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Biochemical analyses of genetic variability and
divergence of populations in Pacific herring

Tokimasa KOBAYASHI

Abstract

Pacific herring (Clupea pallasii) discussed in this study is one of the industrially important
species living in the cold coastal and offshore waters north of 35°N in the Pacific. The spawning
grounds are distributed north of the Yellow Sea on the Asian side, and are also found, on the U.S.
side, in a wide area ranging from the vicinity of San Diego, California in the south to the Eastern
Siberian Sea and theBeaufort Sea in the Arctic Ocean. In recent years the southern limits of the
spawning grounds off the Japanese Islands have been found in Ishikari Bay in the Sea of Japan and
Mangoku Inlet in the Pacific. Herrings living in Pacifc Ocean are consisted of many populations
having own inherent morphological and behavioral characteristics regarding growth, maturation
age, life span, fecundity, vertebral number, environmental conditions of spawning ground,etc. It is
important to clarify the population structure for rational management of fisheries. However, most
of the effort have been employed on studies of morphological differences among areas.

Annual catch of herring in Japan was over 400,000 tons from late in the 19th century to early
in the 20th century, with a peak of 970,000 tons in 1897. The high level of the production in those
days was mainly from the Hokkaido-Sakhalin population that spawned in coastal waters of high
salinity, and migrated widely. However, the population has steadily declined thereafter, resulting in
continual catch fluctuation. Since then the targeted populations has shifted to the local populations
whose feeding migration area is small. But the amount of catch from the local populations was
small in quantity. On.the other hand, the improvement of techniques for so-called, mass seedling
production in recent years has realized releasing of a considerable number of artificial herring fly.
An atempt to breed the resources propagation for some local populations has been continued in
Japan. Since a proper fisheries management for effective use of herring stock should be basically
constructed for each Mendel population, making establishing the method to identify populations and

clarifying their genetic population structure are the most important task to be addressed. In this
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aspect genetic variations in enzyme mollecules are suitable for hypothesizing the relationships
among populations, because the biochemical analyses have provided good information on de-
scriminating populations for some fish species so far. Another important aspect of the study is to
learn about genetic characteristics inherent to the wild populations, because releasings of artificial
seeds for enhancement of resources may have a substantial impact on those populations in genetic
characteristics.

In this study biochemical analysis by means of allozymic study was carried out using the
electrophpresis for 18 population samples collected in the area covering between Yellow Sea and
California in the North Pacific Ocean. Based on the evaluation of intraspecific differentiation the
genetic population structure was clarified, and evolutionary aspects in populations of Pacific

herring were discussed in this study.

1.Life Types of Pacific Herring
The life pattern of herring population seems to reflect the processes of adaptation to environ-
ments where herring live through long time period. The formations of such life patterns are closely
related to environmental conditions at various developing stages of herrings’ lives. These life
patterns may be classified in a variety of ways, depending upon the aspects focused upon. Focusing
on the physiological adaptation and feeding migration patterns as they relate closely to environ-
mental conditions on spawning grounds, the author of this study classified the populations in the
vicinity of Japanese waters into following four types through a combination of physiological
adaptation patterns and feeding migration patterns for the purpose of identifying their relationship
with regard to hereditary characteristics ;
I. Lagoon small migration type: spawn in brackish lakes and inlets, and migration distance is
relatively short :
Lake Obuchi, Lake Yudo, Lake Furen, Lake Notoro, Lake Saroma populations ;
II. Oceanic wide migration type: spawn on the neritic coast in high salinity waters, and migration
range is wide :
Hokkaido-Sakhalin population ;
III. Oceanic small migration type : spawn in bays or inlets in high salinity waters and migration area
is relatively small populations :
Ishikari Bay, Mangoku Inlet ;
IV. Intermediate type of I and II :

Terpenia, DeKastri populations.

2.Materials and Methods

A total of 2,385 individuals of 18 population samples were collected at respective spawning
grounds from Yellow sea to San Francisco Bay excluding the Russian waters other than the area
of northwest coast of Sakhalin. All samples were stored frozen below —20°C until processed.
Horizontal starch gel electrophoresis was performed upon drip or supernatant from tisuue samples,

white muscle, liver, heart and vitreous fluid of eye. Three buffer systems, CAEA (Numachi et al.,



KpE= 2 > OEMEEFHIRE L BNz B 3 2 058 3

1979), MF(Markert and Faulhaber,1975) and RW(Ridgway et al.,1970) were used to resolve banding
patterns. The genotypes were directly assumed from the phenotypes detected by zymogram method.
The system of locus and allele nomenclature suggested by Shaklee et al. (1990) was used. 29 loci
were analyzed for hereditary study and allelic frequencies of 25 loci were used for caluculating the
genetic distances "D” (Nei,1972) between samples. Amount of intrapopulational variability was
evaluated by the proportion of loci polymorphic(P) and heterozygosity(H). Degree of
intrapopulational differentiation was evaluated by coefficient of gene differentiation (Gsr), fixation
index (Fsr) and genetic distance (D). Dendrograms based on estimates of the genetic distances were
constructed using the unweighted-pair-group method with arithmetic means (UPGMA) of Sokal and
Sneath (1963).

3.Results »

(i) Polymorphic loci and allele frequencies

In 18 population samples genetic variations were found in 28 loci of 15 enzymes that appeared to
represent gene products except for Mannose-6-phosphate isomerase(MPI). The number of variant
loci ranged from 8 (Mangoku Inlet) to 17 (Lake Yudo and Hokkaido-Sakhalin). The significant
difference of the number of variant loci among samples is related to the alleles rarely appeared. 9
polymorphic loci having variant allele frequencies of 0.05 or greater were detected in Adenosine
deaminase (ADA), Esterase (Est), Glyceraldehyde-3-phosphate dehydrogenase (GAPDH-1), Glucose-
6-phosphate isomerase (GPI), Isocitrate dehydrogenase (sIDHP), Malic enzyme (mMEP), Malate
dehydrogenase (sMDH-2), Peptidase (PEP-4) and Phosphoglucomtase (PGM). The number of
polymorphic loci in the populations from the Yellow Sea and the Bering Sea was 4 to 6, as compared
with 7 to 8 for populations from south of the Gulf of Alaska. Characteristics of allelic frequencies
of five highly polymorphic loci (ADA, GAPDH-1, sIDHP, mMEP, PGM) are as follows.

ADA -

One zone of activity was detected with seven allelic products (Fig.7). While the population
samples from the Yellow Sea and the Bering Sea indicated dominant frequencies of allele ADA*100
at 88% to 98%, those from south of the Gulf of Alaska indicated the same frequencies of allele ADA
*100 as ADA*87.

GAPDH-1

Three zones of activity represent the products of three loci were observed among heart,liver
and eye tissues (Fig.11). None of GAPDH -1+-182 emerged from the population samples from the
Yellow Sea and the Bering Sea except for only 2% of the sample from the Bristol Bay. However,
the population samples from south of the Gulf of Alaska indicated that the higher frequencies, such
as 83% in San Francisco Bay and Puget Sound, 67% in Sitka and 48% in Kodiak Island. Higher
frequencies of the allele were observed in southern areas.

SsIDHP

One zone of activity with 8 alleles detected in liver tissue (Fig.14a). Alleles of sSIDHP *82, sIDHP

*91 and sIDHP =100 are noted for different characteristics of their respective allele frequencies. As

far as the frequencies of sIDHP*91 from the Yellow Sea and the Bering Sea are concerned, the
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populations from the Yellow Sea and the oceanic small migration type were dominant at 50 to 55%,
compared with 29 to 40% for other populations in the Bering Sea, and 9 to 17% for those from south
of the Gulf of Alaska. In contrast, the frequencies of sIDHP*82 were as high as 30 to 40% only from
the population samples south of the Gulf of Alaska.
mMEP

Two zones of activity appeared on gels stained for ME. The faster zone, mMEP, was observed
having single-banded homozygotes and five-banded heterozygotes of four allelic products in white
muscle tissue (Fig.18). While the frequencies of mMEP*100 were 40 to 60% for the population
samples from the yellow Sea and the Bering Sea, those from south of the Gulf of Alaska were 80
to 85%.
PGM

One zone of activity was observed with one banded homozygotes and two banded heterozygotes
in white muscle and liver tissue. Six alleles detected and the alleles of PGM*82 and PGM =100
represented nearly 1009 (Fig. 23). The dominant allele is replaced between the Yellow Sea and the
Bering Sea on the one hand and the south of the Gulf of Alaska on the other.

With regarded to the allelic frequencies of GAPDH-1, sIDHP and mMEP, a gradual geographical
cline is noted for the population samples south of the Gulf of Alaska, but not for those the Yellow
Sea and the Bering Sea.

(ii) Average heterozygosity (H)

Regarding to the average heterozygosity obtained from 29 loci, the sample of Ishikari Bay
population indicated the smallest level of 0.063, and the sample of Kodiak Island population was the
largest at 0.109. The values south of the Gulf of Alaska was 0.092 to 0.109, higher than those of
0.063 to 0.084 in the Yellow Sea and the Bering Sea. On the other hand, the H value of the populations
of the oceanic small migration type was 0.065 on the average, smaller than that of the lagoon small
migration type 0.081 on the average. This is attributed to the bottleneck effect caused by the fact
that the population of the oceanic wide migration type which was assumed to have been a large one
has recently become dramatically smaller. The average value of all the samples was 0.084 (Hs),
a little higher than the values obtained from other species(Powell 1975, Fujio and Kato 1979), which
points a higher genetic variability of herring.

(iii) Genetic distance (D) and population structure

Measures of genetic distance,D, between each pair of samples are presented in Appendix Table
4. The smallest D value was 0.0002 in Bristol Bay and Norton Sound, and the largest one was 0.0695
in San Francisco Bay and Norton Sound. A dendrogram using the UPGMA method of cluster
analysis indicated that the samples were clusterd into two groups which were divided by Alaska
Peninsula and Aleutian archipelago : the populations in an area from Yellow Sea to Bering Sea, and
the populations in the Gulf of Alaska and southward. The D value (0.054) between the two groups
points out a higher level of intraspecific population and an advanced stage of speciation among

them. In the vicinity of Japan,comparatively large speciation is noted between the population in the
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Yellow Sea and other populations.
(iv) Ecological characteristics and genetic similarity relationship

According to the observation of the relationship between life types and the genetic characteris-
tics of the populations in the waters off Japan, clear geographic cline is not found in allelic
frequencies. Rather, similar relationship was found within the populations of same life types. It was
considered that the intermingling among same life type populations was occured to some extent.
(v) Evolutionary divergence of Pacific herring

The genetic speciation among herring populations is considered to be caused mainly by
geographical isolation (accounting for oceanic structures such as straits, peninsula and ar-
chipelagoes) between the Yellow Sea and the Sea of Japan, and between Bering Sea and the Gulf
of Alaska. Reproductive isolation is also to be an important factor of genetic divergence. For
instances, three populations with different genetic characteristics are being spawned in Ishikari Bay
and two populations in Lake Notoro as well as in Ishikari Bay at different spawning seasons and
in different spawning areas estimated by the physiological selection according to water temperature
and salinity by each population.

Furthermore, it was indicated that the Hokkaido-Sakhalin population of the oceanic wide
migration type is genetically closer to the lagoon small migration type than the oceanic small
migration type. The explanation of the reason is based on a few assumptions as follows: the
population of the lagoon small migration type grew to a large number, and consequently the
expansion of spawning grounds in to the ocean occured because of the extraordinary high popula-
tion density. Some individuals hatched in the ocean areas adopted the feeding migration style in the
ocean areas. After a series of generations, they acquired the life pattern of the oceanic wide
migration type, physiologically and ecologically. In other words, they converted their life style from
lagoon small migration type to oceanic wide migration type. However, it is explained that, as the
time of isolation period between the groups is short, genetic differntiation has not yet been fully
achived.

The population structure of Pacific herring was clarified in accordance with the genetic
variabilities. It was also clarified in this study that geographical and reproductive isolations have
played an important role in the formation and preservation of populations and genetic divergence

for Pacifc herring.
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Fig.1. Map showing the geographic distribution of the spawning grounds of Pacific
herring.
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19584F 121X, ML FEERWIE Th > -JtEEEE TORBEIZHEMICZE L < %> 72 (Motoda and Hira-
no, 1963). & 51963 F1CiFA & — Y 7 ¥l T b WHERIIFE L RV IKHE & 72 5 T Z OERDOFEINL;
BALHEBER A2 SR L 72, EETIE, Y)Y Y OFEE, 7=VERVFTVR=TEORS ik
KBTS N H 2 LEZ 5N TWS, & 2555, 19855 4 5 1988412 22 1 TALHREILE DR A8 T 1983
EFRAETED—HEICET b s, Z OFEFRERZ1987, 1988DFEICILEBEILE DR TEIIL T
W ZEDHEERE N, EE S, I OIIRMEFEFE20HFESR D WK L AL EE Y N Y VER L
FELED, TREOWTHBTERT 2, —7, ZOIPEEY Y =y v b idRA D, Hgguk
BAEEEER L T2y VEROBEESM SN TWD, 25 IIEEM, BEE, BEEL ETENT 2
FNENIIL L - BT, VWKEOBBEATENYT 2 2 LhoifiBtt=y v eighz, Zhs A
DS FEIPHIL FLEAE < , BTSRRI DR &5 e A THE S W2 BEICEFRENNE Lo 2 Eh b,
egE YY) VEMDB SR TH - 7o YR EENEME» o 72, LaLass, JumEy Y EM
DEFEMNEERL T < #IET, EACHNAE AL TEINY 2 J5HH 72 45 o B IF R A8 A ER 25 LT
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Hanr (FE, 1961).

20HATICA D & =¥ v OWMBERIIHTIR L 72 & S IWCHFIC & 28, THROZENKE SR, RfgOF
HINEBELFEL 2o/, ZOROEFROZEEER 2 IEE T 2 I EROFAEERN TH 2 LS =
FTHEEL, T2 hOEMICEEOEERR L EROLEHEMEH S »IcT 2 LESE U T, LM
& DIENT L FERO S AEEEE B & BRI B T 2 e S nfe. = v > O SENREE O f#T
ZOWTRT TIRABE=Y > IZDWT Heincke (1898) 12 & o THIFE & T /o BT IEDE D A
noh, B & 2FEREE & R O T IE N SRR BT B OO E R R, AN
BREZ I X 2 ETBMTb, 2Ok, R, BB, ZONE, S ORI TR I & 5 5346,
BB D LN IS D W T ORISR BIA  fThilz, IhE T HARBEO =y V£ 2 5F
g2k, 4 (1924), 1110(1926a, b), BER</NALR(1927), Kokubo and Tezuka(1938), Tk (1965),
=kl (1968), AYL (1980), &HF (1982), /R (1983), BE (1987) Sk -oTiTbhTwad, &
NS DOIMERRIET 2 £, HARBDICIEKE S0 THBRPEES OB R CEINY 2 BRI 215
AMEDEIBE LW CEINT 2 BREMICH T SN S, BIEIXS o W EREHF O A WA & K & 226
W L HBEN SR> TEY, RBMcEEn2EME L TitEEY ) Y EFS, #us#il e LT
BAIFE, AAE (HARE) Of£MTH2. BEOWMBI L L C3ERE, BEE, BRE, EEH, &
W, REBGH, EEEMWISZOEMAEENS, Z0 L 51 HARBIICIZBEICEIG L TAERICE A
HAOENDBWVL OLDEMMBSHL TWwE I ENHS IR 5, ZOM, iU &L S IcEE» SN —
VY BT TOTYTRE, TIAADSHY) 7 V=TI T TOIKEIOWRIC b Zh F il
L ERDOEMMBSH L TE Y, AFFETIEIbks S MBI 1T TORFRE L 7 OBEEES I L
TR EME BFFROMRE Lz, 2R ENOEROEYENFFEICOWTIE, 2ETHR~NS, Lal,
KN DT 2 = VI DWW T AT OBRESM, ENEHP, &R, RAEOHRIRIC s £
EFEEICOWTIRERL L b o TR WERDL L,

L2 A THEAMORROBANGTEL LTREBLIZ L S 0B DOhDFERH 288, THETEHLOD
ARETHVL SN T X PRERHEIRE 113, BRERE R (T aning, 1952 ; Hempel and Blaxter, 1961)
CHEEHNEZRLNEELLERELTERL TV, 200, ThoDBEOERNREER
FoTHELEDD, FREHBECGEHERICLZ D TH 200 2HHEICIEET 2 2 L SR S0 bh 5
(FBH, 1974). AW TREROMRICH VL T VW EE B RED 2 WIZEHEIRE I & 5 TEEAE I
X2 EMOSIELRFA L. COBEERFERZHAVS 2 L0k > TEMNOBEEE R 819 Ui
L, Zh k- TEFAN, ERHOBENMEEEROREEEEHOLICT LI ERNTES, 2Ok
DIIFERHIT, FRERNEL CHEENERESKRETE, REM» 6BETFHEIEEE TS 2 X 5 1k
BRERT 2 EDRETH D, KR THOIERSTFOERIL DNA 2858I01T £ A CEEBESK S
N2 N7 EBOERTHY, FELLREBCREERMZLEAEME L, iz, IINTORE
WA 2 B 0 (S ST R, MERN, SRR & O D £, ARSI b IR E S 13w (Odense
et al., 1966) Z L5, EHWIFRICIMFESZFPE TS LHEZ 6N 5, 51T, BESTOERIIEN
EBZIENEAE#SE 5 s, EROBEGIMKEZIEHT 25 2 THRO THE L FEER - 2 E
BHThb, LIATHE RUKIEEMET 2BERIEVOBEIC L > THTHECSIDENRH -
TH IBERZFIZEULE 1 2OAFEEZE>TWEHDEEZLNT W, L, § V87 8%
FBLHTFORE S THEET 27 VEKKEIER OISR L FER, BREI—RIcEDL S k4t
W, 501 DOMIDOFICENTEZ LR 1 D20FFRELTHEELTWSE I LRELSENT,
WL ODLDSFEE LTHEEL TWS Z EBH ST 572 (Markert, 1963). Lo, [EUKIG % fif
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WS ABEDSFHLE, WHOE7 A Y FA ADENTIZESTFROBER F 0o OKEIENRL 2
L BB ETFIC L AR BICEEL T D 2 e LU, BEEORBINER IR, ¥ 308
ORGERZAR TH> TG L T LEETFORAER, T bbb a3 —FLTWwA DNASFDI HD 1
OV 2 DODFWEDANZEZICE > T, TREMIGLTWE 7 3 VEBEB L (BRSO FOREBICENE
ClebDTHs, IOFEIZTIVESUKENELBERORNFRIEAEREHAGDEI YA L7 T LFIC L >
THHEN, ZNZFRICESL TV AEETHEZ A €77 AP SHETE 3, FEHIIRTIFRICB VLT,
ZOEBEESTFOLEBROMEND O KFHEICHHT 2 =3 v OFEMMBES L TV 2 EENE & B85
{LOBREZHS »C L, BETHEEMRD S EMMEOEENEGBEGREHET 2L b, =y Dg
ERNCNAET 2IEEER « EREAVEM O B HES, 2N 2N OEMALE T 2 BUEAOHICEXTH 24
I BB AR DWW THEREL, = v YEROLREIME & BENSMEIc D W TR L.

2 ME A&

2.1 BERORE RE

EMEEOBITICAH VR RA ALK FREOSH, 72 ) I RERTEY Y77y R2aB»S
N=) Y TEIHT T, 7Y THTEEROKRFERE, T Y EE» S BAREO & & EfEIC
2 T19794E D 5 1990FE DI FRE U /- 241ZAFF, 512,385 TdH %, Table 1 B & U Fig. 2 RO
REM S, REH, SWL-EREEFERE 2 Lo GRLE., BERE, EGEW, BRE, F2MEE,
BEEU, ARBBIUT AV AREBEDOE 2 —Y = v MEDERIZEENRELZLDOT, 200
EARE, FOMIEREAKEREYS, EE, ORI aR K KERMTY R IgEAT, HiE, RE, Yl
Bl, HENIRRES LU ) > BRI A O A 3 AL E T HEN K ERBOS I E 2 UREE L TIREL
7z, &7z, 19804F D REMUHA DAEABE L AL HHE K F K EFHE BRI Lo o, #EOEARLF ZTHEX KE
e TS SRR N0 THE, 3512, Fr 77y Ral, 7I73AHE, 7VAINLVE
KO/ — b v BOERBIAEEKEDIN LHRAESESEPMAL 2 b D EFE L ThiziinT:,
EARD 1 EIZEERORE TERICH L, Ml IER 1 BELIPICHKS L T-30°CLAT TREF L 47
L7, AR THRE LBRE ZOFRBRET TEEL TS, 1HEMERABL THRAa0E
G ICXES D 2 & 5 REEDETRERE 2 h oz,

2.2 BREEXNEFNEMS

ZY IR F TIEERT 2 5 L L TEMEBE, BB, BEEE O EIPE O IR PR,
B, 2N, EIVSZEOERMEMEOEVR ERHLLONTEL, 0L L THIsNEM
FEINESHIEAC » R D [AOEEICD o T b, H2uiRAKEDHE, ABZFCRsN2EH
YhHDH, LiznoT, =y roifs, ERE2NRET2EARZRET 27: 0135 1 BRI IZEINE & E
O & o O SER L XA L TITH LENH 5, L L, 1FIEE CREIC e 12 B+ 2 E
BTHRELL LI BHAICERELERS L OEMZ2RERT 200HEICT 2 LE8H 2, 207D,
MERDEMENEEOLE L & b1, BEFHEEOEEL S 2o HEAEICHEN SN S, 2L b
— RSN EFACBT 200 2MET L1,

K2 TRAVIAEARE Table 11CR L7z & 5107 ¥ 7 TR BRSO T 2 %8, BARELZD13
A, Z M BARBEACER O 3 VALTER D 2 7 BT CERE L 21818, 2 dtkllox—) > 7@ T2 »
i, 72 AABT2 571, SoICEED7Y Y b MEA V) 7 a0 =T MNDE 1 »FIDEF 6 » BT CEE
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Table 1. Samples of Pacific herring examined in the present study. Sample unmbers
correspond to numbers in Figure 2.
Population Date of No.of No.of Loci
Sample No. Sampling location Collection Fish examined
Yellow Sea
1 Yellow Sea 36°15" 7 123°15’ 84 Dec. 25 100 29
Dekastri
[2 Sakhalin NW 50°44" ; 141°46 ‘88 May 16 100 29
3 Sakhalin NW 50°49" ; 141°43° ‘88 May 23 100 29
Mangokuura
4 Mangoku Inlet 83  Feb. 15 82 29
Obuchinuma
5 Lake Obuti 85 Mar. 25 99 29
Yudonuma
6 Lake Yudo 85  Apr. 23 172 29
Furenko
7 Lake Furen ‘83 Apr. 17 100 29
Notoroko
8 Lake Notoro ‘80 May 7 81 29
Saromako
9 Lake Saroma ‘83 May 21 100 29
Wakkanai
10 West coast of Wakkanai 83 Apr. 27 100 29
Terpenia
11 Teshio 85 Jun. 6 100 29
HokkaidoSakhalin
12 Shosanbetsu 87 May 11 100 29
B 13 Onishika 87 May 12 100 29
14 Rumoi 87  May 7 100 29
15 Atsuta 87  May 5 94 29
Ishikariwan
16 Ishikari 83 Mar. 17 97 29
San Francisco Bay
17 San Francisco Bay 83 Jan. 15 100 29
Puget Sound
18 Puget Sound 82 Jan. 15 100 29
Sitka
19 Sitka Island ‘83 May 20 100 29
Kodiak
20 Kodiak Island '83  May 20 100 29
Bristol Bay
21 Bristol Bay 90 May — 100 29
Norton Sound
22 Norton Sound 90 May — 100 29
*+ 23 Lake Notoro 79 May — 80 3
* 24 Lake Notoro 79 May — 80 3

* L REEUATCREEIN T A EH DA 22 I L R
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Fig.2. Map showing the locations of the samples used in this study.
Numbers of the locations correspond to sample numbers in Table 1.

L72bDThHhb, 2056, MELIEES EOEFHCET 2 DR EINE, FEIVH, EEHK, Bit
BB L URESOBMIC O THERET L THE L. ZOMKR, ¥, HAH, BRE, BRE,
EGER, 198148 5 HICHRE S N RREGH, B, AE, > 77 vy Aa, Ea—Yxy b B,
ShNAE, AT T v B, TVAMNVEZFRIZ - vBOERZEFNEFNFOBBICEEOEMIC
Bi2boriffEans, £, RETHRELEREI T AVR=T7ERAE2REXT 2ERLHEES L,
—7, 198745 AICHE L ¥R, B, Hig, EHO 48R (EAES12, 13, 14, 15) 3itiEE
P VERB L U1988FE 5 Bz Y VAR THRE L 72 212K (BAES2, 3) BT HAMVE
HefEEanicss, s OERINEGIICHHELERE L THR> T wud, T8 3R LNILR
ETFHEEREH O CERBOBETHEEDOHEMEZ x2k RN, 1960) L DRETL 7. ZO/RE, ¥
Lw, SRS, Hil, EEO 4 EAMICIZ Y OBREGETFECBVTHRTNICERTH 2 RHIZENE N,
7, INY VRO 2ERVERETH 7. O Ens, LEEBEREAED 4 ERZILEBEY ) ¥
EM, v ) CALBERED 2ERKEITAA N EA»SRESN L O LML, EFAERDONEET
BRI ZNZNOEROM B FHREERE BT L TR, 2 L THLICERES 2 ILEE Y
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D VERIZA, AR NVERMIEBEL, R 2102 OEERETR U, £, HEPNTHSEL-ERE
FERER R SR N ) RN T 2 534 .1 4 THRRS L 5 IGEEFHEEICO VLT oER &
b S EEESRE SN, CHE TECRESNTOARVENTH BTN 2 2 Lo EEDE
ML Thot, 3512, REBGHITII79EICERE L7z 2 A IZRERGHIC HER L 72 2 ERI 23513 2 720
2 3BIETFERZFICOWTET L, Lizaio T, 7Y 7HEITIFI2EMER, JLRAITR6ERERDS
¥ TISEREAR I O W GEETHE O IR 2175 /2.

DITIHELEAS EOEMICEL TV 200 E2HFET 2 DIV SEROEYFER R L E
DI OBEIIC O W TG 250 LT, 8, FREE X8R S 1L 2 iiioe SEeE et ~ catdiL,
1z 1FEL Lk, ARBENEZHHEIL, FHEEHCIIRHERE 280 CiHL ..

2.2.1 7RO CEROEYSZHFIEOE
2.2.1.1 BRHEER

TS B OALEEICAIE § 2 B 7 km* R OWNE T, [850~100m, £ S#91.2km DOKEE T
HFEOhN->Twa, HAEERITZOHATHEZ OOk % EEIMNEG E L, BE (1987, 1988) i
dhiE, EIHEBLATE»S 3B TATHS., FFFRTHWERZ 2 A HAL S OMEE CHl
ML hmEshzb 0T, BEINEROKALEATH S, FHBEBULS3~56[OHHIcH D, €—
RI354{F12, RWTEEDZ K 20D 2 DTHRIN% % o7z, FHEIF54. 4H (N =153) Tdh - 7z (Table
2). FEEIHAD 1 B3 ARBE TR 3~4.2°C, #4331~33TH D, #MNEIE U 5 KK Tldk
#R4.0~7.3°C, H532~34Th 3, FE M & THRE (REHEE)12.5cm, 2 T24.2cm, 3% T28.3
cm, 4%7T30.0cm, 5EET3l.lem TH 2., £/, 2B TH LML, EWNT 2, —F, THULED
Y URINETEHRESN TWARLO THMIFHKRWE W EHES LTS (BE, 1987). BEH-/IA
B (1927) pHERE=Y v EFARZER E HTARERTENG ORI W ME» sFR— e HEI NS
0, EHEHECEIBEOFEECRE, Fhx CAMER L BT 28 13T £ A SV,
2.2.1.2 REBREH

KWFFE TRV IAEARE 3 A25HICRBE O TRISC & DS Lz b O TEINE K DA FE26~30
cm OHIPFICH > - BATH 5., BHEBEIIS2~56MHTH D, FH54 3 TH -7 (Table 2).

BRI TR E DR FEENC IO O H 2 HEES. Tkm?, FF12km OEAMI T, BPEIZ3.5km, FAL
121.5km DIRIFZAEEZ L Twa KL IR S1.5km ORETHER L, WI¥WIZ X D ¥EKkoFHA L
THOKRMDIEH L T2, BERBICHAT 2WOKEIN /NI VLI (FE, 1939), WOREILE T
kD& % %) (Kokubo and Tezuka, 1938), W@EOBEMMHITEAKEERL, HIRAREIXITELS
HTH B8, K EHE» S OREE I ZENO O ICEEEL TL 2TH 2 (EH, 1978), = 1312
Brars#itstan 3 B This, BIZ1, 2ATHS (FK,1939). BRBRELHCEKL, 3
Aar»s 4 B EACEKT 255, =¥ i3 ZOFKIHEZROKI0HBICESR LU CEINYT 2, Z O
D& 6 °CHiitk, 1L 9 ~11T, MHEDWEKRDKIZ0% DIRE T, EINEARDZ DFEDREIC L -
7o BFEAC 2472 5 (Kokubo and Tezuka, 1938). EEUIS;IZREBOHFRELD a7 <€, A¥*F /74 %,
tun/ TEEREBRELIAKET, ZOKEEVICIBEADT SN, BELLHEAIZS B TA»S
6 HEAZFTHNTHKE L, £K7cm, FE2.7g ik > TRRIET 5 (FIK, 1939). BEBHEMIL 2 %
T—EEINCIAL, 3MTIZEA LKA T S, RS HENEL, 2KRTL2E26~28cm, 8 TIE
3dcm 2T 5 (fH, 1978).



RPFE= > > DEEBREFRRE L BRI BT 2 5 17

2.2.1.3 BRBEH

JEEEAEREEI O R A DA LB 3 2 308 1 A 20km, 4. 5km?, FAKES.5m, F
1.3mO\BERA T, LHICIERPIC X > THOPHAEL, ®EKT 528, 4 A TEICIZESIC X 2 K10
FRICE > THOMNE»P NG E DS, =¥ v BHAMNBRBICHALZIED 2B EbE THEAL
EWT 5, ZOBBMRFEICEIVELRT S, BBXF4ATa»55Ho AT, EGZ 1EBRED
HYRTH 2, EIHOMNORESGIIKE, ES0BEASTONTHBR VO THLTIER WA, &
AENOEMEE ZREBEOEKEL D HEL, HKZR-TwErEZon5, BITICHWERI 4
B23B ICEBREN TR X 0 g s 7 EIRA T, REIX19~29cm OHEFEICH D, 19~24cm D
2EAENNUYLL LR 5D, ZNL D ERADEEIbT L TH -7, KEIZ 1K T16.0cm, 25 T22.5
cm, 3% T26.5cm, 4m%T28.5cm Th o7z, BHEEFHIIS3~56(HDFHICH D, FHIfEIL54 . 3ME (N =
320) TH -7 (Table 2).

2.2.1.4 REFEHEH 389

AER I LI E R DR E B . b 3
L 72 A E96km, MIFE 57.5km?

DHKDE DB AT, 300+ !

BACT IR KELISMEE T H % 4538
M £MAICER <, BIREYID &
I 2 EF9100~300m, K% 4
~6MDEBEHFNFEL TS, E
BIIEAEODRENILL S/mL
THED, B WO EL R R 2007

250

length

4
OO LR T, EIZRERIC o
wo .

7 ENKEL TV, 126, e
TH»S 4 A EAEE THE RS 150 i
efokT 5, BEGEBICIE, Kk :”E-g"tm’

:L.d>aroma
IR A - TEIT 2 &M &, g:Ishikari B.

< S ] h: i
5 Aty 5 6 A LaICHICE 100 $:Dokastrt
)\T%bi‘ﬁﬂﬂ@ﬁﬁﬁf\éﬂlfmﬁ?w < Jj:HokkaidoSakhalin
EED 2 OOEMMBHIRT 3. T, L L L L 1 L L ' L
5 1 2 3 4 5 6 7 8 9 10
2D LA TEINT 2 EM/IL &R
EWIES QLR TH D AR TIZ Age
COEMHEEEMER L, BN Fig.3. Comparison of body length of the Pacific herring
B 19834F 4 F vy i HIl4E T i distributed in the vicinity of northern Japan and
Sakhalin.

&L 72 EEINERTH 2 WIS EIR O
e a: Mangoku L (Kodama,1978), b : L.Obuchi (Rai,1978),
B ERA L L, BRI c: L.Yodo, d: L.Furen, e: L. Notoro, f: L.Saroma, g:
5~6 HIcHIRT 2EF LB L Ishikari B. (Irie,1980), h: Terpenia (Frolov,1968), i:
THREMNRL, ZIEER—%FE DeKastri (Kozlov,1968), j : Hokkaido Sakhalin (Fujita
THET 2 LB uEABA SR and Kokubo,1927).

(CRFEFE), —ER1310 BE I [E
RLBNTHEEL T3, LaL, %
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CBWBRETHEEL, 4 AOMKIHE 2EHICHNICEALEINT 5, ENOKE 2FHO KRR 2°C
A, HHMZ18~23TH o7z, FEI BN LT SEICEADTONTLI2ONBESN, FHAD
BEGRE» o NHMTREL, MAIZ6 B2 E#MMcBEIT 2 L E 2 5h 3 (i, 1987), 2
RCHRAD A E 5, WEVOFEERBRIE 2 ~TRT, FREIFFELRTH2. REIERICLI->T
EWHIH DA 1R TH15em, 23 C2lcm, 3 C24cm, 4B T26.5cm, X 52 7 Tl330cm & 7
3 (R¥FER). BMEBHL52~56E, Z0 5 H54{EHFI60% % 5o, FHMHEIZ54.000 (N=138) TH D,
EE (1983b) DELIFIZF L TH -7 (Table 2),

2.2.1.5 BEEUHIEM

BEEUIAIE A A — Y 7 #8121 L 72 A FA35km, [HifE 58km2, FA/KE23m, F8.6mOWEEATH 3. ¥
IFRII00MDAEEERETA R =Y 7HBIZOBR > TWLEINIHE»SZRE4 A F TOFFEMIEWDOHETRE
I & DK IFPAZE S L, ZHICIZMIE AR T 2.

EINIA R —Y 78 D505 4 ATAICIHE 2. BE (1983b) 12 X AUFBEEUHIC 13 BEBIC A B
T BEO=v Yy BN &, BrsBERICHT THEL SMICERET 2 ARBEO=v > (ERH) O
2RENFAEL, EINHIIXHINENL 4 BTA~5AT4a, BREEZ4HTa»5 6 ATATH S, EINE
AN R ASIFT RS & PO MEDKE 3 ~8 Mz dh D, #EKERIZ 4 ~13CTH B DITHL T,
EFMOEING R REBICH D, 7~E, 37 VEFEOMIEL TR L 2B CIIBEAMIT 52,
EIHADRBKIRIE 5 ~18°CTH 2, HEHF16~27TH2 (FEF, 1989a). MBI T 2 FEfh - #

Table 2. Composition and mean of vertebral number of samples of Pacific herring.
Sample numbers correspond to numbers in Fig.2.

Sample Number Date of No.of No. of Vertebrae e
and Location Collection Fish 50 51 52 53 54 55 56 57

1 Yellow Sea ‘84 Dec. 28 130 2.3 42.3 50.8 4.6 53.58
2 Sakhalin NW1 '88 May 16 150 25.3 64.7 10.0 53.85
3 Sakhalin NW2 '88 May 23 104 1.9 27.9 53.8 16.4 53.85
4 Mangoku L. 83 Feb. 15 153 8.5 48.3 41.2 2.0 54.37
5 L. Obuchi 86 Mar. 27 111 0.9 .0 58.5 28.8 2.7 54.28
6 L.Yudo "85 Apr. 23 320 9.7 50.3 37.8 2.2 54.33
7 L.Furen 83 Apr. 17 138 20.3 62.3 17.4 53.97
8 L.Notoro 81 May 7 81 2.5 58.0 39.5 54.37
9 L.Saroma ‘83 May 17 149 2.7 29.5 55.7 12.1 53.77
10 Wakkanai 83 Apr. 27 100 10.0 50.0 37.0 3.0 54.33
11 Teshio 85 Jun. 6 94 23.4 54.3 19.1 3.2 54.02
12 Shosanbetsu 87 May 11 74 16.2 50.0 31.1 2.7 54.20
13 Onishika '87 May 12 111 13.5 57.7 26.1 2.7 54.18
14 Rumoi 87 May 7 138 9.4 63.0 24.7 2.9 54.21
15 Atsuta 87 May 5 148 0.7 14.2 55.4 27.0 2.7 54.17
16 Ishikari '83 Mar. 17 97 5.2 39.2 48.4 7.2 54.58
17 San Francisco B. 83 Jan, = 105 5.7 40.0 44.8 8.6 0.9 51.59
19 Sitka I. ‘84 May — 124 2.4 34.7 58.9 4.0 53.65
20 Kodiak I. ‘84 May — 121 28.8 54.5 16.7 53.88
21 Bristol B. '90 May — 96 14.6 62.5 22.9 54.08
22 Norton Sound 90 Jun. — 76 1.3 21.1 52.6 25.0 54.01
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DEES L OB RN & & N, BHEE O FPH352~55{, Y 53.73TH % (FE, 1983b). &K
WFFe TR IC W 72 C 1Z B X EH T 146mm, JHET196mm D L 72 £ FEE 2 b D AE S EHE &
Niz, ZOZen»s I OERTES (1983b) OIEMHT 2/NMIOBANRMO =y v e fEES e, ZOFER
DEHEFHUZ53~55M, S4HICE—RBH D, KOTHHEHSE L, V54 4ATH D, EE (1989b)
DO & B L TR X WHRDS A 5 ik,
2.2.1.6 {tEBMHER

i B2 R0 I B0k m, MEfE150km?, i A/KEERI20m, SE8 . Tm O TH Y, 2 DO TA K—
Y I¥FE DR 5 TWB (Fig. 2). 1928FELRTIZFAIC 2 2 EWIOMEAZE L, FIC/k b LIS ICHED K
12 & o THIKEA ER L, BOERICHEN] S 2 RED Tz (KB, 1966). Z O 4EFO#HIN
I OFIRO LEHTICH D, = IZWOMSBLNSE EWRICEALENML Twic tEES NS (FE
/N, 1927). 1929%E 12 i30T D03 EEl S h, FBE, SMNEL DR D HINONKE, FFi
HRTOREZRO TR EEZIFEA SR BT (KEM, 1966 ; HIE - FB, 1979).
BRI BN OKDR T D 5 4 B, TAREICEINL, #R32cm, AES00 8 ICET 3212 =v
VEMENIEND LD, METIHIZEAEHRENRILSBRVWIEECHILTWS, Zoniz=yvy
LA 5 BPAEICEIN T 2 R H D, O EEERER & Ui, AUFFE IS BRIIIE
OFHET 5 ARlfc & D RES W EEINERTO KRB L @R 2R L L TRHOWR, EROERIEHN
18~26cm, FE70~220 £ T, FF20cm ik D 2 KAV HEDEERD S { =5, BHEEEII52~55(E,
F9ME1353.8E (n =149) TH -7z (Table 2) & BFMERMOEINSG I, WICHAT 2 & SBHF1%
O ORI CEINER OEEN S < WES L, FMO/REEO 7 <~ 5 & &> T 5 AJReEsS
B, ZORVHEO 5 AR 0ARR 9 ~10°C, HHF19~22TH -7 (FHE - BB, 1979).
2.2.1.7 AIWEEH

ARBOEHZHLE LI2ERSD /MBI, 2~3 AWCEINT 2 = VHNEET 5. WERR
3~50b eV BTRDIVFERES N TVE, ZO=Y VIO, 5 K& 2EER LT
ARBEERFEELROMAR L T2 RMEOEA L EE SR, ARB=Y Y LTI TWS (= kA, 1968).
AT Z OEMEZARNEER & L, 19834 3 ol e s iz LA ZERE L, =
Bl (1968) 1@ X MIEESFFEERIE 3R TR LEINC D 5 & LT w325, KPR THWIERTIC
F 2R THRENL T AN 1 BA SN, —Hid 2 CHREAL TEINCb 2 b0 LHfEE S hre, EIH
DAL 6~ 7°C, HATIEBHETH 5 G, 1963). AL THEHT L 72 LA D EHEE $1352~571H
DI A 51, FHIEIZ54.6fE (N=97) T, AL (1980) 353K 7 FH{#54 . 5508 & —Ek L 7z (Table
2k
2.2.1.8 FIR=T7EH

ARHFZE TR AER G RGO U T19854F 6 B RANCHIMEIC & D il S - EEONERT O B L 72
fEED 57> T s, BEHEEEIZ52~56(EDEFICH D, FHMEIZ54. 08 (N =94) TH -7z (Table 2),
Frolov (1950) 277 Vv_R=7 EHOBFHEEROFEYE IS IMETH -2, 7 AR=THEMIZLO
(1926a) & DA ay rig=y > EMEER, FH (1924) FHEEERR=> >, BEH-/NER (1927) &
JLHERER ORFIRES & U (1965) 134 R—Y ZEEEIREATS, I ) VEETIR 7 =7 =y H b0
T NR=THIAEE LI T 5 (Frolov, 1968). db¥EE YNV HEM DS 4 5K S EINT 2 D9%
VDK LT, TAR=ZTEMIEIR» BB LD, 6RUERELIEYT S, EIFFOHES
DRI A T — Y 7 ORI, BAMAECHAEOEE, K, ANBTHL. ANFBRIOEMOH
REFRIOFFOFEREFEZ S b, & 512, REMHELYIEE, REWICLFERIC (LT, 1926b), %7
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BN L = RO A CRFER) . IR HAYEHI T3 5 Hha» s 6 H AT, #ER
IR KIS TR TRA L, ZORER2Z T 2 KB TCORERLS MERLA SRS,
HEFHS197THE O FETIRFIIC BT U 72 30 B D HE 0 i3 KM 5 T 25~29, A OB H T27, HHE T30 Th -
7o, $7=7BOIEEHEBE LT AR=TETIRS A~ 6 ACEINT 208, 7=7EOEID
HA YA CEEERELD BEL, Fh, TARSTETERIERDS V6 HOHHS1322~28TH -7z

(Frolov, 1968). ZOHEMOEREIZRERGH, 74 A ) OEMICK N TEY,
2.2.1.9 deimEY /Y &

HAE CIRILED» SAtimE, T YR UA R—Y Z7iBO8E, S5 ) Y HEPHERED T
ZUBHERAKBTEINL 2GSRI TW S (G, 1952), ZOERMIZEHEL 72 & 9 1 KEMTH -
72 3 ILHEE TIX1955F-LARE, V2N ) > TR 19604ELAREEE L (Motoda and Hirano, 1963), ¥RfEE T
Z DIREEMFE LT WS, EIGINAESICER SN, EHE2~34EEy, KAERIT4~5KT, #F
ME13~16M L ETH 2, HEIZHEE V& O OB O IEARE, HAHE, BEEOER
DL 2D, TAR=TFTERALDITL O,

1920 FRAHNC IR & iz AARMEHID = > > OBEREFHIE54.10~54 . 30E ORI H - 72 (BEH - /)
ABR, 1927), & 25T, 198550 519864121 T 4 H A 6 5 AICREBEERD = > > 23, 71987
o 51988 F-DFRIRFEAIZ IE A L e = > Y S HAMF O BIFE » & 4 R — Y 7 EOILERRR Tl s h
7z, ZOKE, BRESNIEROERHERIZIBIEREDBE—FIc ko TRRahTB Y, BHEEHK H
TAREHA, BRACRAED & FIT L CAb¥gEE Y\ ) VR EHEE S e UkE4 K, 1987). ABFFET131988
IR, BHE, R, FILRI D 4 A P CTERE L7 ER 2 Bt L7z, 2h o ORKROBEHEEH1E52~56
iz & 54, E— FIF54HE, RN % <, FHHEIFS4.2TH -7 (Table 2),
2.2.1.10 THRM)EH

FoNY CREZNCIE, %< O FERSE L T B (Piskunov, 1952 ; Frolov, 1950, 1968 ; Drujinin,
1957 ; Kozlov, 1968). Z 415 O EEINE O L I AR & K & < YEEER L #IEENC S O
5 (Kozlov, 1968), R IZIZILHEEY ) Y EMD, HBEF XY ¥ — VBRI OwiEMNEID 75 2
N BRILEEO TN B, LHEDOT v A KRB, FA K, EEEO N A#, ElEEDOT A
A 7R T4 v F IS TREINT 2 #EM2E £ 5 (Probatov and Frolov, 1958). Z dftic Piskunov
(1952) 13 HAYHANC Bl B, FEMERL, PEONRE, 220080, AHEENRGORHE» S Y VB,
Y= AY NV, TNETHAMIEOIER WL I LERBLTWS, 203 bEHNY Vi
Lyva—v « N=VHRIEEY N VERICBET 2 L TWw3, KR THOWI YY) VILEED
FEAR DIFEMIE 13 Piskunov (1952) D32 74 A M VEHOSHRRTH 2. FIf1E 1 IR LIESR
D ERAEEEE R Kozlov (1968) DfE & L —5 T %, & 5 CAKRMETHWIERDEME X
52~55(E DRI H D, SEHEIF53.9ME L, Frolov (1950) ™53.89(#, AJL (1980) ¢53.87{H D
ELEL—HL. ThonZ oy ) VIR TRELZ 2EBREITH A M VERZRET 2E
AR L Lz,

FHh AN VEMZEESY ¥ —VAREOAEYEE AR L Tw b, FEEAEINGISRIENE O 7 H A b
VB LAY AOESIEMILIC AR L TB Y, EINE S Ahahr» s 6 BFaicitbh, EIEOK
I 3 ~11°C, Hi51321~27TdH % (Frolov, 1968). EFIAICIZFIZ Y Y iREDILHES0~51F O#E
BCRETEEZ L TB Y, JLE4SELIEICIZENE L 2 v (Kozlov, 1968). il 3 i T96~98% »3mkah L BE
JNMZIAT 2., FEZHEENRE G ZFEBIHEI~6mTH Y, ZIFIIEEFE21~22cm T22,900{H,
22~24cm T26,400f&, 24~25cm T36,900{ TH % (Piskunov, 1952). 74 A b VEMIZERENIC 7



K= o v DEENEEFEARE L NI B S 2 15 21

NR=THEME LT WwW3 (Frolov, 1950).
2.2.1.11 Hig&EH

YRS B = > > I B e & SIREEEC X > THAOMOER L@ n-EMTh s, E
SR BEONE S (LSRR AR O S & R R R R OBMRA R ICE D, 3~ 4 AT 5, RS
FFOHREH LALE I H D, BEG I EETROEBIISKOSHET 2R TH S, 2 HIcn s L HUE
IS BE L T <. 1900~1938FHIZ 2 1 TSRO WEMThb L T iz, BEOBD Ltz
FRL7, UL, 19674EED & EIRIXETE LAY, 1972010175 b v s s s,

KW THIMICHE L 7R FEEPE T2 H ICERFEIC L D ES NI b DT, ZOEROEREH
1352~56{EDEFIZH D, T — FI1Z54fH, (#1353, 68 (N =130) TH - 7z (Table 2). ZRHh(1971)
1353.4(E, Park and Yeon (1981) (353.55ff & ¥ L C\2 2, HYEHERNIEHE 2 B TI9%HSEE L, B
U 7z f/MEA I3 TR X E 168mm, RE 46g, MCIXENXE 200mm, {AES0E TH 3, FHldE< 6
WA EDO b DIFIZE A EWIES LW (Tang, 1980).

FprEXERE (L imm) OBfRIZ Lt=305 (1 — e 066001987 - 4Efy v fAE8 (Wt 8) & DRfRIZ
Wt=253 (1 — e 0sswroms8) 3o n g, %7, BXERE L ZIHE) OMRIZE =7.980L377/10°TH
% (Tang, 1980). Z=UN#GIE 4 3% C53,282#, 6 & CT1k56,08fATH % (MM, 1971).

2.2.2 JEXRKBERUCHIT 2 22 OEYISERSE

JEKIHAAET 2 IS =y > OEMPIFEIE AN, &, 2008, BHEE, EBdREcEonT
ARDMTONTE 2, ZOFE, WV 7 4V=2T TRYI Y7728, vV AE, 7RV EE
BREREIG LT A0 LB A~SEMBIMHLTED, AvITy, 72 b ORI HEINS%E
BT 2EMABAHL TS, 7V T4y ya2auryE7NTENY 7 —N—EBRIC IEH, 74—
vyvyny NEBRTIZHETFOEMANSHL T3 (Taylor, 1964), 257 I AAMDT T A HE
BITIEEE, PHEhCIT 4 7 v 7 BRI, £, N=YYI7EETIETY X MVE, 2—a V]l
"W, /— b B 3IPFNCERNOEREIM SN TS, & S I1ZdbkEENIz b BIOEFBHHEL T
ZOMNEINT VS, X—U Y 7 TOEINGIE TV A MVB»S / — b YBICHT TRETEIEES
OEEE S X CEEREO £ S EICEINY 2 OIS L TILE6AE LAt D £ 7 — FEE TR VIS,
ALB I URB?E <, EEEDD LB T2mLEO 7 v~ EICIIE {135 3¢ 5 (M, 1980). 7
AN AKBEMOERICOVWTIEY Y 757 vy RAaBET ) T4 v yaauary ETINOERIZOWTERE
FNCEREMTON TV 288, ZOMOERICOWTIZ7 V7 HIOEMIE S EINSOBRIEPKRE, FE
ZDEYFREBHICETAMRIIZE L v, I TEAWERTHWLY Y 75 v v X B TEINT 24
MO ARER), FEREAEC DWW T 2R 2,
2.2.2.1 75 A0BOEH

V7T Y ATBHNOBREBRIZFKOFELZ T BB E 5o TE Y, EISIZAEL. 5mBED
B E L HEEE IR &, Gracilaria spp. 7 <% (Zostera sp.) BWELEL, =¥ YIIRZFh I
EELTWIONBEINTWS, EMIZIR2A»S 3 ATH20E—2131 Ans 2 BT (Spratt,
1981), #OHFHAD AKX 9 ~10°C, HSIE BB L # 8 ~28TH % (Alderdice and Versen, 1971). i
2R CRPEEII L, HIEMHIC 2 A EB L CHIBRT 2 4% W (Spratt, 1981). R IF 1R THE
11.3cm, 2#%16.1cm, 3 H17.5cm, 5/%20.0cm, & 512 8/ TI321.9cm &, 3 RLABIZEEIE L,
KR CHOWIEARIZI98E 1 HICY > 7 I v Y A IBTEIC L D E s N ENEATH 2, EX
DEMEHIIS0~54HDOF Iz » S5, E— NIF52, F1351.6 (N=105) TH -7 (Table 2).
AR CTH O EERT T, FHEEEDRLD L ERTH -7,
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2.3 KREF-DrOERENRFMIC L 2EFENIE

KFpE= > vz, EEGEEOROERCAVER, WECHEOEARER TEINT 2 £F 58 ICH
LSS ORAETENT 2 £, RAER 2 £ LB Hid 8 EfiROEF P 2 LT RN
B4 ~5Er» Y, FaMSIEL LOEFENEET 2. =¥ VY IEVNC L BENCLHROD 5
% DERMD» SR I2EHEEOHLBETHD, IhoDSRRLE L ERBNFHIZELN RN AR 7 —
NOFTEENEGT 2EEER L LTEboTEREEZ NS, 12213, MEEHTRE2EES
LwEAE WS ORBEENIT S b2 AVIESS, EIH, AERECHEREOERLECLHD,
WIEEFERIT 2R e B OMRAL, ENBEE—ERTHET 2 L4052, ZREHEEIBWERCH S,
DX REREC X TGRS EHOBENE HMBRE 2 HEE T 2 L CHIENEEZ D Tldk <
AERISBELBERTH L, L 25 TEBEEZ, EVMHBZOEELOMZ DBRRE TRESR MG & OFER
BEDb CICHRT2EERETHL o, —EORE LB &> THEIT s 2 EMIZ—E
DEEZDEFESTWS, 77, EFEHITVI VARV THEBEARELHETH L Ln s, EFED
FOBMCERT 2L VELOSENTERETH S BEAY TR EERECESFEIC X 2 X5 (F
K, 1972) %, REOEHECEEHREZSHERE (I, 1977) »MELNI2HENDH 2, EFIIRPERIC
BOLTEISORESRM L BE - BEOHE L, EFHOBIXFOEE L LTHY, RO I~IVO4E
ERNZ L 7.

I WAKETEIL, RBIEEGFERG GEEESE)

11 EESETEIL, [BIMEEEFH LAy (IR AY)

M EESECENL, EHEEEH A (B EE)

IV 1 XMOFREET, L0 EESETEIN L B e Ay (PR
Tbb, [ B8LCINZERIC LD EINESRESN T T, B L LB 2 Lo o it T
H, MIFEIEEMIEAEL, EFEESL LI Lo BBRETH 2, S 510 I REINSSEED L 5 7%
BRSNS O THBY, 18 X CIREEFORREBICHER SN O THEEE L Lz, Lt -
T, A—DEFENICET 2EMATLREOEE, 2, BHEBRLEICGEVRHLHDEFATHL S,
AR THWL 7 Y T7HOEAEZFIROERCRVEEFHICHTIED S &,

I B E e o o o . o BESE, FEFEE, EGES, sERGH, SR
I BEEEME « o oo 0 0 e T, AFE

Ml YBEEMERIRE « o o 0 v e eHgEY Y~

IV o R B e TNR=T, THANY

DESRLSEIND, kB, BB L UHNOERZ > NI RAIOEFDEINSGOBESAEDH 5 0 id
EHEFEICREO SN S WO TEFEHDOSEIETE R 1> 7.,

2.4 BRUKEE

2.4.1 ¥EHEHEORR

BEERTA VYA ARONM EEEREBIC L > TEVYEDZ I LMo TWEDOTHWAEE
LCHELESERET 202, O, K, &R, O&w, B KK WeeE, £%HEE, R (|
B L AKEE) BIUOBBECHTTCTAYVIFALAREETA YA LORBOES 2FA, FHHL A
0.5—2.08 O % HREE T AN, FAITIZIZREBDA A > ZHOKEMZ TH 7 ABETHS DR,
2,200 8 T3 HRRELOBEL, Bo i EEREBEKIKBIORE & U7, HBCEERRE2E 2 T AR
D¥ERNE S NIEEFEIC DV TIE, A, AR, Ok & CIREKO & s REME R b B %
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A CHEYE V72, Table 31 AV 7o fEA% & B % B E FEEANIC R L 72,
F 72, W E U TR OEER & LLRET U2 fS, e R A 4 vk e i3 & A EiE
WSS Tz DT, i IE—E L TA & YUK E W,

Table 3. Enzyms, loci, buffer systems and tissues analyzed in the present study.
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Enzyme and abbribiation E.C.number Locus Buffer**  Tissue
Aspartate aminotransferase(AAT) 2,61, 1 SAAT I Muscle
mAAT 1 Muscle
Adenosine deaminase (ADA) 3,5,4,4 ADA I1 Muscle
Aconitase (AH) 4, 2, mAH I Muscle
SAH I Liver
Esterase (Est) 3, 1,1, 1 EST 11 Muscle
Fructose-bisphosphatase (FBP) 3, 1,3,11 FBP I Muscle
Glucose-6-phosphate isomerase (GPI) 5.3,1,9 GPI 111 Muscle
Glutamate dehydrogenase (GLUDH) 1, 4,1, 3 GLUDH I Liver
Glyceralaldehyde-3-phosphate dehydrogenase 1L, :2,1,12 GAPDH -1 1 Muscle
(GAPDH) GAPDH -2 I Muscle
GAPDH-3 I Heart
Glycerol-3-phosphate dehydrogenase (G3PDH) 1, 1,1, 8 G3PDH -1 I Muscle
G3PDH -2 I Liver
G3PDH -3 I Liver
3-Hydroxybutyrate dehydrogenase (HBDH) 1, 1,1,30 HBDH I Liver
Isocitrate dehydrogenase (IDHP) 1, 1,1,42 mIDHP I Muscle
sIDHP I Liver
~Lactate dehydrogenase(LDH) 1, 1,1,27 LDH-1I I Liver
LDH-2 I Liver
Malate dehydrogenase (MDH) 1, 1,1,37 sMDH-1 I Liver
sMDH -2 I Liver
mMDH I Muscle
Malic enzyme(ME) 1, 1,1,40  sMEP I Muscle
mMEP I Muscle
Mannose-6-phosphate isomerase (MPI) 5, 3,1, 8 MPI I Muscle
Octanol dehydrogenase (ODH) 1, 1,1,73 ODH 1 Liver
Peptidase (PEP) 3. 4,11 PHP-I% 11 Muscle
BHP-22% II Muscle
PHP-3* I1 Muscle
PHP~-4*2 11 Muscle
Phosphoglucomutase (PGM) 5, 4,2, 2 PGM I, III Muscle
Phosphogluconate dehydrogenase (PGDH) 1,1,1,44 PGDH 1 Liver
Sorbitol dehydrogenase (SDH) 1.1,1,14 SDH I Liver
Superoxide dismutase (SOD) 1,15,1, 1 SOD I Liver

Substrate =1 GlycylLeucyne, =2 LeucylGlycylGlycyne,

* 3 PhenylAlanylPlolyne,

=4 Buffer systems I : Citrate-N (3-aminopropyle)diethanolamine buffer at pH7.0 (CA),
Il : gel ; Tris-citric acid buffer at pHS8.5,
electrode : Lithium hydroxide-Boric acid buffer at pH8.1(RW)

II : Tris-boric acid buffer at pH8.7(MF),
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2.4.2 $EER
AHFSE T IR S KBRS S, N> FOSHREEN T RO 3 BEEOEERR E A,
I . CAEA & (pH7.0)
Clayton and Tretiak (1972) D% —HZ0 8 Lz @AM (1979) OFHEIC L -7z,
ERABEER ; 0.2M 2 2% N-37 S /) 70 VF Ly /) — V7 > TpH »N7.2I05HE L
7o PR BRI % b I AR L TRW .,
VB ; 0.04M 7 2> B% N-37 3 7u bV F1y ) —L7 SV TpH »BT.51F/EEL
72 BTER FH UM 2 205 1 AR L TR Wz,
II. MF #Efg
Markert and Faulhaber (1965) DI X 57z,
BMPAEER  0.1SM Y A (P AN FaFs A F 07 3 /24 ), 0.00M EDTA2Na
BARTVETpH 28.7124% 5 L 5 ICHE L,
7OV FRREER | BRI E 4 BICHERL TRV,
. RW fEfEwg
Ridgway et al. (1970) OHEIZ L o7z,
TG FARERIG ; 0.06M KB 77 2 %2R VBT pH 238112702 £ 5 I THEEL /-,
OV FRREEW ; 0.03M U AR 7 T VBT PH 285107 5 L DI L%, FRICERAE
R x10: 1 0FETERAL THW,
IS OREE 2 i, CA, MF 8XU'RW L 2N ZhlgET 5.
2.4.3 TAJATILOFESL
TARABEN FEOBEERICH L CTI3%DEEICRD IS CHFHRE L, 77X TDEICTARAL
WELZWE S, IKIRED L, L DERE TMEALE, TAHOPCTAELV—Y—C+
SR L7, BiKE, EHIEA 7 AR EOT 7 VVBIIRELOBIF i Lid 4 (Fig.4a), SREEICH
ZHETCHEBLILBAERT 7 AF v 7ETE-> 2, %8, TE Lk V3 FERE 1 HUPMICEE
L7z, ZVMZARCGUTCRD 3EEORES DL DX AV,
() 27.0x14.0X1.0cm
() 27.0x14.0%0.6cm
¢y 14.5X14.0X%0.6cm
2.4.4 TARATIVESKE
Wi TARAT VEFBSKENREIZDWT, ZOHEOE Y. RO TEsI: EBEE
TEARH (REEEM No. 2 5 2 mmX10mm) Wb, Effld 5#73.5cm ONLE TR L7 TA A
FNO—FIERE OB IZIZERICERE2BE VL TR, Z0LE, FLOMEOL. 5em BIFHEHL &2
v, Fio, BT EICHIZDT 30 1BODAR—A%REDD, HEWIMERFGAE (FI 875y
7 10B/KER) 2#EA L7 (Fig.4b), EERERINL B 2K 226 TAHARBICD I —HDT
AEAT VTR 2138 A, TABATVED LEEESE 2 (Fig.dc). TARAY )V L BEIER O
2Ty TiE, AL CEEEEME No. 2 5 5 cmX27cm) 2 2#EhE LTHWE, 7Y v Ik Fo
B AEERICBLUCEK 2 CARAT VOR»PS1.5cmBENREB L3I LTEWS, 20k
X, BIRE CABATINVEDRICEENALBZVWEIICER L. 20%, TARATVETIAF Y
JETHEVWEBEZ LY b L (Fig.4d).
WEAMITITARAZT VOMETR 1 cm?24 D 5 mA 2H¥EL L, ~—2 —2NFIZEMRAENIC 7~ 8 cm
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BT 2 ETCEEBELL. B, 7Ta=F—EBLV
AV 7 T UEBBBIKERER T3 N> N 2RI O EE S
2= —OWENEHE Z15cm & L, v —
A —Z CARBERZHALLESCE7 IR TSIy
2710B %, MF B & ' RW OFEERD £ =12 135K
15 EFNTNEEKIE» LIz bDEAW, ¥k
i3 3~ 5 CICRE LIWEENTIT R o 7228, &
BEALT TEHOIHRER S22 S, L b@EI
& 2 FEN TR O WS B OBER DAL Uk
WE D ICRKkE ANT T 7 ABREEBE TASAY
W ECEE, WHIL RN 5To /., #@ERORKE
FROEES Table 4icm L7z,

Table 4. Maximum voltage and current of
supplied electric power in present
study in each buffer system.

Buffer Supplied electric power
system Voltage (Max.) Current (Max.)

CAEA 250V 65mA

MF 250V 55mA

RW 220V 55mA

2.4.5 TARATILORE

WEIOKRT LIz TARAT VE L mm DEEIC
AT7AALTz, A7A4 AWKIF 3 ecmX30ecmX 1 mm
DT ZAF Y 7R_ETAIZAT IVOEEN 1 DD
BE, 77RAFy /ROREIBNES T4 7 A
FDFA R EREL TR L7 (Fig.4e). 18
ATARTBEIERTTIRAFvIRE IRTO&E
R, TVEREDHEIZAZ A A LTz,

Yefh |3 Harris and Hopkinson (1976) & Shaw
and Prasad (1970) 7% ¥ D HEEICHE U35 CIZRRE L
7o ERBRH TIT 2 5 72,

ADA, EST, GAPDH, PEP, PGI & U' PGM ®
etz 1, POFARKIGKIZ 2 %O K (50°C) %
RIGHE L A&z, TARAT IV EC—ROESIZ
BAH LI, ZOMIE N v A OFTRIGHEIC
BEL AL,

2.4.6 TAJATILOFRE
WKE, REEET LI TARAT VI, BEERY

Fig.4.

Diagram of the horizontal starch gel
electrophoretic method.

a: preparation of a starch gel, b:
application of enzyme extracts and
applying wicks to a gel, c:gel is se-
parated at the origin(0) and wicks
are placed about 1mm apart; wicks
with marker dyes are placed every
10 specimens, d: setting up a gel
for electrophoresis, e: gel is sliced
into Imm thick each by pulling a
piece of nylon thread sliding on the
two slicing strips set bothside of the
gel.
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TIRAFET 2 11, BERRIICEM U CTRET 2 HES L GBI 2 775 (Numachi, 1981) 236 5.
INSDHFEICBZEFNETN—E—E1H 205, FEORENED S THES N, RECHENLEEET
BREL, EAEER, 73, TUEBRECRIGREILELIOb, TARATVEKEL, 5%7 Yk
D VB HBERE L, ZhEF 7 AN ETE o 7 7 Vi 2 OBICEAAR, 60°CRIt: THzk:
L-7e,

2.5 BIEFESLUNIBEETFOGEE

1 DOEZETEROBMLETENES L Tw 54, B TEOGE T Shaklee ef al. (1990) D J5ik
WCHEL, Rfl»SIEE, 1, 2, 3L 2L, ESTROWTRESBEObD»> 1, 2 & L7,
KB T DRI D W TR b HBSEE 235 2 o 7oLl fE F O vk ENIERE £ 100 & L, Z O i
EFIEoWTIE, FOukEEEH%, sl L THIR L 720308 fE T O KB 2 HHE TR L 7z,
%8, BEBANCKET 5 b 03, BEENCIKEIT 2 b 0 LRBICHE LA S OEBZHEMEE LT~ A 7
A (=) Tl iz,

2.6 HEMEEGHINAE

BT AVHFALRDEFNETNOBEBLEFEICOWTHFA TS T AFEICE > THLIZ > - REE »
5, EEC L CEETRZHE Lz, SEFEARZ ko 7R\, BETFREE 2 b L IRIOR
T X5 A FECEMBEEIICEIT Uz, £/, EHE2EINGORESEME L EHEORBETER L 4D
DAEFERIZ DWW CEEBHIERMEOE L & R L 7z,

2.6.1 N=FTo « TAUN—=TFEHDOHTILD

IEERIME T S, BRBEIR, RARLHE, B, BEWEHL EOERME D 2 IR 22 £
TIEETHEE, BETHEERENRES T, BEMRY (zygotic array) ZEHTFRIID 2 Tz L
WEWIN—T 4T A Nx—7 DB (Hardy-Weinberg's law) It 5. SEMEAFICE I TL
T RBBIOSEE (BEME) BN —T 4 « V4 =7 OBEBNEMIC RS2 FHEREICH 20 E S5 »
T ox? REICE > THRNE, x20—K&RIZ

x*=3 (BEZ{H—HRrE) »HARHE (1)
Ths, HEEIZRBEAEE Y > BEFEEZRD, ZOBEFEEDS & CERIEZCRMLUI L &I
WIS 2 RBEAEE2EH T2 LIk > TR, ZOLEHHERREBOHHE (m—1) »
5, BEFEEEOHEICHW S IEBEFORIOWTOHBEE (n—1) 23 LE[Ww/k (m—n)
L,
2.6.2 ZERBEZRFENEE (P)

EHIC BT 5 EEHER L EROCERTARED 1 DL LT, LRKREFERP) 2Kz, 537
HEFOHEL0.015 %1130, 0584 EOERTFEE % % B# (polymorphic) B8R FEE & W5 25, KH5E
T BT FHEY0. 0500 ED & EWCHBINEEFEE Uz, S EERECBETEBEEICEE L T
L MEEETER (P) O EMORMHERZE I DWW TR (1990) 12X ke,
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2.6.3 FI~NT OGHEH)

BENEROBELTRTREL LT, & 5 CEROHE 2 AN, FH~T o #ESHE H) B
SGNDHIENHD, IORIANT oFEGHOHEMNEELRL T, BETFEECEESICRESL
3 rixnl, BETHECEZRS NS (R, 1990). EEXRERAEF 2L, b 2EETECK

AGEGEF AL A2, + - ¢, AnHSP1, P2, ¢ - o, PnOMHETHELET L X, ZOBSCFEONT O
EHFEL I
h=1-3Pi? (2)

TRaEns, 2L T, r{HOBEETECDWTOFEYNT o EEEE(H) X, FEETHEICOWTOhD
SE¥TEZ o505,
H==Shi/r (3)
EEOHEEREDBEBTEIIDWTONT 0 THAMHERIL, ZOBEBTFEOh TEZ5050DT,
FEYANT o EERRRIEEOBEETCOANT o EEORETH 2 BETEOFHOEEEZRL T2
(Lewontin and Hubby, 1966).
2.6.4 XMINBEFEENHEMORE ((RTE)

E MM OM I BIR THEE R O RFA 2 & EMOBR TRV R —2 £ 5 0 E2RET T 27012, H2HH
ILEET O HBSEE OWEMEERET 2Fik e LT x2EORFL 1960) # vz, Shr#a T oRicES
BERRWESICIIARUTBO 2 HOEMAD, K& & N,, Ngid2WT, MITEEFHEER Py, Pet T
3

x2= {2N, (P-P,) *+2Ny (P —Pg) *}/P (1—P) (4)
TwE&nd, 7L, P
p= (PAXNA+PBXNB)/ (N,+Np) (5)

Thb., COLEXOHAEIRX 1 THS. -7, AEAEN1% T x*(d.£.=1,0.01) =6.64, 5% 7T
13 x2 (d.f.1,0.05) =3.86k %D, KD yERINS LD REFNIEHEICEE 2 E0EMARMICHE
HETHIEWhd, 7B, 1 EABEOREMI0ED & 5, fMAERIZ0.00567%5 2 6, Py, Py
BINEDNSWEE EZHEREKT 2ERRIEDO TR, Lo T, Py, Ped’0.005KH 2
WIE0.995 & DR E WIS IX ¢ RE ETThR» o7,
2.6.5 BIZF{Lis# (Coefficient of gene differentiation ; Ggr)
EMMOBEBEFHEOSMEOREE, ThbbERMICH 2EREIEREDIERIIH L THDOIRE S
DRE L L TCHEEFMEIER (Gsr) 2RO 72, #AELCEMRSEOFELBETHEE2HO GHELE
MALEOFH~T u#ESEEREH, & L, 98 LR~ T 0 ESROFY, §7hbbEN
WA T oS ERHo b 32 &, ZOH e Hok 0B EMAMOEEFHEERAKROZEZRL, 4
ERHMESA~T vigEEHE (Dsy) EFEHh

DST:HT_HS (6)
TEEINS, 4GB H T 2D DEE, Thbb
Gsr=Dsr/Hr= (H:—Hs) /H: (7)

2 & o TREN, SEMEOBEEG T O SME O 2 FRE 2773 (Nei, 1975).

2.6.6 [EE$e$k (Fixation index ; Fsr)

B E OB G T TR THEESEFB T ENIZ EAMEL Tw 2 »r e RTRE L L THEEEK
(Fsr) AV BN S (Wright, 1951)., Fo 3 FBETFEI L 12RD 5 288T, SER»SFEREI
Lo 2 OB TFHOMMEEERL TH D, EHOBHERE P LE G T I BRE T 2 Wik ok & 3
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B r0IcEREESNTWS ((BH, 1990).
Ferld, STHEOSEROMEETF k OHEEH k OOEE o L5 &

Fer=0%/P (1—D) (8)
TEENSL, 22T, PESHEOHERMO kW TEETFOVFEFERTH Y,

TREN D,
2.6.7 BIGRIEEHEE (Genetic distance ; D)

LM OBEIMEOTRE % Lk 3 2 D12 Nei (1972) O#E=AEEEE (D) % v TRET L 7z, Nei(1972)
WENEDIBUTO L koo nd, EHX EYRHD, | B@ETFEONIEET | DEEh T2
Lx

Jx=2-S hy2/1 (10)

J¢=3+3 hy2/r 3)

Jxw=2+2 (hyxys hy) /1 (12)
EL, RCIBLUDIFAY, 1)KL VKD B,

I=Jxw/ (Jy=Jy) ? (13)

D =-loge I (14

2.6.8 HEHREEEBE

7 Y7 EIO12%EH LALKBIO 6 RE O EFHISEN & AF R TEARKED CEhtro/c TV T4 v
vaauarETM, = > AT F VCEEEEO 3EMIZ O W T, Grant(1981) # & Uf Grant
and Zhang (1983) » & AHIZE & 58T 2 25 R THE OB THEHRZ5IH L, #F8 C21EMDH
HOBEEHIEERE (D) 23k 9, 155472 Dl % v T UPGMA ¥ (Sneath and Sokal, 1973) 12k b 7>
Fos o azHE L, SERHEOEGIERRERZ BT L.

3 BRITOBEIABEGHNER L BRRXE

3.1 Z P UHBROBRAIRHE
v vid=vrBHIREEN, =y CHERERAVVEE L EbN TS, Ohno ef al. (1968,

1969) Wk hiE, FOA VVHHICET 245 7 FA T (Engrauris mordax) DORAOERITA8E (et
AR E48(E) T, TN TOROMEIREGEFELEERTDH 2 DL, = I3 44F8 O Kim8h R ARG
R & 4t REREN R AR A OFHH2(E (G dmbgeofd) of@mkrF-> T w5, £/, DNAER DY Y
7F AT ¥93.0X107°mg, =¥ »132.1X10°mg THH, =¥ YHEIEWY 7 BAE TR Ak
H31041E, DNA F35.8~6.0X10°mg ThHh s LHEL, oD 7 VEEY 7 HOROE DR
DNA B DB MN S, = 103 2 & (diploid) & # 2 72, BRIKBIOH 1S & = > D 2 &k
BEREMSF SN TS, Larl, V> IWBikEESR (SMDH-2) 53 2 85 TFETE, FEEREH
EFORZNR LA 5N 2 5EEHP (Grant, 1981), ERERT 74V FA LARMPEES L THE L
5 (Anderson et al., 1981), =¥ >V F 2B TH 25, BETHECL > TREENH LD EEZ
55,

3.2 Zo NDIhEFTCOBRSFERICHT IHME
RPEE TIR19504ERE 2D & MR O & 9 2GSRBS T O 1960 ERE L3 T7 A V
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VA LOWMESIEE o7z, =¥ Y TRABEHRAITES LoD EN, MKRE, P72 A7xVy, ~
7O E OB TOWENITH L, Sindermann and Mairs (1959) 14 F 4D X 4 »EOBEFGIZ
539 B M THRIMERC CHE 2R DR HBBHE AR A Z 5 R L, Sl bh7v A7) v

(Neaevdal, 1969), ~% 27 ot > (Sindermann and Honey, 1963 ; Everaartus, 1978), 7RIMERHLI
(Sindermann and Mairs, 1959 ; Truveller, 1971) EDOH%E 6, JLERD =¥ I IFEKEA L TEII
% & CHEMED SBRREANLEBEZEDREL T MmEEHEERE (i) &, BhE2EBn T EELE
BB TREAL, HOWRICKRE L TEINT 210 L OMORBEAFEZ IC, BELEEZ RV
LTw3 (Ligny, 1969). BERO T OEEICET 2098 TlE, Odense et al. (1966) MBIk EEES
ET I/ NIVAT7 27 —X¥ORBABEE 2 A THF SRIOEMICOWTHIELDMNBEEY T, %
D, TAT 7 —YOERBRBEE 12OV T Naevdal (1969) 28/ v = — L JL#BOFE %, Simonarson and
Watts (1969) l3db¥s & v MBEOE A, & 512, Ridgway et al. (1971) & A4 B OEMOBSERE
ZHZEL, FRZNOMEEICEEDERMEET 2 2 L 2RB L. 19705FRI27k > THA 7 7 Ak
DFHEFEILL > TEL OBZESTOREESFARNONE LI X5 ThHr o, BETEOSTHEIHEAL
72 (Odens and Allen, 1971 ; Kornfield e/ al., 1981). Grant (1981) &20FH$H D EESE D408 5T
OEETHEEMR Y S 3 —a v Ml b7 2 VU 2 HIOEMBOBERS L% T, £72, Ryman ef al.
(1984) X13FEHDEFROITERL FE A WAL &2V g0 5 M OEEEERBI R & REREIE %
BRI,

KA D = v > OEACERIEGEIIFE T LRI <, 1970 A > T 5 T Utter (1972) 237 # A
TATNALY —BEIAT T —BIZOWTT ¥y s INOERZFANIORE D TH B, D,
Bogdanov et al. (1979) 3T AT 7 —X LN—F F ¥ —LIZOWTHEEIMN, AHR— 7, =1
> ZYEDER ORI LEEGEFHE £ F~, Grant (1981), Grant and Utter (1984) (3 FicdbkRBED H
M OB EHEEGERE A8 5 212 L7z, Grant and Zhang (1983) (38 EEED, /VFk (1983) Xk
BRI OE M OBEAFHR 2B S 22 Lz, & 512, Rybnikova (1985) 14 R—Y 7¥# L9 1Y
D, F7z, AR (1990) 1 AAROICEHHE O & EM OBERERREGREHE L. Lal, InZ
TIKFE= Y Y O O L ERAZHEL T, BRSO TOSHER—FkE v CEMABE 2R
FrLzemtzeidx <, AMEVPRYTH S, 51, ITETIE mtDNA ST £ 2B LV ~)L TOELH
TRIZH L O EMOWE LB E 57 (Kornfield and Bogdanowicz, 1987).

3.3 L BTA VYA LRORER

BETESRLZEECT A Y VA4 LAOBERLFER, MEER, ELFERMEE LB X 2530
DBEZLZEEDE D, 2D 5B TITABBFENEFEHL, —FBEETFEXEHLD THE
WY WZ ENH D, DL D BRHBOKERTIZAT A VA LFRWERL, N7V NiZ#EL, B
TAVHFALRBIFEAERELE L, ZOLIBMHEBITAT A Y P A LAROEEOENHEN L v
23, B7A VYA LAROEEDSHIZITEET, BT A V¥4 LARHTH L FIRT 22 ERNEH
HD., DL BHBOAOREERIMEEETICI - FLTw2HAS#EETICE 2 8h 3,

Fig. 5 1 CA B % Vo358 OFLBBUKRESE B L 7)) v TBPUKHEBER OIRER, HHA, M&
A, B, GO, BN, Bd, MPTE, OB, REOMBRIKENRE TR U, BEORESHEMC LD &
20, AUEE 2T 2BECHHEBSEEELD L Z Lo, BT 2BETFEICE L - HE 2 E 805
b5,
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§
| LoH-2
) LDH-3(C)
i 1 LDH—7
0 & 2 0O 2
S %es % t%2Q %
+
"
mMDH
SMDH —2
SMDH—17
o]

Fig.5. Photographs of electrophoretic patterns of
lactate dehydrogenase (LDH ; above) and
malate dehydrogenase (MDH ; below) in ten
tissues of Pacific herring.

3.4 BEEFENER
a, TANNVT—F 733/ F7>A 77—+ (2.6.1.1 Aspartate aminotransferase ; AAT)

A & TR < FEBLT 2 SRR & BERRENCREN S 2 2 D07 A VA ARBHB L., Zhsid2

DOMNLDBETFEOLETIZH S £FZ 5h, Odense ef al. (1966) FEMmANIZI ba > Ky 7H

(mAAT) TEMBENIAEER (SAAT) THAS EHEEL Tnb, mAAT, SAAT KBWTIF1AR
NV R E3ENY FOMEENHERT 5 Lo, i IXRIBEGE, BE T RABESE EHE S, AAT
DY T 1=y MEEN2BETHZ 2 EET LTS, sAAT Tlt 4 MSGEETFD, 72 mAAT T
5 XTI B EHEESI NI (Fig. 6). 2055 mAAT*81 B XU mAAT 85 3L AKFED
AR I TR & e,

b. 77 /¥ >773)7—+¥ (3.5.4.4 Adenosine deaminase ; ADA)

1430 F (FIBEEEHE) & 248N F (REBESHE) o272 12074 Y ¥4 AR R
WCHEET 5, A ADA OV 7 2=y MEEICOWTIE, =¥ > (Grant, 1981), ¥ X / A (Kobayashi
et al., 1984), ~% 7 (Grant et al., 1987), aX 2 H Vv A (Grant et al., 1983), # t = v (Grant
et al., 1983) 7 ETHAROGNTWED, WINbHEREETH S Z L HEIN TS, ADA FEMHEMR
TIEMN D 203, HRTREEENE SN, ADA WX 5 WLEE TS 5 LFEZ HNizh, N—
V7B e7 VTRITIEID I B ADA100 BEBLIZDI LT, 77 AABLUBO 7 AV A EITRE
ADA*82 Sz b mWHE THBLL 72 (Fig. 7).
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€, TaAZg—hind §58—4
(4.2.1.3 Aconitate hydratase ; AH)
AHIZE bTIZ S ha v Y 7H L afyEHA
DOMEIHI S, ML 53 25 (Har-
ris and Hopkinson, 1976). =3 > TGl
WWEIT 5 22007 4 Y ¥ A LARBHBILT.
0SB, EHOBED S DI TEL, #W»
LOEFHATE DM FEHL, KEHOEWT A
VWA LRTIE LAY R 2T L7223,
HATAYVFAL LRTE LAY FObDL 2
KN PDOHDWRHE L, /N FOHBAN
Y —ro IS IEENENBIOMILL 728
FRECKESN TS EFZ s5hiz, BRENX
SN TR (mAH), KEIOEERRHE
ERENS (SAH) EHEESI N TS, KFFE
=Y ROV TRERESVIOTT, Ea—
Yy bV NOD sAH 12 5 X SLE A TR
Hanis, mAH TRERZA o7
(Fig. 8). &7z, K¥GE=y >~ CIZRBRIC 2 38
ETEND D &FHZ2 5N, SAH T 5 {AOXAEIE
FHoseH & iz (Kornfield ef al ., 1982), L»
L7a23s, AHIE 1 HiOERBET L o3 L T
iz, SFEEORBITCIZAVWER» o7,
d. =T277—¥ (3.1.1.1 Esterase ; EST)
KEHFE =Y >~ DEST I 2\ T X Utter
(1972), Grant (1981), Bogdanov et al.
(1979) WEL T3 X5z, KbEHREN
VKBNS 27 4 Y WA ARLSHIRRICERD T
A VWA ARBPE SN THET 5 O TIkRENHR
DBETHBRTE L\, Lizi-> T, EST T
iR b BRENC T 2 1 ANy F R RBEES
7, 24N R ERBESKL T BETFEL
EST-1& L7z, EST-1iZ1Z 5 2 DMILB LTS
s hr (Fig. 9).
e, VI F—RAERZ7xR7 75 —¥
(3.1.3.11 Fructose-bisphosphatase ; FDP)
A, G, FHICREI COkBIfERE =R 1 K
NV R DERRANC BB L e, RIS TCIIER
FHeNLrozh, =YVATIESARNNUE
» ok RUBESE RSN TED, 48K

73
700 | mAAT

Fig.6. Photograph of electrophoretic patterns
of aspartate aminotransferase (AAT)
in muscle tissue of Pacific herring.

ADA

777  phenotype genotype
78100
87100
100100
100110

100117

o PbwN

o — S

5 3 2 » phenotype

Fig.7. Photograph of electrophoretic patterns
of adenosine deaminase (ADA) in mus-
cle tissue of Pacific herring. Five al-
leles appeared.

SAH

(@]

Fig.8. Photograph of electrophoretic patterns
of aconitate hydratase (AH) in liver
tissue of Pacific herring.
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A

Fig.9.

+

Fig.10.

Fig.11.

Fig.12.

Ot

Photograph of electrophoretic patterns
of esterase (Est) in muscle tissue of
Pacific herring. Zone-1 corresponds to
EST-1 locus.

s ON

Photograph of electrophoretic patter-
ns of glucose phosphate isomerase
(GPI) and five alleles are observed in
muscle tissue of Pacific herring.

—— 100 GAPDH—-3

00  GAPDH—-2

;_:Zéé GAPDH—1
MMMMHE
Photograph of electrophoretic patter-
ns of glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH) in muscle (M),
heart (H) and eye (E) tissue of Pacific

Tissue

herring.

|

o

phenotype

3 2 1

Photograph of electrophoretic patter-
ns of glycerol-3-phosphate dehy-
drogenase (G3PDH) in muscle tissue.
Three alleles are appeared in this
study.

B IE

ThsEFEZH>5 (May, 1980). =¥ > THitk
AR L7 1Ay Wi, 1 EEFERIC £
LEEbNS,

f.70a—2R) VBAYAT—¥

(5.3.1.9 Glucose-6-phosphate isomerase ; GPI)

B kB3 2 A AR TH S 1L AN F
LRABEAERTHLIENE2ERDE1DD
V—rnHEL, 1EBETE»SK5 T{EONIT
BETFOEESHEE Sz (Fig.10), HIRTERD
fERRZE N Y RBTERL & e s, W RICBWTH
BRRENCY T T4 Mo > RBHIE L, £/, K|
ST B R 1 LB SRR 2 B A 7 — A
BHEhB, OV —rOukENY —3FE
Y=V ER—DNRY =R,

g. Iy 3 VERKERER

(1.4.1.3 Glutamate dehydrogenase ; GLUDH)

FEI i b PR DRV 1A S Y RHIHELL, &
W, L, BRTEE DEEDOFH N 1A/ N B a3
HIER U7z, RS TRWLAEARD o I3 8 ITMR
S h ol HEELR1IA N Y N ik 1 BB TR
e RTb D EBbNS, GDH E#ETIE 2
Fa YRV TREEETRIIEBAONTWS

(Harris and Hopkinson, 1976).

h., 202V 7 VT4 83 CEEBKERRER

(1.2.1.12 Glycelaldehyde-3-posphate dehy-
drogenase ; GAPDH)

AT IREBENT, O, ARERCIEEENIC K
By 2 2N NOMMBICEREANCE SRR T S 3
DDV — BB L e, IRERICR I GAPDH-
3 MY o L BB/EE D T, RoTLRICRRN R
GAPDH-2 DVkEh$ %, 7 A YV A RERIOFED &
13 GAPDH 2 TEREBH 6N TWw 5 A (Grant,
1981), AW CI3REa g o7z, —7, Btk
> GAPDH-1 TRZZEEB & 51, RBEEHE
1A R, BABREERISANNY FTHo/Z
Lo, GAPDH-1 13 4 BfA L EE S NS, 2D
GFETIE 3 DOMLEETORB I s, &
WEge D fEaT i F v 7c EFEA I I3 GAPDH-1*
-100 &£ GAPDH-1+*-182 @ 2 © DN EEF
WHIE L, 2D 5B, GAPDH-1x-182 137 7 A
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HEBEISH YT IV ATRXHITTDT AYHK
PEANC RIS R THEL L 7228, R—VU > 7
Wi S FHFIC LT COT P T RO TIE TSI
HE L7z d & (Fig.11).

i. 7V u—3 ) vEpKRER (1.1.1.8
Glycerol-3-phosphate dehydrogenase ; G3
PDH)

BATLID2DT A YA LR, HET2>07
AYVFALRPBHEEL, TheD7A4YFA L%
F3ODBETFHEOZITICHL bD LHEES N
2. 2O BEHBOERFETIEWTNY 1A
YEDOLDHRY, FERIHSNILH 5T,
HAOBEFETIE3ANY PO b O L
7o, D 3ANY P IE 2 BIBDRBBEEHETH 5.
3EOFLELE T S iz (Fig.12).

j.o A RadFYTFUA MEKREESR

(1,1,1,30 3-Hydroxybutyrate
dehydrogenase ; HBDH)

FFR T 721058 < FEL 3 2 RN kB § 5 1 2
DT A VYA LRZDBDHD, 14N PIZFREES
&, 3ANY NRRUBESHTH S LHEES L

(Fig.13). L4 L, HBDH O#EIREITHV 72
HEIC LV EEENES N poTc 2 L o KE
WEIT IR 7z,

k. 4V 72 ryBEKERSR (1.1.1.42
Isocitrate dehydrogenase ; IDHP)

A & P 2 2 R O B RRENC UK E S
2007 A4 VYA LRHHIE LK, IDH & 2 &
TRZEEGEIE 1A R, BAESEIE 3EN
> R T®»%. Henderson (1965) & X IR
L cTHREEINS2IDHE S b2y P 7R

(mIDHP) T, KT S5 IDH ZAREN
# (sIDHP) THY, ZhZhHLOEEFEIC
FoTEigash Tz eFEZLHNLTW S,
mIDHP T3 4 {[AOXILE IR F oM & uie 2328
FEEDME DI L, SIDHP Tl 8 fEl O L#
T s h, BEELE» o7 (Fig.14 a,b).
TYTHROR=Y ¥ 7 HDOERTIE sIDHP *
100 B L7228, 77 AW BLUMOEETIX
SIDHP*82 7S L THH L 7z,

+

Fig.13.

Fig.14.

genotypé
00100
88100

8888

Photograph of electrophoretic patter-
ns of hydroxybutylate dehydrogenase
(HBDH) in liver tissue of Pacific
herring.

Photographs of electrophoretic
patterns of isocitrate dehydrogenase
(IDH) in liver tissue (a: sIDHP) and
muscle tissue (b: mIDHP) of Pacific

herring.

phenotype genotype

LDH-1 LDH-2
1 100100 100100
2 100232 100100
3 437100 100100
4 100100 100115

- ®| o2

_ | oH-1

Photograph of electrophoretic patter-
ns of lactate dehydrogenase (LDH)
and diagrammatic representation of
phenotypes of LDH-1 and LDH-2.
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1. FEBhik#ER:ZE (1.1.1.27 ,-Lactate dehydrogenase ; LDH)

FEE R A CTEBGBRENCIKEI T2 2 DD 7 4 VA ARDBHIRT 2, IhsixznEFniloErsT
BRI ENT WS EFEZ 5N TWw5 (Odense et al., 1966 ; Naevdal, 1970). WkEIn# <, HATE
DI Fer s Db LDH-2 Tid 2 fl, vkEiE <, T X Vi< feta sz LDH-1 T 3 OIS
EFomt s, LrL, ZOHBHEE RO TR o7, Z OMICIRERICER RNy N > N 535 HR{H]
WWHET 2 (Fig.5). ZONY FRAFETIZCANY R EMZNR TS (Shaklee et al.,1973).

m. Y I@likERSE (1.1.1.37 Malate dehydrogenase ; MDH)

BT, BBENCEKEIT 2 1 AN FEIENY e85 12074 YA LAZBHRT 5,
MDH 3 2 B TH2 2 s 1Ay PIZRIBEESE, 34 vy FIZEIESERHESN, 1 DOHE
ETFREICERENTWwS LHEESNS, HRTHESFER TS MDH RS ha v VY 78 (mMDH) T
b5, FFETEIGBENCKET 2 2 D07 4 V¥ A ARDBA SN, FHZNMIL L I8 E TR IR S
NTwa EHEE SN, TRt &2 MDH 3RS HER (sMDH) TH Y, WEIEEEE» S 2o

G TEE % sMDH-1, sMDH-2, fSAT & D
< FB L S BEE TR mMDH LU, &
bETCIHEEBETEOFEENHEE SN
1/77MDH (Fig.16). Grant (1981), Anderson et
al . (1981) IZAWF9E T O sMDH-2 \Z A %43

P

isMDH—Z . R

x LMETFER MDH-4,5 £ L, ZROK 5

o %WW” NBNYFOREBOBES L U5 —
e T 5, ZHREHELTVLE I EERELTL
W B e T T s 5. AWK TR Fig.l6ic RT & 5 1
Moomo LML Tisee SMDH -20ZE BRI B 2 a0 miE s o,

CDBLETENEHEL TWBAREMEL D %
CEETRBLTVRELIICHALNS D,

Fig.16. Photograph of electrophoretic patterns of
malate dehydrogenase (MDH) in muscle

tissue (M) and liver tissue (L). HAfEICHIEET B Z i TE ol &8,

JF SR OBEFEEHIC b AHE & Grant

(1981) DL L IEWRASNDE, ZD

+ EHRD 1 D& U CokENEERED R sV

s b &, AR R g A AR DAL vk

‘ DENBFHEZ SND, FHZ LEBRERD

HEM AR T E THEATEL DI

xfL,Grant (1981) x~—»—»1 cm 2

WKE) L2 BICIER 2 D BR &, FUTA%

—— o M AN EBESETRBIZETNS, 22

T sMDH-1+100/100 O @& & sMDH-1+

-27/100 DA% v THkE) L, M85 & B

Fig.17. Comparison of electrophoretic patterns of DD WEE ERDBEWIESICOWT
sMDH-1. a: wicks were not moved out to EER 5177 (Fig.17a,b). % DER,

the end of electrophoresis, b : wicks were SMDH-1+ 100/ 100 O{EHTIZELD [ 72

moved out ten minutes later after power S - _ N
Supplied. no 7;&_ 7 Iz 0:155@@% 1 Z’SOD/\ b }\ 7J>§é

00 SMDH-2
700
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S, BN A S I L Ao 7248, JEHE A e T D B 7oA 1 B A TR RN 1A,
fetBElc 1 RDFF 2RO N> KT oD, KICERD S 2K (sMDH-1x-7/100) % Fi\ W2 %6,
BLD s WIEIZ 1 SMDH-1+100 WS 3 2 7 0% 4 A L ~T 0 5 4 v —I3EHEIC , S0l T
SMDH-1+-27 \ZF¥4 ¥ 2 7 0 ¥4 AFEMBANCKEIL, 2 T3IERD NNV FRR S5, ZhickL,
FEAR 2 I B 7235E0120 8 SMDH-1+100 (2FA 243 2 7 a8 4 AN, ~T a5 4 ~—& sMDH-
1=-27 \CHHE T 2 7 0¥ A A FREBRENCEKE L, BBRENCE 1 B8EFEICHES T 2HbE T3 RO/
RASHER L 72, Grant (1981) BESAHEOBRBANCHIR L7 4 V94 A% % 1 DOMETE & B L
T, IME Mdh-1 2L, 25 BBRIO T A Y4 L5%% Mdh-2 R UT: EHEE S K, ZhySEET
FEHIC BN E U HA L EE S NS,

n, wYyr7xr¥4 AL (1.1.1.40 Malic enzyme ; MEP)

AR OUIE CHEED S  BRRANCKEI T2 2 DD 7 4 VA ARV T 5, BB 1CkE+ %
TAYVHFALALRZE Ay RO 7R (mMEP), FAEBORIAEER (sMEP) L#iEshs, MEP
34 BETS AN FORMBELEAL 1A
Y FORBEEHSHEL, sSMEP Tt 2 1
{E, mMEP T\ 4 fEOMIL G T A5 & ; SMEP  mMEP
nr (Fig.18). &#, sMEP+*155 OWEIEE ' i
Bt1Z mMEP*100 X D K& <, 2heD7 A 90
VA LSV RORESES > CHET 57 =
B, SMEP*155 % DK T3 mMEP O¥|
SN L 2D, ZOROEED mMEP @
EEFROHE R TbRbo T,

0. %Y /—T4ARAT7 x4 P Y RT—¥

(5.3.1.8 Mannose-6-phosphate isomer-

155

- — 100

w0 100 100 100 100 155

ase ; MPI) 0o w0 o 0 100 100 SMER O
- - 90
BT X DS <, BHERIC B T 5 @ B W owm -~ mMEP

LAY PR 5, KR TIRREMLD
OSSN olzd, Y rBREMAETIIH Fig.18. Photograph of electrophoretic patterns of

BRLHEEINE 2ANY R E 1RV ED malic enzyme (ME) in muscle tissue.
EEPIEHIN TS,
P. A7y /—nBikFRR 1.1.1.73
Octanol dehydrogenase ; ODH) ODH

FFi CREB AN kBT 2 1 DD 7 A YV A4 o ARSI
LRDHET 5. ODH TR 3ANYF 1 e L
BN RObONUHT 52 L s 2 R L S 6

65100

HESNS, 5EOXIEEFIHEH S N,
Z®M> % ODH*70 1% SOD*100 & Z XL
BIZHD T EMS SOD 12 &) FENNHES
NFECHEND O THERL THHET 2 LH Fig.19. Photograph of electrophoretic patterns
3% % (Fig.19). ODH 3ZRM» &<, &£ of octanol dehydrogenase (ODH) in liver
AT ISP ERF S e lBm FEETH - 72 tissue.

4647421275443
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700

700

104
100

100

AN S

PEP—2

PEP—7

PEP—4

PEP—3

Fig.20. Photograph of electrophoretic patterns

of peptidase (PEP) using leucylglycy-
lglycine for PEP-1, glycylleucine for

PEP-2, and phenylalanylproline for
PEP-3 and PEP-4 as substrates.

+ | PGDH

Fig.21. Photographs of electrophoretic patterns

of phosphogluconate dehydrogenase
(PGDH) in liver tissue. Arrow indicates

the valiant alleles.

iE

WEBETHLA 7Y/ —nDay Mk oTH
EORENE L B o702 LIk D 2RI
ODWTIR T2 2 N TERMoT,
q. _7FF¥—+¥ (3.4.11 Peptidase ;: PEP)
~FFy—PFAvEORBT ORI
7ehs, PN TCIEEL R & o fe, FEEIC Y
VoA vy EFES S (PEP-I), Bkl
KBS 2 1 DoD7 4 VYA LARBPHEL, 3
WITEEFHERD st (Fig.20a), Z ORER
F2 8Bk Ao b (Grant, 1981), HEAUEE
HEROY 7T 2=y MERIETASAT LV EDN
YRONY =S FIARTR WD, HES
LIZEES RIS,
O N7V )y RERE L TES T
& (PEP-2), BHBHNCKEId 51207 1Y
PA LRDBAHSND, 1 AN FIZFRBIESE,
SANY FIZBRBBEEHRETRT 1 BEFEICX
e Twa EFzon, 2XLERFIHEE
Ehie, ¥72=y MERIE 2 BREHES R
% (Fig.20a), 7z=—AT75=V7al) v
BBBRENZ 2 DD T A4 VA LARMBHB L7,
TRENEEBE DK X LT A4 VA AR T 3 EOX
ILEETYS, NS LT 2 AOXLEET L
st (Fig.20b).
r. 74 A7 #2703 VK ERR

(1.1.1.44 Phosphogluconate dehydro-
genase ; PGDH)

A, D, OV TS RS LS
<, BBENCKET 5 12074 YA L%
PHIRT 2, 1A NEZERNFRERD,
2R EHE NS, S{EOXILEEF R
ahiehs, BEERE» - (Fig.2l).

S, 7xARA 77NV b5 —¥ (5.4.2.2
Phosphoglucomutase ; PGM)

A, DIECHEEE <, BREANCEEIT 5
12074 Y F4 L% 5. CAEERK
T, RBEEESEI LAY N, BRESEIE
QAN R THIEYT 205, RW B TlE[RA
BAEE 2 AR, RABESGEIE3ALE
RNV ERD, EONYREZHFTIA b
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Ny Rl OHIE L7 (Fig.22a,b).

PGM BZZ RN E & T O LEE TS S, 7Y 7RITIE PGM*100 8L, 7 A ) % KR
BTk PGM =82 »3eajh L THIEL L7z (Fig.23). PGM 122w T Utter (1972) i3 ATFRE= > > THA &
R D 2 2 Ik E D 2 (HOBETHEERE L, BEMOFBOBETESSHTHL L E, £,
Grant(1981) b fIAB L LK T 2 B FEARIE L, 2BETFHEE S CEEELEHVWI EE2RELT
WA, KPEE= Y 2 I2 DWW TE, Lush(1969) XTI T 2 T EE 2 L, BiREl0EETERSH T

a b
CAEA R'W
+
1 2 3 1 2 3
(e}
1700100 42742 1007100 8282 genotype
42100 82100

Fig.22. Arrows indicate the faint satellite bands

of PGM identified by different buffer
systems (CA) and RW buffer systems).
Three individuals were used.
Phenotypes (I, I1, ITI) in each buffer system
show the same individual respectively. a:
CA buffer system used b: RW buffer sys-
tem used

phenotype  genotype

50100
53100
8282
82100
82,123
100108

ogodwNn—=>

5 6 4 3 4 21 phenatype

Fig.23. Photograph of electrophoretic patterns of
phosphoglucomutase (PGM) in RW buffer
system.
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HoteZ %k, %7z, Kornfield el al. (1982) AT T 2 BIZTFEERE L, BERMAIOELRFEL
SRTHoT LREL T3, KT, HACHE TR bIcE—0 1 BEFEXEO7 4 VY ¥4
LALDREDB I EDBTERMLoTZ.

t. VB b —likEREES (1.1.1.14 Sorbitol dehydrogenase ; SDH)

Wl Ty s <, BBRENC KB T 2 140y FORBIESER L 5 ANy FORBESHENL 525 1
DDTAY YA LARHHIET S, SDHZAKEE=Y Y TL4EERTHD I LT TRHREEINTV S
(Engel et al., 1970). AW TCHEHEE TRV a2 3 HEOM BT RARE SN 20 TH->
7z (Fig.24).

u, Z—"N—FFH¥ A4 T4 A322—¥%—+ (1.15.1.1 Superoxide dismutase ; SOD)

SOD 37 + 7V v AEOIFFRWBETEHES R oo/ Vv Eic KTy F e L TR S
%, BEENCIKEIT 2 1 AN FORBIEEN L 34y FORMEAARSBREB SN, =v v 0%
AL, BMESERZEENT 1 BERSAICTE R, KEE=Y > Tk Lush (1969) B L U
Anderson et al. (1981) & [EE%: 343y RO BEESEEHH L TWws (Fig.25).

+
‘ SDH + SoD
| s phenotype  genotype
& phenotype  genotype !
- 150 . — 1 100100
| 212 2 100212
: ) 2 100150
3 1007160
- 10O
o B e D o - o
1 2 11112 11 phenotype
Fig.24. Photograph of electrophoretic Fig.25. Photograph of electrophoretic
patterns of sorbitol dehydrogenase

patterns of superoxide dismutase

(SDH). (SOD). Arrow indicate the variant.

4 BIEMERE CERBE

7 V7 IO 128 MEAR & LK DO6ERIEARD b b TISEFIEAIIZ DT, IFED RIS 2
29EIEFREC DWTERE LS LIz, £/, K=y v OEMBEOMITICIE, Zh o 18EMER
WCEAREN- B 5 (Grant and Zhang, 1983), N—V Y JHEAEHB LU 7Y T4 v vaan BT
(Grant, 1981) O3EMEAR Mz, MPI, PEP-3, PEP-4, SDH O 4 85T % { 2L+ 22558
(LT FED IR T & F W CGRIZIIEERE (D) %23k e, D{ED o MEEBGR 2 HEE Uiz, £ 058, AF
oy E7 ) a—yy YIEEZRICT 7 A BUREOIKBIOER &£ X—) > 7HEh» &7 ¥ 7HI»
JTOEMICKEL 22007 V=700l ENT W5 Z EBHL IR ST,

KFHECHAAT 5 =¥ VEMOBEER O L EME 2 7 2 7l L LRI 5 0 TULTF I b
T35,
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4.1 TTRIOZL CEROELFERER
4.1.1 SBEBEFEEN—T 1 « TA 2 /N— I

7Y 7RO 1R2ERIEARIC D WT, 547 L7 168K ICBAS L T\ 2 29381E T FE O X 38T FHEE B0
F21RLT,

EFNENOERTHRT SN REBBE DN —T 4« T A = 7V CHIE S N 2 85 RS &
FHLRO»E Y RELI E 25, TRTOBAERD T T OG- HE TEIEE H HIEHE o & P &
D, REFFEHS Uo7 s, AWIERIEIN—T 4 « 74 VN— 7P b 2 EERREA
ORI SN b D EHEES Nz, 2D X 5 RENEARZH O T TOBEBHZREIZ DO WT
RS L7z,

4.1.2 ZEIRBEEGTE LB FEE

7R3 16BER O 20HE FE THiH & W GAPDH-1, GAPDH-2, GAPDH-3, G3PDH-2, G3PDH-3,
LDH-1 Z1iZ MPI O 4 B3R TG TFHETRERMMRHE SN hotz, 72, 5 %L O Tt
EFE2HEEL T SBIESEE T ADA, EST-1, GPI, sIDHP, mMEP, PEP-4 3 X (' PGM @ 7 &
GFEET, 20> B GPLIDHP,mMEP %2 PGM @ 4 {5 TFEEIZ RN <, TN TORRER
THBERLI, 207 DDOERPBELEFEOXILEL FHEL (Table 5) OFHIERDL S TH 3,

ADA © 5 XLEE TR &, SRS - 7 OB ORI, gy, ESEW, BiERE, B
EBEOMER ST RTETAR=T, HNOHTERTh-72. LrL, BEOEEIZ/NE L, ADA*100i&
TR I EE# 230,875 CR/NT d - 7z, AEEEClE A M 230 . 875~0.944, #E MR 23
0.976~0.982, ¥EPEMELIBAIAN0.973 UGN D Ti 28 C ORI LERFHE N E» - 72,

EST : 5 {EORSIEGTF 2 S 417288, EST-1+100 LIAMEFCHIR L 725303 G5 7 Th 0, 83
BB T, ZDfEIZ0.934ThH o7z,

GPI : 8 ShIBEFWHRE S, 2055 GPI*100 = GPI+139 ¥ TISBLAL % 5 iz, EIEFIz
B % & GPI*100 85T 3 re s T0.902~0. 911, WA MEHIRA T130.753~0.800TH b, ¥§
PR T Z OB TS G, £, EETIR0.610L 7 V7 HITIIRLIEL, ROUTTFHAMNID
0.690 & HAR L L DARWEA A 4 & 7z,

SIDHP : 7 S Fasti 2 v, sIDHP+100 & sIDHP+91 A3 U CHIE L 72, ¥ireiEtisa ©
\& sSIDHP * 91 S E G T W i @M E Th 2 2%, WEEMIEE Tt sIDHP*100 @ »rRRE T
BHotz. TNRZT T sIDHP*100 3 sSIDHP+91 X D 0501 <, dbigls Y > 135812 sSIDHP*91 A3
SIDHP*100 X D 0@, HE X HEEE e B o 7 s R L,

mMEP : 4 SIDEEF OSBRI S Wz, 205 b EIEOENIEARTIE mMEP*100 & mMEP*90 %513
ZE CEIE THIRL 7228, #OMOEMIEARTIE mMEP*100 $30.485~0.646 £ 518 L THE L, His
B CRHEEEE O T A, GFHE T mMEP*100 OEETHESHEN L 0 b T hard o @uER» 45
Ntz Ay, SEEER L SR ORISR & ORI IZBEER R E@ IR A 5> i ho Tz,

PEP-4 : 3 AQOMNILELEF M SN AERMIIEL, T4 AN B L URERE 0 2 EFEEZ
B S, FHo 0 PEP-4x100 OMERIL0.950 £0.944ThH > 72,

PGM : 4 SITEG T & 117208 PGM*100 & PGM*82 3Bt THI99% % 5, 2D &, #iE
ZER\T PGM+100 OHBBEEDS X 0 &<, REEEREO0.759, HREIEH AR O0.549 THEFFR & B
HY 5 LD —EDMEANEA SN Lol BEENLT L HLZRAKEIGEL T EHEL B
EFEDS B, SAAT, sMEP TITHEFEMIER L 0 BRI O 8 BENS & 0 SuER A4 5
nir.



Table 5. Allelic frequencies at polymorphic loci in Asian population samples of Pacific hevrring.

ov

Sample No. 1 4 16 5 6 7 8 9 A 11 B
Population Yellow Mangoku Ishikari . L. i L. i DeKastri  Terpenia  Hokkaido
Sea L B. Obuchi Yudo Furen Notoro Saroma -Sakhalin
Sample size 100 82 97 99 172 100 81 100 200 100 394
Locus Allele
ADA 117 0.000 0.000 0.003 0.000 0.015 0.010 0.012 0.015 0.000 0.005 0.004
110 0.000 0.000 0.000 0.056 0.000 0.000 0.006 0.030 0.000 0.000 0.008
100 0.965 0.982 0.976 0.914 0.944 0.875 0.926 0.895 0.978 0.940 0.973
87 0.000 0.006 0.007 0.000 0.026 0.000 0.000 0.030 0.023 0.000 0.003
78 0.035 0.012 0.014 0.030 0.015 0.115 0.056 0.030 0.000 0.055 0.012
EST 100 0.970 0.976 0.973 0.934 0.974 0.980 0.970 0.965 0.975 0.975 0.978
98 0.010 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.025 0.005 0.016
96 0.015 0.000 0.024 0.061 0.026 0.000 0.012 0.000 0.000 0.015 0.006
93 0.005 0.024 0.003 0.005 0.000 0.000 0.000 0.000 0.000 0.000 0.000
90 0.000 0.000 0.000 0.000 0.000 0.020 0.018 0.035 0.000 0.000 0.000
GPI 175 0.000 0.000 0.000 0.005 0.000 0.000 0.000 0.000 0.002 0.000 0.001
155 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001
139 0.390 0.098 0.082 0.242 0.209 0.185 0.235 0.195 0.300 0.225 0.237
100 0.610 0.902 0.911 0.753 0.791 0.800 0.765 0.795 0.690 0.760 (.748
48 0.000 0.000 0.007 0.000 0.000 0.010 0.000 0.010 0.008 0.000 0.006
42 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.015 0.001
20 0.000 0.000 0.000 0.000 0.000 0.005 0.000 0.000 0.000 0.000 0.003
14 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.003
sIDHP 117 0.000 0.000 0.003 0.000 0.000 0.005 0.000 0.005 0.005 0.010 0.001
106 0.080 0.006 0.048 0.061 0.064 0.050 0.068 0.060 0.052 0.060 0.052
100 0.375 0.360 0.371 0.404 0.424 0.460 0.531 0.455 0.402 0.460 0.401
91 0.510 0.542 0.500 0.419 0.442 0.360 0.296 0.390 0.443 0.400 0.442
86 0.030 0.092 0.078 0.101 0.070 0.085 0.105 0.090 0.088 0.065 0.095
82 0.005 0.000 0.000 0.015 0:000 0.040 0.000 0.000 0.010 0.005 0.008
73 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001
mMEP 110 0.040 0.000 0.034 0.030 0.015 0.030 0.025 0.040 0.015 0.045 0.044
100 0.415 0.610 0.646 0.570 0.564 0.500 0.581 0.485 0.618 (.485 0557
90 0.425 0317 0.272 0.380 0.395 0.399 (.388 0.400 0.355 (0.440 0.370
82 0.120 0.073 0.048 0.020 0.026 0.071 0.006 0.075 0.012 0.030 0.029
PEP-1 104 0.010 0.018 0.000 0.020 0.006 0.005 0.056 0.000 0.045 0.010 0.025
100 0.990 0.982 1.000 (.980 0.994 0.995 0.944 1.000 0.950 0.990 0.975
95 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.005 0.000 0.000
PGM 123 0.000 0.000 0.000 0.000 0.020 (.000 0.000 0.000 0.002 0.000 0.003
108 0.000 0.000 0.000 0.000 0.000 0.010 0.000 0.005 0.000 0.000 0.001
100 0.490 0.549 0.759 0.672 0.617 0.675 0.611 0.765 (.693 0.660 0.674
82 0.510 0.451 0.241 0.328 0.363 0.315 (.389 0.230 0.305 0.340 0.322

NI

ELIE <R
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4.1.3 EHICBII2ERFER

128 AT, ZRHEFED & NI BE TEOEE130.28~0.59, 50,42 (EHERZE0.15) TH - 7.
LSRR EE THEBIE ST 4~ 6, V48 TH > . LRNBELTER(P) TR L0.14~0. 21D
WHD, VH0.1TTH o7z, EERTH S BRI 5~ 6 (F195.4), #rEtisaiz 4 (R
4.0), WEEERER TR 4, BXOTEMN TS ONSEEETETH ), WEEOERET S,
fEF A 547z (Table 6), &8, MWEMETIED 2 2EHEDHBIO R A B & O EIEO % RH)EE
FEHEIWIRbL 4 THo Tz,

AT o AR (H)1Z, RO TEFFD0.06345 & ik O EER 00, 08380 #iFHIc H D, FigiE
0.0789T b -7, ETER T H D & W IEHTE I 530.0780~0.0838 (SF#50.081), ¥ v 4 Hy 8 AU 13
0.0634~0.0656 (F450.065), #EREMELBAIZ0.0794% L O RGRYI20.0773~0.0816 (“F-#0.0795) T
b2, WHEEHEEONT 0 BEEEESMOEFTRIC LTINS <, $EMEHE & O T2 D235
FHICEETH 572 (P <0.01), O I &k, /NG CREES e 230 & ERIZHMERF L TW 23
HHERD, KEMTH o LHEE SN HWIFHER L D bERBICEATHE I LE2RLTEY,
PEMEDEMMPITE, ABICH/NL: 2L ICE D CAEEMNE L EEZ 55 (Table 6),

Table 6. Ratio of polymorphic loci and heterozygosity of Asian population samples of
Pacific herring used in this study.

Number of Proportion Number of Proportion Average
Population variant of varinat polymorphic of polymor- heterozy-

loci loci loci phic loci (P) gosity (H)
Yellow Sea 12 0.41 4 0.14 0.0826
Mangoku 1. 8 0.28 4 0.14 0.0656
Ishikari B. 10 0.35 4 0.14 0.0634
L. Obuchi 9 0.31 6 0.21 0.0812
L. Yudo 17 0.59 5 0.17 0.0780
L. Furen 15 0..52 5 0.17 0.0838
L. Notoro 10 0.35 6 0.21 0.0814
L. Saroma 12 0.41 5 0.17 0.0807
DaKastri 14 0.48 5 0.17 0.0773
Terpenia 11 0.38 5 0.17 0.0816
HokkaidoSakhalin 17 0.59 4 0.14 0.0794
Wakkanai 10 0.35 5 0.17 0.0799
Mean (unweighted) 12.1 0.42 4.8 0.17 0.0779
Max. 1% 0.59 6 0.21 0.0838
Min. 8 0.28 4 0.14 0.0634

4.1.4 BEFHEOHEM

S FATE O X B B FHE OB EMIC D W T U 217 o 1o iR, T X TOEREA”M %<
Y 1 EEFRECHEREENRS sz (Table 7). EEHANCHEZ ORI S WicBETERIIHEE
HUE R O ERAEARR Tl 2 ~ 4 B TEE, fE s <k 1 B 57, PR ORI T 3 THh-
foo Fiz, 4.1.2THANI & S ISR EER I RFEN G THEE S L OBGTENDH L Z s, £
WHECHEZED & 5N 2 B8 G FEEHUE, WA MRS e e R o SERIREA & O TF493.8, ¥
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Table 7. Statistically significant loci detected by x? test between each pair of Asian popula-
tion samples.

Population Ye Ma Is Ob Yu Fu No Sa De Te Ho
Yellow Sea ==
Mangoku L. EFG
Ishikari B. EGJ J
L. Obuchi AEF ADE AEH
G]J F
L. Yudo EG] DEF EGI AH
H
L. Furen AEF AEF AEF AD ADF
J HJ G
L. Notoro EFG EFG EFI AH AFI GI
J
L. Saroma ADE AEF ADE DG ADG GIJ GIJ
J G G J
DeKastri AFG DEG DEG AD DEI ADE ADF ADE
J J 1 GI Gl
Terpenia BEG BEF ABE AB AB B B BD ABG
J G G
Hollaido Sakhalin EFG EFG EGJ] ADH ADJ] AFG AF ADG AG AB
J HJ
Wakkanai EG] EFH ACE DH A A F DG AC B AC
] G

*

. Significant difference at @ =0.01.
** 1A IADA, B . sAAT-1, C . mAAT-2, D EST, E . GPI, F . sIDHP, G : mMEP, H . PEP-1,
1 : PEP-4, ] | PGM

PEMEILEA & o T2.8, FE L ORI TIE2.6Th -7z, 7z, HURMEHEER I3 ¥EEEILEE B L Ut
PR & DRI & H124.0, HEEEMERERA & chfA & ORICF2 0DEEFETERENED s, &
S, HEUFIIMMOEREAR & DI 3~ 6 B TFHEE (F193.9), HENTIE 1~ 4 #EEFE CF52.0) 12
BEEIPRE SN,

R OMGER R IS EMASE BN L Tw 2 AR EESEw C 2R L., COERE L TIE
EEINRHADE VL, YR OAEGE, Mk EnFz onsd, oL ZIFEGEY L 1EERWE L CRBEE
E BB TR ENSSERE L Tw5 b OOEIRNCK 1 » HORMINZED S 2. GEBGH & =M T
VIR AN < PESRIRAHA 2R U CTh 2 A%, BENUHISE R D YN T & % RERGH OO 1 112 & 72
JUERIC A CEM CRIZE SN T L REE S N 2 2 E o RRHAE I DIz v (EFE, 1983b) £ 2 5
N3, LoLians, EEARERICRSNS L5 ICRERFEES, FUEGRNOERMEERS L5k
BEICIE GO, 1957) Zh o OEMBITRENH 2 AlREESH 2. LrLahs, FEMZESROE
GETHEEEBREZELTWE I 00, RMBEBERTHE .2 (Lt wEELHESNS,

4.1.5 SEFREOEGAIEERE (D) & £MEE

aNT 4L EEREOER (Grant, 1981 ; Grant and Zhang, 1983) #H0Z 7z 145EMIc>\wT, 25

SEETFFE DN G FHEE S, 53R 72 DIE (Table. 8) &, db#gE Y > EHERN & ORI THROD
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Table 8. Nei's standard genetic distances (Dx10*) between Asian population samples of
Pacific herring based on 25 loci.

Population Ye Ko Ma Is Ob Yu Fu No Sa De Te Ho Wa

Yellow Sea

Korea-E 757

Mangoku L. 528 462

Ishikari B. 910 227 219

L. Obuchi 375 143 251 225

L. Yudo 331 197 160 208 48

L. Furen 475 226 314 265 98 89

L. Notoro 453 187 350 404 117 101 106

L. Saroma 596 188 411 213 107 134 66 203

DeKastri 378 112 327 270 65 92 192 163 174

Terpenia 327 233 301 307 66 50 54 99 90 127

Hokkaido Sakhalin 347 139 221 190 36 31 100 124 103 36 54

Wakkanai 348 166 265 223 38 39 73 137 80 65 41 19

W. Bering Sea 572 140 307 147 72 102 141 235 102 91 130 62 57
Yellow Sea
E.Korea
W.Bering Sea
De—Kastri
Terpenia
Wakkanai
Hokkaido Sakhalin
L.Yudo
L.Obuchi

— = =
L.Saroma
L.Notoro
Ishikari B.
Mangoku |.
1 Y 4 1 ]
.0‘05 .(;04 .003 .002 .001 0

Genetic distance( D)

Fig.26. Cluster analysis (UPGMA) of genetic distance (D) based on 25 loci between popula-
tion samples collected in Asian side of Pacific herring.

0.00019%> & & & AIFE DM DR A0. 009100 HIF ThH -7z, §F5hizDfEs» S5 UPGMA #% (Sneath
and Sokal, 1973) CHEARBRIOEGEEGEEZERD, T Fu s/ AL LTHELL (Fig.26). £7, %
OHEMIZDEAHI0.005THhh, K CHEEEMIRE T H 2 FHFHE & T A2 DE0. 003 TiD £ &
SEEL 72, X 51 DAESY0. 0018 THEER FOEM M I riiz. 2Ok, WEMHEORERIGY, RS LU
B O LMD OREL 2. D ORI & B, A8 L HIRALNEEL T D, #EAIC
b= v B, oY B, dbiEE, AN EARESEWEIFICb o Twb, L Laiol
Bk E RO PRARIC S N T VR=ET ETH A MY OERIGEWALEICH ) BEE & EBIREO
KBNS 2B MER LRI H 2. 20 ko, BENEERERERT TV N ar 74
Rl — SR O E D HRHT OERIC 52 2 L2 T ARLTW S, —F, HBEEMERRA o JbiEE Y
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AN SERDSEE I O BECE, ERE O S TR B 2 O iR L WEEER & o
BfREREL TWw5 EF 2 5N, 5. 3CHEDEREZHERL .

4.2 dekKEERID =S CEMOELZINEEER
4.2.1 ZBBIGEFELN—T 1 « 74 N\—7

RE L7z bkl o> 6 5 FIEA 00 2938 5 T-HE DALl fn TAEE B 2 (5% 2 1R Lz,

FRNENOERIC OV TR E NARRBBEE SN —T 1 74 2N — 7 CHifF S N 2 &5 THIE
FEEFFELBOD 2 THRIE LIREER, 37N TOEETE CHEMISHAHEORINIC S D, An/iER
I ENHEBELEOTbhbR TV E—0EM» ot S hcikn s 2 b D LHEES L.,

6 AR TERIME SN D RITERICHES L Tw A 1I8EETFET, 205 H5%LLEOHEE T
GEFHNED & iz S REEETF I ADA, EST, GPI, GAPDH-1, sSIDHP, mMEP, sMDH-2, PEP-4 %
KO PGM © 9 BIZTEET, =Y v 7HOERMOEGRTE (P=0.21) XL, 3747 v 27 EBUME
DAL KFEETIZ 7~ 8B TEE (P =0.24~0.28) £ 2% o7z, %72, ADA, GPI, sSIDHP, mMEP
£ PGM O 58T MR TR o,

4.2.2 ZEREGEFEOILELFEE

Bk D S RANEIETFEED 5 5, ADA, GAPDH-1, sIDHP, mMEP £ X U PGM @ 5 @E{GFEETIE 7
FAAEEBLIUOTY 2=y v YHIEEEICL TIEDOR—) ¥ 7 & FEEOILEAFREO MR O£
AR 2K & B E080 513 (Table 9, Fig.27). % OFE#IC O W GRETFERNC RS,

ADA ; 5 EOMIIEETFHHRH S, DI 65—V Y IICE T 2 ZERMERIF, WNILEETF
ADA*100 DHEHH30.925~0.928 L 1@l L THBIL /2, —, 374 7 v 7 BUEOKEREARTIX
ADA*100 ¥ ADA*87 OXIIBET L3, FHZNEIFHEHKE 5D, 23747 v 7 BTl ADA*100
730.565TH o 7z DIZF LT, ADA*87 #30.430 L #5FHE L, ¥ b A LIEOENIEAR T3z ADA*87
#30.505~0.52312 3% L T ADA*100 730.436~0.485TdH D, ALEBOERIE Y ADA«100 OEE M E
Zkwmlie,

GAPDH-1; X—V v 7O ZEMEA T, COBGTEOERENE LD TEL, 7V A MVED
EMHEARIC GAPDH-1+-100/-182 OfEfE» 1 Bt s iz, et LT, 374 7 v 7 B TIEInE
{ZF GAPDH-1+-182 OBEE 0480 H 53 % 5o, S 6IC¥ b A TIi30.670, Ea—¥y NET
0.830, > 75> AABTIRH0.82[5LFEHIEEBVEIEGETRL, 7IAAEELLU TV a—v v
FIEZEIC LT, ZOBEEFEOFHEMMICEILTE L WEVL A SN,

SIDHP ; 8 O IEE T S, 20550 3{HONILIEE T OSBRI B s .
Thbb, N—) ¥ 7 EOEREN TIRINILERET sSIDHP*91 O3EEH30.524~0.565 L H# L, KT
SIDHP*100 $30.310~0.363CH -7 DIcxf L3 74 7 v 7 B L O AL T i3 sIDHP*100 »3
0.479~0.515 L L, R\>T sIDHP*82 #30.305~0.400TH > 7z.

mMEP | 5 AOMIGEfEFSRE S, 209 b_—1) > VEOEALR T mMEP*100 O
$30.458~~0.480, mMEP*90 %30.505~0.518 £ Wi M FIZ[F U@ ElE THE Lz LT, 37 4
7 v 7 BLAFE T mMEP+100 #30.770~0.865& &8k L THIFR L, GAPDH-1 L 3 RIICILEKFHET
DM ILEEFDMMEDNE o Tz, ETz2, mMEP*43 13— > 7 TIEHIR Lk o 7208, LT
ETROLTNOERICE W THEGEE 2 S HE L7,

PGM ; 6 M3LEEFOMHEEN, 20350 PCM*100 £ PGM+*82 0 2 D DX B 5T THEE»
17w L0.995% 58, ZNLSORLEGFOSEB T 20 TH - 72, A2 exX=) > 7§
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Table 9. Allelic frequencies at polymorphic loci in North eastern Pacific population
samples of Pacific herring.
Sample No. 17 18 19 20 21 22
Population San Fran Puget S. Sitka I.  Kodiak I. Bristol B.  Norton S.
cisco B.
Sample size 100 100 100 100 84 100
Locus Allele

ADA 117 0.000 0.005 0.000 0.000 0.000 0.005
110 0.000 0.000 0.005 0.000 0.000 0.000

100 0.480 0.470 0.485 0.565 0.928 0.925

87 0.505 0.565 0.510 0.430 0.030 0.010

78 0.015 0.010 0.000 0.005 0.042 0.060

EST 100 0.935 0.905 0.930 0.955 (.982 0.965
98 0.000 0.000 0.055 0.035 0.012 0.025

96 0.010 0.095 0.000 0.005 0.006 0.010

93 0.055 0.000 0.015 0.000 0.000 0.000

GPI 175 0.000 0.000 0.005 0.005 0.000 0.000
139 0.180 0215 0.160 0.210 0.274 0.245

100 0.815 0.765 0.815 0.770 0.720 0.755

71 0.005 0.000 0.000 0.000 0.000 0.000

48 0.000 0.015 0.020 0.015 0.006 0.000

42 0.000 0.005 0.000 0.000 0.000 0.000

GAPDH-1 -182 0.825 0.830 0.670 0.480 0.006 0.000
-100 0.175 0.170 0.330 0.520 0.994 1.000

sIDHP 117 0.000 0.000 0.000 0.005 0.000 0.000
106 0.000 0.005 0.005 0.010 0.060 0.050

100 0.495 0.485 0.510 0.515 0363 0.310

91 0.090 0.125 0.115 0.165 0.524 0.565

36 0.005 0.000 0.010 0.000 0.053 0.045

82 0.400 0.385 0.360 0.305 0.000 0.030

73 0.005 0.000 0.000 0.000 0.000 0.000

67 0.005 0.000 0.000 0.000 0.000 0.000

mMDH 100 0.960 0.975 0.935 0.925 0.994 1.000
55 0.040 0.025 0.065 0.075 0.006 0.000

mMEP 110 0.045 0.035 0.030 0.025 0.012 0.010
100 0.865 0.815 0.795 0.770 (.458 0.480

90 0.050 0.095 0.155 0.180 0.518 0.505

82 0.010 0.020 0.000 0.010 0.012 0.005

43 0.030 0.035 0.020 0.015 0.000 0.000

PEP-4 104 010 0.030 0.005 0.020 0.083 0.105
100 .990 0.970 0.9950 0.980 0.917 0.895

PGM 123 0.005 0.005 0.005 0.000 0.000 0.000
100 0.260 0.255 0.290 0.250 0.720 0.725

82 0.730 0.725 0.680 0.740 0.280 0.275

71 0.005 0.015 0.025 0.000 0.000 0.000

53 0.000 0.000 0.000 0.005 0.000 0.000

28 0.000 0.000 0.000 0.010 0.000 0.000
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Fig.27.

87(Q * 100

others

* 82 *91
others €V « 100 @

others

Maps showing the sampling locations (a) and the composition of allelic frequen-
cies of ADA(b), GAPDH-1(c), sIDHP(d), mMEP(e) and PGM (f).
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D 5 H A T3 3 #E AR T PGM*100 O B 530.720~0.72512 %F U T, PGM+*82 O ¥ & »3
0.275~0.280T®H > 7223, ALHAFEEOEMBIARRE T PGM * 100 OHEEH30.255~0.300 £ 1K<, #h
IZfEV PGM*82 OBEEEIX0.700~0.730 & B WEEE THIF L7z, 20X 5128 L THE L il s
FoERE CERS LTk,

ZOMDZR EIR LI TED 5 5, GPI Tt GPI*100 QMR 54 2 £FIE E B iE
[H3H Sz, PEP-4 13— > 7 ¥OEMEARTEE %R L e BILE AR D EMIER TOERDE|
BES%KRMTHo Tz, —7H, BEMUVSLT L SREPKEICIZEL T EHE LIEEFETE,
SAAT, EST, sMDH-2 .28 W CILHAFHEDERDHBN—Y > ZHHOEM & D R4S W IERS
BHohie,

DXz, EFEROBEEIKIE ADA, GAPDH-1, sIDHP, mMEP ¥ X 1° PGM @ 5 &5 T
TR=Y U 7YE 7 7 AABUEONLEKFEEDZNZTNOMR TIZZE L WHENASNSH, F1ZF
NOWERNTIE L UL TWBE Z L &R L, BT, LEAFETEIHOIFT 1 7y 2 E1S
FESOY > 7 7> 2B E THIS,000km b7z D, TRAICERIDIMGL T 55, BEFHEEHRK
W7 YT HIOER T A & e ASESEIIFRD &5 M, M G THEE U I B A ELHSERD & iz,
4.2.3 &EMICEIT2ERERE

% REBEE FEER (P) g R—"1) > ¥ T3 & $120.21, JLHEAFEETIZ0.24~0.28, F150.25T, _—
V7LD bEwy (Table 10), FHAT vHEESEHEH) E/R/AD / — ~ Y ED0.08032 & e D 2
F 47 v 7 ED0.1086DHEEICH > 72, WHEANCA S L_—1) > ZHEOENTIZ0.0803~0.0814 (F
0. 081EZHENRZE0.001), FLBATFEEDER TIZ0.0923~0.1086 CFH0. 1024EH#ERZ=0.007) L% 0, Y
AT OESER LA FEOEMAD AR K E o7z (Table 10) . ZOHERK & L TEREENKE Lo
6BETHED S b, mMEP TiE~—" v 7OEMATERENEG» 512 b DD, ADA 8 LU GAPDH-1
TILEAFHEOERMZ P CERELZE L @ 2 e EiF o2 (Table 9).

4.2.4 BIZFHRENHEM

BAEAR M O LR FHE OBE M D W T ¢ HRE 2T o 7efiR, X— ) ¥ JHOEAH TIIEEZE
DEDH SN LBETFEIE o7, TOBERE LTIRT I A EIOERIZENE, B TCRHBASTHE
TIH, KOKDVEDS &I Eu 7B RIS EE L AT 50T, BESTERMO

Table 10. Ratio of polymorphic loci and heterozygosity of North eastern Pacific popu-
lation samples of Pacific herring.

Number of Proportion Number of Proportion Average
Population variant of varinat polymorphic of polymor- heterozy-

loci loci loci phic loci (P) gosity (H)
San Francisco B. 14 0.48 7 0.24 0.0923
Puget S. 15 0.52 7 0.24 0.1028
Sitka L. 13 0.45 8 0.28 0.1035
Kodiak I. 16 0.55 7 0.24 0.1086
Bristol B. 12 0.41 6 0.21 0.0814
Norton S. 9 0.31 6 0.21 0.0803
Mean (unweighted) 13.2 0.46 6.8 0.24 0.0948
Max. 16 0.55 8 0.28 0.1086
Min. 9 0.31 6 0.21 0.0779
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Table 11. Statistically signifinicant loci detected by x? test between each pair of North
eastern Pacific population samples.

Population Sa Pu Si Ko Br
San Francisco B.

Puget S. D

Sitka 1. DGK DIK

Kodiak 1. DGK DK K

Bristol B. ADFGIJK ADFGIJKL AEFGIJKL ADFGHJK

Norton S. ADFGIJKL ADFGIJK AFGIJKL AFGIJKL =
* I Significant difference at a=0.01.

** A ADA, D:.EST, E.GPl F .sIDHP, G:mMEP, H:.PEP-1, 1 PEP-4, ] . PGM, K:
GAPDH-1, L | mMDH

Table 12. Nei’s standard genetic distances (DX 10*) between North eastern Pacific
population samples of Pacific herring based on 25 loci.

San Fran- Puget Vancou- Sitka Kodiak Bristol
cisco Bay Sound ver 1.* L Island Bay

Pu. 56

Va.* 83 99

Si. 176 201 97

Ko. 689 687 456 241

Br. 6856 6665 6106 5219 3802

Norton S. 6952 6770 6204 5324 3909 24

* 1 Allelic Frequency data cited from Grant (1981).

J—Norton S,
L Bristol B.
Kodiak I.
= ——Sitka |
Vancouver |.
_EPuget St

San Francisco B.

060 050 © .006 .004 .002 0

Genetic distance (D)

Fig.28. Cluster analysis (UPGMA) of genetic distance (D) based on 25 loci
between 7 population samples of Pacific herring collected in North
eastern Pacific.
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BEDAREMLRH 2. ZON—Y > 7O EMERFIHEATFHEOEMIEAR & 12T~ EFEOEEE
NRO SN, i, ILEAFEOEMMEAM T 1~ 3 BEFEICHEE SR SN, SEMAPEE
BNZHES. L T W 2 AJHEMEDSEI L & & 2R L T % (Table 11). UL, S7TEE FHEESUC T HIIRRY 72
WD o1, BT 2 EMMCEETOZEB TN TW A AREERE 2 5h 3,
4.2.5 HHEMOBEGHIEERE (D) & EMEE
75xﬁ,Vyyhy,ﬁU7zﬂ:7@6%@m,7U%4yy1:my57wny7—w—%@
M (Grant, 1981) %Nz CEEAEERE (D) 23K, EFMOEGEGEZMET L, DEIZZY A by
B/ —FBEO0.0002403/NT, DWTH Y7 Iy 2aBEEa—Y oy FEDO.00056THD,
A=) > 7Y LA O RS Tl B T 2 LM CHEEMNMEDIFNE W Z E 2R L TWwa, L
L, =V > 7Y L AT & DERITIZ0.05219~0.06952 & A = {27 L7z (Table 12), &
neoDiEzECEMMOEREGE 7> K0 s 7 ATRL., Fig. 2813 bk KEERIOEMMT 5 2 4
EEBLIUOT Y a—yy YIIBRIZEATR=Y Y 7HOEME 7 7 24 BB OILFEAFHEOEH &
D2DDTN—=TEHPNT WD I EERRL TS, LB TR R EGEBIR L e S
ORI 2 ARSI S T v 3,

43 KFFEZLCOEERFRBE
4.3.1 FHY~TOESHEEH)

7 ¥ 7 HIOERIZ Table 612, dLKMEIDERF Table. 101 R EFMEER D FH T o SBEEERETRL
Fo. BKIFIT 47 v 7 BD0.1086, HRAMITIFED.0634TH 57z, & SICHEEHICEBL TWw5 7
VT BIUR=Y VIR FREICRS LR TEINT nEGhEERDI LT3, TYT
B LU= v 7O EMEAR SO TIEHN0.0783, JLEATFEMNFE L 0.1018 L BEMNKE no T2
(Table 14).

IFZE TR U 7= 18 FIEA s & HE5E U7 ASERE= ¥ v SR DA T u SRR (H,) 130.084 (12

Table 13. Comparison of the values of heterozygosity of fish populations.

H
; Auth
Species Min.  Max. Mean(Hs) e

Oncorhynchus keta

Japanese population 0.0319  0.0505 0.040 Okazaki (1982)
North American popu. 0.0532 0.0714 0.0622 Okazaki (1982)
Plecoglossus aitivelis 0.011 0.061 Seki et al.(1988)

Ammodyles personatus

South from Miyagi 0.0016  0.00243 0.0089 Okamoto et al.(1988)
North from Iwate 0.1099 0.1355 0.1248 Okamoto et al.(1988)
Tribolodon hakonensis 0.019 0.085 0.041 Hanzawa et al.(1988)
Acanthopagurus schlegeli 0.061 0.087 Sugama et al.(1989)
Pagrus major 0.098 0.128 0.113 Taniguchi and
Sugama (1990)
Trachurus juponicus 0.023 0.045 0.033 Kijima et al.(1985)

Chrysophrys auratus 0.079 0.084 Smith et al.(1978)
Clupea pallasi 0.0634 0.1086 0.0840 Present report
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#(EE0 017) Thotz. Zh% Table 13icRLIzyuysy, 72, 4 425F, v/4, zas4, <
FA, T, ma—Y—I Y RAFv8—, Fre, vHN, £T R EEYANT aEEHER (H) %
kT2, BEARY Y7y, 7Y, v IADM22ETHD, 7uy 4, BEHMELUEOA 4T, =2 —
PS5V RRFyN—, THNEREABETHE, Ll, vIAPREFRULDOA 2 F T, Frv
LD x/hZ v, 2512 Fujio and Kato (1979) DF~~7-8H41EEDFHI{E0.059, Powell (1975) DFI~N
P TS 31O TIE0. 058 L kT 2 &£, WIAETHY, =¥ > DFH~T uEGHERIAEOHT
FHEHARZ W ERS Iz o7z (Table 14),

4.3.2 BEFoEiEE (Gso)

KPFZE TRV 72 1 RE R AR i O EHREE FHE H 5 RO 72 g~ T o BEHE (H) B L UBEER
BED T~ T DS (H) O (Ho) 13 2 1 #40.0979, 0.0835& %D, G4130.147TH > 7z (Table
14), 2OG I, BBl LI ELELTT VT _—) 7 7N —F LS V— 7 ORI OE
FHRREEIC TS b O TH S, T OMmEERD ADA, GAPDH-1, sIDHP, mMEP O8{5THEEHK
DKRERENDHEISTEINTE D, BEHSESEATHE Z EBTED NS . ZOMOAREIC DWW TK
B 5N G fEilE, ¥ a4 4 T0.0723(0Okazaki, 1982), ¥ %4 0.009(Taniguchi and Sugama, 1990)
ThY, INHOMEEEIKELT, KFE=Y Y OERBOMEDKE W LRSI,

4.3.3 ExEH (Fsr)
BT L7z XD K=Y Y OREMIIR—) > 7L 7 Y 7 HIOERM & ALBRAFR & OFEM & DOfF

Table 14. The indices of genetic divergence of two major Pacific herring groups ;
Asian and Bering Sea group, and North eastern Pacific Ocean group.

Asia and Eastern-North Over all

Bering Sea group Pacific grnup population
Ht 0.0798 0.1037 0.0979
Hs 0.0783 0.1018 0.0835
Dst 0.0155 0.0019 0.0144
Gst 0.0194 0.0187 0.1465

Table 15. Comparison of fixation index (Fs;) in each allele between two major
Pacific herring populations ; Asian and Bering Sea group, and North
eastern Pacific Ocean group.

Asian and North eastern Over all

Bering Sea group Pacific group population
ADA* 100 0.0187 0.0019 0.2730
EST*100 0.0060 0.0004 0.0140
GPI* 100 0.0325 0.0008 0.0266
GAPDH - 1*-100 0.0060 0.0273 0.7186
sIDHP* 100 0.0126 0.0002 0.0162
sMDH -2*100 0.0044 0.0005 0.0467
mMEP* 100 0.0183 0.0016 0.0732
PEP-4*100 0.0388 0.0001 0.0347
PGM* 100 0.0263 0.0003 0.1385

Mean 0.0182 0.0037 0.1491
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THEEMIZAKZ B VDA Sz, Table 15128 L SRIREGETEED 5 5 Thrd Sl L THIR L Xt
FCEEFOREERE 2 207V —7ICH T CEHET 2 L, ZNS6DFIEIRT V7 =) ¥ 7 7 )V —
7 TI30.0182, JLBEAFRES NV — 7 TI20.0037&£ % D, BIETARE W Ebo e, Zhid GPIL PEP-
4, PGM 0= L THET 25 OBERTFOEEROZICKES CBRL TW3, K FESETIFYEIZ
0.1491L S S KRE REART. N BETFHMERTE L2 & 5w ADA, GAPDH-1, sIDHP,
mME DB BETEC BT 28580 CHER T 203 E TP 27 LV — 7R TERENTWS 2 & 2 Kk
LTWBEBRTINWTHSS,

Fall DWW TRHREALL X OCEIZIEDO 5 4 THLHIRBE CFEHHEICECHED SN T 5B
(Taniguchi and Sugama, 1990), AFFE= ¥ > X D IZEBEHOZEIZ/NE W, £, KR TES L
FofEix 47 (BHA, 1984) LD hRKELFERNELLL,
4.3.4 HEFHHEOBCHIEER & EMIBE

KFE=Y Y OSHRD S B, 4k —Y 7 ECEKE 25 12T RMEE» S FRE U - EHEA D 518
ERIEEEE (D) (73R 4) 23K, ZODEA AW CRGREEBRE 7> N o7 J aim Lz (Fig.29).
FhC kb E, KRFFE=Y Y OREMIZDMED0.054T7 7 A A BUBEOIEKFEREISN—T LT IT -
N=) YT ITN=TLWRZKNENE, TIT - R=) > 7 7N —FOEMER LK ERES NV — T D&
EMEAMODEOFY RNV T4 7y 7 BHIT0.0335, BREEY > 77y AaB LMD
0.0625TH D, &7 N —7HNODfE & LT3R HETE & GFFE & DM D0.0091& D 3L < K&,
Fiz, "=V ITHEOELDT VA MMBBELY ) — N BOKEN EEIHO I 7 + BOEMAEIOD
E230.001183 £ 1%0.00114 & HLIRHI/NZ Vs, Fo R U 5 A TR TAEL TWS, ZhiZav 7
BOEMEROBETHEEMBE, L L AN, hfEEy ) >, BEE, 74X M) OEFERDBEE
THEMHBRZIOE TR L ZHE, COLICKFREO=Y VY EMOERITT I AL EE LT

San Francisco B.
Puget Sound
Vancouver |.
Sitka 1.

Pf_ Bristol B.

Norton S.

— W.Bering Sea

— De-Kastri

— Terpenia

{ Hokkaido-Sakhalin

Wakkanai
L.Yudo
L L.Obuchi
_[ L.Furen
L] - L.Saroma
‘— L.Notoro
'— E.Korea
Ishikari B.
Mangoku 1.
Yellow Sea

1 L L = 1 1 1 1 ]

05 04 03 02 01 0
Genetic distance (D)

Fig.29. Cluster analysis (UPGMA) of genetic distance (D) based on 25 loci between population
samples of Pacific herring.
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Y oa—v v VB EEICEEHRICE L WERNH L I EERLTWD,

INFETRHEESN TSR AFICOWTES N ENEMMODE% Table 1612 Lz, W HAE
DT B EMER» 5B S 7z DEE 7 20.0001~0.3170, 4 # J =0.0000~0.0707, =7 7 4
0.001~0.172, =7 0.000048~0.001196, <% 1 0.000395~0.003983, ~ 4 7 0.0005~0.0019, t
5 #0.0002~0.0013, 4 ¥ A1 40.0002~0.0072TH 3. & 5L FEDOERICHMT 2 EMEA
HEESNIEE L TIEa440.001~0.006, %% 50.025, 24 34 L A0.0004~0.0068, 4 &t =
0.0097~0.00292T4 %. Shaklee et al. (1982) i3 DIE»SERIT0.58~1.21, FERIT0.025~0.609, F&
PEERIRT0.002~0.065% 227 D DIEIZH 2438, BB L ZOHPHZRL T3, %72, Kijima ef al.
(1986a) 13 FHE & L CHiRHET2.290, JEMT2.046, FEfET0.880& Shaklee ef al. (1982) & V&
WDERBTWE, ZhoDDEEANETE NI FE=Y Y ODEE ZHIKT 2 L, KFE=Y
VETIT e N=Y TN =T BLTIRKFES N —TOE TN — TN TIRERNEROHH T % b
B HUER L~V QNI H D, ENEOMEFZFIZERE AN I EEZRLTWSD, W7 L —
THEIZOWTENZDIE (0.054) FEAEME L TEEVL_VEZHD, W7 Vv—THTHErEA T
WL EERTRELTWS,

Table 16. Ranges of genetic distances of intraspecific populations and the hierarchycal
level in fish populations.

Species D (Range) Author
Min. Mean  Max.
Clupea pallasi 0.00019 0.07939  present report
Plecoglossus altivelis 0.0001 0.3170 Seki et al.(1988)
Ammodytes personatus 0.0000 0.0707 Okamoto ef al.(1988)
Tribolodon hakonensis 0.001 0.172 Hanzawa et al.(1988)
Trachurus japonicus 0.000048 0.001196 Kijima et al.(1985)
Pagrus major 0.000395 0.003983 Taniguchi and
Sugama (1990)
Sardinops melanosticta 0.0005 0.0019 Taniguchi and
Seki(1989)

Palalichthys olivaceus 0.0002 0.0013 Fujio (1989)
Kareius bicoloratus 0.0002 0.0072 Kijima (1989)
Oncorhynchus keta 0.001 0.006 Okazaki (1982)
Gadus macrocephalus 0.025 Grant ef al.(1987)
Limanda aspera 0.0004 0.0068 Grant ef al.(1983)
Hippoglossus stenolepis 0.00097 0.00292 .Grant et al.(1984)
Between Shaklee et al.(1982)

intraspecific population 0.002 0.065

species 0.025 0.609

genus 0.58 121
Between Kijima et @l.(1986)

species 0.880

genus 2.046

subfamily 2.290
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5 KRFFZ L OERRREE CEEMSME

EMIE -2 @E» S R A REREMEPERL TWE LRRST, wWinszREHck-T, X
EMI1Z%  O/NERD SR ENTH L08R TH S, KFEHE=Y VIF2ETHS R L D ICEN
BOBREIEME, BRR, BB, BERFEORE, FHUPE B X EENRES CEE ORE R o 7
EM» SRS TWS (Table 17). KFE=Y Y ORIEIZ O W T Svetovidov (1952) 1, JLokEEw
ERL T =y SHESE FHHREE 3 RO v ) 7REEICH > TR— > 7D & KF
PECEH LT X EHEEL T 228, HEH U I, £, FBnc Rz 2 HBOER»BEH
LizD, #REbE—DEMMBER L0 ZW»TIRE V., LirL, =1 ¥ 7HEks 5 K
HEH U7 IR DS (975 5 4 AR 7 — )V THARDILK & Hi/INe 8 D 3R 3 0858 CHRMICIEE Ic R
HicEHIRER 2R L Tl e F 2z oh s, MOBHEEIY TR O [UREE) LI AREEZS
(LS IARIRDIEA NS R E SFE L Z EDBHISNT WS L2 (B, 1978), KFE=vvick-
T HRFHADO KRB & b 72 S WEERBESRGO LS S HBOIK - i/ McBAR LI eFEZ o5,
Bz 12, ERFEHFE THMBEIER L TORHICEIISIC O/ L T &, Z0H%OERESR
HOEAGIZ & b 725 SABOME/INER TR DR SR, £ 2 TOBRBICGHE L CHEEZHERL TERE
HbdH25., Z0& I HEFIGHERZNRIC X > TEB ORI % F- IR EM 2R L T & LES
na. —7%, BEMCE, EARTRELLZEDSEEC X > CEMMHEDBEEGETFORRSHT 51
pZricky, ENATEESNS, Ld->T, SAOFOERIRRE L BENREIIEECHEEL
Twb EF 2z o, HIREROERBR, FRCEIAERBEPIL T v 2 EHE L CIOE RS 4
PEn A>T 2 k2T Tz,

LIAT, KFHE=YYOEHE, EOX5 L THIBERMBBRENIO», ZThiidED L > 2FE

Table 17. Characteristics of Pacific herring populations distributed in the vicinity of Japan.

Dopulation Mitured sge Mortality Di§ta11c§ of Sal-inity of
age migration spawning ground

Mangoku I1.*! 2 6 short 32-34
Ishikari B. 2 8 short*? 31=33
L. Obuchi*? 2 8 short 9-11
L. Yudo 2 5] short brakish
L. Furen 2 8 short 15-23
L. Notoro** 2 4 short 16-23
L. Saromo 2 4 short 19-22
DeKastri*® 3 10 medium 2127
Terpenia*® 3 7 medium 22-29
Hokkaido- 4 15 long 33-34
Sakhalin*”

Cited from * 1 : Kodama (1987,1988), * 2 : Mikami et al. (1968), * 3 : Tezuka (1939) ; Rai and
Nagamine (1969), *4: Kanno(1983), *5, *6: Frolov(1968) ; Kozlov (1968), *7: Yamaguchi
(1926) ; Fujita and Kokubo (1927) ; Nasukawa(1963)
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BERREMER L b EZ o200, Z L TEMOR OEFEHNOSHEEOBRIC OV THRET L7,

5.1 PEBtIc & 2EHnME

Dobzhansky (1970) (& FREERHS % K & < HBRRYRREE, EIERRREC OB L T 5, HBEERY, 22/
FREE S T w2 EMIZEFR (allopatric) £MATH Y, {1152 OAMWERIZ & 2 BFTHIERM O FEEEHS
HHEREECH 2. —HOERENREE T, EVBEROTICARENCHEET 2 ERIC & > TEET
REHBGF &l DIl D 35, Z OATER R 3 AR IRRE, =ERRE, LIRRRREE,
BCABAAMRRRES 2 b % (BN, 1974), AFEE= v v OFREEKSES © U I3 HhIR Ry 2 Fmt & Z-fery, =fEin
BRI L A AEFERIRREEIC L > TR S EHEE SN2 ERBEET 2 2 056, IS ORI
DWTHRET LTz,
5.1.1. HIBAYFEEE
5.1.1.1 PSRAAEBRET a— v LB L DR8E
425THRNREEIETVTHOER=) Y Z7HICHT TOEME T 5 X A BLEOILE AT HED £
ETRT7IAAPBEFTNEFEL TV a—v v VHIE R L CREMNBEKICAS ELVBASN, 7
SAHEEBLIVOT Y 2a—v v YHIERZOWERD = > VEFBO gene flow ZYEEICTHT TWw 3
ZEEBANTH B, TD2DODTN— T LI BEHIEEET b b DIEIR0.0533 TH 5 7288, TD
D & 538 U7z R (t 4ERT) & OBIfR AR (1990) 315N TR LU 7.

t=5x10°D 1)

ZOBBRABE D IO » L, ACTNVEMTHS I L, HFLOLERERIEMNICHEET 50358
BT ERTRTELD, BARER, BREAS L CEEAZEOEIE, £ OEMIZ BT b E(LRE
U TPERBICH 2 2 L DIRESLETH S L LT3 (RH, 1990). —75, BIEHFERE - MR
DIFIEREEA & DRfRIZ O W T, fLO#FFEHE ZORNE Exs7-E2H W T w3 (Gormam and Kim,
1977 ; Vawter et al. 1980). L L, fBH: (1990) iZW):NEHE T 2 DICH WIS o7 EofELE, &
SUKENEIC L 27 3 VBEOBRWOREE, FWIRETEERZ 1 DiE & (LI & ORI RIEGR %2
EFRT 501, ORI 2 oO0EMAZV LEOSKREMEHEET 2DCEIBERATHZ LTS, 22
T, BREACT, KFEE=ZY D200 7 NV— 7K LB A HEET 2 L #9126 5HERT &0,
B2 I PR A I 9 2. CORHIEIE S > FKER, ) ZOKHISOK O R & B MR D i’
aEN, WEO LA TROZEFHOHML W TH o7 (- FHR, 1976). KNI IZILRAREDILER T
[GKMCEDbN, YT I ANTWUIRTIEA Y 7 4 V=T HEEE TKEBIED o7z, T O, HEEIZE
TLTR=Y) v 7EEFG L 2D, = > 7Ytk g i3 B & 22 - 72 (Hopking, 1972).
BEBICENT 2=V icE>T, ZOBEIREL, EIMGE 2 2REBOIF#ER &G 2ROTT 5
ZAHH¥EERED, KEOMIFETHDH VT + V=7 (L F THRELRESMEICH 2 KEE2KRO THE T L
leeFEzond, ZOBROBEEMCIHUSHEENIILCREL, 77 A A BLUBECWIZERIE[ S0
BRICE > TT7 7AW EERE > TN—) Y JHBICEATE S ot L HEENS, ZOK, 7524
BURICOHH L TORERR—) v Z7HEENCEE L Twic e TS, BES—) Y IHBICOmT 24
M OXNLEETHEEIE, 77 AXBUBEOERICZTR SN2 & 5 LXLEE BRI & h 2 TREM S
BEOA, 0L REBMAEROEIR—) Y IETIE I E TERESNTWAEY (Grant, 1981), B
F5<, TODEIICLTHR20~30FERCT 7 AW BUROER =Y > JHEOER L AB3E L1 L
WESND, ZOBROBBEOKATH 724 Ay —7a VA8 (1 HEIMCKE) ORE
B (55 542 ~1. 855 ICZHFEMSIAEL D100mA L L14myETFL, 7)Y Ea 7#EEMNTE T
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DREMISBEM & 72 - 72 (Hopking, 1972). ZOEHCIEN—) > Z7HWICHH L=y Y i3 AL F vV HE
BBV 7 7 ENCHAR A BB S ¥ LHEE S NS, 7 DRIZIRBLAEE = £96, 000FEFTIZHAEL D b
BEET, BESHEALLRL OnEER LESEIEINTWS (- HR, 1976). ~—VU > 7D
SEMOSKEKBIEI WO a7 2B, EHEOTVAMNVEBLI T/ — BOEMA L ODER
0.0012£0.0011TH 2 Z &5, F96,000FEFT EHEE SN D, EIREBEHLDO TV A ML/ — b PV BOE
FARIT120.00024TH D #91, 2004/ L FIE L T 0 O3 b THTH 2, =) > 7D 3 EFHHE
P & LT 2 BEBEAEDMBEIC % - 72 D37, 000EFUEB E HESI NS 2 Lo o, B2 HIR
EHBMEL T2, ThoDZ e oN—) Y IJHOENIE, BB L ZHREDKITHUBKIZSE L
TEHEINS, vV PACT IABEEB L U7 2 — ¥ v VI E NS 8 73 b R S &
BoTWwafEINZ AT 41 A4 (Grant ef al., 1983) ThH3, LHL, A7 +v ¥
(Iwata, 1975 Grant and Utter, 1980), # t = (Grant et al., 1983), % < (Grant ef al.,
1987), ¥m ¥4 (Okazaki, 1982) TlZ% OMEAIZFED 5N TR,

5.1.1.2 Xk & SAEHEIRIC & 2 Rk

FYE T ERREYEE & BRI X > THAN L Rz > TWwa, BEIRE Y F¥E» & H A ICEE IR
NANMEBERIC X D HRBICHH T 28K ERENEY P EET 2 2 L3R TH 2, Lirly
25, HEHREOBEGSKRE LI HERERERE T 28 KkEaETHZ 57, YVIns, 77
SV HFRA, UHFT A FAZISEOMEHBH SN TS (TR, 1974). BETRY 7 I~ ADERY
MER SN Twa (Hosoya et al., 1992), ZH5 DB/KMEAENE Y FHICE TOHREIEAR LD, »
DOTHAE, ST PSS KBTNA TOREFRARH D, ZORHCBE L LHEES NS, HEED
HEREOEBIZ DWW TARSE (1983, 1984) i3, HAW CERE L -ERBYH OEFLRRHEHER, BE
RIS L CHERBEIZ DWW THITL, RORIHEEL T, BKHOY 1 23 vy v-7 2 v A
DEFEHNITAK 3 ~ 2 FERNC I, B & i O KRS O REEADTRA L Tz, —7A,
EERYEI I35 2 FERMCIEBEOL TW T, BHEN I OE L D I HABARAL, 1H6F~1
TFAERNC I B AN B YR A & B S FHERIATRE L Tuvavz, 7 OH%KIS8, 0004ERTIC 2 M & T & 1ddic B
Yl & B AYE IS BB AARANCTA L, BFE & & < A2 iEEEEREE 6, S00ERTIC B & Lz,
L7285 T, Btk HAMOM S HZEEL» SHEE L T, =¥ >Rk AES HAYE D 5 - 18
BB L7 0%, FEIDS B Sy FEHARE L Twei 177 6 T~ 1L HFRT e F 2L 5 h,
D, W1AERNCHEE > L ahd vy D S HREBHANOBKDOTAI &> T, HEBICRD K
ShikHEES NS, L2535 T, HBOEM L HABIOER L ODEIZAERE &£ 00.00910 KT,
FNARZT EHMNRAIND0.00327TH D, FHi30.00469TH 2. Ihr 5 DIERHELTIRD 3 L/
1.5~4. 5754, V92 AGFER L HEE I NS, BB L - ERSEE, BEISTWER» S L
72 & THUSHIE 2R 2 DIERHORPIC H 2 L W2 55, L TZR LD bRE W, EEHEERED S
LRSI ZHEET 2 L 2 OB L LTE, BEshicZhZhOEMIC X > TR 2 EETFHREEL
SN, TR L > TELCKUVAESIEDSDE R R Ic NS ¥, R 2 mAHEE 3 2 vaEEs H
% (Nei, 1975 ; Chakraborty and Nei, 1977 ; Maruyama and Fuerst, 1983, 1984). 4.1.37TC, &¥f
B, HAEOEEEIBREROFE T o EGEEMIOHBMEER L D /NS v, EFREE
MERBBCTEY Le 2 LI X 2 CAESIERSER LIRS 28T X 51, #ig: HARZEOEMR
O DESHEEAERIC L > THR L7 L D RS S BER E LT, HEBEHOERIZBEWT
ZDUVAERBE - TTREME DS E Z 515,
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Fig.30. Relationships of alleles between mMEP*100 and GPI*100 (left),
and between mMEP+100 and the ratio of sSIDHP*100/sIDHP =91
(right).

5.1.2 4FErbEEE

AREBTR=Y Y OEIZFRWER 2 ARa»506% D, BWHEIZ6 A LEHE TR, ZOBCEER
B, TERERY, AERERVICEZL 2R, EEY N VB LU TVR=7 0 3 DOERPEIE2 TS L T
FEUNT 2 =HRE SRS o b, TabbAMEERIZ 2 A» 5 3 A, dtgEyr ) Y HERIT4 A
mo 5 A EAIIC, FRICTAVR=TEMIZS A»5 6 BICENT 2, ARBRIIINS 3EMAPEIET
3 DOIIFEREREBIENIERIER S N 5 Z LR SN2 BEINGOMEIZENIc L VP LIDRLD,
AREEMR I ARFEILET, dtimEy ) Y EMZEFBILE L REAET, 7= T EREE
RN EE SRR H 2 L #E 2 5h, HRc X 20 KO X 2ESEEDERPAKR D
BiRsib s ftES NS, 2o 3EMTEENHANEWERMIZ EBEHFE L WERPRD 5D
(Table 2). & &I HENR SN, BIFBEOBREEIZARENIC bBEEMIC HBES 2 I0E S FiE
o7z 3 DDEMPEINT 2 FHWAHETH D VIV, 1983), Z D & 5 ZAKBRIZATFFECld ik
ExhTwuiy, ZO3EMAZEBNTZ2HAEELTTA YA L0 &3 GPI, sIDHP 8 L U
mMEP OXSGBEETFHE RS 2 2 L TESCHBITE 5 (Fig.30). %B, Iho 3 LMK
RYETEEE L TB Y AER R T—HICAER L Twabi Tldkwn, Lo THIEER2T 2
75257 (Ryman et al., 1979) T#A &M 3 L 5 R EFTHISME (sympatric speciation) % L
TWwaEMEBRRZ EHEZONE, £25T, AL (1980) X EREERMILIEEY Y v EMO—
L HEE L7, M E BRI  TENYT 2@t ERICE T 2 58BN E»r2 VB Tw
EWVZ 5,

BERG T O EERICER DD 5N 5 2 DOERIMEIL Twa, B (1983b) IXAERHIC AFEMN
THET 2HAR L EINO7: OCHEINICEIR T 2EFEO 2 DOEFERO =V U BHHL TS I L x
WELTWS, ZORBEO= V3 EFEEOD2EBETHNELSHE L=y v EHEEIND I &
e, BERCIIRI—OER L E 2 5N 5, AR THN LIAERIEZ2.2.1. 5 THRANIEREOHWAE T
b5, £ B TIITIEICEERGH OB < & O RERD 2 4 i CEREE L 784K D HBDH , sIDHP, ODH
DO IEGFHEER E Table 181I/R L7z, b 3BETEONEETHEED S —HIZDWT x?
MELZER (2=0.05), WTFhOBEFEICEVWILEETH-, IO 2@RICOWTIR GPI,
mMEP, PGM 0% B9 E T-EE O ENT 8 T & 7o dn o 72 O CHEMBES T IC AT E h o 7228, i
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Table 18. Alleic frequencies of three loci of three spawning samples collected in Lake
Notoro in May 1979 and in May 1980. Sample numbers correspond to Table 1.

Sample No. 23" 24*2 8ix2
Collection Date May 1979 May 1979 May 1980
Sample size 80 80 81
Locus Allele
HBDH 100 0.988 0.388
88 0.012 0.612
sIDHP 117 = 0.013 =
106 0.077 0.037 0.068
100 0.359 0,525 0.531
91 0.385 0.325 0.296
86 0.179 0.100 0.105
ODH 115 0.187 0.347
100 0.637 0.486
78 0.025 0.042
71 0.075 0.097
64 0.063 0.028
40 0.013 =

= 1: Sample 23 caught near the mouth of L.Notoro.
=2 Sample 24 and 8 caught near the depth of L.Notoro.

BUERTHAE U 72 EA D sIDHP OHEEHUT 1980 ICHRE L7 RERISERI D 2 e L {—& L Tw»3, &
DOFER IR IZRERIER O b FIOEMDBEINL TwE I ERZRLTWVS, I 2 DDEM
BRI R DI A S NI BRIGIA Tl 2 w3, &EENC & DN OEIIS O KRS ESEEO BB
WX 2GR WA DD, TR Lo TEINGVREH SN TR D 2. LinLiass, &
BT 1972412 5ERL L 70 K AN & > TN OB INME L IZEA Y EDL SR kY (K,
1978), EWMH O EL <MLL T, BE TREKBICHEIE L7z AEROHIER 13 TR L/ REEMRFE W T w3,

5.2 KFHEZ T DOEIMFIE & EINSORIBFE

K=y v OFRBERBILKEEC oM LI ER - #E 2 5T % (Svetovidov, 1952). & Dbk
DORPEGEEANCAIE T 2 Q¥R 7 ZHOBRICHAT 5 =¥ VER IR, 4FRBHMIcKFE=y >~
% DFUER A SN D, o b ZITEMBERIKRERE= Y VgL Td %<, EIHEESD 1[E
Thb, ENFELICEWET, ZJCEET2EECKEMY 2 W EZEALD T 2EMERH 5,
INSEIRFE=Y B LIRETH S, 72, JWKBEIKE LX) THRETIEA )1, £ E,
VA, a =l EOMOFHET =y Y OO mEATHER ST w5 (Novikov, 1967 ; Marti, 1980). <
NS ORI HEA L iR L T2 KOS FRALA L & L dp 6, 7 OB TR ORI R o1 kss
MR CTARMNERT 2, 20X S RWORIEIC = > Ol E READOFE ITH L 72 KELRENER S
32 e, BE, JWKBEICERT 2 =3 Y 3ESO D WO FIE TENL Tw 3,

EZAT, LKELSRPICIN—) ¥ ZHBICBBI L TS /2= V3K EIZIEDL L 7- B8 & 2 BhE
SRR RO TEREL, ZORMEERFEEI AL L S IComBEIEALD, BEOEIHE->T
BESMABHL-EEZONS., HEABIUY AN YEAD = 23, FIIKOFAT 2HEERLH
B EOWARDRGET /IR CHEINT 2WBHERL D D, 45— Z7HELE, =V > 7T
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TR E R ATLOERIES R TEINT 2 2 EMEEZ 3T (Ayushin, 1947 ; Panin,1950), Z®
& 2 WEES B TOEINIIRAEDILKED = > Y OREIIBME L X S BlTw 3, KA fHT 2= >
T & EEIIS I LE BRSO KBTI E L2 OB S Tw 3, aoy E7 IO T8 TE
PHMFED 5T 5 (Scattergood et al., 1959 ; Trumble, 1979). AV 7 # V=7 ItERD 7 > KL b
BIXEEH ERU L S CBHBFE L IKEORVET, 7~E0EXL, 2 I TEIVEESATY
% (Rabin and Barnhart, 1986). %> 75 > ¥ 2 a4tz fiiE 4 2 b~ LV ABIZIEH0.7~2. Tkm,
BT & 20km DHIE VL IGKENSL. TMOAILTH %45, I Thb=y 37 vEZEIL T3 (Har-
dwick, 1973), Ea—Y v BRI EBROBREICITY, X—1) ¥ 7R T L EMSEINS L L
THRESNTWS, 0L KK FETESAROLWHEFIC D > TERESABROWERE, WE
THEINT 2 O EENICHRZES NS, Thbb, KFEESY Y ORDRAKORFEIIAR, Hox CBRE
ZALD EEEHIR & WIR RO ERFT CREEY) CHEBICIN 2 EA DT 28R A FF>Twd 2L, S0EZ
AR &> THEERFHTH 200, FARIBREZMCN U THERMIEVEIGRE 2> Twb &
WA ZEMWVZ B, ZRIZIIO SMERBEEBRIICI00%IEK T H10%EKTHEHWESESLNTE D
(Holliday and Blaxter, 1960 ; Alderdice and Velsen, 1971), %7z, K=Y VIdRE @ T4
BEIBOESB L UKBROEEBKEVIZ L 2»bLET, TRIZHTHICHEIET 28 E2F->T w3
(McMynn and Hora, 1953 ; Galkina, 1970 ; Hay, 1985), & &(C#gse/s EICEA DT ST
WOEIZ L > T—RICEL L THINDOAERFICKE 2w 2 &g £ (Piskunov, 1952 ; HAM,
1951 5 HIffRALR, 1953), KPHE=s v BREVIAOBRRZICHEIG T 2B OBPKE VL E w5
Wb s, —H, KFE=Y V> TIEREADT 2EE &£ TI/KEMEYO 7 ~ TFEI R L HEEDVE
CHFIA &, MWMEELD FRICFIFH SN TWwS (Panin, 1950 ; /MAf, 1987). %7z, ¥V > T
B7 TR L=y VREEZEDOWHD ENEFECHEEL TWwd EHE I TWwS (Gritsenko and
Shilin, 1979). ZO LS KT EEN =V OENFEEL L THEL TWE EEZ SN0, ZOERIE
R TR, LaLERs, KEESY VICE> TEHCFELBRERED 12 LT, 7YEED
I OGFES DT o LS.

5.3 HBMER & EEMEROBR

GRS, AABEB L HtEEY ) O£, SEMETENT 2 AT E TIRAT L RFEE
Sy VO L BELVELYEASND, SRR TENTAEAE LTI, IhoDEMBbEb L
BRSO TENT 282 o=y VR AR E T 200, ZhEd, b LB EESRTENL TW
TV b DREESMRCTENT 2 L3 IGHIGLD0, ZOEbentELZONS, HIEBEOEHE, 5
S THENT 28U 2=y VIR ARBEEDAA VI FET v o=V VS F DI TH B, &
D=y 3R » OB, WEOW LICEINT 282> T 5, JWE TIEEITIESIZ80~100m D EE &
ZHD, HOBEVE A TIZ00mIZES 2 (Svetovidov, 1949), ZD kI BBMHEFE->=v it
KEEWCIZHREDH L2 WL, 20L& ) BBRELFTHEIETE 2Kk RELWEEZ 515, K
WRE= o UK BEICHEEIR 2 R0 £ THITHIE TH 2 AREIE V. R CIRMEES S TEINT 2 £H
MEDE S L TEESMRTEINT 2 L @G LzD», FEHRRHE LT RABTERL T
B, KFEEICE DR S ERBEOBRLEIICEL T, EEEROYOBEL 2T Ro7] 2
et = v OHBEEE W EE 2, 2O L U TR, EROEFREZEERNIC D W THRET %23,
ZAICIHBEN = v v DA L 2 LB EROEEBEBOKE S &, WEEOEEH» o HE X
AA D, INFTRREERE LTS T AR RER ITEEER 500 ~ > (LH, 1981), EEBILE



K= > OB EFAE &AM B 2 BF5e 59

FT200 b >, RERGSERITL50 b > CE®F, 1983b), REXEEN T80~ > (big, 1974) THDYH, 0
OEIZE Sicdew, LrL, ThoWBHEEMOMEEBIZFEIC & DK E < EF L, FEEYTI21980
FETOTOH LV LoRIES LD 5 72 ODBEEFERICIZS0 b >, 198841213200 b 112 £ TR L7z,
EL EBETIEZENETH L > ThHo I RIEED 2 FHITIT400 b Y PILEIC E TRBICER L, Z0A
BWREKIFEBIBHOERENE L @ ol 2 LI 2 EREOFKECK IS TED, =y
T Z OEBEFEES UIE LIEF4 T 5 (Hjort, 1926 ; fEK, 1963). Riz, BLfFEMFBENFAE UIHEAE
HHEDERT 2 LEHBARET 2 2o, HERD TIDESBEEE T2 L5102, 72, BHE
FHT X, TR TORENERADEINT & 5 1782 B SR % i 2 70 WIE AR O IE S B Tcid izl %
BGAMEL D, HAF vV EEITREOENTIZ, EIRAOMEELRIC & > TENKEM LA L 2

DHEINLIZD §2 2 EEESh, HAKSD 20 E SI121398.5% M KDEL AL TEMNT 228, %
WEEIZTO%WERAILDOHNTEINT 2 Z M5 T3 (Puroporov, 1967). 20 & 5 I KFE4H
HoT, (AEEBEND 3 —ELL LT 5 58I 3EIEIC AN T IS /NER CEIN 2 (@ T & 7>
EEZOND, ZOHE, WEFAOER, RBEEEESTOHACREETH 2 2 &3 T TlzabNTe,
ZDEIICLTHEBIZE TEINT 2 X ICHEIETE 3 X510k 5 L EINEICHE L AR IZIEA YD, 48
WIS U EROMEEREE L T TIEATE 2RELRFD. &5, AFEDL L thiEzn
FIEWEER TRETE 21T £212% ), TAVF—ORSIBEIED 10 DL D b EEOEH~D
HENE L o TRAERIEEREL, BRICHT 22080305 < 20, BEKRGEHNLREENEL S,
YEREEENIZ 25 LTIREL, 178, 43, BEruw-oHHETE b THPICEFEFE2E{Es 2
CEDTERERMEFEZSNDG, O XD B4 BEE ORGSR L CAEERR O & 2 2558
HE5NBEDIE, BERTRWTFNS AFEREHOREOKZ WY Th % LR L Tw 3 (Iwao, 1962).
iz, IR (1992) 1X1975FLARE, < A 7 & 3 5REREE & FIRE O 2UBULERIC & - TifEEiciik L,
WEEARE, SMEREELE AN CBNEEE R L, ChEAERIERTHZ EHEL T35,
ZyvEevAUVE, AEOTTHEEREHSKEWE WS HBOFELH L, =V IXBI 24
RO B2 ORBIX, WAKE» SAEORESHCERE T 5 2 LN TELEESEEL, Zhon
ZOBUEICHEIG L CHEEMOEMZER L Thotc b E 26N 5, Licdi-> CHEEEOIEEY N ~
EFIECERCEEEERICITOERICH 2 D1, 20 & D CEIEEOERD S OB’ 2 IRE L
2H00, DL THreFER LKA EW I LItk > T, BEMMEBERER SN TR WEEZ
32 Lk DEHAMNARE L 7% 5, ABFFETIRALIEE YN VEMDERE P BERBOERMICGI L 2 £ b8
TE NI (Fig.26), HAE, dL¥BEY Y VEMIZELLEBEL, £RSHER SN TV EAEIZ Y
CEEERTH B, AARHEENBA THET 21 Z LIl BEEHOBRBICRL L2 5 L, L3,
Je¥EE TN Y CEMIZY N CREEEMIOMEICER T 2 £ & OBBESEL D TR b & iR
aENnd, ZOMEZHSMCT BDIE, BRI N VKB TORENRFELLETH 2,

—%, GFE L AARHOER T EEY ) R & HRPEWERICH 5 (Table 8, Fig.26). %
N ) YERO & 512, WIEEER D S EEEEM DR LEREERO h e E»IRE Lz
EEZoN, ZO—OMNEIMA I, b5 —DOWAFFBIIMEILR LIz DD, ZO%REFEEED
WA UHEEEE OHARBEUR T A, AB ORI e fiE s NS, OIB L AGHOE
M SEERNGE BRI H 2 DR NABBEHES N TROEFMSRBE L Z L2 RLTWwEEEZ LN
3,

70, WM EEEEOREECIE ST AT A M) TR OERIZ, BIEL D L EES DK
BMCEIET 2 L5 EIG L EREE 2 oh, 205 RBESGOEET 2 AKBIIEERB LD A
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WS, VEREME DRIV EINES & 4 2 ¥EIE CIEE < 13 n v, IS ERORANEOEIER L IbiEE Y
N VERMOFREREETZE, THA M) BLUTF L= 7EATIELTNH1/100TH D, WEHE
OEBEMTIZI/1000TH 2. (EEBMEIIEINSOEE E bERLTwa EEIO NS,

5.4 = EFOEIFER LRGSR

KFHE=y > 07 Y 7THNCHTR T 5 EEICIZEIUG OB 3 2 A iRk & SR e E)E
DITEERD 5RO 4 DOEFRICKS Lz, Zho OEFRICEY 2 EHILEE QLRI Z R -
REMTHY, TTIC2.3THRRIES I

I, WHE IR eeeens FRESE, B, EER, sEma, 7= W
II. YBPEPEDILIREY oveeee egE SN Y >~

1. ¥ PR I A oo TR, ArE

IV, T LI DOHHEHL ceeeeee FR=T, FTHARAMY

Ths, A—EEHNCET 2EMTHEEFHERKROEEOREZ R, 5 2T OERMPEEN
IZHAT L CTW A HTREMDSE W 2 E DSBS iz o7z, 7o, AIERMOEWIIENE L UREERO 4L
ERERY B ER L T % OIcx L CREHIEEE IS EM ORI D 2R L TE D, AFEOHEE
RSB 2> S HEE U 7- BRI 134 1. 5Tz £ 918, & & TR L 7B & & izt Rk e (i
ARz 5 Z EHSRENT. —F, EE (1989b) 37 ¥ 7HID = Y HEEI D CTAPIZE L IFIZFE U
% A g8, Bk, B, AR O8I 28BS D 4 5HEVE & 5 R E D
FRUE S ENB OB EREE L7z, ZRICE 2 EREL 4ODFIHIN, 51 EBHXHERE, EE,
EH (KR CRAMNECHEY) 2T 2 MY o4 £H, 52 BERENE, (8T, E2Eo 3
#£M, EIFHRIAR—Y 7, HTFY (FWERTIER— > ZUEELRICAEY) O 2EM, 48
BFOABOERMDP SBHEINT WS, 20O LOE 1 EE 2DV TRFERORBR L b d 2 &,
1 BRI O BB R, WA 0O FERE £ BEMOEM, FhichEEO 7 A N
VEMMEEL TH D, MBI s ERIcY (BT, 1983a) ffld 2EM» 5422 b0 Tk (F
57, 1983b). &5 2 BEIZWIEMHIEA /2 0 OERNIC X DRSS T v 2 A E G R gL 7 AL
b5 3 OOEMD ORI N T2, EE (1989a) OHEE L 72 ERHEE & A5 THEE L - ERE «
WFZD LS mEnnAs o, ZORERE L TAEMI1974) 2356H T 2 X 5 TR E RPN E S
DEMFES R Y — Vi k> THE S h, REM BT EOMIGHHBICHIETE T, BEOX
HEZTRTOHENEMOEMUEZ X VE AL EHES NS, ZhICH L TREFED=Y »IZD
W Ryman et al. (1984) 1%, DB TEINT 224> Y+ ET7 =¥ U s EHEAEHO R 2 = 7 #dl
ECEINT 2 BFEINEE & FKEEINEF O SEREA % AV TR L BEEHE 28T L ¢, Thehi
HRRERE RS THIR LTz & 25, FREAEGER & BEAERERO T > K a2 T A 33EEME
WZ EDBHHS MR 5T, # U CRREAERRBGR T, £ 7o BEEINEE & KEEDNRE & v 5 4 RER
T BRI B B HEFEA D 7 N — F 2R L7z D120t U T, B EHER MR T I3 R 1 b 4 HER
BB 72 & 2 DR L 7V — T OB B o 7e 2 ZHREL T2, TDERL LT, £
HEA R D& A EEEE (D) 2350 001LL F &/N& otz 2 &, 2L TG {EIZ0.002: KEFFETH S L7z
0. 147 K32 LE L {/ME K, EHEOBENEENERSED 1 BRBTHo7c 2 &% BT TWw»
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Appendix Table 1. Comparison of average fork length at each age of Pacific herring collected off
northwestern coast of Sakhalin. Sample numbers correspond to Table 1.

Age
Sample Data of
number collection
3 4 5 6 7 8 9 10

2 May 16,1988 = 229 247 254 268 278 297 304

n 5 29 14 9 18 3 2

3 May 23,1988 205 225 244 257 273 282 292 301

n 7 16 20 8 5 20 13 2

Kozlov(1968) 206 225 243 256 268 278 292 -

* 1 Fork length in mm
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Appendix Table 2. Composition of allelic frequencies of 29 loci and ratio of polymorphic loci
and average heterozygosity of population samples of Pacific herring

analyzed in the present study.

Sample No. 1 A 4 5 6 7 8 9 I n B 1 I 8 1 n 2 n
Population Yellow Sea  DeKastri  Mangoku 1 Lfwen L Notoro L Swoma Wekkanai  Tepena MOEKEIO igipanp SFEACKO pues  Swal Kedskl Bl B NoronS
Date of collection 815 SSI62 Kl oM RS B BORT NR S5 1 RO RNIG RO RS R S
Sample size 100 200 8 100 8l 100 100 100 394 u 100 100 100 100 100
Locus Allele
7 0.000  0.000 0 0012 0.015  0.010 0005 0.004  0.003 0000  0.005 0. 0.000
110 0.000 0 0006  0.030  0.020  0.000  0.008 0.000 0. 0. 0.000
100 0.978 0 0926 0.8 0925 0910 0973 0480 0 0 0.928
87 0.022 0 0.000  0.030 0000  0.000  0.003 0.505 0 0 0.030
78 0.00 0. 005  0.030 0,045  0.05  0.012 0.015 0. 0. 0.042
AT 200 0. 0 0.000  0.000  0.000  0.000  0.000 0000 0. 0. 0.012
0. 0. 0000 0.000  0.000  0.000  0.000 0000 0 0. 0.000
1 1. 1000 1,000 0955 0.998 Lo L 1. 0,988
0. 0 0000 0.000 0.005  0.000 0.000 0. X 0.000
mAAT 0. 0 0.000 0.005 0.010 0.003 0.000 0 0. 0.000
0. 0 0981 0.98 0990 0.996 0975 0 0 1.000
0. 0 0.000 0.000 0.000 0.001 0.000 0 0. 0.000
0 0 0.008  0.010 0,000 0.000 0020 0 0 0.000
0 0 0000 0.000 0.000 0,000 0.005 0 0. 0.000
0 0 0000 0.000 0.005 0000 0000 0 0. 0.000
BT 0. 0. 0.870 0965 0.978 0.93% 0 0 0.982
0 0 0000 0.000 10005 0.016 000 0 0 0.012
0 0 0012 0.00 0,015 0.006 0010 0 0. 0.006
0. 0 0.000 .00 0.000 0,000 0055 0 0 0.000
0 0 0018 0.035 0000 0000 0.000 0 0. 0.000
Pl 0. 0. 0000 0.000 0000 0.001 0000 0 0 0.000
0. 0 0000 0.000 0000 0.001 0000 0 X 0.000
0 0 0.195 0225 0.237 0180 0 0. 0.274
0. 0. 0.79 0760 0.748 0815 0 0 0.730
0 o 0.000 0000 9.000 0005 0 0 0.000
0. 0 0.010 0.000 0.006 0000 0 0. 0.006
0. 0 0.000 0.015 0.001 0.000 0 0. 0.000
0 0 0.000 0.000 0,003 0000 0 0. 0.000
0 0 | 0.000 0.000  0.003 0.000 0 0. 0.000
GAPDHI 182 0. 0 o 0.000 0.000  0.000 0825 0 0 0006 0.
100 1 1 1 1.000 1000 1000 0175 0 0.3 0,901 1.000
GAPDH2 100 1 ; ) 1 1 1.000 1000 1.000 oo 1 1.
GPADH3 100 1 1 1 1 1 1.000 1000 1.000 Lo 1 1
G3PDH.1 205 0. 0 0 0 0. 0.000 0 0.001 0.000 0 0
140 0.002 0 0. 0 0. 0.000 0. 0.003 0,000 0 0
100 0.99 0.9 1 0. 1 1000 0. 0,996 0.995 1. 0.99
100 0 0 0. o 0. 0.000 0. 0.000 0.005 0. 0.1
570 0. 0. 0. 0 0 0.000 0. 0.000 000 0 0.
GIPDHZ 100 it Looo 1 1 1 1000 1 1000 oo 1 1
GIPDHZ 100 1 Looo 1 1 1 1.000 1 1000 Too 1 1
miDHP 150 0. 0.000 ( 0 0 0,000 0 0.000 0,005 0 0
100 1. 1.000 1 1 | 11 0,995 1 0.995 1.000 0 0.
65 0. 0.000 1] 0. 0 0,000 0. 0,003 0.000 0 0.
38 0. 000 0 0 0 0.005 0 0.002 0000 0 0.000
mIDHP n7 0 01000 " 0 0. 0.005 0 0,001 0.000 0 0.1
106 0 0.061 0 0 0 0.060 0 0,052 0,000 0 0.
100 0 0404 0 o 0 0 0401 0195 0 0
91 0 0.419 0 0.3 0 0.4 0.442 0,090 0 0. 0.165
88 0. 0.101 0 0 0 o 0.095 0,005 0 13 1
82 0 0.015 0 0 0 il 0,008 0400 0 0 01,305
73 0 0,000 0 0. 0 0 0.001 0,000 0 [ 0,000
87 0 11,000 0 0 0.1 0 0,000 0.005 0 0. 0,000
LDH-1 100 1s 1.000 1 5 1. 1 1.000 1.000 0 1
43 0. 0.000 0 0 0 0 0.000 0.000 { 0
wH2 15 0. 0000 0 0 0 0. 0.000 0o 0 0
100 1 o 1 1 1. 1. 1.000 oo 1 1
\MDH-1 330 0. 0,000 0 0 0. 0 0.001 0.000 0 0.
100 1, o1 1 it 100 0.994 Lo 1 1
27 0. 0000 0 0 0 0000 0.005 00000 0
MOH2 130 0 0000 0 0 0 0000 0.001 - 0
100 0.99 1.000 0 1 1 1.000 0.995 1.000 1 1
& 0 ool o 0 0 0,000 0.00¢ 0.000 0 0
wMDH 100 0 Lo 1 0.9 1 1000 1.000 0% 0 o
5 0. 0.000 0 0 0 0.000 0.000 4 0.040 0 0
SMEP 0. 0.000 0 0 0. 0000 0.004 0000 0005 0. 0.
0 0.000 0 0 0 0000 0.000 0000 0.000 0 0.
0. Lom 1 0 1 1000 0.995 0995 0 1
0. 0.000 0 0 0 0.000 0.001 0.000 0 0.
0 0000 0 0 0. 0.000 0000 0000 0 1
mMEP 110 0 0.030 0 0 0. 0.040 0.045 0.044 0.045 0 0.03
100 0 0570 0 0. 0. 0.485 0485 0.357 0865 0 0.
a 0.3 0380 0 0.39 0. 0.400 0.440  0.370 0050 0 0.
8 0. 0.020 0 0 0 0.075 0030 0.029 0010 0 0
3 0. 0.000 0. 0 0. 0.000 0.000 0,000 0030 0 0.02
el 100 1 1000 L0001 1 oo 1 Lo 1.000 Lo 1 1
PEPL 108 0. 0.000 0000 0 0 0.005  0.000  0.000  0.005 0.005 0 0.
100 0.9 Lo 0958 0 0 0.960 0970 0.959 0980 0 1.
9% 0. 0000 0.041 0 0 0030 0.025  0.033 0015 0 0.
89 0. 0.000 0.0 0 0 0010 0005 0.003 0000 0 0
PEPZ 100 1000 1 Looo 1000 0 I 1000 1000 1.000 Lo 1 1
8 0.00 0 0.000  0.000 0 0 0000 0.000  0.000 0.000 0 0.
PEP3 100 1,000 1 1000 0994 0.99 0 LoD 1000 1.000 Lo 1 1
% 0.000 0 0.000  0.006 0 0 0000 0.000  0.000 0.000 0 0
pEP 04 0.010 0 0020 0.006 0 0 0010 0.010  0.025 0010 0 o
9% 0000 0 0000 0.000 0 0 0.000 0000  0.000 0.000 0 0
M 23 0.000 0 0.000  0.020 0. 0 0000 0.000  0.003 0.005 0 0.
08 0.000 0 0.000 0000 0 0. 0000 0.000 0001 0000 0 0.
00 049 0 062 0617 0 0 0585 0.660  0.674 0260 0 0.2
82 0510 0.305 0.328  0.363 0 0 0315 0340 0.322 0730 0 0.
70000 0.000 0.000 0000 0. 0. 0000 0.000  0.000 0.005 0 0
53 0.000  0.000 0.000  0.000 o 0. 0000 0.000  0.000 0.000 0 0.
28 0.000  0.000 0.000  0.000 0 0 0000 0.000  0.000 0.000 0 0
FGDH 105 0.000  0.000 0000 0.000 0 0 0000 0.000  0.000 0.000 0 0. 0
00 1.0 1.000 L0 1000 1 1 L0 1000 0.999 oo o 0 Looo 1,000
9 0.000  0.000 0.000 0000 0 0 0.000 0000 0.001 0.0  0.000 0. 0 0000 0.000
SDH 150 0.0 0.005 0000 0.000 0 o 0000  0.000  0.000  0.000  0.000 0000 0 0.000 0000
100 1.000 0.9 o0 1000 1 1. 1000 1000 0.999 1000  1.000  1.000 1. Lo 1.000
50 0.000  0.000 0.000  0.000 0 o 0000 0.000  0.001  0.000  0.000 0000 0. 0000 0.000  0.000
sop 212 0.000  0.000 0.000 0000 0 0. 0000 0.000  0.000  0.000 0000  0.000 0. 0.000  0.000  0.000
100 1.000 1.0 Lo 1000 0 il 1000 1.000  1.000  1.000 1000 1.000  1.000 1. 1000 1.000 1.000
Ratio of polymorphic 0.172 0.207 0 0 0.207 0.172 0.138 0.241 0, 0 0.207 0.207

r 0.138 0.172 172 207 0.172 0.172 0.138 241 276 0.241
Ive. beterozygosity ~ 0.0826 0,073 0.0812  0.0780  0.0838  0.0S14 00807  0.0799  0.0818  0.0794  0.0634 0.0923 01028 01035 01085  0.0814  0.0803

75



AR R OIE

Appendix Table 3. Allelic frequencies of 29 loci of Pacific herring samples collected off
northwestern coast of Sakhalin (sample number 2 and 3) and west
coast of Hokkaido (sample number 12,13,14, and 15).

Sample No. 2 3 12 13 14 15
Location Sakha-NWI  Sakha-NW2 Shosanbetu Onisika Rumoi Atsuta
Date of collection 880516 880523 870511 870512 870507 870505
Sample size 100 100 94 100 100 100
Locus Allele
ADA 117 0.000 0.000 0.000 0.010 0.005 0.000
110 0.000 0.000 0.011 0.005 0.010 0.005
100 0.980 0.975 0.973 0.970 0.970 0.980
87  0.020 0.025 0.000 0.010 0.000 0.000
78 0.000 0.000 0.016 0.005 0.015 0.015
SAAT -140  0.000 0.000 0.005 0.000 0.010 0.000
-100 1.000 1.000 0.995 1.000 0.990 1.000
mAAT 113 0.005 0.005 0.000 0.000 0.010 0.000
100 0.995 0.995 1.000 1.000 0.985 1.000
87 0.000 0.000 0.000 0.000 0.005 0.000
EST 100 0.990 0.960 0.984 0.975 0.990 0.965
98 0.010 0.040 0.016 0.015 0.010 0.020
96 0.000 0.000 0.000 0.010 0.000 0.015
GPI 175 0.005 0.000 0.000 0.000 0.000 0.005
155 0.000 0.000 0.000 0.000 0.005 0.000
139 0.305 0.295 0.207 0.240 0.240 0.260
100 0.680 0.700 0.772 0.750 0.745 0.725
48 0.010 0.005 0.011 0.005 0.010 0.000
42 0.000 0.000 0.000 0.000 0.000 0.005
20 0.000 0.000 0.005 0.005 0.000 0.000
14 0.000 0.000 0.005 0.000 0.000 0.005
GAPDH-1 -100 1.000 1.000 1.000 1.000 1.000 1.000
GAPDH-2 100 1.000 1.000 1.000 1.000 1.000 1.000
GAPDH-3 100 1.000 1.000 1.000 1.000 1.000 1.000
G3FDH-1 205 0.000 0.000 0.000 0.000 0.000 0.005
140 0.005 0.000 0.000 0.000 0.000 0.010
100 0.995 1.000 1.000 1.000 1.000 0.985
G3PDH-2 100 1.000 1.000 1.000 1.000 1.000 1.000
G3PDH-3 100 1.000 1.000 1.000 1.000 1.000 1.000
mIDHP 100 1.000 1.000 1.000 0.995 0.990 0.995
65  0.000 0.000 0.000 0.000 0.005 0.005
58 0.000 0.000 0.000 0.005 0.005 0.000
SsIDHP 117 0.005 0.005 0.005 0.000 0.000 0.000
106 0.050 0.055 0.079 0.035 0.040 0.055
100 0.390 0.415 0.361 0.420 0.415 0.405
91 0.460 0.425 0.469 0.455 0.400 0.445
86  0.080 0.095 0.075 0.085 0.125 0.095
82 0.015 0.005 0.011 0.005 0.015 0.000
73 0.000 0.000 0.000 0.000 0.005 0.000
67  0.000 0.000 0.000 0.000 0.000 0.000
LDH-1 100 1.000 1.000 1.000 1.000 1.000 1.000
LDH-2 100 1.000 1.000 1.000 1.000 1.000 1.000
SMDH-1 3300 0.000 0.000 0.005 0.000 0.000 0.000
100 1.000 1.000 0.990 0.990 0.995 1.000
27 0.000 0.000 0.005 0.010 0.005 0.000
sMDH-2 130 0.000 0.005 0.000 0.005 0.000 0.000
100 1.000 0.995 1.000 0.985 1.000 0.995
68 0.000 0.000 0.000 0.010 0.000 0.005
mMDH 100 0.995 1.000 1.000 1.000 1.000 1.000
55 0.005 0.000 0.000 0.000 0.000 0.000
SMEP 155 0.005 0.005 0.005 0.005 0.005 0.000
100 0.995 0.995 0.995 0.995 0.990 1.000
85  0.000 0.000 0.000 0.000 0.005 0.000
mMEP 110 0.020 0.010 0.056 0.035 0.045 0.040
100 0.595 0.640 0.534 0.550 0.576 0.565
90 0.370 0.340 0.368 0.400 0.349 0.365
82 0.015 0.010 0.042 0.015 0.030 0.030
MPI 100 1.000 1.000 1.000 1.000 1.000 1.000
PEP-1 108 0.000 0.005 0.011 0.005 0.005 0.000
100 0.980 0.990 0.967 0.955 0.940 0.975
95  0.020 0.005 0.022 0.040 0.045 0.025
89 0.000 0.000 0.000 0.000 0.010 0.000
PEP-2 100 1.000 1.000 1.000 1.000 1.000 1.000
88  0.000 0.000 0.000 0.000 0.000 0.000
PEP-3 100 1.000 1.000 1.000 1.000 1.000 1.000
PEP-4 104 0.040 0.050 0.027 0.040 0.020 0.015
100 0.960 0.940 0.973 0.960 0.980 0.985
95 0.000 0.010 0.000 0.000 0.000 0.000
PGM 123 0.000 0.005 0.005 0.000 0.005 0.000
108 0.000 0.000 0.000 0.000 0.005 0.000
100 0.680 0.705 0.660 0.670 0.665 0.700
82 0.320 0.290 0.335 0.330 0.325 0.300
PGDH 100 1.000 1.000 1.000 1.000 0.995 1.000
95 0.000 0.000 0.000 0.000 0.005 0.000
SDH 150 0.000 0.010 0.000 0.000 0.000 0.000
100 1.000 0.990 1.000 1.000 0.995 1.000
54 0.000 0.000 0.000 0.000 0.005 0.000
SOoD 100 1.000 1.000 1.000 1.000 1.000 1.000




Appendix Table 4. Nei’s standard genetic distances (DX 10*) between population samples of Pacific herring based on 25 loci.

Population Ye Ko Ma Is Ob Yu Fu Not Sar De Te i—Io Wa Be San Pu Va Si  Br Nor
Yellow Sea
Korea-E 757
Mangoku I. 528 462
Ishikari B. 910 227 219
L. Obuchi 375 143 251 225
L. Yudo 331 197 160 208 48
L. Furen 475 226 314 265 98 &9
L. Notoro 453 187 350 404 117 101 106
L. Saroma 596 188 411 213 107 134 66 203
DeKastri 378 112 327 270 65 92 192 163 174
Terpenia 327 233 301 307 66 50 54 99 90 127
Hokkaido-Sakhalin 347 139 221 190 36 31 100 124 103 36 54
Wakkanai 348 166 265 223 38 39 73 137 80 65 41 19
W.Bering Sea 572 140 307 147 72 102 144 235 102 91 130 62 57
San Fran cisco B. 6334 6151 5828 6386 6031 5912 5986 5693 6443 6179 6234 6201 6253 6509
Puget S. 6123 6128 5803 6376 5919 5815 5911 5622 6356 6077 6122 6105 6148 6402 56
Vancouver 1. 5628 5458 5233 5724 5323 5240 5288 5037 5722 5469 5539 5514 7939 5788 83 99
Sitka L. 4829 4703 4397 4913 4527 4411 4460 4224 4860 4687 4676 4691 4717 4966 176 201 97
Kodiak I. 3239 3399 3009 3644 3165 3028 3139 2849 3564 3291 3279 3298 3332 3629 686 687 456 241
Bristol B. 378 378 456 417 164 174 220 324 183 160 133 133 102 118 6856 6665 6106 5219 3802
Norton S. 461 422 420 377 196 211 266 404 238 205 197 166 138 114 6952 6770 6204 5324 3909 24

* 1 Allelic frequency data of populations of Korea E, W. Bering Sea and Vancouver 1. were cited from Grant (1981) and Grant and Zhang (1983).
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