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Comparison of morphological and genetic variation in

wild and released, Platichthys stellatus

Yong Tae Jeong

Department of Marine Biology

Pukyong National University

Abstract

Starry flounder, Platichthys stellatus, family Pleuronectidae is' benthic species
and distributed in Northern middle East Sea through all over the North Pacific.
Starry flounder has a royal reputation for raw fish not only in Korea but also
China than olive flounder. Even though demand is increasing, supply does not
reach it due’ to the reduction of resources and closing season. Thus over
500,000 seeds *has been releasing for recover since 2006. ‘However, used
individual for producing -artificial seeds should be considered how they effect
wild environment due to-their “limited gene .pool. Therefore, this research is
about comparing two groups in morphology, genetic diversity of mtDNA
control region and MS DNA.

The result of morphological modification analyzation for each 30 released and
wild individuals from Ul-jin and Po-hang, East Sea of Korea between 2009
December and 2010 November showed distinct blackening in blind side and
deformation in anal fin ray. According to mtDNA control region analysis result,
genetic distance in released group was 0% ~1.4%, wild group was 0% ~1.1%
and between two groups were 0% ~14%. There were no significant

differences in intra and intergroup. Two groups mixed well in N]J-tree. There



was no significant differences in intergroup genetic diversity as well as low
Fs1(-0.00849) value(p>0.05). Size of msDNA alleles analyzed by 6 markers
ranged 188-266bp. Total number of alleles(Ar) were 55 in released group and
7 in wild group. Number of allelic richness(Agr) ranged 5.0-8.0, wild group (7.0)
was 21.43% lower than released (5.5) group. Observed heterozygosity(Ho) and
expected heterozygosity(Hg) for released group 0.550 and 0592 were lower
than wild group 0.700 and 0.737. Average inbreeding coefficient(Frs) was higher
in released group; released group was 0.073 and wild group was 0.045. Fsr,
degree of differences in genetic diversity showed significant differences
between two groups.~(0.0208). In  conclusion, morphology and msDNA
differences between two groups were distinct contrast to- mtCR. Therefore,
msDNA will be suitable for understanding of genetic information through

ecological view.
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FE=v 2] (Platichthys stellatus)= 7FAH0] & (Pleuronectiformes), 7FAF7| 2}
(Pleuronectidae)oll &3t AAA o Fa2A e de]  afddl Fw e
A REs, fevetels B8 S5 olnd F= Rxdrh T ¢
<A A 200m el A Ask, A of FAINE Abes shrlfle W=
HgtEo] Wy 7R dolu A a4 &t s e $48 Y

(Byun et al., 2008).
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program®] ©]F¢] # 1. At (Bell et al; 2008).
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-
ofr
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= (Acanthopagrus schlegelii), 3 *|(Paralichthys olivaceus)s Ut st
Aol FE o R At Al B 2= a9 (MES)e] o] Fo] A 3l
o, 53 HE A AAALeR I E AYTE ZEIWOZA
8o ol Arh(Sekino et al, 2002; Kitada & Kishino, 2006; E. Blanco
Gonzalez et al., 2008; Kitada et al,, 2009).
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2] JF(Lim et al, 2009), AW A3 vl st A2
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Microsatellite DNA -(MS)#Pt A= g 2 A A A& Ad FHd

oqn el A wey TY-ATel o] &EejA L -glon, MS mtAE ©]
b

goto] FHPE AANPHL FAA FFY ww, Adpe T2y

5o AF7E ks ol A2l YvH(Sekino et al., 2002; Blanco Gonzalez
et al., 2008, 2010).

Microsatellite (MS)v}7 = SIDNA 47144 FolAl 2-6712 47]7} Hb&
Aoz  UYelyE DNAZA  F$A(codominent) &%  allozyme %
mitochondiral DNA®| H|&] Wo] AE7} Z7] wjiFo] Fkfrstel] A 7=
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Fig. 1. Sampling site of released (@) and wild (A) Platichthys stellatus from

marine ranching area.
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ocular side), F9F& 7tEA=#u] A Z S (Pectoral fin rays on blind

%
i}
G
e

side), ¢t HfA %4 (Pelvic fin rays on ocular side), ¢t
i 2| =2 1] A% S (Pelvic fin'tays on blind side), Sl =27 9 Z%4~(Anal
fin rays), %3 ¥(abdominal vertebrae), W52 (Caudal vertebrae), 5
“=(total vertebrae), e 7/H<=(Gill rakers, upper limb), 3} <] 7}=(Gill
rakers, lower limb)Z "F 117/0E| o]&sfnern, A& FEL AF
(Standard length)®] 1971 & ©}& 3} T

A A I FEHEA S SPSS 101 EZOHS o] &3}
Kruskal-Wallis testE A oW, o= e 1+ ASHHdS o]&st

2 AAY St Aue dZsa, gu 1 Gl FTE sets] 915t



3. Mitochondrial DNA #4

7}. Genomic DNA 3&

Aol AbEE AlEe 200991295 2010d 1197HA4] st &30 A

Aol Adgow AP BFak 237428 BE 27 FadAQ A A
e AAL 367MAE tde® mtDNA 4= A AT Afds 5

99.9% ethanoldll a4 &}o] A}F-8-3F T Genomic DNA+ Chelex 100 resin
(Bio-rad, USA) 150x7F E°0& PCRFES Ao 188 92 +
Thermal cycler (Bio-rad MJ mini PTC-1148, USA)o] ¥< 5 60C< 9
9T Z+7F 20%, 2537t FAH. % ¥ Genomic DNAT 4Tl A

B skt
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nEZ=glo} DNA control region 992 Tinti et al. (1999)2] ®H-S
w2} Foward primer: 5-TTC CAC CTC TAA CTC CCA AAG CTA
G- 3 ¥ Reverse primer: 5-CCT GAA GTA GGA ACC AGA TGC
CAG-3 & °]&3to] TFHAZTE 10X PCR buffer 25u, 2 mM dNTP 2
1l primer A primer 1pl, primer-H primer 1u¢, FR tag polymerase 0.25
! (Biomedic, Korea)S 412 &% &0 genomic DNA 2 S H7Fs &
= 2Bt @ w7hA 32 E=FFE Yl Thermal cycler (Bio-rad M]J
mini PTC-1148, USA)E oJf3ate] v & 1= PCRE 335
t}.  Initial = denaturation 95CelA 43, PCR reaction| 34 cycle
(denaturation 95C ol 4] 30%, annealing 60Col| A 30%, extension 72Tl
Al 18); final extension 72CeolA] 10&. PCR &= % 1% Agarose gel®l
PCR product ¢ 10X loading buffer (Takara, Japan)& %42 =34&E52
& & A7Y9 %57 (Mupid-One Mupid-exU, Japn)=- 100 voltageol A 30
¢ A AA M=t -gFE RASSAUTH

Ein

g9l = PCR producti= ExoSAP-IT (United States Biochemical
Corporation, USA)o] 412 % Thermal cycler (Bio-rad M] mini
PTC-1148, USA)°l ¥ i1 37Tl A 104, 80CelAl 15% &<k F3uth 47
A <Ed-& ABI bigdyeterminator cycle sequencing ready reaction kit v3.1
(Applied Biosystems Inc., USA)E o] &3l oS3 e 7S =2 cycle
sequencingdle] A1t PCR reaction 35cycles (denaturation 96C; 103,

annealing 55C; 10%, extension 60C; 33%)



o A5 24

nEZ=glol DNA control region 97|14 <€ BioEdit version 7.0.0
(Hall, 1999)¢] ClustalW (Thompson et al., 1994)5 ©|&3}4 Full
multiple alignment 33tk 97] A4 7+ fF3d A2 = Mega 4 (Tamura et
al., 2007)2] Pairwise distanceE Kimura-2-parameter®2 (Kimura., 1980)
2 Aretach Tt FdAA#E Neighbor joining (N]) ®H-S o] &35}
of BEXxE AAsIrE Bootstrap 10008 F3stdon, ofudow
NCBI (National -Center for Biotechnology Imformation)o] S =% {3

(Paralichthys ‘olivaceus) ¢t =t} 2l (Pleuronichthys cornutus)e] DNA ¢ 7]

Mae vl E4 ekl

S T3k9l o H(Slatkin and Hudson, 1991), Fsr #+9 94 A4S 98t

10,000 ©] random permutation= 2! 3 5} 4 ¢},

42 b (genetic- diversity)e] HE=ES 1 F3H7] 98] Haplotype

diversity (H)¢} Nucleotide diversity (mZ F3tgoen, Hd23

(Haplotype)S ZA3 & TCS 121 (Clement et al., 2000)& ©o]-&3}9]
P

Haplotype WIEYAE #/d 33t}
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4. Microsatellite DNA 7}AE o] 43 Aok

7}. Genomic DNA F&

Aol AREE AR 20099 1295 F 2010 119704 saeh 231 A

Ao A Aeloz e WHFA 30/MA S AE 23 FAAAA A
AE ZAAAE 3070AE tdez2 AASAT. A & S54] 99.9% ethanol

of nA3ste] AFgEATE FETHE] genotype =4S 913 genomic DNA
#2+= Chelex 100 resin (Bio-rad, USA) 150407} S°]3d+ PCR&F E.o
ko] g ] mini| PTC-1148,
USA)el ¥& % 60C% 99T #AZ 20+, 26#z7y FAH. 5 &
Genomic DNAE 4Ce A 3% HI3SAT

ftlo
o

S % Thermal cycler (Bio-rad M
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Y. THES dHuts

Microsatellite (MS) DNA ®}l#A = Miao et al (2009)¢] 319Hsk 671<]
markerE A3 tH(Table 1). PCRS 10X PCR buffer 25x, 2 mM
dNTP 240, primer A primer 1gl, primer H primer 1xl, FR taq
polymerase 0.154¢ (Biomedic, Korea)E 432 &3¢ &9l genomic DNA 240
2 #H7e &, & 25w 2 wrtA 32k EHFFE ¥ Thermal cycler
(Bio-rad MJ mini PTC-1148, USA)E ©]&3to] a3 22> o=
3kt %7] denaturation 94TCeolA 4%; PCR reaction 29 cycle
(denaturation /94C ol /] 30%,annealing 57Cl 4 40%, extension 72Tl

Al 40%); final extension 72TCeolA 7+. PCR &% % 1% Agarose gel?l

"

PCR product ¢+ 10X loading buffer (Takara, Japan)& 412 =S 9
S & A719 % 7] (Mupid-One Mupid-exU, Japn)= 100 voltageol A 30+
]_

A% AA WES FF B AS A,

_12_
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Table 1. Characterization of two polymorphic microsatellites isolated from Platichthys stellatus. The number of

alleles (A), annealing temperature (Ta), GenBank accession number.

Na .
Locus Repeat sequence Primer sequence (5'-3") (’%) s o) Ho Hg P Accession
size range, bp
CCAGGTGCCAGCCAGAGTAG
Plst9 (GT)y 53 6 (255 -297) 0.8000  0.7667 0.7337 EU563863

AGAGAGCAGAGCCGGACAAA

TGTAGACATGTTAGCGCGGA
Pist37  (AC)g 53 3 (250 - 262) 0.7143 06435  0.0012+«  EU563891
CGTCAGTCAGGGGAAGAAGA

GCCAGACGACCGATGATGTGA
Plst19  (AC) 53 2 (265-267) 1.0000  0.6576  0.0000+  EU563873
AATCGTCAAAAACCCCACCG

AGATAGACACGGGGAATGAA
Plstl3  (AC)z 5} 3 (288-296) 04815  0.6457 0.0365 EU563867
CCTGGAACTGTGGCTAATAAAA

ATGGGTTGGCAAGTCAGAGA
Plst8 (G ) 3 (240-250) 0.7667  0.6198 0.0947 EU563862
GCCCGATTTTGTCTTACGAAA

TAAATCCGATGGCATAGAGT
Plst3 (GT)oN=s(TG)s 54 4 (228-240) 0.6207  0.6068 0.0305 EU563857
ATTGGAGTTTGGGCAGAGG

Ta., Annealing temperature; N, observed number of allelesi- Ho, observed hetero zygosity; Hg expected hetero zygosity; * indicated
significant deviation from HWE after bonferroni correction (adjust P-value = 0.0042)




o FAA G BA

=4l A8 670 9] microsatellite DNA vEAE © &, Add F44 ¢
UdAS  Hotstr]  9ste]l FSTAT version 293 (Goudet, 2001)3}
GENEPOP 34 (Rousset and Raymond, 1995), Alequin 3.11 Z 27135

Ab&-3lo] Y-+ 257 (the number of allele per loci; A), HHFHAA =
7l(product size range; S), A olHFHITE(Hp), 7IHNA olFHIIE

(Hp) A a7l1E BAS Ay x=(allelic richness)E 1| uls}th
GENEPOP ver. 34 Z 27132 Ag3ste], Je oA Hardy-Weinberg
expectation (HWE)Y HF%= =ZAle7) 9a % wul=(inbreeding
coefficient; F5)S 7392 ¥ (Weir and Cockerham, 1984), +9A AA S
9 3te] markov-chain methodE A}-88}¢] random allelic permutation ¥}
de H4310,0008 o stk g 7 FA4 S 9otst)
el FSTATE ol &sto] Fsr TAE SA4sA o, Fod AAS Sl
w2712 2 random allelie permutation ¥4 & A%k 10,0000 o] A A

33 A HWeir and Cockerham, 1984).
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1A, BFAel A 47 A= debdozn FEEATHFig. 3). dEAFELS
7y 7y Aol Al 96.3%, WAl Al 85.2% = Al 90.7%9] =2 dd A4

B2 0093 (=5/64)e.= YEut. AFGAATE
0949% 1o 77 Alg @S Uela AR 798 #h(p<0.05)=
Btk Ald 2 A=3AS o] &3 Kruskal-Wallis test$} SE 224 4w
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Fig. 2. Photos of released and wild Platichthys stellatus.(A-B: wild, D-E: released, C and F: released specimens
showing deformed caudal fin and anal fin). The arrows indicated deformation of caudal fin (A-D) and

blackening (E).
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Table 2. Comparison of counts and measurements of released and wild Platichthys stellatus.

Characteristics

Released population

Wild population

No. of fish specimens
Standard length(mm)
In % of standard length
Head length
Body depth
Body width
Predorsal length
Prepectoral length
Preventral length
Preanal length
Caudal peduncle length
Dorsal fin base length
Anal fin base length
Length of the Maximum dorsal fin
Length of the Maximum anal fin
Pectoral fin length on ocular, side
Pectoral fin length on blind side
Pelvic fin length on ocular side
Pelvic fin length on blind side
In % of Head length
Eye diameter
Snout length
Upper jaw length
In % of dorsal fin base length
Anal fin base length

27
156.9 - 296.3

Z3.9 #8318 (30 7=217)
55 .2 Sl SIoNBUY N 27)
9.5 -13.4 (114, 27)
56 - 9.2 (7.7, 27)
258.1 gl (30,3, 27)
28.5 — 35.2 (814, 27)
33.5 — 44.4 (37.7,.27)
8.9 - 13.0 (11.3, 27)
78.8 — 91.6 (85.4, 27)
55.3 — 71.4 (60.6, 27)
10.7 - 18.6 (14.8, 27)
72 7 BRGS0 7)
Tel —L7 E(T3.8727)
10.2 - 16.8 (12.8, 27)
9.3 - 14.3 (10.5,227)
88 - NTA 108,527

13.3 — 18.0 (16.5, 27)
14.5 - 22.1 (19.0, 27)
24.7 - 30.6 (28.1, 27)

64.0 — 82.6 (70.5, 27)

27
195.4 - 332.9

28.4 - 34.5 (30.1, 27)
52.5 - 64.1 (56.1, 27)
8.5 — 13.0 (10.6, 27)
5.7 - 8.5 (7.3, 27)
28.0 - 34.2 (29.9, 27)
28.2 - 37.6 (31.6, 27)
30.9 - 42.1 (37.0, 27)
9.3 - 14.0 (10.7, 27)
80.8 - 96.1 (85.0, 27)
56.6 - 68.7 (60.9, 27)
12.8 - 16.9 (15.0, 27)
13.6 - 17.0 (15.4, 27)
12.6 - 17.2 (14.7, 27)
10.2 - 13.4(11.5, 27)
8.2 - 11.6 (104, 27)
8.5 - 11.9 (10.5, 27)

13.8 - 18.7 (15.9, 27)
16.5 - 21.5 (19.5, 27)
24.2 - 29.2 (27.0, 27)

67.3 - 76.4 (71.7, 27)

Min ~ max (Mean and sample size in parentheses)



Table 2. continued

Count

Abdominal vertebrae 10 - 12 10 - 12
Caudal vertebrae 22 — 26 24 — 26
Total vertebrae 33 — 37 35 - 37
Gill rakers, upper limb 6 - 9 7 - 10
Gill rakers, lower limb 3 il 3-5
Dorsal fin rays Gl &N/ 11 56 - 61
Pectoral fin rays on ocular side m= LS 9-11
Pectoral fin rays on blind side 9-12 9-11
Pelvic fin rays on ocular side 5-6 5-6
Pelvic fin rays on blind side 6 6 -7
Anal fin rays 39 — 47 40 - 45

_61_



Table 3. Comparison of counts of released and wild Platichthys stellatus.

Gill rakers, upper limb 6 7 8

Released 2 14 9
Wild 4 13

Dorsal fin rays 56 57 58 59 60 61 62 63 64 65

Released 5 3 1; 8 6

_OZ_

Wild

7 6 2

Total vertebrae

35

36

Released
Wild

12
10

16

Caudal vertebrae

24

25

Released
Wild

10
10

10
16




Canonical Discriminant Function
Released

sh = 1.79
Mean = -2.7
N =27

No. of specimens
£

0
-5.0-4,0-8.0-2.0-1.0 0 1.0 2.08.04.05,0 6.07.08.0 2.0

Discriminant scores

Wild

'SD.= 1.79
Mean = -2.7
IN= 27

No. of specimens

6.0 5.0 -4.0.-3.0 -20 -1.0- 00 1.0 2:!] 3.0

Discriminant scores

Fig. 3. Result of canonical discriminant analysis between released (A) and
wild (B) Platichthys stellatus.
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2. Mitochondrial DNA #4]

2009 12€ 58 20109 11€97hA] A& X1 AgtolA AQge

fr
:)‘4:1“
N
)

O

WFA 2N A AR £3 Fagddeld Agow AYE A

rO
e
w
[@))
=

AE Aoz AAl & mitochondrial DNA 4] 23 PCRS %3 =%
A7l control region<-% 375 base-pairsE AUTlk. = 37bp T A7 9
2] g (substitution) 127] & Yelstom, 7o} A (indel)> YEFLFA &
Ut FAAE LS F Tl HyrolF FFAE Hap 1o] F FolA 7HA
ol FEEG oW (ZAAE 56% vs WAk 61%), AHALE Jel A= F 6
Mol FAAE o] #w&E A oW (Hapl, Hap2, Hap3, Hap4, Hapd, Hap6),
AP Ao Ae F50e FAAFE el #FH AT (Hapl, Hap3, Hapd,
Hap5, Hap?). <& 7708 #d2F T 408 wdAd ol + FeolA veyt
ow, 2789 32 @ (Hap2, Hap6)>' AALel ARt #2be] = ghdo]
Al = 170 F A2 (Hap?dRte]l B ol t(Table 5). o= 4=

oA

g UEYIE AT A3 F Ad 5 H9HeE HaplS TASE 6
Mol FRAYe] WAFHE et o (Fig. 4), ol & #3489 Fd 1)
T A= wiatel 0% ~14%, Adatel 0% ~1.1%AaL, = He 7

2

ZF 0.659F 0.61= Zpo]7b gflo] vre #Fd4 tdY¢=s delide. 971 o
& = (nucleotide diversity, m)= WFAat Fe] 0.0038, AA4ke] 0.0045%
A7) d= A @A e tH(Table 6). 7 A9 A7IADS o] &3t
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91t 292 bRl tH(Table 7).
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Table 4. Results of Kruskal-Wallis test for meristic characters between wild

and released of Platichthys stellatus.

Character Wild Released
Abdominal vertebrae 11.0 10.9
Caudal vertebrae® 247 24.1
Total vertebrae” 357 34.9
Upper limb of gill rakers” 8.3 7.4
Lower limb of gill rakers” 4.4 3.5
Dorsal fin lrays”® 58.6 64.1
Pectoral fin rays on ocular side” 10.2 10.9
Pectoral fin rays on-blind-side * 10.0 10.3
Pelvic fin rays on ocular side 5.9 6.0
Pelvic fin rays on blind side 6.1 6.0
Anal fin rays 425 432

Note: superscript letters (*) indicate significant difference (p<0.05).
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Table 5. The haplotype frequencies of control region in Platichthys stellatus.

Haplotype frequency

Haplotype

Wild (36) Released n %
Hapl 20 14 34 57.63
Hap?2 1 - 1 1.69
Hap3 3 3 6 10.17
Hap4 7 B 10 16.95
Hapb 4 1 5 8.47
Hap6 ', 3 1 1.69
Hap7 - 2 2 3.39
Total 36 3 59 100
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Table 6. Genetic diversity indices of released and wild Platichthys stellatus.

Genetic diversity indices Wild Released

No. of specimens 36 23

No. of haplotype 6 5

No. of polymorphic sites 6 6

No. of observed transitions 5 6

No. of observed transversions 1 0

No. of observed indels 0 0

H 0.6508+0.0730 0.6126+0.1040
T 0.0038+0.0026 0.0045+0.0031

H, haplotype diversity; m, nucleotide diversity

Table 7. Pairwise Fsr (below diagonal)l and associated P values (above

diagonal) “for two. groups of Platichthys stellattls.

Released Wild

Released = 0.52252
Wild -0.00849 -
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Fig. 4. A single minimum spanning tree of the 7 mtDNA haplotype of
Platichthys stellatus. Circle size reflect haplotype abundances. Bars

reflect a 1-nucleotide difference.
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Fig. 5. Neighbor joining tree based on partial mtDNA control region sequences
showing the relationships among released and wild Platichthys stellatus
and 2 outgroups. Bar indicates genetic distance of 0.05. (U: released, P:
wild)
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3. Microsatellite DNA #4

F A A B AA 3070 A& XA AH A RFAE 3078 A
2 microsatellite (MS) DNA maker 671 & ©]&3}o] Fdx8 S
wAe A Y42 Z7]= 188-315 base—pair ool AT HHFA
I ApARtel A A A o2 378 G E HHF A2z B E A 2 (Table
8), AT B HHFAAF(Ar) = WFatel 457001, AALto] 7
Nz Apdibol A Ve
EE loci #4904 Ade 3718 RS gHdF A5 A HFAH
o] Plst 304 HAa 3700 i H-rdas e e, AAAk e Plst
13 mhA A e 107707k SHele] = A
67012 MS DNA markerE o8& A3 viA d g F-3121e S o
s AHEH, Plst 9+ % 8709 dE#dA7F #dEder, o] T F8a
2= 206, 200194019, Rakold=n EUA] g= 2709 WY
A2k (188, 208)7F AFALkol A ATt Plst 372 6709 /27
dFEJoH, o] T F8 WHFTHAAE 25601H, Wikl #EEA
< HHFAATE 2Ll A AR AA N, BFAbl A = ApALbe A L E
A &= shve] g dxE 7HA = Ade® Rl Plst 19 & 7
Aol HFHA7E #F Hdom, Fo i H-fFdxe 269011, BTkl A
HAE A e dHFARIE 30251, 257, 273)7F FEE ATE Plstl32 A}
|9 6709 w7l F dEHFAAY F7F 10 7P wol #EHAoH,

WA UEnA e gl R dAe] 2 571(285, 297, 301, 313, 315)



Ag ® 6709 vl F dERAATE 52 oY

S
T

2 7Hd @3tk Plst8

oAl AlEA

2312 YRS

S RS dEFAA 2897 =2 =8 MES e e, 2
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X+ microsatellite marker
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Table 8. Total number of alleles (Ar), size in base pair of alleles (s), allelic richness (A,), observed (H,) and

expected (Hg) heterozygosities, probability of deviation from Hardy-Weinberg proportions (Puaw) and

inbreeding coefficient (Fis) of Platichthys stellatus.

Population PIst9 Plst37 Plst19 Plst13 PIst8 Plst3 Mean
Wild
No. specimens 30 30 28 30 30 30
Ar 8 6 7 10 4 6 7
S 188-212 248-266 251-273 287-315 235-241 267-289
A 8.0 6.0 7.0 10.7 4.0 5.8 6.9
Ho 0.800 0.600 0.607 0.667 0.733 0.669 0.662
He 0.825 0.648 0.398 0.745 0,643 0.648 0.645
Paw ns ns ns ns ns ns
hs 0.031 0.074 -0.241 0.106 -0.141 -0.145 -0.047
Released
No. specimens 30 30 28 30 30 30
Ar 6 5 4 5 4 3 4.5
S 194-212 252-266 265-271 277-291 231-239 287-291
A 6.0 5.0 4.0 49 39 29 4.5
Ho 0.667 0.333 0.286 0.667 0.567 0.483 0.501
He 0.787 0:402 0.260 0.728 0.605 0.524 0.550
Paw ns ns ns ns ns ns
hs 0.147 0.17 -0.099 0.084 0.064 -0.042 0.077

Significance was tested at the 5% level,

*, significant, ‘ns;-not.significant
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Fig. 6. Allele “frequency distributions of two microsatellite loci for two
populations of ~Riatichthys stellatus (I Released, Uljin, [1: Wild,
Pohang)

Table 9. Estimates for Fsr estimate between Released and Wild (p
Significant by chi—square test)

Population Released

Wild Fsr 0.0208 (p<0.05)
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