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Introduction

The mabled sole, pleuronectes yokohamae, is
distributed in Korea from south coast to west
coast, the northern part of the East China Sea,
and in Japan from southern Hokkaido to Oita
Prefecture in Kyushu. It inhabits sandy - mud
bottoms less than 100 m depth' It is fished
mainly by bottom trawl and gillnets and is an
important commercial fish in several parts of
Korea. The mabled sole, pleuronectes yoko-
hamae, is one of the most important target
species of small bottom trawl fishery in the Yel-
low Sea and a comprehensive study of the fish-

eries biology of this species will be conducted in
near future. The age and growth of mabled
sole, pleuronectes yokohamae, have been stud-
ied in some portions of Korea and Japan2-#),
but no studies have been conducted in the Yel-
low Sea, Korea. Here, the otoliths of mabled
sole,pleuronectes yokohamae, which have been
collected during the investigation of the fish-
eries biology in the Yellow Sea, were utilized to
examine the age and growth of this species.
Although the number of samples is not large
enough and the collection period is rather long,
some useful information of age determination

and growth was obtained.
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Materials and Methods

Otoliths of mabled sole, pleuronectes yoko-
hamae, collected from small commercial fishing
boats in approaches to Kyongyolbiyolto, the
Yellow sea from September 1992 to August
1993 were used for age determination. A total
of 271 specimens was examined and 256 of
them had readable otoliths. The specimens
were measured to the nearest mm body length
and weighted to the nearest g. The body
lengths were from 150 to 384 mm and 150 to
450 mm for male and female fish, respectively.

All otoliths removed from the fish were kept
in glass vials. Some of the otoliths, especially
the larger ones were ground until the opaque
and hyaline zones could be seen clearly. Small-
er otoliths did not require grinding. The
otoliths were placed in a watch glass with black
background containing glycerine to facilitate
reading. They were examined using a Meiji
techo Model 1 microscope with reflected light
and measured to 0.01 mm with a built- in
measuring device. Of each otolith pair, those
from the blind side of the fish were found suit-
able for reading and used for measurement.
The radius and the ring radii were measured
from the center of the nucleus to the distal
margin of the otolith and to the outer margins
of the hyaline zones, respectively.

Monthly changes in percentage occurrence of
otoliths with opaque and hyaline margins were
examined. Observations were made using 256
otoliths from fish less than 6 years old out of the
271 otoliths used for age determination and 15
additional otoliths from fish of unknown sexes.

Results and Discussion

Monthly changes in percentage occurrence of
the otolith with opaque and hyaline margine

are shown Fig. 1. The opaque zone begins form-
ing from February to April and ends in June.
From July to January only the hyaline zone
appeared. Therefore, the hyaline zone forma-
tion is completed in the period from February
to April. This period coincides with the end of
the spawning season(December to February) in
approaches to Kyongyolbiyolto of the Yellow
Sea, Korea(Park, unpublished). These data
indicate that the hyaline zone can be used as
annulus for age determination.

The relationship between otolith radius and
body length is shown in Figs. 2 and 3 as a
straight line. The corresponding equations are ;

Male : BL=87.664R —2.6053(r?=0.790)

Female : BL=86.589R ~ 19.338(r2=0.843)

where BL is body length in mm and R is
otolith radius in mm. Analysis of covariance
showed no significant difference in slopes
between males and females. Therefore, the
data were treated separately for each sex.

The relationship between body length and
total length is shown in Fig.4.

The equations are as follows :

BL=1.1598 TL+5.8317(r?=0.9966)

Percentage of occurrence(%)

10 12

2 4 6 8
Month

Fig.1. Monthly changes in percentages of occur-
rence of otoliths with hyaline margine for
mabled sole, pleuronectes yokohamae, from
Kyongyolbiyolto(© : male, @ : female)

A86_



Age and Growth of the Marbled sole pleuronectes yokohamae,
in Approaches to Kyongyolbiyolto of the Yellow Sea, Korea

400 - — —

350 *+

300

250

e S

200

Bady Length(mm)

150

1
o0 y = B7.664x — 2.6053

! R? = 0.7904
50

;
|
o b— ‘
0 1 2 3 4 5
Otolith Length{mm)

Fig.2. Relationship between otolith radius and
body length for male mabled sole, pleu-
ronectes yokohamae, from Kyongyolbiyolto.
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Fig.3. Relationship between otolith radius and
body length for female mabled sole, pleu-
ronectes yokohamae, from Kyongyolbiyolto.

Covariance analysis showed no signiﬁcant
difference between male and female fish in
either slopes or adjusted means.

Most of fish examined were found to be not
more than three years old, although the oldest
fish were 5 years old for males and 6 years old
for females. The mean radius of each successive
otolith ring at each estimated age for males
and females is shown in Table 1 for male and
Table 2 for female.

From this result it is known that Lee’ s phe-
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Fig.4. Relationship between body length and
total length for mabled sole, pleuronectes
yokohamae, from Kyongyolbiyolto.

nomenon is not present and therefore the
weighed mean radius of each ring was calculat-
ed and used to back calcalate fish length. The
mean body length back ~ calculated from otolith
measurements at each annulus is shown in
Table 3.Von bertalanffy growth equations calcu-
lated using back - calculated lengths are :

Male Lt=313.7[1 - exp{ - 0.4342(t+0.0971)}]

Female 1.t=458.7[1 — exp{ — 0.2368(t+0.1934)}]

The body lengths at each estimated age cal-
culated from the above equations are also
shown in table 3. It was found that there is a
difference in growth between males and
females, where the female fish show a higher
growth than the male fish for fish greater than
2 years old.(Fig.4)

The relationship between the body length
and body weight is shown in Fig.6. Covariance
analysis showed no significant difference
between male and female fish in either slopes
and adjusted means. therefore, the data were
pooled and the relationship between the body
length(L, mm) and body weight(W, g) estimated
as follows :

W=2L30183x 105 (r’=0.9473)
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Table 1. Mean otolith ring radii(+SD) at estimated age for male mabled sole, pleuronectes yokohamae in
Kyongyolbiyolto, Korea

Estim ated age N* Mean otolith ring radii in mm

ry ry ry ry rs

1 33 1.35+0.23

2 33 1.40+0.70 2.1910.22

3 3 1.40+0.36 2.10+0.24 2.82+0.09

4 2 1.50+0.30 2.20+0.12 2.70+0.11 3.01+0.10

5 1 1.45 2.08 2.62 3.0 3.21
weighted 1.38 £0.20 2.14+0.22 2.71+0.12 3.01+0.09 3.21

mean
N 72 39 6 3 1

N*, number of fish examined.

Table 2, Mean otolith ring radii(+SD) at estimated age for female mabled sole, pleuronectes yokohamae, in
Kyongyolbiyolto, Korea

Estim ated N* Mean otolith ring radii in mm

age r Ty r3 T4 5 3

1 33 1.65+0.29

2 72 1.5420.25  2.29+0.32

3 50  1.53+0.16  2.33+0.30  3.10+0.29

4 13 1702020  2.48+0.25  8.07+0.25  3.55+0.32

5 10 1.65+0.26  2.46+0.25  3.13+028  3.71+0.36  4.15+0.41

6 6 1554018  2.35+0.28  2.95+0.26  3.41+031  3.79+0.33  4.23+0.34
weighted 1.60£0.26  2.33+0.31  3.09+0.29  3.58+0.35  4.00£043  4.23+0.34
m;‘:“ 184 151 9 29 16 6

N*, number of fish examined.

table 3. Mean back calculated body lengths(mm) at estimated age and these predicted using von
Bertaranffy equation for mabled sole, pleuronectes yokohamae in Kyongyolbiyolto.

Estimated back - calculated from Predicted using von

age radius of otolith ring bertalanffy growth equation
Male Female Male Female
1 118.4 119.2 118.9 112.9
2 185.0 182.4 187.5 185.8
3 235.0 248.3 231.9 243.4
4 261.3 290.7 260.7 288.8
5 278.8 327.0 279.4 324.6
6 346.9 352.9
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Fig.5. von bertalanffy growth curve for male and
female mabled sole, pleuronectes yoko-
hamae, from Kyongyolbiyolto.The data
points(O : male, ® : female) are back cal-
culated body length at estimated age.
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Fig.6. Relationship between body length and
body weight of mabled sole, pleuronectes
yokohamae, from Kyongyolbiyolto.

The von Bertalanffy growth equations for
body weight are as follows :

Male

Wt=678[1 - exp{ - 0.4342(t+0.0971)}13.0163

Female

Wt=2133[1 - exp{ - 0.2368(t+0.1934)}]3.0163

The age and growth of the fish were estimated
precisely using well known procedures. Howev-

er, the author believe it is important to under-
take further validation studies to assess the
accuracy of age determination.

Fish in approaches to Kyongyolbiyolto of the
Yellow sea, Korea have a larger L~ and a larger
length at each age for both male and female fish
than those in Tokyo Bay** and Suo — nada of Seto
Inland sea? In Kyongyolbiyolto L» was 313.7 mm
and 458.7 mm for male and female fish, respec-
tively, while corresponding values for Tokyo bay
were 255.7 mm and 376.9 mm. In Ise bay”, the
oldest age for male and female fish was 5 and 6,
respectively, as in Kyongyolbiyolto.

The author found it difficult to compare my
results with those from Ise Bay” due to the differ-
ence in the procedure of the growth estimation.
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