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B type: 0631, A-C type: 0628, B-C type: 0661) & F23 44 Aol& v}
el 7 typeo] §AA wo) AxE wmd A} A-typed BF P=2590%,
Ho=0.081, He=0092& B-type(P=12.33%, Ho=0.037, He=0.044) 3} C-
type(P=11.10%, Ho=0032, He=0048)oll ®]3te] <k 21} o] 4 & =4S n g
o}, o] % 3 typed| ®-H3hd X% wtd T3 A 3 typeo] EF H*—]o}—
249 BAA FAR FAAAE o] &slo] 7 typezhe] AAAAY FELS
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&3-2 Rhinogobius similis Gill(1859)7} dulbd o g Al&slo] octisp T akagi(1962) 7}
Temminck$} Schlegel(1845)0] 71a3)} b= A F 2 (holotype)o] & Z3 UL uls
Rhinogobius brunneus Temminck and Schlegel, 18458 AA ¥olch 7 3 2 2o up g
Y A Fo] wolrl vhopsle] wiEA UiolE= 9 type?] A4le] R i ¢l (Mizuno, 1976:
Mizuoka, 1974, 1978: Akihito et al, 1993), djulell & 3 typeo) B 3= o] glel(Tzeng, 1986).
T = & AFAEKIm et al, 192)0] 459 $AA zlo]E Bol: 2712 color
typed] A4E THAAIL A Ruddw 2 F Jeond} Aonuma(1995) 7} =il 3
Al 3 typed MAE Badhal Qlvk HTo)] YRoAE o] 5 Z typeSo BEsHA 9|
B B A7Ee] AFHA 9lov} AR E =ako] Beh(Akihito et al, 1983, Masuda
et al, 1989: Akihito et al, 1993: Katoh and Nishida, 1994).
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2 A7 2ol 3types ATolA FAEE Aol AN o wEFRE Zop 2450,
ol-g2] M7 5L o] &3 isozyme FAL Ed 2 type7te FAA HgsFe sholdi
4, 3 type] EF SH3te FAN () oA 2t typed] slAE-Z 433 f44 24
Q1A= (genetic markers) 2 o] &3 A4A Ag) FF FYE o o5 FHehd 9

& welnx shgleh
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=4t dof 3 typed] oA wWo] W FE 2AE Yl AT SAelA F 454 AL A
Aste] AR v 4};}.&1 A2 ofmfulX oA 270 type BAAE A3 QAHFig. 1).
ol ¥ ¥ 2 A2NAE 2 typed] IO AR A FEL o] L7 SAR
T4l o) &35t icH(Table 1). xﬂﬂ =T FH(3E 3 X 3mm) ek FeH(4E 5 X 5mm) &
AR A" A Y 2 iAW S 9995k AR FA] Dry Iceoll FWAA
AGAR b & F R B4 o A9EE AR Agsigich
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oh b o] B AMAELS AZold 2H5E AEA Y AZo] e B A
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Fig. 1. A map showing the distribution of Rhinogobius brunneus complex in Korea and Amami Isl.
of Japan. Circle: A type, square: B type, diamond: C type, triangle: X type of Japan.

1. Kapyeong, 2. Cheongpyeong, 3. Songgye, 4. Nonsan, 5. Cheongweon, 6. Ssangcheon, 7. Kwangcheon, 8.
Jinjuk, 9. Ungcheon, 10. Baekcheon, 11. Chilbo, 12. Jeongeup, 13. Kurye, 14. Seungju, 15. Damyang, 16.
Yeongam, 17. Haenam, 18. Jindo, 19. dinyang, 20. Euiryung, 21. Milyang, 22. Sancheong, 23. Hamyang, 24.
Yeongcheon, 25. Ulsan, 26. Ulju, 27. Yeongil, 28. Wando, 29. Bogildo, 30. Namhae, 31. Chooksan, 32.
Byeongkok, 33. Uljin, 34. Hosan, 35. Samcheok, 36. Jusucheon, 37. Kyungpo, 38. Namdaecheon, 39.
Yeonkokcheon, 40. Yangyang, 41. Sokcho, 42. Koseong, 43. Myeongpa, 44. Kangjeongcheon, 45.
Akkeuncheon, 46. Cheonjeyeon, 47. Amami Isl. of Japan.
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Table 29} Rt} A7leds F &4 o) w]lds chilAe) Adry] of 5o 24 AAEe F44
3L o)A o] o}& BIOSYS program(Swofford and Selander, 1981)22 7+ A
thel oiEelz wix(allele frequency), HTF ¥ ¥ H=(% polymorphism)¥ o] & A=}
vl % (heterozygosity) %2 Fsted 2+ Awkel §-AA woldw g A3} ohge] 7 Axt
74 FAA 2ol BAAE Lot nz P Wl E o] &3Fe] Nei(1972) 2] FHA Aol ]
(genetic distance coefficient)$t Rogers(1972)2) A=A Tz (genetic similarity
coefficient) & T390 3 Sneath9} Sokal(1973) &) UPGMA 3¥o)l w2} dendrogram-g %t
Alsbadct.

Table 2. Buffer systems and enzymes used for electrophoresis.

Buffer E. C. No.* Enzyme Condition
system
T.C. 1 2.6. 1. 2 Alanine aminotransferase(Alat-1, 2} 100V/3hrs
(pH 8. 0) 1.1. 1. 37 Melate dehydrogenase(Mdh-1, 2)
1. 1. 1. 42 Isocitrate dehydrogenase(ldh)
1. 1. 1. 40 Malic enzyme(Me-1, 2)
2. 7. 5 1 Phosphoglucomutase(Pgm)
4. 2. 1. 3 Aconitate hydratase(Aco)
2. 7. 3. 2 Creatine Kinase(Ck-1, 2)
LiOH 5 3. 1. 9 Phosphoglucose isomerase(Pgi-1, 2) 300V /3hrs
(pH 8. 1) N. S General protein(Gp-1, 2, 3, 4, 5)
2.6. 1. 1 Glutamate oxaloacetate isomerase(Got-1, 2)
3. 4. 11. 11 Peptidase(Pept-1)
1. 1. 1. 27 Lactate dehydrogenase(Ldh-1, 2)
1. 1. 1. 29 Glycerate dehydrogenase(Glydh)
T. M. 5.3. 1. 8 Mannose phosphate isomerase(Mpi) 100V/5hrs
pH7.4) 1. 1. 1. 43 6-Phosphogluconate dehydrogenase(6Pgd-1)
1. 1. 99. 5 aGlycerophosphate dephdrogenase(aGpd)

* E. C. No.: Enzyme commission number
**N. S.: Non specific

2) A (EE) AN Y elAEE Y FF 4

2o 3 typee] BF At A9 HAelM 7 typed] vlAEZ 43 W type 7He] A
AA A 232 dus] 2ASG 3 SHEE FE HAFAR AR AR L =g A
Z 2-3mo) & 4 XHolA F 3 type 624AE AMAstH e 2 AFEE typedl=
A 24¢ B8 4 Ao AejzAe TRy A 5L, ALLEE 5F
of9] & A ¥4 7|(Horiba U-10)& Zg3te] vlamstglet Type W= AR 7 typed] 74
Aot FFAAY 5L A wo] zAA9} FEe] 7 typed] FAA FAJIAEE E4
afof FA 33T
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1. SEiS ol 32X
Aol ARY BFA Bolol A4 Q E 24 A7
m A Leju|e} mejxefu] 7] Fof] = EE F3A i
B4 Fooll Ag A o] vehvhE B-type 28] wknt A Zof cobaltd] HbdEo] AR
C-type & 25 371x] Allgog FEEUc) o= 3 typed] "4 i 4 A A-
type2 W slgxefu] 7|8 U 7 el A=A ¥
2 ko) FAMNT FF-H dbte] A rhgR|=a] Z)4el 349 FEd F5H7 9ler
Aol 46712 F2HI 557 v Aol Atk #H C-typed 7R =20
qho] B4 ez Jehe £Fe] dezle] el ek Formalin i
Fgeoll Qv AL Fedog wIn ez ANEL E5 LA dbERe 5AE
2 FA=eH(Table 3, Fig. 2).

Mo du o 4y

u*“

Table 3. The diagnostic characters among 3 types in the Rhinogobius brunneus complex.

Character A type B type C type
1. The color patterns on Yellow or orange Blue color on the Spots of cobalt
the body color on the base center of ventral color on body
of caudal fin part sides and cheeks
2. The banding patterns absent Loose lines Spots of cobalt
on cheeks color
3. The banding patterns Loose lines 3 lines Shape of the ribs
on the base of of a fan
pectoral fin
4. The bandind patterns Only females have Clear lines on absent
on the fins thin lines on 2nd 2nd dorsal fin and
dorsal fin and caudal fin
caudal fin

olzlgt Feld £ Z1Fel vl &4k Hef 3 typed] £ EE 2AMY A+ Fig 15 2

o AR 2AE F 64 A9 F A-types AT shael WA A4 FEshed] 2R
3 AW), GRREA), FAHED, AABHL), FER(FE, 2F I, 4H, 94 B),
SAR(AR), FA7HAY) 5 BT Y FATANE 2 Aol AL 0 F
Sieks] B4, ohg A, FHAE T A LdABAAE F2 FRol AL B
A€ 290} B-typed dalate) =AA el FH(EAA), $E o 2AE 22w Fhote|
cabdEd 249 Aok B, S 44, 95 AT F4A, AHe) njgAD B
A, A9 S, 399 ST £4 59 FRAIM ARH 2w, C-typed AFE
o AAA, oA, AAA W Ao BAAR) BE) ATALFANAR A A4 sk
Aol BaIFgleh olzA Faigtel ¥ FAAAE 7 typeTol FA(FME)IE sho] B
As|QEs AHE vhgAT §F F4AelE A-typedt B-typeol, @5 Mo+ B-type
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7} C-typeol MA3tglem £3) 34 KA+ 3 typeo] 25 A45t&3l0] &= gich

R. brunncus A type

R. brunnceus B type

R. brunneus C type

Fig. 2. Morphological diagnostic characters among 3 types of Rhinogobius brunneus complex.
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diﬂ““’i 59 2of 3type 7k FAA Ao] W FAA wWeo] A E obo} By] Y3}
o] ﬂ%o{l/‘i 71]7"?7} A-type 11704 gk 20670 A, B-type 6713 <t 140704 & C-type 270 A&k
IAA vim Aoz Ao ofuju|Mely A E el B-type AT 207449 X-
type(% = Dark type) Ak 5A S 23HeE & 213 = 40275 (Table 1) & A 7] 453t

FRAA AL AA e BAAS 16719 54 Y v ELA sl A F 2049 FAA
£ AEsgled 7 FAxEE dgelx} uls(allele frequency)E AHEdE A+ Table 4
o} Zrt

% 21749 $-AR F Mdh-1% Z33) 67 FAAN2%)E ARG 33 5L A2

Wol7t eglet Alat-1¢ T8 veix 249 §ARIB%)E Ad2bel F44 Wels} 9
et W) g ekl 2178 A= F Alat-1, Gp-5, Ck-2 & 3 #AxH11%)= 2ol 3
typeZtell SlEl =] FHglo] A& FF Afelrb Y& FAA FAdAHgenetic marker)

2 golslgct o]glol= A-typed} B-typeZtell Me-1, Me-2, Got-2, Glydh, Ldh-2 %
549 AA FAQAE ] o] #ls]e] F AlE(genome)l 0% 7'(}01 £ 233 A-typest
C-type}ell= Idh, Me-1, Got-2, Pept-1, Ldh-2 % 577} t] °‘°1 A2 30% i}°]7]-
g9 e B-typedt C-typeZlell = Idh, Me-2, G]ydh, Pept-1 5 4707} o] Slo] & A
E-2 26% Aol7t Bl ek 2 AxbEE e o] 3 typed] 1970 %J‘ﬂ'°] =% Gp-1 #FAA
7} wolgle] v diElAdAE yehxkout A-typed] G AE @ dFHIAR Ao
Yelte 53¢ Jeldidler 34 —’-‘—/‘}Q olujujAl 2] B-typee Aco 9 Ldh-2 &5 2/ +
QAo BEA Btypest ARAA Fhelel FAD Aol F nelt A2 E4E el
Wk =3 A o] AL A-typedt FAFsh HbEAF Aol 7h Yl obubmiAde) X- tYDe'CL ks
24 A-typed}t Alat-1, Gp-5, Mpi, Ck-2 % 409 FAA7 A& o4& FHE Aol&
Art.

Table 49 & At Wl=E o] &3lof =4l Heof 3 type 7749 -‘r’rzd;ﬂ Ho| 5 AR}
AsE Table 5% 2w A-type 111 Awkel F44 2 FZA-As+ A=136, 27
ﬁéﬁé‘ﬂi% P=25%0% olRom HF o FA AR glo] AL HO 0081, = =pul

sol2)dt e&AE He=0022 Jelxtn B-typee 6/ A%k HF A=112, P=1233%,
Ho= 0037 o He=0045 Jelkom C typed A Ak BF A=120, P =1110%, ‘Ho=0032
9 He=00482 J}ehr} A" o2 A-typeo] B-typeolv} C-typeo] ®l&] 44 wio|s} 2
Wl o] A :‘—_71] vebtch Aol W2 A-typeol 5t AS(AAZY) H AB(FAA) A o]
X P YPuls P=407%EA EL typedl B AHESY Pyt v} o 29 Ax 3 7
A9 ARz AAcke o)A Hxrl ddbEl o] F9 #HFx H=0078(Selander,
1976: Yang et al, 1989)¢] vl <k 2] A% F23H(A%: Ho=0139, He=0143, 7}¥: Ho=
0118, He=0119) . & ‘}elytct.

2ol 3 typed) Az o F7he) FAA TAIAE dotrr] 3t A Ak fAAE
AR =& o] &3te] Rogers(1972)2] FAA ZAA(S)eh Nei(1972)¢] F4A Aol
(D)E 78 A7+ Table 65 Zoh 7 typed] A= FAAZ 743 7AZA et A2,
A-types FFAF 24 AI7HS=0965) 0] i B-type-S At B4 AkHS=0993) o]
C-typee A% AF9} 24 Axhrle] S=09319) A E ellideh =g "ol A-type
o) 4A Awz YR ojuiu|He] B-typetd FAH FdAE S=0M622 P LA

W
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Table 4. Allele frequencies of 20 variable loci obtained from 21 populations of the Rhinogobius
brunneus complex. Numbers refer to collection localities listed in Table 1.
Reference
Locus [Allele . A typ i B type C type typa®
v |2 | 3 [ 4 |5 [6 [ 7 8 ]9 [wo]uwlz2fmw]u[ws]w]iz]w]i9]2]=aa
a S - - Jooasjores) - | - | - |- | - - jeos| - |- -1 -1-1-T1T-+- -
1dh | b |i.000{t.000(1.000l0.975 [o.875 1. 000{1.000 1.000{1.000{1.060 |1.5000 (1.000 [0.975]1.0001.0001.0001.000(1.000| - | - | 1.000
c o N T TR A A DT T R N S o I A N M | 1 ] (]
a STt T1T-1-1-1-1-1-4t-1-1-1-1t-1-71-1-1~+ [p3sojrooof -
et | P bt -t -1-1-1-1-=- looso| - | - [1.000]1.0001.000]1.000t.000{1.000{1.000|0.650] - -
¢ [1.000[1.0001.000 |0.875 |0. 750 1.000 |1, 0001.0000.950 |1.0¢0 1000} - | - [ - | - | - | - |- -] - [ 1oo0
d - | - |- oesjoeso) - | - | - |- |- - -4 -f-]-]-]-1=-1-1]-+- -
a [0.719]0.825[0.425[0.800] - |o.925/0.056f0. 447 - | - | - | - | - [ -4 - [ - |[-1-1-1- -
oz | b [0-281]0.176(0.57510.200 0.950 0. 075 0. 944|0.50010.850/0.6561.000| - | - | - | - | - | - | - [1.000(1.000] 1.000
c - |- |- | - |poso| - [ - [o.053j0.160/0.444| - |[0.900(0.875[0.625/0.050] - [ - | - | - [ - -
d bz | s em s o | o[- 10.10010.12510.376 0. 95011, 000 (1.000 (1. 000 - | - -
a  [0.9840.975)0.975 |0.950 [0.925 [1. 000 [0.972 |1.000 [t.000 1000 1000} - | - [ -} - | - loo3] - | - | - -
lmt-t| B [0.016(0.0250.025[0.050(0.075 | - [0.028) - | - | - | - }1.000/1.000|1.000/1.000/1.0000.983/1.000{ - | - | 1.000
c I A D N O N P D T e e D A R R O D e e -
d - - l-d-1-1-fr-4t-J-4-f{-r-{-v-4t-4-1-1- jroojooo; -
a [0.547[0.7000.1251.000 [t. 000 1. 000 [0. 722 [0.789 [0.875 |0. 444 [0.813]1.000 (1. 000 {1,000 1.000 1. 000 [1. 000 [0. 975 {1.000 (0.955| 1.000
o | B [o4s3-300p87s| - ) - ) - | - 0.211(0.125[0.556(0.188| - | - | - | - } - | - | - | - lo.oss] -
c S R D U R A O A D ) T I I R -
d -l -1-1-1-1-toews - {-1-]-1-1-1-4-1-1-looes[ - | - -
a |1.ooo1.000]1.000(t.0001.000]1.0001.0001.0000.950[1.0c0fr.000] - [ - [ -] - [-[-1-71-1- -
azl® -l -f1-1-1-1-1-1"=- looso] - [ - }1.000{1.000(1.0001.000/1.000(1.000{1.000] - | - | 1.000
c DO I I P I O O A AR B D P B DA P D e T I -
a - e e e e e - - - 1.000]1.000f -
n - - - - - - - - - - .- - - - - - - - - - -
aco | b [1.000[t.0001.000(1.000(1.000]1.000|1.000 |1.000|1.000]1.000 [1.000 [1.000{1.000 (1.0001.000(1.000 1.000{ - [1.000{1.000{ 1.000
c - - - - - ~ - - - - - - - - - - - [1.000f - - -
ool | - =1 -1 oo} - -1 --1T-1-1-1-1-1-1-1-1-1- -
b [11.000[1.000]1.000]1.000|1.000] - 11.000]1.000(1.000(1.060 [1.000{1.000 |1.000 |1.000{1.000 (1,000 (1,000 1.00011.000[1.000| 1.000
3| - [ - oeso| - |~ |- |- prwoo| - |- -1-1-lowo| - [-1-71-1- -
b [h.000[1.000]1.000 0. 950 1. 600 |1. 000 [1. 000 |1.0000.900 [1.009 |1. 000 {1.000 |1.000|1.000|0.900 [1. 000 [1.000 [1.000{1.000[1.000} 1.000
& [0.984]0.9750.975 [0.950 [0.875 1,000 0. 972 |L.000t.000t.0cajt.000{ - | - [ - | - [ - [ - {-T1-1]- -
Gos | © [-016[0-0250.0250.050(0.125) - [0.028) - | - | - | - 1.000(1.000|1.000{1.000[1.000(1.000f1.000] - | - | 1.000
c RS IR I I I IR (DU IR I I R R B A e e e T -
d |- ]-l-d-0=-0-1-d-d-l-J-=d-q-1-t-3-1-1- hooltooof -
a Jo.osalo.oso| - fooso| - | - | - | - Jeozsjont| - f - F - - |- |-4-|-]- 0045 -
Pgi-l| b E.375 0.5250.025 0. 850 [0. 950 [0. 750 |0. 972 [0, 737 |0, 650 [0. 611 {0. 750 [1.000 [1. 000 |1.000 [1.000 [1. 600 {1. 000 [0. 875 [0.950 |0.773] 1,000
¢ {0.5630.4250.9750. 100 |0.050 0. 250 |0. 028 0.263 0. 326 |0.278/0.250| - | - | - | - | - | - 10.125/0.050/0.182{ -
a 1 - loorsfooso| - | - [ - { - | -} - foaes| - 1 - | -} - [oees| - | - | - [o.2r3] -
Pgi-2| b [1.000]1.000 0.925 0. 900 [1. 000 |0. 800 (1. 000 |1.000{1.000 |1.00D (0. 875 0. 800 0. 300 [0. 250 (0. 500 [0. 600 |0. 600 [0. 350 {1.000 0.727{ 1.000
c - |- | - Jooso] - Je.200f - | - | - | - | - {0.200(0.7000.7500.500|0.375(0.400/0.650{ - | - -
a [0.219]0.475] - {0.175[0.150| - |[0.028| - - - - - - - - - - 10.050} - - -
Got-1| b [o. 781 ]0.525 1. 000 [0. 825 0. 850 |1. 000 [0, 972 [1. 000 1. 000 |1.060 |1. 000 (1,000 1.000 |1.000 [1.000 |1.000 (1. 000 j0. 925 1.0001.000 | 1.000
c B I I R T S S U e B O R B X 2] e -
a  [0.734[0.6500.100(1.000 |1.0001.000|t. 000 [0.868]0.975J0.944 1000} - | - [ - | - - | - [ - | -] - | t.o00
Got-2| b -l - -1 -1-1-1-1-+ [|oozs] - | - [1.000{1.0001.000(t.000]1.0001.000(1,000|1.000{1.000 -
¢ lo.266l0.350j0.900] - | - | - [ - o132} - loossf - | - { - | - | - |- 4 - |- ]-7}- -
a T - - - T- T -1 - V-1 ~-T1T-J7-1~=-1T-7-1-T1T-1T-7T-71T-%1- N
pept-1| © |IL-000|1.00011.000/1,0000.800 |1.000 1.000}1.000, .00 1.000 |1..000 {1,000 (1,000 {1,000 [1.000 {1.000 {1.000 |t.000( - [ - | t.000
e B~ - - |- feeo) - | - | -} - ) |- jo j- -1 -} - f - |- ]1.000f1.000} -
= |Il.000|i.000|i.0001.000 |1.000 |1.000 [t.000(1.000]1.000(t. 001000 - | - | - | - | - [ - [- ] - |- | 1000
Ldh-2| b -l -1 -1-1-1-1-1-1~=- [|t000}1.000[1.0001.000/1.000{1.000{ - [1.000]1.000] -
c BN N N N R DO RN D B D T N N M 0 N -
Glyan| © |\-900[1-000(1.000[1.000 1.0001.000 (1. 000 r.o00fr.o00jt.00ofro00f - | - [ - | - [ -] - | - [r.000t.oc0] 1.000
b - - - - - - - b -4« |- |1.000}1.000[1.0001.0001.000/1.00001.000| - | - -
a ~ foozs| - | - [ - | - [ - |oozfo.osofoattfores| - 4 - F - | - | - - [ -] -]- -
b [0.250]0.225 0. 475 [0.875 [0. 825 {1,000 |0. 778 [0. 417 |0. 550 {0. 667 |0. 313 |1. 000 [0. 950 {1.000 |1. 000 [1. 000 1.000 1. 000(0.975|1.000{ -
apd | o o 750]0.725 |0.500 (0. 100|0.175| - [o.2220.444]0.4000.167 |0.562 - jo.os0| - | - | - [ - | - |o.025 - | 1.000
d - lo.ozslo.025)0.025] - | - [ - Jouus| - leoss) - | - f - | - |- |- | -4-}4-]- -
a  |0.969 |0.525 |1.000 |0. 950 [0. 405 |1.000 |1, 000 {1,000 |0. 975 [0.889 {1. 000 {1. 000 |1. 000 [0. 975 |1.000 |1. 000 [0.950 1. 000 0. 975[0.682 1.000
spgag| B [-03L(0.475) - f0.080 00524 -} - - - ot - | - | - |- -1}- jooso| - |- Jo.nus| -
c -l -t-1- Jeon} - | - - loo25{ - | -} - | - Jooso] - | - | - [ - Joo25| - -
a Jlo. 469 [0. 550 |0. 575 |0. 250 Jo. 250 |0. 875 [0. 833 [0. 500 |0. 325 0. 444 [0. 375 [0. 575 |0. 400 (0. 500 |0.325 [0.375 {0. 475 - [0.550)0.955] -
Mpf | & [0.5310.450 (0. 425 [0.750 [0, 750 0. 125 0. 167 [0. 500 0. 675 |0. 556 |0. 625 [0. 425 0. 600 [0. 500 |0. 675 [0. 625 [0. 525 [1.000 |0. 450 0.045| -
R e O R T R IR A I IR IR R R I I BT R SR B W

% From Amami Isl.(Japan).




340 2EREESA 12(4). 1996, 12

o

Table 5. The degree of genic variation of each types in the Rhinogobius brunneus complex.

Mean no. of Percentage of
Population ~No.of  jllele perlocus  Polymorphic loci Heterozygosity
specimens A (%P) Observed(Ho) Expected(He)

R. brunneus A type
1. Kapyeong 32 1.4 259 118 119
2. Cheongpyeong 20 1.5 29.6 139 .143
3. Songgye 20 1.4 222 .094 .083
4. Chilbo 20 1.6 40.7 .074 .088
5. Jeongeup 20 1.4 40.7 .085 112
6. Yeongcheon 20 1.1 14.8 .037 .040
7. Yeongam 18 1.3 14.8 .049 .051
8. Samcheok 19 1.3 22.2 111 .099
9. Oggye 20 14 29.6 .052 .091
10. Wangsan 9 14 25.9 .078 111
11. Kanseong 8 1.2 18.5 .056 .077
Averge 1.4 25.9 .081 .092

R. brunneus B type
12. Wando 20 1.1 11.1 .043 .038
13. Namhae 20 1.2 14.8 .048 .048
14. Chooksan 20 1.1 14.8 .035 .055
15. Uljin 20 1.1 14.8 .031 .046
16. Samcheok 20 1.1 7.4 .030 .037
17. Kanseong 40 1.1 11.1 .036 .041
18. Japan 20 1.2 111 .039 .033
Average . 1.1 12.3 .037 .044

R. brunneus C type
19. Cheju 20 1.2 11.1 .030 .043
20. Kanseong 11 1.2 111 .034 .053
Average 1.2 11.1 .032 .048
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2
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st kA dof A-type 114 A=kzke] B 73
type 67 A%h7 °ﬂ—t— ) S
Helel ZaAxlg bl ofrel T AR FFEoE vebgteovt 54tk Lol B-type 6
A Aekst d2 9] B-typeZtoll & S=0877, §F4F ©of A-type 1A Hkst Q& ofu}u] 4]
9] X-type Ztol& S=07752 vlmH =A vebtch §8, A-typed} B-type7rel HE F-3
A Zdx+ S=0631, A-types} C-typeZbel+ S=0628 83 B-typed C-typeZlel+
S=06612 o] o dutAQ E7 3¢ FAA ZdxE Jebldth(Ayala, 1975). Table 6
9 A" ZAX(S)E Edlg UPGMA 4ol alz} dendrogram< #4138 Aat+ Fig 3
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Table 6. Rogers’(1972) genetic similarity coefficients among three types in the Rhinogobius brunneus complex. Number of each type refer to

collection localities listed in Table 1.

No. Locality 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Rhinogobius brunneus A-type

1. Kapyeong - 950 .910 .906 .848 .855 .888 .943 .909 .923 .916 .627 .612 .613 .610 .619 .623 .566 .610 .577 .764
2. Cheongpyeong .014 - .875 .888 .855 .842 .867 .919 .883 .892 .890 .615 .593 .597 .591 .600 .606 .547 .594 .583 .742
3. Songgye .039 .068 - .843 .805 .813 .865 .908 .876 .893 .882 .620 .597 .599 .595 .604 .606 .546 .606 .579 .720
4. Chilbo .041 .047 118 - .921 .902 .913 .923 .921 .907 .913 .677 .669 .663 .675 .676 .674 .629 .652 .618 .773
5. Jeongeup .081 .074 .144 .040 - .830 .912 .885 .909 .888 .902 .652 .643 .638 .645 .650 .648 .599 .681 .653 .781
6. Yeongchun 094 102 .159 .061 .118 - .892 .892 .870 .868 .873 .649 .622 .627 .624 .633 .635 .574 .608 .605 .729
7. Yeongam .059 .074 .109 .042 .036 .080 - 935 .936 .927 .940 .671 .647 .649 .646 .655 .657 .592 .676 .651 .813
8. Samcheok .015 .031 .066 .020 .041 .070 .021 - 955 .948 961 .667 .649 .651 .647 .655 .657 .597 .656 .621 .798
9. Oggye .036 .058 .084 .032 .027 .095 .020 .011 - 946 965 .661 .651 .646 .659 .657 .653 .603 .664 .629 .807
10. Wangsan .036 .057 .065 .041 .042 .095 .028 .017 .015 - 938 .663 .648 .646 .637 .645 .648 .587 .644 .617 .773
11. Kanseong .036 .058 .086 .043 .033 .106 .020 .012 .005 .022 - 652 .642 .636 .643 .652 .646 .594 .659 .634 .821
R. brunneus B-type

12. Wando 427 440 .467 .358 .374 .425 .370 .376 .370 .371 .403 - 971 965 .944 952 953 .847 .717 .661 .740
13. Namhae .452 468 .494 .376 .396 450 .403 .402 .392 .397 .422 .011 - 981 .953 .952 .949 .866 .695 .640 .723
14. Chooksan .455 469 .495 377 .397 .442 .398 .404 .397 .404 .425 .015 .003 - 957 .957 961 .871 .699 .647 .721
15. Uljin 446 .463 .489 .366 .388 .448 .398 .398 .390 .411 .417 .035 .029 .017 - .988 .983 .895 .694 .640 .724
16. Samcheok 439 454 481 .362 .383 .442 .389 .391 .385 405 411 .035 .034 .021 .001 - 1993 .894 .703 .649 .731
17. Kanseong .439 .451 480 .365 .382 .437 .385 .391 .387 .405 412 .034 .034 .020 .002 .001 - .889 .706 .654 .729
18. Japan(Amami) .523 .546 .566 .435 .461 .544 .493 479 .463 491 492 .138 .121 .109 .087 .089 .093 - .601 .554 672
R. brunneus C-type

19. Cheju .458 .481 .481 .400 .350 .476 .367 .396 .377 .409 .392 .319 .344 .343 .337 .331 .330 477 - .931 .637
20. Kanseong .491 497 .497 .447 381 .392 .390 434 422 441 432 .386 .413 406 .413 404 .398 .577 .031 - .599
R. brunneus Reference type(X type)

21. Japan(Amami) .215 .233 .294 .220 .196 .299 .184 .184 .176 .215 .168 .292 .310 .314 .308 .302 .303 .382 .444 489 -
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.60 .67 .7'3 .8|0 .87 .9L|’> 1.(|)0
! I

R. brunneus A type
950
Kapyeong
.894

Cheongpyeong
.873 921
Chilbo

Jeongeup
.934
Yeongam

.863 Samcheok
r— Oggye

—— Kanseong

774

Wangsan

.636 Songgye

Yeongchun

R. brunneus X type

Amami Isl.(Japan)
R. brunneus B type
.953 Wando

——— Namhae

.876 Chooksan

——  Uljin

.661 ) “— Samcheok

Kanseong

Amami Isl.(Japan)

"R. brunneus C type
.931

Cheju

Kanseong

Fig. 3. A dendrogram of 21 populations in the R}n'nogobius brunneus complex based on

Rogers’(1972) genetic similarity coefficients.
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2} Zo] 2ol A-type, B-type ¥ C-typee] 77t W2 f3l(clustering) o] viebxich

3. SM(AR)SIH0IM] TS 2AT 0/M 22
209 24 229 A AFelA 7 typentd] #F AAME A WA A dsken 7 A

Ao Ay 27 o EEX AL Table 73 ek 2 372 F8 o 2ZKm AFal 24 1
oA BEe) AAEe £ty AAstAh A 1ol = A-typest B-typeute] £¥ 33l

2 3F2RE ok 68Km AFAal A 2 olAE 3 typee] EF FHdP o T2 FE
ok 151km HoA A 37 & A AAFHol S3s A 4(FT2 FE o 191KmA
A) o E C-typeute] Astdch 8 F8 AF72 7 typed] £8 HUl=+ A-typeo]
75%-25%-0%-0%, B-type 93%-71%-0%-0% 183 C-typee 0%-55%-36%-9%% et
C-typee A-typeo|v} B-typeol w]dtod o] wbu AbLEEEE7 2 AFAel 72 A
Alstgich AFHF o2 ol 3 typed FLIAL AR FANA 7 typetel FAA =gl
o] FA(FH) A, 53] C-type dH7& el A2lelute} ohE 2 types} parapatric sl
AMAEE Aol s .

Table 7. Distance from river-mouth, water temperature, dissolved-oxygen and number of

specimens on each sites in Bukcheon(a sympatric stream of 3 types).

No. of Site 1 2 3 4 Total Freq.

Distance from 2.0 6.8 15.1 19.1
River-Mouth (Km)
Water Temperature 19.8 18.8 17.8 17.4

(@)
Dissolved-Oxygen (DO) 7.93~ 8.65~ 8.95~ 8.98~

(mg/ 1) 8.01 8.74 9.02 9.04
Total number of 46 11 4 1 62

Specimens
%Freq./site of ‘A type’ 6(7 5%) 2(25%) 0 0 8(100%)
%Freq./site of ‘B type’ 40(93%) 3 (7%) 0 0 43(100%)
%Freq./site of ‘C type’ 0 6(55%) 4(36%) 1(9%) 11(100%)
a #

AZo|A 457 Ak FAEEZ AA o] AN o P E T4 A 374 typed
Hojzb 43 = gloh 2t o] A P abgeiet 2L oF e A SAnte g
7t typeZbe) F43 A5 E A5 B ¢ g 53 FFTol et AR FEHH A
o]7} FAH ol FHelA Mz ofZ 37 8qle] o8| WAE ecophenotyped] o|®
oh w9l 7] wlEol(Clausen et al, 1940: Yang et al, 1989) §-3= Xjo]o] &alo]

a2
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A= A ﬁ%ﬁ(Table 4). oj9} & Ade olF 3 tYDe7J°ﬂ "34374 A8 7]z

(reproductive isolating mechanism)o] o]u] @A =le] 7} typeZlell FAzlmEo] -5
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57} 1§ ol & SAelAE A-typesh B-typets] nlAIEE HolF FHel sm o2 9)
1, A, B ¥ typee] §A3 A oAl £ B-typeo]l A-typeel s vlmA A5
A AAEe 53¢ JeldohKim, 1995). 9 AFdEE 1°P o]g| gt mA-E-Z Aol o
o] 3type 7+ AAH A9 q 89log AL Aog FHHh B4, o|F 7 typeZt
o HF SAA Holx = A-type?} B-typeZte]l D=0432, A-type® C-typeZtel+
D=0432 123 B-typed C-typeZlellt D=0391%4, Nei(1975)2] F4lof| 2j3 F3f<ioy
Z2 A3 3 type- oF 200-210uhd Aol b2 H3kH Aoz AlgE ok
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£ «]6}]/‘1 o] 59| stz dulndel wiudo] eFHch et HA 7 typeZlolv Az}
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and Schlegel, 1845) 9] k=4 Fo}; 2 Ftk FFeolH(synonym).eg Al 7))
%(Rhinogobius similis Gill, 1859: Ctenogobius similis, Jordan and Snyder, 1901:
Rhinogobius nagoyae Jordan and Seale, 1906: Ctenogobius kurodai Tanaka, 1908)e¢]
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Systematic studies on the freshvsater goby, Rhinogobius species
(Perciformes, Gobiidae).
II. Geographic distribution and tzxonomic status of three color types
in the Rhinogobius brunsnieus complex from South Korea.
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(Department of Biology, Inha University, Inchon 402-751, Korea)

ABSTRACRT

The geographic distribution and variation for Rhinogobius brunneus were surveyed
by means of allozymic and morphological analyses and it was revealed that the Korean
populations of R. brunneus comprise three distinct types, Type-A, Type-B, and Type-
C, which show considerable differentiation to a degree of interspecific level(Rogers’
$(1972): Sa-B=0.631, Sa-c=0.628, SB-c=0.661). In addition, no evidence of gene
flow among the types was found at sympatric area and it is assumed that reproductive
isolation is completed. Moreover there is microhabitat segregation according to the
distance from river mouth among each types and which segregation was regarded as a
factor to facilitate reproductive isolating mechanism. Therefore, based on the evidence
presented above, these three types of R. brunneus are considered as typical discrete

species.



