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Morphological Variation and Karyotype of the Korean Species of Sticklebacks, (Pisces,
Gasterosteidae) in Korea

Kim, Ik-Soo, Yoon, Chang-Ho and Lee, Ji-Hyun
{Department of Biology, College of Natural Sciences, Chonbuk National University, Chdnju 560-756, Republic of Korea)

ABSTRACT

Three species of Korean sticklebacks family Gasterosteidae were reviewed based on the
specimens of several populations for the study of their morphological variations and tax-
onomical positions. All specimens of Gasterosteus aculeatus observed have a complete row
of lateral plates ranging from thirty-two to thirty-five in number. The low-plate morph regarded
as landlocked type is virtually absent. And no difference was recognized among six popula-
tions of G. aculeatus in the meristic characters, i.e. number of vertebrae, gill rakers and fin
rays. The Pungitius sinensis and P. kaibarae ssp. shown local variations have scutes rang-
ing from 31 to 35, but not clinal in the morphometric characters. But P. sinensis was statistical-
ly different from P. kaibarae ssp. in some characters such as the number of dorsal spine
rays and vertebrae, and body depth, although their ranges overlapped. No significant tax-
onomic difference was detected between white form and black form in dorsal spinous mem-
brane of P. kaibarae ssp. Although these three species of Korean sticklebacks have the same
diploid chromosome number (2N =42), G. aculeatus is obviously different from the two species
of genus Pungitius in their karyotype; G. aculeatus consists of six metacentrics, six
submetacentrics, and thirty subtelo-acrocentrics, and both P. sinensis and P. kaibarae ssp.
have four metacentrics, six submetacentrics, and thirty-four subtelo-acrocentrics.

Key words: sticklebacks, Gasterosteidae, karyotype, morphological variation, Korea.
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Fig. 1. Collecting localities of the species of the family Gasterosteidae in Korea. A: G. aculeatus; O: P. sinensis; ®:

P. kaibarae ssp.
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a7A 2713 o F iz Bk olgd Aot} Fpdel MAe F H o] F

o 5% 7#0] &#F =t (Wooton, 1976), ©f F5-& Fei7h wl§ chekstm Aefe} Azta ¥
o] Eolale] Foo M A7 o1 F9 Feleh wWolFe] #HIF wWL Eurt U
(Hagen and McPhail, 1970 ; Reimchen, 1983 ; Reimchen and Nelson, 1987 ; Mori, 1987a, b ;
anleE, 1984), Tl M ZX 37 G aculeatus?t izt Faddkal F A, AE,
A4 2 $7lo Zdgtw A F(Mori, 1952), #(1977)2 o] Fo K83 #AFFA
o] AAlgttia st ot, ol #E 7]E EE A BE Mol W3 Hux o}F ¢l
o}, zelm Selvele) AAs Qe X 27| P opungitius kaibarae’t EL (- N
1, 1934 ; 85, 1977), o] ofFo] $zlutel -9 Faadtd FdEe o8 A} $5%
9] A Bal ZEIA(IARA)AME AAgcly BaE g ovh(H, 1987 ; £ - #), 1988), ‘=4t
VX 57] P sinensis® M7VAI7] P. s, kaibarged EF3A FEe EA7E ol ol
B3 AErt 2F=EAY, gdep] B A ME 34 G oaculeatus® He A oo} &=
AV Pungitius% o159 stiAtg 9 ¥ Eo U FAE FHEI] H3td fvet 98 7
odeks}t Ao HAsE ZrRA 71T o Fe B TR vlmele] 15 EHIFAH S
Hefwlolo Asled =9 shglch

Do AEH EROE2 G aculeatust WE SHA, $A FHA, 99 41AH, A #
€}l z] 7, Q

AA, A (), AR 2 A7)l A 198837 19899 39 44 A
A 8k9d 2 (Fig. 1), P smenszs«l EEE £x AH, A F5A 2 AA - A A HF 3}

% =

dov P kaibarae ssp. = I £33, 4 HA, #AE G, AF 4% F 9
AL ] ZH""}?&‘:HFlg. 1; Table 1), AAL Z(FE 0.5emx0.5cm) & F%(1.0emx 1.0

em)& AHeEtgdm, GAARAE 98 BB AYY BE TEL 10% formalin ol A5}
gth, Zole =L 1/20mn daial caliperE AHg-3te] A, F3, FA=en|rtAe Ao,
sz =an)7hale ZelE EHAHstx, AxvslAg, dzxs, AFQHF, AdgeE A
oo, HZEFT4E soft xray (Hitex 80, Hittachi, Japan) 2 FA1 &4 st Apsds, P
sinensis®} P. kaibarae ssp.2l A #HTE ahzarm red S FHste rAv|dez AT
o}, dFBMLe EFHo Abgstd wh (- 4, 1986) 9] w2l metacentrics, submetacentrics
9l acrocentrics& & F¥3o] idiogram< z}xa shei ),

als

2 o

I, EEfHO|
Gasterosteus aculeatus . 274X 2718 A 7ASd EFo A48 725, AFAds, #H
Z235, AR5, ez A A gk Fu], &R @ A5 =eu) 7pA]HEele BvE A

2, &A), <3t oF4l, #oF, <ot 670 kel visted EAbstale ¥l, 2 3= Table 2
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Table 1. Sampling localities, date and number of specimens in the three species of genera Gasterosteus and Pungitius

collected from 1979 to 1989. Arabic numerals in parentheses indicate number of white form individuals.

Species and localities Dat Standard No. of specimens
ate
length
(River or reservior) (mm) collected
Gasterosteus aculeatus
Okchon-dong, Karung-si, Kangwon-do May 2, 1988 62.3—74.3 18
(Namdaechon R.}
Okgae-up, Myongju-gun, Kangwon-do May 3, 1988 61.9—-819 35
(Jusoochon R.)
Yongdok-up, Yongdok-gun, Kyongsangbuk-do Apr. 6, 1984 57.8—75.1 25
{(Osipchon R.)
Changan-myon, Yangsan-gun, Kyongsangnam-do Mar. 24, 1989 61.9—83.9 30
(Joachon R.)
Chinwol-myon, Kwangyang-gun, Chollanam-do Mar. 31, 1989 64.8—83.0 30
{Somjin R.)
Samho-myon, Yongam-gun, Chollanam-do Mar. 25, 1988 60.2—71.6 33
{Yongsan R.)
Pungitius kaibarae ssp.
Kansong-up, Kosong-gun, Kangwon-do May 2, 1988 39.1-54.4 80
(Buckchon R.) Oct. 1, 1988 27.9—46.9 213(37)
Oct. 21, 1988 27.4—46.0 314( 2)
Nov. 5, 1988 31.9—484 209
Jan. 10, 1989 29.1-424 80
Fab. 17, 1989 30.3—46.1 48
Apr. 5, 1989 30.3—47.6 60
May 19, 1989 35.8—51.2 130
Okchon-dong, Kangrung-si, Kangwon-do May 3, 1989 454551 14
(Namdaechon R.) Aug. 29, 1988 31.5—-55.1 24
Oct. 2, 1988 27.2—454 9
May 20, 1989 34.6—46.8 110
Jul. 6, 1989 25.9—42.8 55
Hyonnae-myon, Kosong-gun, Kangwon-do Jul. 8, 1979 32.7-57.2 3
{Songhyon R.)
Yul-dong, Kyongju-si, Kyongsangbuk-do dun. 2, 1984 40.9—47.7 13
(Hyongsan R.)
Imgo-myon, Yongchon-gun, Kyongsangbuk-do Apr. 5, 1989 29.3—46.5 70
(Nakdong R.)
Pungitius sinensis
Okgae-up, Myongju-gun, Kangwon-do May 3, 1988 44.2—-62.7 14
(Jusoochon R.) Oct. 2, 1988 34.9—46.8 268
Nov. 6, 1988 34.6—47.1 209
dJan. 10, 1989 40.0—-52.4 52
Feb. 6, 1989 39.8-52.8 66
Apr. 6, 1989 42.5—53.2 96
May 20, 1989 41.3—61.8 55
Ssangchon-dong, Sokcho-si, Kangwon-do Apr. 5, 1989 47.4-50.0 3
(Ssangchon R.)
Urim-dong, Chechon-si, Chungchongbuk-do Jul. 5, 1988 32.7—-52.7 14
(Uirim Reservior) May 21, 1989 15.6—55.9 12
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Table 2. Comparison of selected morphometric and meristic characters of 6 populations of Gasterosteus aculeatus

in Korea. Data show range with mean + SD in parantheses. Romanic numerals indicate number of spinous fin ray.

Localities
Kangrung Okgae Yongduk Yangsan Kwangyang  Yongnam
Characters {(n=18) {n=35) (n=25) (n=30) {n=30) (n=33)
No. of dorsal fin rays 1 13-14 1 13-14 I 13-14 I 12-14 I 12-14 I 12-14
No. of anal fin rays [9-11 19-11 [10-11 [19-11 19-11 [110-11(12)
No. of lateral plates 33-34 32-34 32-34 32-35 32-35 32-35
(335105 (33.1+£04) (328+06) (34.1+11) (335+09) (33.3+0.7)
No. of vertebrae 30-33 31-33 32-33 31-33 30-33 31-33
(31.8+0.7) (322+05) (322+04) (31.1+06) (31.9+06) (32.3+0.6)
No. of gill rakers 23-26 24-26 23-25 23-27 23-26 23-25
SL*/head length 3.1-36 2939 3.03.7 3.1-36 3.03.7 3.1-36
(3.3+0.2) (3.4+0.2) (3.3+0.2) (3.3+0.1) (3.4+0.2) (3.3+0.2)
SL/dorsal spine length 7.9-11.0 8.0-12.8 8.4-11.5 7.4-10.8 7.1-10.7 7.9-11.0
(9.2+0.9) (9.9+1.0) (9.8+1.0) 94+1.0) (9.4+0.8) (9.4+1.0)
SL/eye diameter 12.0-144 12.7-15.5 12.1-144 12.1-144 12.0-14.5 12.5-14.9
(131+0.8) (141+09) (134:08 (13.1+0.7) (13.3+0.8) (13.9+0.6)

Standard length / head length
28 30 32 34 36 3.8

Kangreung:

male (13) —————

female (4) =
Okgae:

male (12) —— e—

female (23) E
Yongdok:

male (16) —— e——

female ( 9) ——=
Yangsan:

male ( 7) *

female ( 8) EE

* Standard length

Standard length/dorsal spine length
6 7 8 9 10 11 12 13

|
e
==

==

Fig. 2. There is a sexual dimorphism in head length and dorsal spine length of 4 populations of Gasterosteus aculeatus

in Korea. Solid rectangles indicate male and holiow rectangle, female. In each samples, the vertical bars indicate

mean of sample; the rectangles, 1 SD on each side of the mean; and the horizontal bars, range of the sample.

Numbers in parentheses are sample size.
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ol gk AZIFA AR W FAvE FANDE AT ZE Aol 3.0-3.79
2, Al A AlSA=2jn] A Hole ¥lE BF 7.9-12.800, Ao I HHvxE
A w23y TR et FA=eiw)skA] He] ul= Fig2el4 R+ upeh o] ¢
kel A S B vl 2AE 431 T4 L5 o] dAlhg A3, AITAL
ol 7kA] Aole) i E G4 FAe] AALer, ® £ FA=v|sHA 9 FHEE AT
A3t A AR} & FEHAAY,

Pungitius sinensis®t P. kaibarae ssp. . 57 =#v|7}A] 7jz2te] o] ofF Fwi X
& P sinensisE 33, 1 Mol HAMelAY ¥ M FR-2 P kaibarae sspi A
stod o] T o] F 9 EFol F oA ste A Mruly vxg, AFARs, HFEF, A

s 223 A g A SR =u| 7HA] Zelw], Aaw], R AR Fel dHEtq AgHER
| FAFstlch, Table 3914 X ulel o] P sinensisy SA=2vi7tA|9) Ja47t %
Al ARAF D] zHz 8.5, 8.8/MAdl wlst P kaibarae sspd E, A, 2 dHAEY
BFFPE 4z 7.7, 8.1, 8.022 E7td o]zt Jx(P<0.01), HFFd Mz P
sinensis 23RS HFF7} 33.2, 34.42 P. kaibarae ssp. 3R G #HIFA 32.1, 32.4,
2.7AE A FAG zo)rb AS(P<0.0D)E & 5 ddth T Az sddM= 2 09
o 2Bt YFAE BA P sinensis?’t P. kaibarae ssp. 2.tk H]ZZ A Jehdw A
AT E G oS 4§ ded oe FE AL FA=u g AR =r|7}A
o] Zolo] gloid = vebdoh(Fig. 3). W Aw7del oS Mol: AS$E P sinensis vl

Table 3. Comparison of some meristic characters in two species of genus Pungitius collected in 1988 and 1989. Data

show mean + SD with range in parentheses.

P. sinensis P. kaibarae ssp.
Meristic character Okgae Chechon Kangrung Yongchon Kansong
black form white form
(n=50) (n=17) (n=40) (n=30) (n=50) (n=20)
No. of spine ray of 8.7+05 85+0.6 7.7+04 8004 8.1+04 79+04
dorsal fin (8-9) (8-10) 6-9) (7-9) (79 (7-9)
No. of soft ray of 11.0+£0.5 10.8+£0.6 104+0.7 10.6+0.6 10.5+£0.5 10.3+0.5
dorsal fin (10-12) (10-12) (9-12) (10-12) (10-12) (10-11)
No. of soft ray of 1.7+05 1.2:0.8 1.8+05 1.8+04 1.8+04 18+04
ventral fin (1-2) (1-2) (1-2) (1-2) (1-2) (1-2)
No. of soft ray of 10.0+05 9.6+0.6 9.5+0.7 9.3+0.5 94+05 95+05
anal fin (9-11) (9-11) (8-11) (8-10) (8-11) (9-10)
No. of scute 334x06 33.1+£09 32.1+0.6 33.1+£09 321106 321+04
(32-34) (32-35) (31-33) (31-35) (31-34) (31-34)
No. of gill raker 119+11 12.3+1.0 114=x1.1 10.5+0.7 11.2+0.8 11.5+0.7
(10-14) (11-14) (9-13) (9-11) (10-13) (10-12)
No. of vertebrae 344105 33.2+15 32706 324+06 32.1+0.7 32.7+0.7

(34-35) (28-35) (32-33) (31-33) (31-33) (32-33)
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Standard length/Anal spine length
1.1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 2

Kangrung ~— e———
Yongchon ————— E—
Kansong (black) — ——p———
Kansong (white) —— —

Okgae —_—t

Chechon = :

Standard length/Dorsal 1st spine length
11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
' 1 U T T 1 T Rl T T T T T T T T

Kagrung ————*———
Yongchon —
Kansong (black) —Se—
Kansong {white) e ——
Okgae =S
Chechon —

Standard length/Body depth

¢ 5 6 1 8 9

Kangrung ———

Yongchon -*———

Kansong (black) —*—

Kansong (white) -+-—-

Okage —-EE—

Chechon et

Fig. 3. Comparisons of morphometric characters of 6 populations in the two species of the genus Pungitius in Korea.
Solid rectangles mean P. kaibarae ssp. and open rectangles, P. sinensis. In each samples, the vertical bars in-

dicate mean of sample; the rectangles, 1 SD on each side of the mean; and the horizontal bars, range of sample.

A Az JABA AHzdte] 1.2/00]a, SAAwe] 1.7702 Azt FHo] ¥
o} (P<0.05) FF=Hch, 18y} P kaibarae ssp.d A A=A e SR =ein)sbA] 7129
o] Aol BB AAHNE Az glo} Al m R A= P osinensis A WM o o3
Ag vebd Aol e, AAM 72wE skx AAE F9F (black form)elz 313,
N E2 Fa e 7lz2E Ad AAE WY (white form) 2.2 FH 3t Alg A=A
& wl23tdd wh, Table 37 Fig.3ol A Bz wlel o] $9@ Aol gle]l A2 w3ty

29

+

2, 9y
Gasterosteus aculeatus® F<k3 <kibz el A &HLS ®E metacentrice] 670, sub-
metacentrice] 67), subtelo-acrocentricel 3071 24 2No| 42¢]3 arm numbers 542 Atk
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Fig. 4. Metaphase plate and karyotype of Gasterosteus aculeatus (A). Pungitius sinensis (Okgae, B), and P. kaibarae
ssp. (Kansong, C). Bar indicates 5 um.
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Table 4. Karyotypes of the family Gasterosteidae from Korea

Species and No. of No. of cells . .
Localities specimens observed Zn Formula AN
Gasterosteus aculeatus

Yangsan{Joachon R.) 59:26 61 42 6M+65M+30ST-A 54

Kwangyang(S;omjin R) 29:16 27 42 6M+6SM+30ST-A 54
Pungitius sinensis

Chechon(Uirim Resevior) 3¢:186 28 42 4M +4SM +34ST-A 50

Okgae(Jusoochon R.) 29:36 47 42 4M+4SM +34ST-A 50
Pungitius kaibarae ssp.

Kansong(Bukchon R.) 29:66 58 42 4M+4SM +34ST-A 50

*M-SM-ST- A Metacentric - submetacentric- subtelocentric - acrocentric chromosome.
**AN: Arm number,

o]t} sfAlAbole] 2 xpolrl §lglth(Table 4; Fig. 4). = A A LA Pungitius sinensis
o} 74A o P.kaibarae ssp.®] # Bz A= 34w RF metacentrics 471, submetacentrics 4
7N o] 2, subtelo-acrocentricse] 3470, 2Ne| 4209, arm numbert 5022 ] Fte|v}t A
o E2 A HelE RolX| YA Pungitius®H 2% 5 349 wmy &
subtelo-acrocentric chromosome®] 2le1* F%= Itk (Table 4 ; Fig. 4).

s e

=Fet 220 at

rkl
rek

G. aculeatus= A% AF7F 30—3570¢ b # ¥ (trachurus) 3 3—7701a] &3 (leirus)
]z AdBdgr 9—-30/0Q) vFE 3 (semiarmatus) 2 FEEH g=dH, o3 FAL IE
o] Ml A et APgHoz FaFHoq e HAEEH BHFFHLZ @& =971 AU

t} (Hagen, 1967 ; Miller and Hubbs, 1969; Hagen and McPhail, 1970; Hagen and Moodie,
1982), ©l=4At G. aculeatus+= A 2]x W7} Hu =L B ofzl, L&) MAZ= #
el A o] Fe] AN w2t Yo§ FrIR AS3e SA=E7bA 8 Felrt | A
3] 7 = ¢l 5 (Hagen and Gilbertson, 1972; Moodie and Reimchen, 1976), Enos lakedl] A &
Zol Abe AR A Ze Ale HDAbeldle AY, steAinen g 9o o] W F =Y
=] e zfolr} FEHIF AMAE ZAR o o] BHTE BEFF (species complex) 2 &
5} 9l o} (Baumgartner ef al., 1988), 33 dExE= B F9 3I{Ad g93dL G
aculeatus aculeatus®t 33, Fgel A& AR IS G aculeatus microcephalus= 8
sld =l G, 1933), & Mori(1987a, b)+ dE T4 daderq 233 540y
o] Ay Wold disle o]F HAdr TFFHLR B Fo] F& AHFHA o5 A4
Aex By, 28y ¥F4A G oaculeatuss EZAL Ao Ale} o] A2, A
g, HEFFSF P AESXE ey Ade] A Aol BFHoz THER g Ho
2 Mo}l FI4 B Fo :AUFLE BE G aculeatus® B3 (trachurus) ol 3 =23k,
a3 olde Bau B EAdARE Afgelt ubddoe] el 9@ Hog Mol Fud

=

=]
5
2
~
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AN F3¥e 23 Bauys oFAdd,
7} X 3171 & (Pungitius) AAF% G. aculeatus X% We)7} thofste] G A ejn]e] 74A7F 7—

12780) 3 A=ABE gl A4 ¥ 34709 APz 3] 2d o] sled, ol&4
Felo} ez BExo 7|F0 8 P pungitius®t P. platygaster Z EHFHL, £ P pungilius e
P. p. leavis, P. p. tymensis 'R P. p. sinensis®] 3obE22 T3t (Wooton, 1976), &
Ro| A& o] o}2& 2o AREH EHE Fo2 FFa7E st G, 1933). 2 F il
%5(1984)8 JLiEHAE P fymensist SRE Fo2A EAE HolAu P pungitiusst P.
sinensise A2 ol&E5 o s aictxm shd i, r(1982) = Adb-AbFEML ) e P pungitius
s} P sinensis® F24 Ao Admztel e wxg Jeldg Bwg 6 sl A
M (1915) = 92 et Mol A A3E 2L S Lv] 7pA7IEe] F o5
ZAx8n] xS ABFIE P osinensise 17 Bk Fobx o] A& Pungitius
pungitins kaibarae®) o}F o2 HjstwlA utm ko] TR E of ofFelzt sidivh I ¥
#(1977)& A7VA 7] P p. kaibarae’t $EIviEr A3 Q4akd) @ty shledl, H
(1987)-& A7t 27} P sinensis kaibarae7t F#vhel F3 3
dx 8L Bustw otew FFA AUy 2AE 2o Ak 4(1988) = ¥
4k 7FA 37 P osinensis®] B AEX A P s. kaibarac’= P. s. sinensis®h= 0l AhH OB ¥
Eap o] 2 obFXbel A F Ao et AFE TAR o] obFel Hrhx o, B =
Apell A= @A P osinensis®] A5 Al Z38 A2 Table 37 Fig. 3o} viebd whe} o] FA
of Rus 33 B4 TR Raulga 3 XA (il 1976 1 45,1988), 5 A=
ol 7HA] 712 Del) FA AL A P kajharae ssp.2) R Fig. 1ol A4 Bz wpel o] 2
Lo AFete 2 P sinensiste AdHozE ol 24 (allopatric) &E Fdda gl
= BEio] M2 male]lmz ¥ EE 3t3 ¢lolA, Mayr(1969) 9 ERAGelA & o o
BEZL olZAY] B FLZU ool A, oivw W Fe] Hrojw Zch, 1
ol o] zAb Ao A AFE wpel o] o] F RFTL Axwe] 47 Eatolls FA=
#du] 7RG, HEFS L Azu Sl oid EAF ze]E BogFm ol = £5(1988) 7}
Bag vpel o] F EHTaAlele] FelHog & FEEHI oA FAFTWH WHolE HF
s7|pcte 93le]l WEQ P kabarae® B 7o wrisittzm A7, ey @54
kaibarae e B ZAel P sinensiseHe] vl A B whel o] FA:2iw|7hA]e] FHold
glolA A9 wlsgdch(Fig. 3), HPHH(1982)] &= 2% kaibarae H=3 L4 P
kaibarae EE2] vl Fel A olu] A7 wie} ol FFAF FEL dEAF E ‘1‘1'3}04 A
o] smartdtT EA=v] 7HAI7 AH, shAv e A7 e T2

02 t}ay] dfd EFFHor FTHEE Zlo) uisicia dtEo] & 03-?0*]‘1%:— ’f?}%
A o] Ae FAAACZ P kabarae ssp.= EAEAUTH doE 2 3

ab o}zl AelAe], PF P WAl I wimAdTR BFaH 91xe Tl 2T

N .

&
o
o

. T
Lo
£
B
o
Rl
i)
&L
off!
ol
—_
o2
A
=

4t
r

>

A P kaibarae ssp.ol AR "l HRmeiv|zpAl slxzwte] el A Mol HHF
(black form) = ™ 43 (white form)ol Z&stgl=vl o] F7bx Feo g2 Ao diAe
A2 zlo]l7t $z(Table 3; Fig. 3), 7129 % P sinensisA® FHslA @3 F3y-g& oz
AdE BF22 Hol oA AdWdA vehve sxidelztm Aztdc, @A H1987) &
Sevtel Zsdatel st 2N Mol P osinensis® P.kaibarae’t M oE2 £¥
gz B3 st ot 4(1988) & el wisted olazlelet sglrh, & EAbelAE delA
Roups} ol ZHA AwtelM F7HA de] FdEFe] EFFHA2U )AL TR P
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kaibarae ssp.l A R FE wlsl 7+ wolel #AAF Ao] opdrt AlREH LT T4 EEIL
veld 7t dda 24
G. aculeatus, P. sinensis 2 P. kaibarae ssp. 3Z9 A4 A& 25 2N=42/ 2 FAd3Ad
o}, AT M G aculeatuse metacentric? submetacentric chromosomeo] z
z+ g R eldl vlste] P sinensis®t P. kaibarae ssp.= o] Eo] Zrzh 4714 olojM A2 FH
Hgth, = o]8y§ A} Chen and Reisman(1970) o] Holuizlzte] E7A127]3% o {9
A2 o)A Baq G aculeatus®) ABAFY Y A dAsA T Ppungitius®] A3
ATFAFE =Folst gt = u|FA P pungitius= metacentrice] 167§, submetacentric
chromosome®| 1271, acrocentricsol 1424 G4 A $E 427§°o|Z arm number”} 7001914,
A Pungitius% 152 383 A9 o2 FAE BAFALeY R4 P pungitius
complex®] & A4 3 (Muramoto et al, 1969)¢te AAqA LY AFFAHA dAx=E &
Adx o ABAeZY EFEAYHLEZ B o w$ FEHEZ ol #Y HI FEI 87
=
Hid1(1982) = Q29 gidt debetiliol MAste P pungitius$t sinensis®] Hejwolo]l &
 ZA oA 2% BE AgA dHolrzh ldEdl 2EY F4H HADAAE *2 HERE A
AAre] o] FAJ AL Fld gl Takada et al (1987 a, b)E dbilglEE P tymensise P
sinensis®t P. pungitius®] vlshA SR Fogx EAE BAFH P osinensis?t P
pungitiuss 159 Hepwol} xjd FEZ B o o|EL Feolstel FFe] Iz 3t
5, Niwa(1987) % A7|QEEA g §AA vl vIE P tymensist P. sinensis<t
P. pungitius® 2% 3= AAHo2 A=A P sinensis®t P. pungitiuse T2 A A
thel 7hsAd-& AJAbsted o] 222 Berg(1949)7F olv] Rzt wle}l o] ojFFAA = 9l
o}, 3t EBY Ao s Ppungitius, P. sinensis, ® P. kaibarae ssp. 322 #A
bl gt Astaa BXF o] Ee W AAH< HeE fFo A WU 2A FEVL R
ia=h=0
G. aculeatus’= H¥r79] 35N 70°N atolo e f5-2hAlolel Hudi &2 dAted A
Ergcy <=z 21 (Wooton, 1976) B zZapollx o] Fo TR xalo] Hal® sk,
7R R Boko] w4 de 34 45N EZojojA o] NHo] EF AdE e UoA Hdd
o ARty B}l P sinensist T FIUFe FAZE{ F9, £ dLiFEd
A L BRE Aol e dEdd F2 AYstEd, FWAAE T A<y A3 3§
Mo a}Fol HxEated o] o AAIA $utte] AN P sinensis AAEE FHGol
"t 23 AR P sinensiss AQDEE g7 Aoty Bl FAFAAHA o] A4}
Joz FAYE L5 AH LA HWol Hypomesus olidus7t 1A= HA (HEA,
1928), 3ol MRS P. sinensis= FAlo o] AH F o] Fo| HF3t o] Fofl AHdt&
=g FAge FHE, P kabarae v SES el EREGA ERRA H2
JEH Y ARt FAHGA T $lvtel T At Fdshe g8 SHAAE AT
= A el o] Ak FEHor AFF MEs) o, a2z °4°P°‘l/~1 golA
kaibarae ssp. AEE 2TFo] Malste FI374e ARVt FHE &
F A=A QoA G A At P kaibarae ssp. "“‘4-4 o571
St A Lo o)ste] FEaA AR FUHAGT FEHRAL o] He HdAgNE FF HE
X
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Tzt A Faded MAsle E7H4) 7] 3 (Gasterosteidae) o Fo @
EE2 19884 3¥HE 1989 6Y7HA A Aste] o] E9 Hefwolet B FH3}
AR sl HES A, E7MA 7] Gasterosteus aculeatus 67\ ZALA
25 32- 357}]93_1_ I Yl Rz Fdlae o}x
q2 WA A Ut G aculeatus
F25, Ao, Amyn 72y %—" AxgAdeint, T4, 44 2 FA=
Au|7hA Aol A& s Add FHI o)zt 9k, A7 Pungitius
sinensis®} Z7VA 7] P. kaibarae ssp. Y A EZQd @4 E 31-35709 o
BYPo)Hx, FA=HIA 71x2F, HEFS 2 Auuisd dodA 2E7Te
THE QA A7FA 7] P kaibarae ssp.2] A wellE SA=glu]s}A] 7] zut

- or 1o . rle

2
o
2
=<
¥

M rlr

2 -hlo rll

o @3 ME& d FE(white form)el sl o] AL o] Fe] HAFHE #
A " oty B} o] 2% A S RE IN=4224] 7|6t

G. aculeatus® ¥ 3-& metacentricse] 67, submetacentrics®] 671 subtelo-
acrocentrics®l 3070011, P. sinensis®t P. kaibarae ssp.= 2.5 metacentricso]
470, submetacentricse] 471 subtelo-acrocentricse] 347H 2 2% Afolox A2
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