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Table 1. Collecting localities, date, and number of specimens of the Family Gasterosteidae.

Collection locality No. of Collection
specimens date
F. kalparae
1. Yongchon : Imgo-myon, Yongchon-gun, Kyongsangbuk-do 20 Mar. 31, 1990
2. Kvongju : Naenam-myon, Kyongju-gun, Kyongsangbuk-do 20 Apr. 1., 189¢
3. Kansong 1 : Changshin-ri, Kansonz-up, Kosong-gun, Kangwon-do 10 Apr. 13, 1990
4. Kansong 2 : Kansong-up, Kangwon-do 18 May 2, 1989
5. Songsan : Songsan-myon. Nyongju-gun, Kangwon-do 2 Apr. 2&, 1990
6. Kangnung : Chibyur-dong, Kangnung-shi, Kangwon-do 11 Apr. 1, 1988
186 ¥ar. 31, 1890
69 June B, 188¢
Hybrids (£ £x P s5)
7. Kangnung : Chibyun-dong, Kangnung-shi, Kangwen-do 23 Apr. 1, 1989
2 Mar. 31, 1990
60 June 2, 1990
F. sinensis
8. Kangnung : Chibyun-dong, Kangnung-shi, Kangwon-de 1 Apr. 1, 1888
5 Mar. 31, 1980
21 June 2, 1890
9. Sokcho : Solak-dong. Sokche-shi. Kangwon-do 14 Mar. 30, 1990
10. Songji-lake : Chugwang-myon, Kosong-gun, Kangwon-do 20 Mar. 30, 1990
11. Okkye : Okkye-myon, Myongju-gun. Kangwon-do 2 Nov. 15, 1988
12. Chechon : uirimji, Chechon-shi, Chungchongbuk-do 2¢ Apr. 21, 1990
& oaculeatus
13. Sokcho : Solak-dong, Sokcho-shi, Fangwon-do 2 Xar. 3C, 1990
14. COpong~-ri : Opong-ri, Chugwang-myon, Kosong-gun, Kangwon-do 13 Har. 30, 1890
15. Oho-ri : Qho-ri, Chugwang-mycn, Kosong-gun, Xangwon-do 20 Mar. 30, 1880
16. Kyongpo : Kyongpe-lake., Kangrung-shi, Kangwen-do 20 Kay 2, 1988
7. Pyonggok : Fvonggok-mven. Yongdok-gun. Kvengsangbuk-de as Mar. G1, 1940
18. ¥anggu Kanggu-myon ongdok-gu ~anrbub-do ot May 1. 19es
18, fore Yorcho-myon, Rors-gun 12 sor. 20, 1884
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Table 3. Genic variation of the Family Gasterosteidae.

Korean J. Zool.

Vol. 33, No. 4

Number of  Mean Ko. of % of loci Mean heterozygosity(H)
specimens alleles per polymorphic Direct count By gene fregq.
(V) locus(4) (P) (HD) (HG)
P. kaivarae
1. Yongchen 20 1.0 00.0 6.000 0.000
2. Kyongju 20 1.2 24.0 0.036 0.055
3. Kansong 1 10 1.1 eg.0 0.036 0.028
4. Kansong 2 18 1.2 16.8 0.032 0.033
5. Scngsan 2 1.1 .0 0.060 0.047
6. Kangnung 16 1.2 24.0 0.038 0.042
Hybrids (2. 4% £.s) )
7. Kangnung 12 1.6 44.0 6.190 0.224
P. sinensis
8. Kangnung 5 1.3 28.0 0.112 0.118
9. Sokcho 14 1.4 22.0 0.086 0.090
10. Songji-lake 29 1.4 24.0 0.062 0.068
11. Okkye 20 1.4 36.0 6.079 0.08¢
12. Chechon 20 1.4 24.0 0.062 0.072
&. acuieatus
13. Sokcho 2 1.2 16.0 0.080 0.080
14. Opong-ri 13 1.6 40.0 0.083 0.078
15. Oho-ri 2 1.7 48.0 0.098 0.098
16. Kyongpo 20 1.4 32.0 0.1930 0.093
17. Pyonggok 20 1.6 49.0 0.066 0.074
18. Kanggu 2 1.4 32.0 G.094 0.087
19. Koje 13 1.5 44.0 0.020 0.081
= 0.0772 4] e} o] 72| Hdgkst F4tstAl et Table 29| frAlz} Wl=& o83l Fct d
vheh(Selander, 1976). 7} oz & Hrebe E7b A4 Zodx](S)(Rogers, 1972)F 3t
2}& P. kaibarae-P. sinensis hybrid % rlo] 9l o = 74 3+ Table 49} Zrc}.

(P =44%, Hp=0.19, Hg =0.22) P. sinensis
P =28%, Hp=0.112, Hg=0.
11608 cf-&o 2 =qkowa P. kaibarae o3 3 Al

25 kol

< Hel7h A glodeh

P. kaibarae 67} Z‘LP"] HFE FAdH Ho|HE
= Hp =0.034, Ho=0.034% efo] 570 3
Frueh wgrowd P.osinensis 571 ekl H2 A
wol ME Hp=0.080, Hg=0.091, G.
aculeatus 77 Z k2] $-4d 4 Hol&= HD = 0. 086,
Hi = 0.0842 Efo} 5ol wlah oFzk %Al vfeb

vrep(Selander, 1976).

G. aculeatus 77§ e}, P. sinensis 574 F ke
W Aukd AF FAA TAAE A A4 S=
0.963, S=0.95302 Aekzr ZedaAE el
Wdvh, P. okaibarae®] dx 2 ZAFAcke o
2] P. kaibarae 47 Aclal= A z}E2] zpol &
Vel 7 9le] (Table 2) e} AckEate] Tod =
7} S =0.6900% P. kaibarae A2 Atk 33F

24 2] (S = 0.800) 2l wetch.
aanolste F7 wedAE vlmar 2
P. sinensis®} P. kaibaraez} S = 0.6060.2 719

zpo| 2 vehl gl o= P. kaibarae2} G. aculeatus,
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Table 4. Rogers’ (1972) coefficients of genetic similarity (S) of the Family Gasterosteidae.

1 2 3 4 5 6 7 8 9 10 11 12 135 W 15 16 17 18 19
P. kaibarae
1. Yongchon 870,702 .704 .690 .698  .610  .484 .4B6 .477 .463 .4BB  .042 .044 .035 032 .031 D29 .029
2. Ryongju 668 .572 .689 .689 .61  .513 .53z .522 .511 .513  .056 .058 .050 .047 .045 044 .043
3. Kansong 1 980 .912 .918  .809  .662 .G662 .G664 .658 .654  .030 036 .0S1 .052 .040 052 .049
4. Kansong 2 300 .916  .791  .643 .652 .646 .644 .640  .031 .036 .0S1 .053 .041 .053 .050
5. Songsan 985  .828  .667 .669 .672 .665 .661  .032 .037 .052 .055 .042 .054 .052
6. Kangnung .835  .872 .B73 .G75 .669 .G65  .033 .038 .053 .056 .043 .035 .053
Hybrids(A. 4 % AP.s)
7. Rangnung 836 .822 .820 .817 .85  .082 .086 .100 .100 .107 111 .094
P. sinensis
8. Kangnung 0937 .928 .%44 .928  .043 .051 .059 .057 .066 .05 .049
9. Sokeho 966 .965 .962  .048 .051 059 .057 .064 .064 .048
10. Sengji-lake 959,977  .041 .043 .051 .049 .056 .055 .040
11. Okkye (962 .047 .DA8 .056 .054 .062 .0B1 .045
12. Chechon 042 .043 .051 .049 .056 .055 .040
&, aculeatus
13. Sokcho 967 .960 .957 .957 957 .949
14, Qpong-n1 .965 .950 .964 945 .957
15, Oho-ri 980 L9889 862 970
16. Kyongpo .964 .964 .972
17. Pyonggok 864 .875
18. Kanggu .970
18. Koje
Table 5. Frequency of hybrids between P. kaibarae
0.00 .10 .60 .80 1.00 and P. sinensis.
L Lo | 1 1 1 ]
A2 " ka{l.m;‘::ngchon Hybrid
2. Kyongju P. kaibarae ——————— P. sinensis
3. Kansong 1 F > F,
4. Kansong 2 ! . 2
5. Songsan
6. Kangnung N 96 7 88 27
.052
i
% F
o Freq. 44.0 3.2 40.4 124
820 Pk - Ps Hybrid
7. K
P. sinensis
9. i . : R
S gy Fig. 200415} 7o) P kaibara 3ik F A,
- 10. Songji-lake ~ , .
s 12 Chechon of ) A ek vpo) x| P kaibarae 47} vk e H|
. Sokcho . . . .
11. Okkye o} clusterings| ¢l 0.# P. kaibarae X P. sinensis
ZE zclel B A uke P kaibarae@}l P. osinensis
067 G. aculeatus - . T
957 13. Sokcho 2] F-7ell 4 clustering®| glvh.  PungitinsS: )
14. Opong-ri = ~
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S+ Pungitius kaibarae © 2 A rlo] Wo|r} A3
Slol vhebykoo P. kaibarae A A A vke| A F

] A 340113_‘?_& Hp = 0. 034, He = 0,034 &}
oA fz2l WAL Holweh wgkon P
smensts(HD = (0. 080, H(,; = 0.091)¢} G.
(}TD=O.O86, H_(;:O. 084) A vk-2 P. kaibaraeB.
c} o_]kza}] HEol o Trxdx—! ﬂ%o];,_ vFERW A
Aot A oAzl o7 Hd A
elol 72l BF FA4 Holsh fabar

zrol vl (Avise and Selander, 1972; Avise and

aculeatus

ol =

Smith, 1974; Buth and Burr, 1978; Yang and
Son, 1986; Yang et al., 1989).
Gasterosteus2-3 Pungitius3-2. =14 2570 =l
190 SAAHT6%) 7 gkl FeAg ol
2 el o (Table 2) Pungitius®2] P.
kaibaraeS} P. sinensis 2 type Zkll=  a Gpd,
Gp-4, Me-2, Pgi-2 Soll A =2k zpolsh sl

cl,
k3] P. kaibarae® H--F R % 739} od A F
t}{Chae, 1988 Kim et al., 1989)-2 tjuv]x| P.

kaibarae Aeb3h 4402 2ol & hehgieh,

Z 73FA et Aco, Fum, Mdh-2, Me-2, Mpi,
Pgm-1, Pgm-=30l| 4, FA A} Aco, Mdh-2,
Mpi, Pgm-1, Pgm-2, Pgm-3 §-% #}of| 4} &3t
Aol % vhebuof (Table 2) fald a1/} of

W 2] P. kaibarae 4% c}3} S = 0.6900. 24 o] gk
2 Tk Aol A E vhebl = (Avise, 1976) who}
A ol HAfe] EStolel AbRy[H

Chae(1988)7F H.argh e-g-42 Aspelr #

oz glel, =gk Kim et al.(1989)2 &3 77

o] 4=

ol A Ak Fabde] Aol ZAsla 9le
A ALl A4 sk P okaibarae % cho| ol Mo}
st el ool Bagel 4 Rel Foscty

Xd’(} “]_J’_O” K19] ;2].0]9],
i}‘ol (Table 2 Flg z)
A elo]] 2] &) piracyelr} Rl od 2] =

(BB ATAHRADE A S

e

:
32

o &

$ 8

Arrow F2s|e gubgel Aalol ol o
orebar 4pasleh,

G, ATAnkE Aelgt P kaibarae 473 ck2]
Hat FHd Zodz= S =0.937, P. sinensis 5
AN Aek, G. aculeatus 70 Acke] s F-3 A
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= 2 A S = 0.953 S =0.9630% %

of Flel Ankk el cheb Seb(Avise,

1976).
Hopdow

feglo] h2u o)4xo Y35}

= Pungitius kaibarae®) P. sinensisg o}5 o & 3

ek 73-9-(Chae, 1988)9} 58lxl WFoz B
ke A -(Kim er al., 1989)7F 9lol & -4

ot ool Ask ols fe] 2]
]—g S =0.606°% o e
Aol vhebaleh 2 P

o} %

o v O \
kaibaracs} P. sinensis®] £ 4 xjede) z+27c)2)
A ol apolol AalgEol @aHd i

Ale] Fadgel oF 4% % wlad F Rt

AR
FAA FAA I T A

(Table 5). o]2}3ko] z
o| A+ o 2 i1 (Table 4, Fig. 2) F#l3at 444
zpel 7} gl o) Fax| ool 4 ped AHFo] &
W g5 W AE = Ao R Hol o5 4o|o of

;(I xH A]I 44

of FrkukAlell = vk

slek

Avlsb sbalel A4S A e Fa)

-(semispecies)o] g} AFm

Pungitins%- 31 Gasterosteus3- 712} ol 2] =
0.052%2 4 &7z W sl
zrol9dch(Yang and Park,
1985, Park,

ghuch "Hx U
1982; Kim et al.,
1988: Yang and Min, 1989}.
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Genetic Variation and Systematics of the Sticklebacks (Pisces, Gasterosteidae) in Korea
Suh Yung Yang and Mi Sook Min (Dept. of Biology, Inha University Inchon 402-751, Korea)

Surveys of electrophoretic variations in isozymes and proteins encoded by 25 persumtive
loci were conducted to estimate the degree of genic variation and to assess species
recognition for three species of the Family Gasterosteidae (Pisces) in Korea. The average
degree of genic variation of Gasterosteus aculeatus was HD = 0.086, HG = 0.084, and P=
36% and it was similar to Pungitius sinensis (ﬁD = 0.080, HG = 0.091, P = 29%). But P.
kaibarae was less variable than these species (HD 0.034, HG 0.034, P = 13%). The
average genetic similarities among the populatlons in each species of Gasterosteus aculeatus,
Pungitius sinensis and P. kaibarae were S = 0. 963, S = 0953 and S = 0.800 respectively.
Yongchon and Kyongju populations of P. kaibarae were genetically remote from the rest of
the conspecific populations (S = 0.690). Chae (1988) also observed morphological differences
between them. The value of genetic similarity coefficients of S = 0.606 between P. sinensis
and P. kaibarae is low enough to consider as specific level of genetic difference, but
moderate rate of hybridization (44%) between them at a sympatric area of Kangnung
indicates that isolating mechanism is incomplete. Therefore it is concluded that P. sinensis and
P. kaibarae are semispecific status. Intergeneric genetic similarities between the genus
Gasterosteus and Pungitius were S = 0.052 and this value is the lowest estimate up to date
in freshwater fishes.



