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Stock structure of walleye pollock, Theragra chalcogramma,
around Hokkaido and Sakhalin in the term of mitochondrial
DNA RFLP

Masami MIZUNO ° Takanori KOBAYASHI ° Takashi MATSUISHI ‘Keiji MAEDA ° and Keniji SAITOH °
j

For the understanding about stock structure of walleye pollock, Theragra chalcogramma, around Hokkaido and
Sakhalin, variation in mitochondrial DNA (mtDNA) was examined via restriction endonuclease digestions in 196
walleye pollock from 7 areas.

Ten enzymes produced variant restriction patterns both within and among populations, and significant
differences in their haplotype frequencies were detected between walleye pollock from off the east coast of Sakhalin
and the others, therefore its genetic independence was estimated. But all of their genetic divegences in terms of
nucleotide substitution were fairly small..

From these evidences, we could draw tentative conclusions about stock structure of walleye pollock around
Hokkaido and Sakhalin, that a genetically distinct population existed in the Okhotsk Sea, and that among stocks
of around Hokkaido and Sakhalin either genetic differentiation was not so progressed or genetic exchange
occurred.
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Introduction

Walleye pollock, Theragra chalcogramma, is one of
important fishery resources and therefore various
studies have been made for its stock structure. About
the stocks of walleye pollock around Hokkaido and
Sakhalin (South) the 3 following stocks have been
recently recognized (Sakurai et al., waiting for
publication):

I. Northern Japan Sea Stock inhabiting from the
Northern Littoral Province to the West of Hokkaido and
Sakhalin and off Niigata Pref.

2. Off Kitami Stock inhabiting from the East of
Southern Sakhalin to the East of Hokkaido and Nemuro
Strait, and

3. Pacific Stock inhabiting from the South of the
Southern Kuril Islands to the South of Hokkaido and
the East of the Tohoku District.

It is also pointed out that among them there are
several local stocks, characterized by body length, age
structure, number of vertebrae, length ratios of
various parts of the body, spawning season etc. and
several different stocks are mixed togethert234, On
the other hand, such a phenomenon was pointed out
that in the neighboring sea areas such as Japan Sea
side and Pacific Ocean side at the Southern Hokkaido
the amount of pollock resources increased, when that
of the other side increased and the characteristics of
the caught fish were similar, too®. There were also facts
that tagged fish were caught in another sea area®. Thus
there is another theory that the mobility of stocks is
relatively large. Like these, there are points left
obscure in the stock structure of walleye pollock around
Hokkaido and Sakhalin.

As a result of isozyme analysis of walleye pollock
around Hokkaido, no clear differentiation of stocks was
observed. However, as a result of a study about genetic
exchange between the stocks through analysis of mito-
chondria DNA (mtDNA) of walleye pollock around
Bering Sea, a distribution of different stocks reflecting
the aspect of ocean current was suggested”. Now we
report the mtDNA analysis to study genetic exchange
of walleye pollock around Hokkaido and Sakhalin.

Materials and Methods

Prespawning groups of walleye pollock, Theragra
chalcogramma, caught in various areas (Fig. I) around
Hokkaido and Sakhalin were analyzed as samples.
Preservation of samples and purification of the total
DNA were performed by a modification of the method
of Asahida et al.» Until DNA purification they were

stored at 3 or room temperature in shading a light.
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Fig. 1 A map showing sampling areas of walleye
pollock, Theragra chalcogramma,around
Hokkaido and Sakhalin
Abbreviations of sample names and their
sampling dates are as follows;

SW: Off the west coast of Sakhalin Apr.26.1994
RB: Off the Rebun Island Feb.26.1995
KH: Off Kumaisi Jan.25.1994

SE: Off the east coast of Sakhalin
Jun.a.1995

MN: Off Monbetu Jun.3-4.1995

RU: Off Rausu Mar.6.1996

May.31-
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After the tissues were completely solubilized at room
temperature by adding proteinase K, DNA was
extracted several times with phenol - chloroform, and
added with ethyl alcohol to precipitate and recover. They
were dissolved in 10 mM TrisCl - 1 mM EDTA solution
(pH 8.0) and added with the same amount of
chloroform and stored at 4 until being used. No
decomposition was observed for at least 4 years in the
DNA purified and stored in such a way.

Southern Hybridization was adopted for mtDNA
RFLP pattern analysis of each sample. Purification of
mtDNA of walleye pollock to prepare probes for that
was performed by a modification of the method of
Numachi et al.» as follows. Fresh adult female walleye
pollock caught by No. 81 Eishin-Maru, an offshore
Danish seine boat, in January 1994 in the Japan Sea
off Wakkanai (near 45° 40'N 140° 50'E) were used as
material. 10 g of ovary was homogenized in a sucrose
solution with weakly high osmosis. Crude mitochondrial
fraction obtained by centrifugal fractionation was
treated with cesium chloride ultra centrifugation to
purify mtDNA. Then mtDNA was digested by the
restriction enzyme Hind  and isolated as fragments
of 5.55kbp, 5.45kbp, 2.91kbp, 1.88kbp and 1.05kbp.
These were ligated to the plasmid vector pBluescript
SK(+), and E. coli HB101 strain was transformed by
them. The clones were incubated so that several
hundred p g of fragments would be obtained. Inserted
fragments were isolated from the vector, mixed so that
each fragment would be of the same molar concentration
and labeled with digoxigenin by random priming (DIG
DNA Labeling kit: Boehringer Mannheim) for use as a
probe.

10u g of DNA of each sample was digested in 100y |
of the reaction solution by using 10 units of each
restriction enzyme (supplied by Takara Shuzo). Then
DNA was electrophoresed with 45 mM Tris - 45 mM
boric acid - 1 mM EDTA - 0.7% agarose gel. According
to the usual method DNA was transferred to a nylon
membrane filter (Hybond N: Amersham) and fixed by
irradiation of ultraviolet. According to the usual
method , prehybridization was done under the
presence of 35% formamide at 42 for 2 hours,
digoxigenin-labeled mtDNA was added to be 10 ng/ml
concentration as a probe, and after 15 hours the

membranes filter was washed (65 , 3 timesx 30

minutes with 30 mM NacCl - 3 mM sodium citrate - 0.1%
SDS solution). Then membrane filter was dipped in the
blocking reagent for ELIZA (Boehringer Mannheim) (30
minutes), added with anti-digoxigenin
alkaliphosphatase (Boehringer Mannheim) (30 minutes)
and washed (3x 30 minutes in 50 mM TrisCl - 150 mM
NacCl solution (pH 7.4) ). Having been colored by
addition of 5-bromo-4-chloro-3-indolyl phosphate as
substrate under the presence of nitrobluetetrazonium,
electrophoretic images of mtDNA were observed.
Using primer pairs'» in D-loop area on mtDNA
including the vicinity, DNA fragments obtained from
walleye pollock through polymerase chain reaction
(using exTss DNA polymerase, Takara Shuzo) of 30
cycles of 94  for I min. 50 for 2 min. and 72 for 3
min, were labeled with digoxigenin. On the other hand,
fragments near NADP dehydrogenase subunit 4 on
mtDNA cloned from Japanese flounder, Paralichthys
olivaceus, (Saito et al. unpublished) were labeled with
digoxigenin. When a restriction enzyme site map was
constructed, they were used as standard to identify the
local relationship of each fragment by surveying if

hybridization occured between them and each fragment.

D-LOOP Regioh

Walleye Pollock
Prull Mitochondrial DNA

Fig.2 Schematic restriction map of walleye pollock
mtDNA
Enzyme names enclosed with squares are
indicate sites in which polymorphism were
detected.
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Table 1 Molecular weight(kbp)estimation for restriction
fragment of walleye pollock mtDNA produced
by the eleven endonucleases listed below.

Bell Pst1
A B A B
16.62 6.85 6.85
14.34 3.65 3.66
242 3.3
16.62  i6.76 3.07
1.6 1.6
1.3 1.3
0.4
0.2 0.2
16.9 17.0
Xbal Prull
A B C D B A B C
9.88 8.34 8.34
7.78 773 7.7t 7.00
5.28 6.00
4.60 46 4.60 4.60 4.60 4.05 4.65
2.5 1.96 1.95
2.4 1.5 1.5 L5
218 2.19 2.19 2.19 1.4
2.15 2.15 2.15 1.0 10 10
1.5 16.8 16.9 16.8
0.7
0.2 0.2 0.2 0.2
16.9 16.9 16.9 16.9 16.9
EeoR 1 EcoRV.
A B A B
8.38 15.2
8.38 8.07
4.25 7.10
4.16 1.70 170
168 16.8 16.9 16.9
Hind H Dral
A B A B C
5.66 5.65 7.35 7.35 7.35
5.56 5.65 6.88
4.80 3.72
2.92 3.18 3.16
188 2.70 270 2.70
1.05 1.06 2.87
16.9 16.9 1.36
16.9 16.9 16.9
Apal Byl
A B [} D A B [ D jof
9.19 9.19 9:20 6.85 10.5
.70 9.6
4.21 4.20 8.6
3.92 7.2 7.2
3.48 348 3.48 6.3 8.3 6.3 6.3
2.42 59
03 3.3 3.3
16.9 16.9 16.9 16.8 1.9
13
16.8 16.8 16.8 16.8 16.8
Sacl
A
15.1
1.7
16.8

Results

Restriction enzyme map in mtDNA

Length of mtDNA fragments formed by 11 kinds of
restriction enzymes obtained by the present study was
analyzed and a recognition site map of each restriction
enzyme in walleye pollock mtDNA was constructed.
There existed nearly 50 recognition sites of restriction
enzyme in mtDNA of total 196 individuals caught at 3
areas in the Japan Sea, 3 areas in the Okhotsk Sea,
and 1 area in the Pacific Ocean (Fig.2). All of used
restriction enzymes were 6-base recognizing enzymes,
so the analysis in this study corresponded to about 300
base pairs (bp) which is about 2% of the total mtDNA
length ca. 17,000. It had been known that polymorphism
occurred frequently in D loop area®, but polymorphism

Table 2 Mitochondrial DNA haplotypes observed in
walleye pollock around Hokkaido and Sakhalin
Abbreviations are the same as ones in Figure
1.

Haplotype
AAAAAAAAAAA
AAAAAAAAABA
AAAAAAAAACA
AAAAAAAAADA
AAAAAAAAAEA
AAAAAAAABAA
AAAAAAAABBA
AAAAAAAABCA
AAAAAAAACAA
AAAAAAABAAA
AAAAAAABACA
AAAAAABAAAA
AAAAABAAAAA
AAABAAAAAAA
AAACAAAACAA
AACAAAAAAAA
ABAAAAAAAAA
ABAAAAAAABA
ABAAAAAABAA
BAAAAAAAAAA
BAAAAAAAABA
BAAAAAAAACA
BAAAAAAAAFA
BAAAAAAABAA
BAAAAAAABBA
BAAAAAAACAA
BAAAAAAACCA
BAAAAAAADBA
BAAAAAAABEA
BAAAAAABAAA
BAAAAAACBAA
BAAAAAACABA
BAAABAAAAAA
BAABAAAAAAA
BABAAAAAACA
BADAAAAAAAA
BBAAAAAAABA
BBAAAAAABBA
BBDAAAAAAAA

Total
Numerals indicate the number of indivi ing each haplotyp
The letters indicating haplotypes refer to the pelymorphic profiles for each enzyme;
1st: Bgl I, 2nd:Pst 1 ,3rd:Xba I, 4th: Pvu I, Sth: Eco R 1, 6th: Eco RV, Tth: Hin d1I,
8th:Dra I ,9th:Ape 1,10th:Bgf 1, 11th:Sac I

w)|
e

Kcocacc:cc»-=====r—te:eacc»—-c»—»—:acu:c»—eeeezé
gleesoo~ocochoonosscuswss~ocroo0coeess s e ilf
gcocoee:e»—Ncgcccocc.—u-'—eeee»—-eoc:cccccccgg

gooooeommuocoomoo0oOoRocO0O MO0 CONOONDORORORR R ~alf
‘,:,‘cco-eec»—-eme»—-o.-No:cmaeeeeeeeecccccccccoﬁ%

ge-—-cccc:cc»—oco-eeeeumecccco—coooeeeev—tea;g

B oo oo e e CE e mr RN S S m e m D OO -

by each restriction enzyme were observed at whole
mtDNA among and between samples in this study.
However, by Sac no polymorphism was observed

(Table 1).

Uniformity of samples

About the uniformity of haplotype frequencies of each
sample(Table 2) x 2 test by Montecarlo simulation,
designed by Roff and Bentzen, was performed. For
the total of 7 samples,x 2 assumed to be uniform was
249 and its probability was 4.6% and therefore it was
judged that there were significant non-uniform(s) at the
risk rate of 5% in the samples of present study (Table
3). As aresult of similar 1 versus 1 test between each
other sample, the lowest probability in all the 21
combinations was 1.4%. Because the significance level of 5%
/21= 0.23%, as 21 comparisons should be done, for
individual combination for the judgement at 5% was
settled (Benferroni method)'®, no significant
non-uniformity was observed (Table 4). However,
the probability to be uniform tended to be small in
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Table 3 Result of chi-square test for homogenity among
samples of walleye pollock
Probability is estimated from simulated
chi-square calculated by the Monte Carlo
approach(Roff and Bentzen 1989)
Abbreviations are the same as ones in Figure

1.
Compared Simulated
samples chi-square Probability
KM,RB,SW,SE,MN,RU,SK 249 0.046

Table 4 Results of chi-square tests for homogenity
between samples of walleye pollock
Numerals indicate probability ,estimated from
simulated chi-square, calculated
by the Monte Carlo approach(Roff and Bentzen

1989)
Abbreviations are the same as ones in Figure
1.
KM RB SW  SE MN RU SK
KM 044 096 010 017 027 0.78
RB 034 0042 014 013 0.12
SwW 021 072 053 0.95
SE 0.032 0.014 0.022
MN 0.18  0.60
RU 0.28

SK

Table 5 Results of chi-square tests for homogeneity
among or between samples of walleye pollock
Probabilities are estimated from simulated
chi-square calculated
by the Monte Carlo approach (Roff and Bentzen

1989)

Abbreviations are the same ones as in Figure

1.

Compared samples Probability

KM vs RB+SW+SE+MN+RU+SK 0.62
RB vs KM+SW+SE+MN+RU+SK 0.39
SW vs KM+RB+SE+MN+RU+SK 0.61
SE vs KM+RB+SW+MN+RU+SK 0.012
MN vs KM+RB+SW+SE+RU+SK 0.49
RU vs KM+RB+SW+SE+MN+SK 0.78
SK ve KM+RB+SW+SE+MN+RU 0.14
KM,RB,SW, MN,RU,SK 0.16
(KM,RB,SW,SE MN,RU,SK 0.046)

Table 6 Percent nucleotide divergence between samples
of walleye pollock estimated from nucleotide
difference based on mtDNA restriction sites
(Nei and Li 1979)

Abbrevitations are the same as ones in Figure

1.

KM RB SwW SE MN RU SK
KM 0 0.0158 0.0101 0.0304 0.0307 0.0164 0.0118
RB 0 0.0095 0.0169 0.0160 0.0190 0.0096
sSwW 0 0.0186 0.0135 0.0123 0.0024
SE 0 0.0086 0.0244 0.0150
MN 0 0.0170 0.0126
RU 0 0.0077
SK 0

combinations of the East of Sakhalin and others.
Moreover, in the test about the total except the East of
Sakhalin, no significant non-uniformity was observed.
Therefore, every sample other than the East of
Sakhalin was combined and a similar test was done
with the East of Sakhalin at 1 versus 1, then the
probability to be uniform was 1.2% and a significance
was observed at the significance level of 5% (Table
5). No significant non-uniformity was observed
between another sample and the combined samples
other than it. Therefore, the sample of the East of
Sakhalin was judged as significantly heterogeneous
from others.

Genetic distances based upon nucleotide substitution
ratios

Based upon the ratio of common restriction sites
among each haplotype and haplotype frequencies of each
sample, the nucleotide substitution ratio® was
calculated between each sample and the genetic
distance was estimated (Table 6). Above all, between
East of Sakhalin (or off Monbetsu) and off Kumaishi
the nucleotide substitution ratio was large. And the
nucleotide substitution ratio were relatively large as
0.0126% to 0.0244% in the combinations of the East of
Sakhalin (or off Monbetsu) and others. However, these
were all smaller compared with the results from an
investigation around Bering Sea (0.215% to 0.539%) 7
at a similar scale as the sampling area of present study.
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Discussions

As a result of mtDNA analysis of this study, only the
sample of the East of Sakhalin was judged as
significantly heterogeneous from others throughy 2 test.
Therefore the spawning group(s) of the East of Sakhalin
is considered to be highly probable of being genetically
independent from other spawning groups around
Hokkaido and Sakhalin. It was reported that walleye
pollock eggs had been concentrated in the northern area
of the Okhotsk Sea at spring. So, it is presumed that
there were large reproductive population(s) in the
northern Okhotsk. To reveal the relations between them
and the southeast group(s) genetic comparison would
be necessary. However, nucleotide substitution ratios,
obtained in present study, were generally low and even
between the East of Sakhalin and others. This is
speculated as, in the contrary to that the x 2 test was
based upon the incidence of haplotype, calculation of
nucleotide substitution ratios based upon both it and
the ratios of restriction enzyme recognition sites
common among haplotypes:®. In the results around the
Bering Sea”, there were many polymorphisms among
restriction sites, and the haplotypes were 65, nearly
twice of the results of this study. Therefore nucleotide
substitution ratios were relatively large as 0.2% to 0.6%.
And, because the polymorphisms by two restriction
enzymes in one sample were moderately different from
others in the study of the Bering Sea , nucleotide
substitution ratios in the combinations of significant
non-uniformity in they 2 test became large. On the other
hand, in the present study, because polymorphisms of
restriction enzyme sites were not so many as those of
the Bering Sea, then the ratio of common restriction
sites among each haplotype was high (Table I), and the
number of haplotypes was only 39. Therefore nucleotide
substitution ratios became small. The reason, why
nucleotide substitution ratios between the East of
Sakhalin (or off Monbetsu) and others were relatively
large, was considered to be that the polymorphism
frequency by the restriction enzyme Bgl in them was
particularly different from other samples. In addition,
while significant differences were shown in a result of
isozyme analysis of walleye pollock from the Gulf of
Alaska and the Eastern Bering Sea!®, no clear
difference among each group in a result of isozyme

analysis of walleye pollock around Hokkaido and
Sakhalin from 1968 to 1970v. From these evidences, it
is estimated that the genetic differentiation is not so
progressed among walleye pollock stocks around
Hokkaido as those around Bering Sea. Therefore, it is
difficult to consider the genetic distance of walleye
pollock from the nucleotide substitution ratios obtained
in present study. But it is to be emphasized that the
stock of the East of Sakhalin was heterogeneous which
became known as a result of thex 2 test.

The spawning group in the Sea of Okhotsk at the East
of Sakhalin was highly probable to be genetically
independent from others investigated in this study and
we shall call it as Southeast Sakhalin Stock. Among
others, it may be estimated that not so much time has
passed since a stock was differentiated, or that there is
genetic exchange to some extent. However, from an
analysis of D loop in walleye pollock mtDNA, a
significance was observed in the incidence of
restriction fragment polymorphism at the Japan Sea
and the Pacific Ocean of off Hokkaido (Yanagimoto,
personal communication). So there may be a
possibility that other genetic independence would be
shown by the analytical method in walleye pollock
around Hokkaido and Sakhalin,. In Atlantic Cod
(Gadus morhua), also belonging to Gadiformes as
walleye pollock, it was shown that there was a
difference among the stocks off Newfoundland, for which
no genetic difference had been observed, through
polymorphic analysis of microsatellite DNA,
Accordingly, it is considered that the more investigation
through the other DNA analyses would be performed,
the more elucidation about the stock structure of
walleye pollock around Hokkaido and Sakhalin would
be progressed.
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Utilization of Scallop Visceral Meal in the Diets for Fingerling Japanese Flounder,
Paralichthys olivaceus

Shingo ASO’,Masahiko KITAGAWA ,Setsuo SAITO  and Tatsunari MORI

A feeding experiment was conducted to evaluate the nutritional value of scallop visceral meal (SVM) in diets for
fingerling Japanese flounder,Paralichthy olivaceus. In the control diet,brown fish meal (BFM) was used as the solo
protein sourse (OSVM). In the experimental diets,the BFM protein in the control diet was isonitrogenously re-
placed by;SVM at the 10% level (10SVM);and SVM at the 20% level (20SVM). These diets were fed to satiation to
fingerling Japanese flounder with an initial mean weight of 0.25g for 8 weeks at 17-22 . The final mean weight of
the fish fed the 20SVM was similar to that of the control group. No difference was observed between the fish fed
the 20SVM and the control diet (0SVM) in the body composition and hematological characteristics. These
findings suggest that SVM can substitute 20% of BFM protein with the most effective utilization of dietary

protein.
SVM(Scallop Visceral Meal)
(BFM:Brown Fish Meal) 100
( ) Table 1 Formulation of the experimental diets (%)
s Ingredients OSVM 10SVM  20SVM
Brown fish meal 80.6 73.1 65.4
Scallop visceral meal 9.8 19.8
1996 Pollock visceral oil** 3.1 2.0 1.0
o cassava starch 8.3 7.1 5.8
Vitamin mixture 4.0 4.0 4.0
Mineral mixture* 4.0 4.0 4.0
0.5 “ FEED OIL Q produced by Riken Vitamin Co.,Ltd.
2 Matunorin M-22 produced by Matsuyakagaku Co.,Ltd.
= Vitamix C produced by Marine project Co.,Ltd.
6) = Ogino et al.
(0OSsvM) BFM 10
20
(10SVM 20SsVM) R
Imm 2mm 3mm 3
BFM
Table M-22

314 (2000 2 3 )
Hokkaido Central Fisheries Experimental Station,Yoichi,Hokkaido, 046-8555, Japan
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Cc Table 2 Amino acid and proximate compositions of dietary

n protein sources(% in whole amino acids)
BFM* SVM*2
Amino acid composition
0.25¢ Arginine 6.37 7.18
1,100 (550 x2 ) 1 FRP Histidine 2.34 2.25
1 4 6 1 Isoleucine 4.62 4.88
Leucine 8.17 8.00
4 10 1998 7 Lysine 8.30 7.39
8 17 Methionine 2.99 2.41
22 20.6 1 1/2Cystine 1.10 1.49
Phenylalanine 4.47 4.69
2 1 400 4 250 6 Tyrosine 4.05 5.10
100 Threonine 4.96 5.70
Tryptophan 1.29 1.16
valine 490 ¢ 514
Alanine 6.35 5.25
2 Aspartic acid 10.14 10.90
® Glutamic acid 14.46 13.36
6 Glycine 6.45 5.78
Proline 4.19 4.08
-7 serine 486 ¢ 5.24
EAAI 100 100
0 Proximate composition (%)
Moisture 9.2 2.3
() SLs B Crude protein 66.3 55.5
5 Crude fat 8.9 17.2
10000rpm Crude ash 14.5 16.6
Crude sugar 1.0 2.7
p 0.05 1 BFM brown fish meal.
2 2 SVM scallop visceral meal.
Table 3 General and amino acid compositions of
0SVM 100 . . . . .
experimental diets (% in whole amino acids)
OSVM 10SVM  20SVM
Amino acid composition
Arginine 6.29 6.79 6.42
Histidine 2.24 2.22 2.25
Isoleucine 4.54 4.53 4.55
Table2 BFM SVM Leucine 809 803 803
BFM 100 EAAI( Lysine 7.87 7.72 7.68
) SVM 100 Methionine 2.84 2.83 2.74
1/2Cystine 1.00 1.05 1.07
BFM 66.3 SVM Phenylalanine 4.52 4.47 4.50
55.5 BFM 8.9 Tyrosine 4.25 4.22 4.46
SVM 17.2 Threonine 4.96 5.00 5.09
Tryptophan 1.33 1.24 1.14
Tables Valine 4.87 487 487
Alanine ¢ 6.65  6.59 6.48
3 Aspartic acid 10.19 10.19 10.32
Fig.1 Glutamic acid 14.45 14.28 14.13
Glycine 6.68 6.68 6.64
0SVM  10SVM  20SVM Proline 430 436 456
3 Serine 492 491 507
Tablea  Nutrient on dry matter basis (%)
Crude protein 58.4 58.8 58.8
0SVM  10SVM Crude fat 115 117 113
20SVM 15.6g 15.7g 15.3g Crude ash 16.7 16.9 16.9

2 0SVM Crude sugar 11.9 8.7 7.9




20 r —8—0SVM
—o—10SVM
15 F —A— 205VM

Average body weight ( g )
=

10SVM

0 2 4 6
Cultured period (weeks)

Fig.1 Changes in the average body weight of Japanese

flounder fed the experimental diets for 8 weeks

20SVM 2 74% 76%

4 95%
0SVM 100

20SVM 110 104

48~52%
Table 5 10SVM
0SVM 20SVM
Table 6
3

Table 4 Growth performance of Japanese flounder fed

the experimental diets

OSVM 10SVM  20SVM
Average body weight (g)
Initial 0.25+ 0.01+
Final 15.6+ 4.8°% 15.7+ 4.6* 15.3t 5.1°

Survival (%)
Feed efficiency

74~100 86~100 76~100

100

Apparent digestibility of protein(%) 52

110
48

104
51

1 Meant SD (n=100).

2 Values with the same superscripts are not significantly different(p<0.05).

Table5 Whole body compositions of Japanese flounder fed

the experimental diets(%)

0SVM 10SVM 20SVM
Moisture 76.1+ 0.5°* 76.5+ 0.5° 76.4+ 0.3
Crude protein (Nx 6.25) 16.6+ 0.4° 16.2+ 0.3° 16.7+ 0.3*
Crude fat 3.0+ 0.6* 3.2+ 0.4° 2.6+ 0.3*
Crude ash 3.8+ 0.2° 3.8+ 0.3* 3.8+ 0.3*

1 Meanz SD (n=10).
2 see the footnote of Table 4.
s see the footnote of Table 2.

Table 6 Hematological characteristics of Japanese flounder

fed the experimental diets

0SVM 10SVM 20SVM
Hematcrit (%) 23.9+ 2.9"* 24.4+ 2.6 24.1+ 1.9°
Hemoglobin(g/100ml) 4.7+ 0.8° 4.7+ 0.3* 4.1+ 0.6*

1 Meant SD (n=5).
2 see the footnote of Table 4.

11
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Material characteristics of the unutilized brown seaweed, Costaria costata, Alaria praelonga and
Cystoseira hakodatensis.

Akiko MIYAZAKI *,Koji TSUJI *,Tadashi OHORI * and Kouhei NISHI °

We have a lot of unutilized seaweeds in the shore of Kushiro, so we'll make some food from them. We
investigated the material characteristics of some brown seaweeds, Costaria costata, Alaria praelonga and Cystoseira
hakodatensis. The following results were obtained:

1. Their main components were alginate and ash.

2. We couldn't get a good broth from them because they included a glutamic acid, but only 30% of Laminaria
diabolica.

3. The monthly variation of alginate in Alaria praelonga, Costaria costata and Cystoseira hakodatensis were 30-
36%, 28% and 20-25%, respectively.

4. The monthly variation of the ratio of D-mannuronate to L-guluronate (M/G ratio) on Alaria praelonga, Costaria
costata and Cystoseira hakodatensis were 2.2-1.2, 2.6-1.2 and 1.2-0.6, respectively, they decreased from June to
July all at once.

5. The alginate formed from Alaria praelonga and Costaria costata contained more than 40% of a block structure of
mannuronate residues (MM block), while Cystoseira hakodatensis contained 20-30% of it. Other factor such as
their block structure of guluronate residues (GG block) increased from July.

6. The variation of alginate content and M/G ratio were not related.

1
Costaria costata
Alaria praelonga Cystoseira hakodatensis

315 (2000 2 3 )
Hokkaido Kushiro Fisheries Experimental Station, Nakahama-cho, Kushiro,
Hokkaido 085-0027, Japan
Hokkaido Food Processing Research Center, Bunkyoudai, Ebetsu, Hokkaido
069-0836, Japan
Hokkaido Central Fisheries Experimental Station, Yoichi, Hokkaido 046-8555, Japan
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Onuphis holobranchiata

*1 *1 *2 *2

Preliminary Study on Artificial Reef of the Pleuronectid Fishes, Effects of Substrata and Water
Flow on Behaviors of the Prey (Eunicid Worm Onuphis holobranchiata)

Izumi SAKURAI™, Masabumi SETO", Jun NISHIKAWA™ and Shigeru NAKAO™

The Eunicid worm Onuphis holobranchiata is very important prey for the Pleuronectid fishes. To evaluate
physical cultivating condition of O. holobranchiata, we examined the behaviors of its burrowing, tube-building and
feeding in response to particle size of the substratum and water flow. Worms buried most rapidly into sand when
the substrata consisted of fine or very fine sand and the flow velocity with amplitude period of 6 sec was 15 cm/s.
Although worms built their tubes actively in velocities of 15-35 cm/s, they stood upright in the tubes so as not to fall
the tubes due to flow in velocities of 25-40 cm/s and were buried in sand in a velocity of 45cm/s. Furthermore, it was
suggested that the feeding behavior was influenced by water flow.

Paralichthys

olivaceus 1996

Pleuronectes yokohamae 10-12
P.herzensteini 1994
1995 12
P.schrenki

Onuphis holobranchiata

13

10m

14-17

A316 2000 2 3
(Hokkaido Central Fisheries Experimental Station, Yoichi, Hokkaido 046-8555,
Japan)
(Faculty of Fisheries, Hokkaido University, Minato Hakodate, Hokkaido 041-0821, Japan)
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Fig.1 Photograph of Onuphis holobranchiata Marenzeller (A) and its anterior end, dorsal view (B).
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Fig.3 Diagrammatic representation of burrowing
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Fig.4 Burrowing reaction time (upper) and burrowing

speed (lower) of Onuphis holobranchiata in
several particle size of substratum. Burrowing
reaction time indicates the time when the worm
starts to burrow into the sand after setting it on
the bottom. Burrowing speed is given by body
length / (te-ts), where ts and te are time that the
worm starts and ends to burrow into the sand,
respectively. CS, MS, FS and VFS represent
coarse, medium, fine and very fine sand,
respectively. Each value denotes the mean with
standard deviation indicated by a vertical bar.
Values identified with the same roman letter are
not significantly different.
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Fig.5 Burrowing reaction time (upper) and burrowing

speed (lower) of Onuphis holobranchiata in
several velocities with amplitude period of 6 sec.
Burrowing reaction time and burrowing speed
are the same as in Fig. 4. Each value denotes
the mean with standard deviation indicated by
a vertical ber. Values identified with the same
roman letter are not significantly different.
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Fig.6 Diagrammatic representation of characteristic

Frequency (%)

Fig.7

behavior of Onuphis holobranchiata in fluid
condition. The behavior was classified as follows:
A) building a tube on sand, B) keeping the tube
to stand upright so as not fall it due to flow, and
C) being buried in sand.
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Ratio of number of Onuphis holobranchiata that
had built a tube (solid circle), had stood in the
tube (open square) and had been buried in sand
(open circle) in several velocities with amplitude
period of 6 sec.

Fig.8 Digrammatic representation of feeding behavior

of Onuphis holobranchiata in fluid condition. The
behavior was classified as follows: A) crawling
on sand and foraging for food, B) catching food

and dragging it into the tube, and C) feeding in
the tube.
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Fig.9 Ratio of number of Onuphis holobranchiata that
had foraged for food (solid circle)and had been
able to feed it (open circle) in several velocities
with amplitude period of 6 sec.
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Swimming speeds of Shirauo (Salangichthys microdon)

Motohito YAMAGUCHI™ and Yoshiyuki TAKAYA™
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(Hokkaido Central Fisheries Experimental Station,Yoichi,Hokkaido 046-8555, Japan)
(Muroran Branch,Hokkaido Hakodate Fisheries Experimental
Station,Funami-cho,Muroran,Hokkaido 051-0013,Japan )



Table 1 Results of examinations for Critical Swimming Speed(CSS).

No. SEX B L{(cm) BW(g) V(cm/s) T(s) CSS{cm/s) CSS/BL(BL/s)
1 & 7.5 1.3 15 180 11.5 1.5
2 2 7.9 1.4 20 330 17.8 2.2
3 2 8.1 1.5 25 50 20.4 2.5
4 o 7.6 1.5 25 120 21.0 2.8
5 & 7.9 1.7 25 120 21.0 2.6
6 ¢ 7.8 1.3 15 150 11.3 1.5
7 7.7 1.3 15 260 12.2 1.6
8 o 7.8 1.7 20 300 17.5 2.2
9 o 7.7 1.5 20 330 17.8 2.3

10 2 8.4 1.8 20 330 17.8 2.1

V : The speed when the fish gave out.
T : Fatigue time at the speed V.
CSS = (V-5)+5 X(T,/600)
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10(1) 31-36(1973)

No.91203 1991 33
J. R. Brett The Respiratory metabolism and swim-
ming performance of young sockeye salmon. J. Fish.
Res. Bd. Canada, 21(5), 1183-1226(1964).
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