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fAg Aoz FAFJ. 28y, F-statistics ¥4 23 Fig(inbreeding
coefficient) @& F F3tol] Afrmuizt dojubAl @52 B9 HAYSH 9E4
FEEL FA olFdA Foz RIFd Ut WHE(semispecies)oE FHEHMY
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ARGEL AARCZ 1,600 dFo] RuH e W Eo] 7} (Family Gobiidae) ©1&F9 ¢
Z o2 (Nelson, 1984) dts 23 JE 5 Folx|o} she &4 2 715gd 3] M43
= AMA o]Fo|tHChyung, 1977). ¥ %& Temminck$ Shlegel(1845)] gre] Yt
7oA e ARt Sicydium obscurusZ BB Mori(1952)€ AFE, 4 4 o A
ERe A5k Tridentiger obscurus® B1g vl itk 1 ¥ Katsuyama 5(1972)°] €
Bol 7|49 Td] Aaats B Zd distd A, AlsA =N Az Po| 5 EFIE
2 Algskad 714N Tridentiger obscurus obscurus)® B5AH(T. o. brevispinis)®l o}
zoa B{391 Akihito $(1984)2 o5& ## HFA Tridentiger obscurus®t T.
brevispinis® 71Astdc. ZWe] A% AFES(T. obscurus) & F°I Hage o9 F
(Chyung, 1977). Kim® Choi(1989)7} @54 AB%5E W n7155< NEHZAYE(T.
brevispinis) &2 BmalHA 9% Fejgoge AFYSH Aol & FER FAMEHS ¥
8 u} glo] o|=9] B AT W ) fsAE Fu £ KA WA AAH W]
ZA} 2 9F9] BA (A AANAL BAH Fel 8 o] AR

old] @7 Kim# Choi(1989), Jeon(1994)9] BuE Ngoz AR sl 7159 2
gsdo)d AW EEES Akihito 5(1984)9 EF71FE2 AFFH(T. obscurus)® A&
ARGE(T. brevispinis) & TESL o|Z Alold] Yehte ¥ HHEFEH fold F14 &3t
AEE FAate W T Fo| i ZPae FAGHAN FAH FAAAE (genetic
markers) e o] &3t z+ Fo| nARE A8 @ F 3t YAA A FEE THEHA &
734 9215 wslnAt st

ME U Y

1.8 8

A2 A Wo| ZALE 93l A 13| A oA (R#F)sH = (allopatric streams) ol A
ARWE 57 A 924A, WEARTE 120 A 237TAA, 2% FA FdstE SN A8t
A S (sympatric streams)eld 120704 28ln HlmFoz HEd Toso NEEEYE(T.
bifasciatus) 171 A 207MAS T3 Z 2471 A 4697042 AP ol2d 4719 BA
FHNE 2= 83TRAMES 271 ARsA o]TY PAEE P FFEAS 4A SAH(Fig. 1.
Table 1), Ad E7% Z(FE 3 x 3 mm% FF(TE 5 x 5 mm)< AH&aA A€
AAe 2 2 GuAwge wy] gsted AR FA =alololo]A(-70°C)el FENA H4¥L=
swtg & MRy 24 2 @195 4 AER AHEST

we 2 A2 Akihito 519809 £F 71E€ ol&dlel FPadm wee F
ol 7 AAEE BEHAE FQA ASAQ BREHe] BY ANSE 5
A Aol ol e Ade TR R,
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Fig. 1. A map showing the distribution of Tridentiger obscurus and T. brevispinis. Numbers refer to collection
localities listed in Table 1. Solid circle: T. obscurus, Open circle: T. brevispinis, Semi-solid circle: Sympatry of T,

obscurus and T. brevispinis.

4°Co A glass homogenizer(B. Brown Co.)Z "8t Sorvall RC-5B(Rotor SS-34)&
°]-& 18,000 rpm(39,000 g) 2.2 30%7 A2 dHEE s} F2AE AANGE ASE AHE3
At 2HE HET FEL 10% formalin §9< A7 F dstdistn A2y FEA
Bastd.

A719 5L Yang (199D Buth(1986)9] Wil wel +3AEAAN9EY (horizontal
starch gel electrophoresis)2 AAl 8+9 1 gel2 Sigma starch(Lot 71H-0760)& 11.2%
TERE AMEST. AVgFoer BEM3 g4 9 uFEd Ao 2F buffer system-2
Table 2% 2t} A7|¥s F Zd Z ¥g4: dide A7 J5800A 4 AR FAAE
= EQlg F o]& o]§ BIOSYS program(Swofford and Selander, 1981)22 7zt o]
QA Wiz (allele frequency). HH 838 WX (% polymorphism)% ©]& Fx Wiz
(heterozygosity) & T3l 2 e #FH3 WA EE ZASIIT. oled 7+ Adzte &4
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Table 1. Collecting localities, dates and number of specimens for genetic and morphometric analyses of 24 populations in the

genus Tridentiger from Korea.

Collection No. of

Collection locality date specimens

Morphology  Isozyme

Tridentiger obscurus

1. Cheju Isl.: Cheju-do, Bukcheju-gun, Woido 2-ri, Woido Stream dJuly 30, 1992 20 20
2. Bogil Isl.: Chollanam-do, Wando-gun, Bogil-myon, Buhwang-ri, Mar. 28, 1992 20 20
Bogil Stream
3. Wando Isl.: Chollanam-do, Wando-gun, Wando-up; Yongso Stream Mar. 28, 1992 20 20
4. Singi Stream: Kyungsangnam-do, Changwon-gun, Jinbuk-myon, Singi-ri May 10, 1992 20 20
5. Baekryung Isl.: Kyungki-do, Ongjin-gun, Baekryung-myon, Jinchon 4-ri Sep. 28, 1991 12 12
T. brevispinis
6. Seomijin River: Chollabuk-do, Jeongeup-gun, Sannae-myon, Mejuk-ri June 24, 1992 20 20
7. Anseong Stream: Kyungki-do, Ansan-shi, Sa-dong Mar. 24, 1992 20 20
8. Kyekog Stream: Chollanam-do, Haenam-gun, Kyekog-myon, Kyekog-ri dune 25, 1992 20 20
9. Kwangyang Stream: Chollanam-do, Kwangyang-gun, Kwangyang-up, June 26, 1992 20 20
Doweol-ri
10. Taehwa River: Kyungsangnam-do, Ulsan-gun, Beomseo-myon June 27, 1992 20 20
11. Hyungsan River: Kyungsangbuk-do, Yeongil-gun, Yeonil-up dune 27, 1992 20 20
12. Okpi Stream: Kyungsangbuk-do, Uljin-gun, Keunnam-myon, Noeum-ri June 27, 1992 20 20
13. Kohyun Stream: Kyungsangnam-do, Keojae-gun, Sinhyon-up Oct. 13, 1993 19 19
14. Nonsan Stream A: Chungcheongnam-do, Nonsan-gun, Nov. 10, 1991 20 20
Yangchon-myon, Sinheung-ri
15. Nonsan Stream B: Chungcheongnam-do, Nonsan-gun, Yangchon-myon, dJune 24, 1992 20 20
Singi-ri
16. Ungcheon Stream: Chungcheongnam-do, Boryeong-gun, Nov. 10, 1991 20 20

Ungcheon-myon, Nocheon-ri
17. Masan Stream: Chollanam-do, Haenam-gun, Masan-myon, Maengjin-ri June 25, 1992 18 18

Sympatric streams of T. obscurus and T. brevispinis

18. Yeongdeogosib Stream: Kyeongsangbuk-do, Ganggu-myun, May 8, 1994 222 222
Ganggu-up, Soweol-ri

19. Songji Stream: Kangwon-do, Koseong-gun, Kanseong-up duly 22, 1993 20 -

20. Dongcheon Stream: Kyeongsangnam-do, Namhae-gun, June 26, 1992 122 122
Samdong-myon, Dongcheon-ri

21. Maeup Stream: Kangwon-do, Samcheok-gun, Keundeok-myon, May 10, 1994 283 283
Maengjin-ri, Keundeok-up

22. Bangjuk Stream: Chollanam-do, Yeocheon-gun, Dolsan-up May 8, 1993 210 210

T bifasciatus
23. Yeonpyeong Isl.: Kyeonggi-do, Onjin-gun, Yeonpyeong-myon Oct. 11, 1991 20 20
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Table 2. Buffer systems and enzymes for electrophoresis.

Buffer system E.C. No.* Enzyme Condition
T.C.1 26.1.2 Alanine aminotransferase (Alat-1,2) 100V/3hrs
{pH 8.0) 1.1.1.37 Malate dehydrogenase (Mdh-1,2)

1.1.142 Isocitrate dehydrogenase (Idh)

1.1.1.40 Malic enzyme (Me-1,2)

27.5.1 Phosphoglucomutase (Pgm)

42.1.3 Aconitate hydratase (Aco)

27.4.3 Adenylate kinase (Ak)

27.3.2 Creatine kinase (Ck)

1.1. 149 Glucose-6-phosphate dehydrogenase (G6pdh)

LiOH 53.1.9 Phosphoglucose isomerase (Pgi-1,2) 300V/3hrs
(pH 8.1) N.S.* General protein (Gp-1,2,3,4,5,6)
2.6.1.1. Glutamate oxaloacetate transaminase (Got-1,2)
T. M. 53.1.8 Mannose phosphate isomerase (Mpi) 100V/5hrs
(pH 7.4) 1.1.1.43 6-Phosphogluconate dehydrogenase (6 Pgd)

*E.C. No.: Enzyme commission number

**N.S.: Non specific

A I BAE dotEy] sle] dYda NS o8 Nei(1972)¢ S Zke] X (genetic
distance coefficient) %t Rogers(1972)9} #3# 2A2(genetic similarity coefficient) =
T35 Sneath$} Sokal(1973)9) UPGMA el wa} dendrogram< 2319},

2) AERE 2 #ZF B4

AT VEAAYS nARE 4% 2 ¥R He) 422 Wgs 2] 9o =)
A Wo] ZAbM 93z A8 S (Table 1. Fig. 1) *lME Fig. 49 2o] 7 72 iy
= F5°l FWte HARF All® 7 shHe] BIAYS mzisld 4-10709) Sitez Uro] &
247) SitedlM 83770AE At zt Ao Sited el D ExABL zAIAY. 7} Site
o AR L FERHY A, dE 5 25 vmslgn, ExAe Agd WMo =
Atk ZE Mo ¥ T FAF FAAAE(Me-1. Gp-4. Aco)E MAEE A2 7 =
B RAZAAL] B olgStATh. =Y FFo] WA M WA WAH Az 2z
dotEuat 7t Site W2 #HF EAQIAES9 A W% (genotype frequency)& T3tm
BIOSYS program(Swofford and Selander, 1981)& o]& a1 2} X (inbreeding
coefficient: Fig) & ZAI ).
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Az 174 oA sHeld WYY HEe $4 2 H2He) 24 A3E Table 33} 2. A
2r RgT 9% WS So A, delet EAAY SRR 3 4713 el Adee
QEEo ARYS AASE A2 oprt] AZAA R mYR v FBAA AxHoz 3
FurEo] Ueh} ulx AZe] B 7h2Zo] Q& BAL Bal Akihito(BHTE)(1989)9) Bn
o A dxsdoy Age] wet B AAS 3o} Yk MM Q%)Y ASuRo] FaelA @

Tridentiger obscurus

Fig. 2. The photograph and drawing showing difference of banding patterns on the body side and dorsal part

between T. obscurus and T. brevispinis. M: male, F: female
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Table 3. Phenotypic frequencies for diagnostic morphological characters in Tridentiger obscurus and T.

brevispinis from 17 allopatric streams.

All The dark cross bands The dark bands on
Locality black on the dorsal part the body side
(No. of individuals) color
absent present stripe absent Cross
T. obscurus
1. Cheju Isl. (20) 2 18 18
2. Bogil Isl. (20) 20 19
3. Wando Isl. (20) 20 15 5
4, Singi Stream (20) 20 14 6
5. Baekryung Isl. (12) 12 12
T. brevispinis
6. Seomijin River (20) 2 18 18
7. Anseong Stream (20) 20 13 7
8. Kyekog Stream (20) 1 19 19
9. Kwangyang Stream (20) 20 20
10. Taehwa River (20) 2 18 18
11. Hyungsan River (20) 1 19 19
12. Okpi Stream (20) 20 20
13. Kohyun Stream (19) 19 19
14. Nonsan Stream A (20) 20 20
15. Nonsan Stream B (20) 20 20
16. Ungchon Stream (20) 20 20
17. Masan Stream (18) 2 16 16
e AAE(13%)= st 2elvh, el A, FE AIREF, =ae =, §
Mol AHA. g AFH, v, FEe B, AAdze @A, el HFF s, 9
% 8, 24 294 59 o] MAss B4 NRPHVEL SN A5 7

Aze 54 B EFRddez Uehle 540 e el £ AN AFA gAY
(Fig.2, Table 3). ol W& SAo] 98 T Fo ERe S4% 249 APsx 3 YA
o 0F BAE T Fo Fo $RYAL HAAQG T dolol FUM, WAY HEH, 4B
o %= A, 1A $AA SoE F Fol FA%E 2oz FAIUAKFig. 1.

2) #7A Wo] 4 £

98950k LEAYSLA AU Aol S @) A DT EAE T A QREEE
4335 5 A 94, NBARES 1270 AT 2370A 2 mnFos H9E A& W
5595 (T, bifasciatus) 17} A2 20MAE 28 % 187 @% 349709} Bl oG %
A3 1449 &4 2 WEAY G F 2409 AAE AET] 2 FANEE HPAA
WEE 7% A7 Table 4% 2th % 24709l $8A 3 G6PdhE TR 167 HHA
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Table 5. Genotypic frequencies for three diagnostic loci in Tridentiger obscurus and T. brevispinis from 17

allopatric streams. ‘A’ and 'P' of Gp-4 signifies 'absent’ and 'present’ of electromorph respectively.

Locality
Me-1 Gp-4 Aco
{No. of individuals}
T. obscurus
1. Cheju Isl. (20) cc: 20 A: 20 aa: 20
2. Bogil Isl. (20) cc: 20 A: 20 aa: 20
3. Wando Isl. (20) cc: 20 A: 20 aa: 20
4. Singi Stream (20) cc: 20 A: 20 aa: 20
5. Baekryung Isl .(12) cc: 12 A: 12 aa: 12
T. brevispinis
6. Seomijin River (20) bb: 20 P: 20 cc: 20
7. Anseong Stream (20) bb: 20 P: 20 cc: 20
8. Kyekog Stream (20) bb: 20 P: 20 cc: 20
9. Kwangyang Stream (20) bb: 20 P: 20 ac: 01
cc: 19
10. Taehwa River (20) bb: 19 P: 20 cc: 20
be: 01
11. Hyungsan River (20) bb: 20 P: 20 aa: 01
ac: 02
be: 01
cc: 16
12. Okpi Stream (20} bb: 20 P: 20 aa: 01
ac: 04
bb: 01
be: 03
cc: 11
13. Kohyun Strea m(19) bb: 19 P: 19 cc: 19
14. Nonsan Stream A (20) bb: 20 P: 20 cc: 20
15. Nonsan Stream B (20) bb: 20 P. 20 cc: 20
16. Ungchon Stream (20) bb: 20 P: 20 cc: 20
17. Masan Stream (18) bb: 18 P: 18 cc: 18

67%)e A A 33 U P2 Hol7} gy Pgme EET 8/ #3AB3%) <
wol7} 9k, WMol Yehd 87 §HA & Pgi-13 Got2¥& WA= JEE Afstue A%
FE3 MEAYRE YA W HolE BET EF Gp4t VEAFFSoIMT &
e SAAZ 27 Ao|7t FRAHYL Me-17 Acos F Ftol didiate] 477 T5HY
(Me-1b: 0.2%. Aco?: 1.6%) 2 ¥l=7} wj$ o} o] Gp-4, Me-1, Aco 5 3M FAA
(13%)= ¥ & 798 4 d= #2¢AH(diagnostic loci) 2 A=A (Table 5).

AARE 5 Ao AT HE APAASF A= 1.1 97 GFE0= P = 5.8%°1H %
F ol@AFANEE Hy = 0.017, H, = 0.02022 A&Hxn, Ved3d35 127892 A =
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Table 6. The degree of genic variation of Tridentiger obscurus and T. brevispinis.

Mean no. of Percentage of
No. of Heterozygosity
Population allele per locus  polymorphic loci
specimens Observed (Ho) Expected (He)
GV (% P)
Tridentiger obscurus
1. Cheju Isl. 20 1.1 4.2 .010 .013
2. Bogil Isl. 20 1.0 4.2 .008 .014
3. Wando Isl. 20 1.1 42 .027 .022
4, Singi Stream 20 1.1 8.3 .023 .026
5. Baekryung Isl. 12 1.1 8.3 .017 .026
Average 1.1 58 .017 .020
T. brevispinis

6. Seomijin River 20 11 4.2 .004 .008
7. Anseong Stream 20 1.0 0.0 .000 .000
8. Kyekog Stream 20 1.1 8.3 .017 .015
9. Kwangyang Stream 20 1.1 4.2 .013 .012
10. Taehwa River 20 1.1 8.3 .019 .020
11. Hyungsan River 20 1.2 12.5 .033 .039
12. Okpi Stream 20 1.2 16.7 .035 .043
13. Kohyun Stream 19 11 4.2 .007 .006
14. Nonsan Stream A 20 1.1 4.2 .006 .006
15. Nonsan Stream B 20 1.1 4.2 .008 .008
16. Ungcheon Stream 20 11 8.3 .008 .008
17. Masan Stream 18 1.1 8.3 .019 .024
Average 1.1 7.0 .014 .016

P

1.1, P=7.0%. H, =0.014, H, = 0.01622A (Table 6) & ¥ Z5F € ¥FojFe FAS
o)A = E YeERAD (Kim et al., 1992, Suk et al.. 1993).

AR DS 57 Jazte P 48 2AXe S = 0.973, VEAFYSE 1270 Ao #
fFrHd 29X e S =0.9892 A AHFFEY FuU JALN FEo2 Jepsion 2331t
FA4 AR S = 0.813, #3F AolA= D = 0.192%HTable 7). Table 78] #+3# &
2| & o|& dendrogram< A% A3 HAAYEY UEHAFIYEL F33 +EHAT (Fig. 3).

(A =T

2. SMSITM2| ojM B2 H WNH Az
gl 1A, A rhed, 99 2A4dl, A BEH § 230l ¥ MYste 449 §4 &
)M Fig. 4, Table 83} o] & 2471 Siteolld AFHE 837712 WE BA Ay, §F F9
54E& 25 7R 3 3 A A4H WSHANMT210MA F 2570A) FHAHAT Fl
RS ZET HuiA 30 shdNE A BASA &skeh. =@ 72 A S dEtd F F
BEHAR(Me-1/Gp-4/Aco)®l FAAEE &4 AdFH(Fig. HANE 4 F5H JGL A
& oA 37 stdelMe Fy AF3MAZ A HE be/P/ac B be/Plabel A3 714

]

fr o 1o o

N
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5.Baekryung Isl.

T. brevispinis

6.Seomjin River
9. Kwangyang Stream
7. Anseong Stream
13.Kohyun Stream
14 Nonsan Stream A
15. Nonsan Stream B
16. Ungchon Stream
8.Masan Stream
10. Taehwa River
17.Kyegog Stream
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T. bifasciatus

23. Yunpyung Stream

Fig. 3. Dendrogram of 17 allopatric populations of Tridentiger obscurus and T. brevispinis based on Rogers'

genetic similarity coefficients.
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Fig. 4. Collection sites at four sympatric streams.
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Fig. 5. Zymograms and diagrams of Aco, Me-1 and Gp-4 genotypes for Tridentiger obscurus (O), T. brevispinis
(B) and their hybrids (Hy).
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Table 9. Inbreeding coefficients (FIS: By measuring the deviation of genotypic frequencies from Hardy-Weinberg
equilibrium) for 4 subpopulations at Bangjuk stream. Fig = (heterozygotes expected - heterozygotes

observed)/heterozygotes expected where '1' indicates perfect random mating and '0" indicates perfect

inbreeding.
Me-1 Aco

Site Observed Expected E Observed Expected E
No. heterozygotes heterozygotes 1 heterozygotes heterozygotes 5

1 5 8.111 0.376 4 7.309 0.442
2 15 37.644 0.599 18 37.842 0.522
3 10 24.071 0.581 16 26.867 0.581
4 6 18.411 0.670 7 18.534 0.670

AL A3 A SitedllM F Fo] A Mgt TR A Relrt glYen, whxA UEsy
AE5ol F2 M4ste AAFS(Site V7R 57 FU(HE 0.8%)2 A= dhdo] Past
o el d= Ml Wt A Aoz AZEE FF 2P IE A3t 3 MAH ZHe
o FAZF HA @7l HELZ ARET. oHET XL “‘AHFH HI=(ecological
preference)oll €3 Al Zr F9 Ao|E FAAFNIAE WS okdt A7 ztololM <kzhe]
RN = AAD F Uth."E Mettler 5(1988)9] o8& A ss £ o2 AlgET,
2 FFe] B AH TEHY A$ A Sitedld FEAQ H=st AAS e o
T e dutd oz A9A wu(assortative mating)ol 21¥ mulA A7) % (premating
isolating mechanism) ®+ mHl¥F ZH2]7]Z}(postmating isolating mechanism)o] <J3gt
%% FAl(hybrid inferiority)el 213 Ax2 AART. 2 Age] AL FZ/P A9 tlRio]
Al Fy Bok Aan) 2 F, o] 3oz AlgHE AAF7E BeReg Hol wul% ZHe 73}
o] Zg3te Aoz Algdr},

olgg FAEHHY WMEE F Az £H9 ARE Hol dFA AAYER VEHIYEL
Stdel gxo] we} parapatricdtAl A E3E Mstes W ERFTOE AlaHY A4
A EErt AR s A o]ER AARFol HEHE Ho B nFo] Hol F450] Bl 5o
A gtz 47ie FFol FA=E AGelM FEAAY HEs} S B Jog Hol o]F
2 oFF(subspecies) o]222 EIHUSS & & glo], o|E HAYIYEF AEAFYEL A
TE3 $U WF(semispecies) 22 ALZHT, mabd H e FEE7} SR ¥ AHoln
B HAYEL T. obscurus obscurus, NEHAWES T. obscurus brevispinis2 At4st=

Aol eigetele Atz ET).
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Taxonomic Study on Two Species in the Genus Tridentiger
(Pisces: Perciformes: Gobiidae).

Jong Bum Kim and Suh Yung Yang
{Department of Biology, Inha University, Inchon 402-751, Korea)

ABSTRACT

Morphological and isozyme analyses were used to examine closely related species of
Tridentiger obscurus and T. brevispinis, a pair of cryptic species which has intricate
problem with regard to species boundary, and to clarify the taxonomic position. In this
study, it was revealed from their 17 allopatric streams that there are differences of
band ornamentation on the lateral side and three genetic markers between two
species. However, genetic relationship between them (S = 0.813, D = 0.192) was
within the intraspecific level of similarity. However, at the sympatry of two species no
hybrid was found except at Bangjuk stream where the electrophoretic hybrids with
slight deficiency of heterozygosity were observed. It is shown that at sympatry there is
a finer microenvironmental subdivision between two species at all populations
including Bangjuk stream. To manifest the extent of assortative mating, four sympatric
subpopulations at Bangjuk stream were analyzed for departure from Hardy-Weinberg
equillibrium by F-statistics. All subpopulations were deviated significantly from the
expectation under random mating. The evidences presented here supports the
recognition of Tridentiger obscurus and T. brevispinis as semispecies in the late stage

of reproductive isolation



