, obtained from fish market.
Readings were taken after preservation for 1, 7,
10, 30, and 50 days. The results of the study are
illustrated in Figure 1 in which mean length of
several body parts and mean weight of the fish
are plotted against time on a logarithmic scale.
The variability was seen to be greatest during the
first day after preservation, but after 10 days it
was found to be negligible. During the course of
present investigation, therefore, all the measurem-
ents were made roughly 20days after preservation
so that the variability is considerably reduced still.
and can be considered to be insignificant compared
to natural variations in fish population.

Size of Fish

As mentioned earlier, all length measurements
are given as hody length. To obtain the relation-

ship of the body and fork lengths so that it may
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Fig. 1. Relationship between the measurement of

body parts and time after preservation.
be useful for conversion, data based on 2348 fish
were analyzed by the method of least squares, and
the following equation for the relationship between
the body length (BL in mm) and fork length (FL
in mm) was derived.
FL=2.9+1.115BL

To evaluate within sample variability in the
meristic counts an morphometric measurements in
relation to fish length, their correlation was exa-
mined. As such a correlation of the meristic counts
with size of fish was found to be negligible, the
distribution of the selected meristic characters was
regarded as varying independently of fish length.
The correlation of the selected morphometric ch-

aracters with length of fish, on the other hand,

19

was found to be significant. The fish smaller than
approximately 100 mm in body length differed
considerably from the fish larger than approxima-
tely 200mm in body length. However, none of
the selected morphometric characters varied signifi-
cantly with length for the fish ranging from about
100 mm to 200 mm in body length. Consequently,
the morphometric analvsis was based on size cate-
gories ranging from 100 mm to 200mm in body
length, which approximately denote the length
attained by age I group (Kim, 1969).

Effect of Measurers

Although all morphometric measurements, during
the course of the study, were made by the author
himself, the effect of different measurers in meas-
uring body parts is of great concern. In the present
study, morphometric measurements made by differ-
ent measurers on 100 fish were examined for
possible effect of measurers and orders in measuring
body parts of fish. Two measurers including the
author himself repeated measurements three times
on the same fsh and then differences were analy-
zed. The results of the analyses are presented in
Tables 1 to 3 in which significant differences be-
tween measurers and orders are declared. The
average difference in mean length obtained by the
two measurers was about (.5 mm, while the aver-
age difference in mean length recorded for different
orders was about Q.1 mm, which is relatively small
compared to the variability in mean length to be
expected in samples drawn from the population.

Analyses of Meristic and Morphometric Data

The meristic characters chosen for the study are
anal fin ray and second dorsal fin ray counts. The
most extensive metistic counts made during the
course of the study was on the total number of
anal fin ravs. A total of 2669 fish comprising of
1140 fish from Kamakura region, 1082 fish from
Nagasaki region, and 447 fish from Tottori was
examined for anal fin ray counts.

To determine whether there were significant
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Table 1. Awnalysis of differcaces in head length mcosurement betweon mcasurers and orders.
Source S.S. d.f. M.S. F-ratio 12 (M)
Fish 2433. 54 99 24.58 a%e 6 il
Measurer 51.63 1 51.63 147. 5175 e 2t FM A
Order 2.37 2 1.18 8.427S g4 2 ?FO 4 200020
FM 35.04 99 0.3556 g2¢+3 o?FM
FO 28.30 188 0. 14 o2e-1-2 g?FO
MO 1.74 2 0.87 7.25*8 a2e-1-g?FMO + 100 ¢*MO
FMO 23.59 198 0.12 o%e-+a?FMO .
Total 2576. 26 599
Table 2. Analysis of differeace in iasertion of first dorsal length measurement belween measurers and orders.
Scurce S.S. d.f. M.S. F-ratio E (MS)
Fish 4003. 70 S9 40. 44 g% 6 ¢*F
Mcasurer 98. 42 1 ¢8. 42 2. 4UFS o2¢ +3 gtFM 4-300 o2M
Order 4.40 2 2.20 50548 oe+2 a?FO - 200 020
FM 46. 41 o Q.47 ate+3 0’FM
FO 461. 41 iS8 0.37 o2 4-2 g?FO
MO 0.63 2 0.31 1.11 N.S. ole+ctFMO+ 166 ¢2MO
FMO 56.04 198 0.28 o%e-+-g2FMO
Total 4283. 20 589
Table 5. Analysis of difference in insertion of second dorsal length measurement between measurers and orders.
Source S.S. d.f. M.S. F-ratio E (MS)
Fish 9536. 52 99 96.33 g% +6 o?F
Measurer 35.52 1 35.52 39.91*S a?e+3 o?’FM+3500 oM
Order 1.22 2 0.61 1.97 N.S. o2e+2 a?FO+300 420
M 88.48 <o 0.89 a2e+ 3 0?FM
FO 60. 45 18 0.31 a2e+2 o*FO
MO 2.41 2 1.20 4. /6% o?et 0?’FMO =+ 100 MO
FMO 54.59 198 0.28 a?e+ vtFMO
Total 977S. 19 559

differences in variances between samples for each
region, Bartlett’s test for homogeneity of variance
was employed, and the results are summarized in
Tables 4 and 5. For both anal and second dorsal
fin ray data, the differences among sample mean

squares are found to be only sampling phenomena,

and the assumption underlying the subsequent
analysis of variance test was varified.

To determine whether there were significant
differences in the distribution of the selected mer-
istic counts among samples within and between

regions, analyses of variance of the anal and second
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dorsal fin counts were carried out. Theses analyses level of significance. The 959 confidence interval
are summarized in Tables 6 and 7. Both anal and

for each sample mean using the estimated within
second dorsal fin ray counts showed a difference

Tegion common variance are presented in Tables

among samples within and between regions at 5% 8 and 9, and also illustrated in Figure 9.

Table 4. Results of Bartlett’s tests for homogeneity of variance number of anal fin ray.

Comparison Number of

" Corrected .. .- i .

Samples, k Bx > chi-square (0 03)(A-1 d.f)
Kamakura Samples 16 20. 46378 1. 00577 20. 35 25.00
Nagasaki Samples 27 15. 89644 1.01033 15.73 38.89
Tottori Samples 5 1.70105 1. 00459 1.69 9.49
Kamakura-Nagasaki-Tottori Samples 48 44. 4590 1. 01506 43. 80 63.08

* Computed from —3filoge (s%/s?)
** Computed from 1+1/3(k—1)T(1/f:i—1/1)

Table 5. Results of Bartlett’s tests for homogeneity of variance number ol second dorsal fin ray.

Comparison Number of * - Corrected ,,,, ;
Samples, k B Crx chi-square 220 05)(k-1 d.f)

Kamakura Samples @ 13. 30755 1. 00750 13. 2% 15.51

Nagasaki Samples 18 7.41821 1.00112 7-41 27.59

Tottori Samples 4 6. 23102 1.00485 6. 20 7.81

Kamakura-Nagasaki-Tottori Samples 31 31. 44300 1. 02002 27.88 43.77

* Computed from —Zfiloge(s%/s?) -
** Computed from 1+1/3(k—1)2(1//i—1/1)
Table 6. Analyses of differences in number of anal fin ray for each region.

Kamakura Region Sum of Degrees of Mean F F(0.05)
Squares Freedom Square

Between Samples 83.41 15 5.56 5.79*S 1.67

Within Samples 1082. 48 1124 0.96

Total 1165. 89 1139

Nagasaki Region Sum of Degrees of Mean F F(0.05)
squares Freedom Square

Between Samples 40. 14 26 1.54 1.50*%8 1.59

Within Samples 1085. 77 1055 1.03

Total 1126.91 1081

Tottori Region Sum of Degrees of Mean F F(9.05)
squares Freedom Square

Between Samples 8.55 4 2.14 2.55*S 2.58

Within Samples 370.29 442 0.84

Total 378.85 446
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All Regions

Between Samples

Within Samples

Total

Wan Soo Kim

Sum of Degrees of Meaa

Squares Freedom Square

222.82 47 4.74
2538 2677 G. 67

2762.55 2658

F (0. 05)

Sum of

Table 7. Analyses of differences in number of second dorsal fin ray for each region.

F

F(0.05)

Degrees of Mean N
Squares Freedom Square
Between Samples 54.55 8 6. &2 6. 04*S 1.95
Within Samples 517.75 454 1.13
Totatal 572.30 467
Nagasaki Region Sum of Degrees of Mean F 1(0.05)
Squares Freedom Square
Betwees Samples 57.51 7 3.37 2.93%S 1.64
Withia Samples 684.59 557 1.15
Total 741.60 A
Tcttori Region Sum of Degrees of Mean F F(0.05)
Squares Freedom Squar
Betweca Samples 16. 52 3 6.51 7.64*S 2.62
Within Samples 351.83 343 0.82
Total 370.85 346
All Regioas Sum of Degrees of Mean F F(0.05)
Squares Freedom Square
Between Samples 200. 12 30 6.67 6.01*S 1.46
Withia Samples 1553. 67 1399 1.11
Total 1753.79 1429
Table 8. Interval estimate for the means number of anal fin ray.
Region Sample No. N Mean (z) 9594 Conf. laterval®
Kamakura S 110 8.5 28.3-28.7
10 30 8.7 28.5-28.9
il 109 28. 1 27.6-28.5
12 103 28.5 28.3-28.7
13 65 8.7 28.5-28.9
14 83 78.3 28.1-28.5
30 66 28. 4 28.2-28.6
16 47 28.1 27.8-28.4
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Table ¢. Toterval estimate for the means number of second dorsal fin ray.

Sample No.

Mean

N (z) 659 Conf. Interval!
Kamakura 16 47 51.3 31.0-31.6
17 38 311 30.8-31.4
19 54 31.5 31.2-31.8
21 47 31.0 30.7-31.3
22 47 31.7 31.4-32.0
23 51 31.8 31.5-32.1
pxt 59 31.7 31.4-32.0
25 59 30.7 30.4-31.0
26 75 3i.4 31.2-31.6
Region Average 31.4 31.3-31.5
Nagasaki 14 30 31.5 31.1-31.9
15 30 31.9 31.5-32.2
16 31 31.7 31.3-32. 1
17 30 31.5 31.1-31.9
18 61 32.1 51.8-32.4
19 30 31. 4 51.0-31. 8
Z0 3 31.0 50.6-51. 4
21 27 31.4 31.0-31. 8
22 31 314 51.0-81.8
24 30 31.8 31.4-82.2
25 24 31.4 31.0-31.8
26 30 32.0 31.6-32.4
27 30 31.2 0.8-31.6
30 35 21.6 31.3-31.9
31 30 32.2 31.8-32.6
33 62 31.6 31.5-31.9
34 32 31.6 31.2-32.0
35 32 31.4 31.0-31.8
Region Average 31.6 31.5-31.7
Totori 2 o4 31.¢ 50.8-51.2
3 o 50.7 30.5-30.9
4 85 51.3 51.1-31.5
5 72 31.3 51.1-31
Regioa Average 31.1 31.0-31. 2

1. Computed from x=t (0.05)a/ 1

Although there was a significant intra-region greatest in the samples from Nagasaki region
followed by Kamakura region, and Tottori region

in that order. The data, when further subjected

variation between samples, in general, it is reason-
able to state that the number of anal and second

dorsal fin rays, on the average, is shown to be to a series of t-test to compare regional differences,
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it was found to be significant at 5% level.

The morphometric characters chosen are head
length, distances from the tip of snout 1o the
insertion of first and second dorsal fins. Analvses
of these three selected morphometric measurements
are based on a total of 1647 fish, in which 734
fish represent Kamakura, 542 fsh Nagasaki, and
371 fish Tottori samples.

To determine whether there were differences in
the selected morphometric characters among samples
within and between regions, the data were analyzed
by analysis of covariance method to determine
if the linear regressions of the three selected mor-
phometric characters are same in different regions.

In treating the morphometric data, the tests for
the significance of differences in slopes of sample
regression lines within and between regions were
first made. If the differences among the sample
regression coefficients are significanl, second test
for the significance of differences in adjusted means
were not made because the test of the elevation

becomes inappropriate if the slopes are different.

The statistics describing the regression for each
region are summarized in Tables 10, 11, and 12
and also shown graphically in Figures 3, 4, and 5.

The analyses of the significance of differences
in the three selected morphometric features for
each region are presented in Tables 13, 14, and
15, while the results have been summerized, in
more convenient form, in Tables 16, 17, and 18§,
which reveal several interesting points.

1. Head length data showed no differences am-
ong sample regression coefficients within each re-
gion at 5% level of significance. However, when
the various pairs of regions are compared, two of
the four possible comparisons showed differences
at 5% level of significance although none showed
a difference at 19 level of significance. The differ-
ences in the adjusted means among samples both
within and between regions were declared signifi-
canl at 5% level.

2. Analvses of the first dorsal fin insertion data
showed no significant differences among sample

regression coefficients for each region except for
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Kamakura region. However, when the two of the

eleven samples in Kamakura region were deleted

from the analyses, no significant differences in
slopes was observed. The differences among the
adjusted maans were also declared significant.

3. Essentially similar results were obtained for
the second dorsal fin insertion data as the first

dorsal fin case.

The adjusted sample means with 5% confidence

Seo Kim

region common slopr 10 observe sample differences
in elevation.
20,

6, 7, and 8 A perusal of the Rgures

These are presented in Tables 19,

and 21, and also shown graphically in Figures
reveals
that the samples from Nagasaki region, the

and

distance from snout to the insertion of first dorsal

an

average, have largest head length longest

and second dorsal fins followed by Kamakura

region, and Tottori region in that order.

intervals were computed by employing within
Table 19. Results of computations of the regression of head leagth (Y) on bedy length (X) for each region.
SR ST ST e S L SR T S ST T T D e e — e i e e o P A\} — i ,,,‘; o
- Number of . Size Range, s 5 Re . 59, Corf,
Regio, 8 1 . R
egion Samples B, Linm) (mm) () Codt. E O T el
Kamakura i1 724 104-702 156.7 45.8 0.2557 5.7+0.2357N 44.1  5.7046 44.G-44.7
Nagasaki i4 547 114-214 165.5 48.3 0.2514 €.9-+0.2514X 44.56  0.6855 da. 3007
Tattori 4 3L 38.5 0.2634 4.3+0.2604X 45.8  G.63%5 45.6-44.0
Table 11, Results of computations of the regression of distance frem tip of ssont to iasertion of first
dorsal fia ’)) on body length (\) for each region.
e v n
e Number of Size Range, z 5 Reg . . Enoy Coud.
Region Samples N B.L.(mm) (mm) (mm) Coef. ) Xf?;g() YT aterval
Kamakura 11 754 104-202 i85.7 35.4 (.31i¢ GX 55.3  1.0030 50.2-3%. 4
Nagasaki it 542 114-234 162.5 58.8 0.3251 4.7—0.3251X 53.5 1.0100 53.4-55. ¢
Tottori 4 371 09150 126.8 45 0.3253 4.1+90. 325"’X 52.¢  0.8246  57.7-53.
Kamakura! S 523 105-201 156.6 55.3 0.3044 7.6+0. )044‘( 53.3  0.9899 53.2-5%.4
(excluding sample No. i5 and No. 1¢)
;. Based on ¢ samplcs.
Table iz Results of computatioss of the regression of distance from tip of sncut 1o iasertion of
secoad dorsal fia (Y) oa bedy leagth ()\) for each region.
Regi Number of N Sizz Rauge 7 ¥ };em ; f})r 7TJ< ;‘3‘3/0 Cﬁo.;f .7
Regioa Samples. N BL.(mmy  (mm) (mm) Cack. NI Laterval
Kamakura i1 734 104-232 56.7 84.2 0.5074 4.8+0.5074X 8D0.¢ 1.3675 80.8-81.0
Nagasaki 14 517 114-214  166.5 86.7 0.5143 1.1+0.5143X 81.2 1.2845 81.0-81.4
Tottori 4 270 $9-150 1268 70.3 0.5221 .5+0.5221X 80.8 0.0434  80.5-81.1
Kamakura! 10 G685 105-202 156.6 84.3 9.5011 5.8+05.5011X 81.0 1.357¢ 80.6-81. 1
(excluding sample No. 19)

1.

Based on 10 samples.
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Kamakura Region
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Table 13. Analyses of differeaces in head length for cach region.

Sum of Degrees of
Squares Freedom
Individual Reg. (Within) 379. 32 712
Reg. Coefficients 9.63 10
Parallel Reg. (Common) 388.95 722
Adjusted Means 203.09 10
Region Reg. Line (Total) 592.04 732
Nagasaki Regioa Sum of Degrees of
Squares Freedom
Individual Reg. (Within) 237.28 514
Reg. Coefficients 7.95 i
Parallel Reg. (Common) 245. 23 527
Adjusted Means 159. 84 13
Region Reg. Line (Total) 405. G7 540
Tottori Region Sum of Degress of
Squares Freedom
Individual Reg. (Within) 144.98 363
Reg. Coefficieats ' 0.41 3
Parallel Reg. (Common) 145.39 366
Adjusted Means 19.38 3
164.77 369

Region Reg. Line (Total)

Tableid. Analyses of differences in distance from

each region.

Meaa
Square

0.53
0.95
0.54
20. 31

Mean
Square
0. 46
(. 61
0. 47
12.30

F F (0.05)

1.81 1.84

37.61*S 1.84

F F (0.05)

S S ——

1.75

26. 175 1.75

Mean
Square

0.14
0.490
6. 46

tip of snout to insertion of frst dorsal fin for

Degrees of

Kamakura Regioa Sum of Mean F F (0.05)
Squares Freedom Square

Individual Reg. (Within) 701.09 7i2 0.98

Reg. Cozfficients 28. 54 10 2.85 2.61%3 1.84

Parallel Reg. (Common) 729.63 722 i.01

Adjusted Means 47.01 10 4.70 4.G5*S 1.84

Region Reg. Liae (Total) 776.64 732

Nagasaki Region Sum of Degrees of Meaa F F (0.0%)
Squares Freedem Square

Individual Reg. (Within) 517.13 5i4 1.01

Reg. Coefficients 21.88 13 1.€8 1.66 1.75

Parallel Reg. (Common) 539.01 527 1.02

Adjusted Means 40.50 13 3.12 3.06*S 1.75
579.51 540

Region Reg. Line (Total)
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Totlori Region Sum of Degrees of Mean F F (0.05)
Squares Freedom Squarc

Individual Reg. (Within) 248.17 T 363 0.68

Reg. Coefficieats 1.14 3 0. 28 <1

Parallel Reg. (Common) 249.31 366 G.€8

Adjusted Means 87.47 3 26.16 42. 88*S 2.62

Region Reg. Line (Total) 336.78 369

Table 15. Analyses of differences in distance from tip of snout to insertion of second dorsal fin
for each region.

s SIS TS nmswrmosmmmtememeoimeme onoiises oo B R ey

Kamakura Region Sum of Degrees of Mean F F (0.05)

Squares Freedom Square
Individual Reg. (Within) 1208. 54 712 1. 82
Reg. Coefficients 53.43 10 5.34 2.93*S 1.84
Parallel Reg. (Common) 1351.97 722 1.87
Adjusted Means 138. 02 10 13.80 7.58%S 1.84
Regioa Reg. Line (Total) 1488.68 732
Nagasaki Region Sum of Degrees of Meaa F F (0.03)
Squares Freedom Square
Individual Reg. (Within) 839.023 514 1.63
Reg. Coefficients 30.37 13 2.34 1.44 1.75
Parallel Reg. (Common) 869. 40 527 1.65
Adjusted Means 5.75 540 7.44 4.51*S 1.75
Region Reg. Line (Total) 966. 15
Tottori Region ~ Sum of  Degrees of  Mean T F  F (0.05)
o o Squares _ Freedom ___Square B
Individual Reg. (Within) 323.48 363 0.89
Reg. Coefficients 1.71 3 0.57 <1
Paralle]l Reg. (Commoan) 325.19 366 0.89
Adjusted Means 141. 11 3 47.04 52.85%S 2.62

Region Reg. Line (Total) 466.25 369

Table 16. Results of analyses of differences in head length, within and between regioas.

Difference in Re5}5§§'@ﬁ"'s’16pe o ___Difference in Adjusté{ifﬁé;ng

Comparison Degrees of I F (0.05) Degrees of F F(0.05)
, ~_ Freedom - Freedom o o

Kamakura Samples 10, 712 1.81 1.84 N.S. 10, 722 37.61 1.84 S.
Nagasaki Samples 13, 514 1.33 1.75 N.S. 13, 527 26.17 1.75 S.
Tottori Samples 3, 363 <1 — N.S. 3, 366 16. 15 2.62 S.
Kamakura-Nagasaki Samples 24, 1226 1.55 1.52  S. - - - -
Kamakura-Tottori Samples 14, 1075 1.65 1.69 N.S. 14, 1089 32.53 1.69 S.
Nagasaki-Tottori Samples 17, 877 1.48 1.64 N.S. 17, 894 49. 07 1.64 S.

Kamakura-Nagasaki-Tottori Samples 28, 1589 1.54 1.48 S - = — -
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Table 17. Results of analyses of differences in distauce from tip of suour 1o fascrtion of first dorsal
fin, within and between regio.s.

Differeace in Regressicn Slope Difference 12 Adjusted Mcans

Comparison Degrees of I I ({;.().’13 ch]-ces of r F (().(155’
Freedom Freedom
Kamakura Samples 10, 7iv 2.61 1.84 S i, 792 A.65 1.84 S.
Nagasaki Samples 13, 514 1.66 .75 N.S. 1, 827 206 1.75 8.
Tottori Samples 3, 383 <1 -— N.S. S 36 47. 88 2.62 S.
Kamakura-Nagasaki Samples 24, 1226 2.54 1.5% 8. e — —
Kamakura-Tottori Samples 14, 1075 %72 189 S - - —
Nagacaki-Tottori Samples 17, 877 1.55 1.64 N.S. 17, 8u4 12.07 " 1.64 S
Kamakura-Nagasaki-Tottori Samples 28, 1589 2.48 1.45 S, - -
Kamakura Samples? , 695 <1 — N.S. & 813 G. 18 1.¢5 S,

8
(excluding sample No. 15 aad No. 18)

1. Based on ¢ samples.

Table 18. Results of analyses of differences in distance from tip of snoul t¢ insertion of secoad dorsal

fin, within and betweea regions.

Difference in Regression Slope Differeace in Adjusted Means
Comparison . Degrees of —Fﬁ o 1::'z{.4(;3,) - begr’rre‘ész»ﬂmuﬁjﬁ F (0. 0;5

Freedom Freedom
Kamakura Samples 10, 712 2.63 1.84 S. 0, 722 7.8 1.84 S.
Nagasaki Samples 13, 514 1.44 i.75 N.S. i 527 4.51 1.75 5.
Totteri Samples 3, 263 <1 - N.S. 3, 366 52.85 2.62 S.
Kamakura-Nagasaki Samples 24, 1926 2.07 .52 5. — - - —
Kamakura-Tottori Samples 14, 10675 2.82 .69 S, — e — —
Nagasaki-Tottori Samples 17, 877 .47 1.64 N.& 17. 8%4 11.13 1.64 S.

Kamakura-Nagasaki-Tottori Samples 28, 1582 2.11 i.48 S,
Kamakura Samples? g, 663 <1 N.S. g, 672 6.78 1.5 S.
(excluding sample No. 18)

1. Based on i0 samples.

Table 16. Interval estimatc of the adjusted meaus, head length (Y).

Sa;nple i X RSize Mean Body Le'ngth . '\? * 505  xx
o h ange z ¥ for Confidence
B.L.(mm) (mm) (mm) X159 Interval
Kamakura Region

9 73 157-161 146.2 42.¢ 0. 2555 49,1 42.¢-43.3
10 130 105-175 131.6 38.7% 0. 2545 45.4 43.3-43.5
12 75 156-1¢3 160. 2 4G. 8 0.2458 44.2 44.0-44. 4
13 66 126-185 153.0 45.6 0. 2436 44. 8 44.6-45.0
14 83 138-196 168.9 43.5 0.2423 44.7 44.5-44.9
15 €0 125-202 157.5 4€.7 0.2617 44.8 44.6-45.0
17 42 131169 178.5 5i.9 (.2483% i1.4 44.2-44.6
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18 51 156.0 43.5 5. 2656 14.0 3.5-44.
21 45 184 5.2 G.2555 419 Gh.Gdd
22 53 158.9 6.2 6. 3568 13.9 3.7-44.1
25 50 165.4  44.3 6. 2654 414 44.2-44.6
8<0.2557 §—0.7549 Sx?— 208583 A€ (0. 056 —1. 4404
Nagasaki Regioa
4 33 138-172 V7.4 Q5.0 0. 2451 4.7
5 60 150-214 1834 521 0. 5582 45,7
8 43 163-202 1879 52.8 0. 9543 41.5 44.2-44.8
12 59 145-186 160.2  a7.5 0. 7566 40,6 24.7-45. 1
13 69 133-165 158.8  47.3 0.23¢3 3.3 45.3-45.5
15 30 148-187 1670 483 6. 2440 i5.0 44.7-45.5
16 21 152-178 165.6  40.1 0. 2770 44.¢ 44.6-45. 2
18 a4 167-387 1751 51.6 0. 7453 45.3 45.0-45.6
20 30 148-170 159.6 466 0. 2575 41.2 44.0-44.
24 30 175-163 1845 55.5 0.2755 44.8 44.5-45. 1
%6 24 179-167 1864 AT 0. 244t 45.1 44.8-45.4
L7 30 147-182 161.7  47.7 0. 7778 41.8 44, 5-45. 1
o4 32 158-161 177.4  57.1 0. 2364 45.2 5
35 32 114-152 120.5 7.4 0. 2665 44.8 N
3=0.2514 G =1.6855 1(0.05)6 — (. 3408
Tottori Regioa
1 00 106-150 174.8  87.3 9. 2564 4.9 45.7-44.
Z g5 115-148 4.8 4001 0. 2566 4.1 43.6-44.
3 85 00-148 126.5  47.7 0. 2570 45.4 45.0-45.6
4 37 116-149 1237 49.7 0. 263 44.0 45.8-44.7
5=0.2634 G =0.6325 sx2==23917. 66

+ Computed from y+8(X—2)

£(0.05) 7 = 1. 2,87

++ Computed from YiI(0.0S)ﬁ\/]_/N (X —2)?

ex?

Table 20. Interval estimate of the mcans, distance from tip of snout to insertion of first dorsal fin (Y)

Size !

€ Bod): Lc.\gth b
Sample Range 5 b for
B.L.(mm) (mm) (rm) X =150
Kamakura Region
9 73 157-181 146€.2 53.1 0. 2540 55.3
10 130 105-175 131.6 47.3 G. 5058 52.¢
12 75 106-186 1€0.2 56.6 0.5154 3.5
15 65 12-185 i55.¢ 54.5 0. 286 53.6
14 89 158-195 168.6 56.5 0.3112 53.7
15 60 125-202 157.5 55.¢ 0. 3250 53.5
17 42 151-169 178.5 G2.5 0.3018 53.5
19 51 104-202 155. 9 55.2 0. 3276 52.6

95%

Confidence
Interval

. 1-53.
52.7-53.

53.4-53.

52.5-58.

.2-53.
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21 15 155-201 1814 625 0.2931 53.2 52.9-53.5

22 53 193-177 158.9  55.5 0.3007 52.8 52.5-53. 1

25 50 150- 185 165.4  57.¢ 0. 3044 53.2 52.9-53.5
5 ~0.5044 G-0.9869 sx?~137271. 80 £(0.05)d - 1.9402

Nagasaki Region

33 138-172 147.4  52.3 0. 3256 53.1 52. 8-53. 4
5 60 150-214 183.4  64.0 0.3266 53.1 52.7-53.5
8 43 163-202 182.9  64.0 0. 3004 53.3 52.9-53.7
12 59 142-186 160.2  56.8 0.3381 53.5 53.2-53.8
13 69 133-195 158.8  56.5 0.3351 53.6 53.4-53.8
15 30 148-187 167.3  59.1 0.3201 53.5 53.1-53.9
16 31 152-178 166.6  58.9 0.358 53.5 52.1-53.9
18 34 167-187 175.1  61.8 0.2904 53.6 53.2-54.0
20 5 148-170 159.6  56.0 0. 2766 52.9 52.5-53.3
24 30 175-195 184.5  64.4 0.3010 53.2 52.8-53.6
2 29 172-197 180.4  63.7 0.2755 53.8 53.4-54.2
97 30 147-182 1617 56.9 0.3557 53.1 52.7-53.5
34 52 158-191 177.4  62.2 0. 2935 53.3 52.9-53.7
35 32 114-132 120.5  44.5 0.2638 54.1 53.7-54.5
T 5-0.3%51 T 5=1.0100 %7 =75302. 17 T (0.05)6=1.979%
Tottori Region
1 100 109-150 124.8  45.2 0.3311 53.4 55.1-53.7
2 o5 113-148 134.8  48.2 0.3099 53.1 52.9-53.3
3 85 99-149 263 44.4 0.3285 521 51.8-52.4
4 87 110-149 193.7  47.4 0.3203 52.7 52.5-52.9
T f=0.325 §=0.8246  sxi=2351.66 1(0.05)6 = 1. 6162

Table 21. Interval estimate of the means, distance from tip of snout to iasertion of secoad dorsal fin(Y).

gz‘:)mple N Rilrfge Me;'m Body yLength b er S()Jso‘ynoﬁdence
' B.L.(mm) (mm) (mm) X =150 Interval
Kamakura Region

9 735 137-191 149.2 80.8 0.4822 81.% 80.¢-81.5
10 150 105-175 131.6 71.7 0.5030 8.9 80.6-81.2
12 75 136-196 160.2 83.1 0. 4810 81.0 8).7-81.3
13 €6 126-185 153.0 87.7 0.4972 81.2 83.6-81.5
14 8¢ 138-195 168.9  61.2 0.4974 81.7 81.4-82.0
15 €0 125-202 157.5  84.7 0.5124 80.9 83.6-81.2
17 4z 131-199 179.5 ¢5.8 0. 4967 81.0 80.6-81.4
19 51 104-202 156.9 83.8 0.5380 80.1 —
21 45 155-201 181.4 85.8 0.5020 80.1 79.7-80.5
22 53 123-177 158.9 85.0 0. 49355 80.5 83.1-80.9
25 50 150-185 165.4 88.4 0. 4947 80.7 80.3-81.1
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sx?=173240. 80

£=0.5011 5=1.3879
Nagaski Region
4 33 138-172 147.4  80.1 0. 4833
5 60 150-214 183.4  98.6 0.5171
8 43 163-202 182.¢  98.4 0.5113
12 59 142-186 160.2  86.6 0.5437
13 69 133-195 158.8  85.1 0.5094
15 30 148-187 167.3  89.6 0.5298
16 31 152-178 166.6  89.3 0.5126
18 34 167-187 175.1  94.1 0.5599
20 30 148-170 159.6  85.7 0. 4357
24 30 175-1¢5 184.5  €8.9 0. 4640
26" 20 172-197 1804 95.7 0.4774
27 50 147-182 i6i.7  87.0 0. 5527
34 32 158-161 177.4  $5.7 0.4634
35 32 114-139 120.5  66.5 0.5376
£=0.5143 6=1.2845 sx2=75302. 17
Tottori Region
1 100 109-150 124.8  68.5 0.5155
2 95 113-148 134.8  73.3 0.5190
3 89 99-149 126.3  67.8 0.5298
4 87 110-149 133.7  71.8 0. 5090
& —=0.0434 sx%=23917.66

8i.7

81.7
31.2
80.2

t{0.05)4 2. 6203

81.
81.
31.
81.
80.
80.
80.
80.

80.

81,

1(0.05)d =2.5176

1.3-82.
.G-81.

.S-80.
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Fig. 6. Variation in the head length estimated from the regression: the vertical liae indicates the

95% confidence interval for each sample mean. The letters K, N, and Trefer to region
averages for Kamakura, Nagasaki, and Tottori, respectively.
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Variation in the insertion of second dorsal estimated frem the regressicn: the vertical liae

indicates the $5% confidence interval for each sample mean.

CONCLUSION

It has been shown conclusively that;

1. Preservation affects length and weight of
fish and it is preferable to measure fresh fish for
morphometric study. If preservation is necessary,
a minimum period of about 10 days should elapse
prior (o measurement.

9. Variabilities in measuring body parts of fish
due to different measurers and orders are found
to be significant. If morphometric comparisons are
to be made, the measurements should be made by
a trained person or pzrsons on clearly defined body
parts.

3. The jack mackerel collected in Nagasaki
region, on the average, have greatest anal fin ray

and second dorsal fin ray counts, largest head

length, and greatest distances from snout to the
insertion of first dorsal and second dorsal fins
followed by Kamakura and Tottori regions in that
order.

4. At present it is not possible to explain whe-
ther the differences in the selected mristic and
morphometric features discussed in the present
study are genotypic, but it is likely that they are
phenotypic and asscciated with differences in envir-

onmental conditions during early stage of their life.

SUMMARY

The purpose of the present study is to analyze
differences, if any. in meristic and morphometric
features for racial study.

A total of 46 random samples consisting of 2669

fish is examined,, representing three geographic



