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WA 1A 3L 7] (Pungitius sinensis : Gasterosteidae) 2]
b PRy R

BB BT R

KB old BEBEANM AR AR P osinensisel 12 A Foll H3lel gRe] +
ol e zz]d wWol & =Asl et

el ol HIEy ERE Bolx ¥Xut P. sinensis sinensis7} P. sinensis kaibarae
Boh tha o wol Jehu:m Qo] F EEfE Tro| wo|Zo] whgton) Ak AAEL o
Algh ol 3 vebln glgoh #Re Arle F3e AlAlEel bR ek Fabd AT
o AL z27E #An of$ =HHql AFE vebd % ofue} semiarmatusiel GRHETIE
A AAE A2 9lo] P osinensis®] 54325 HF5H3

BeEfbol @RS 7] Alolel BAlA Hel, HAbzhe 7}]14]?‘0] 7h miA EEEthE e
w, &7k AATL A3 & P sinensis kaibarae AT EE Bk T8 A7)l B
{L=lgle Aoz Az=ch a2, Bt JowAd N el EAsE e 5374
o Aol AHF 2 tdE gRe AWz gow ghiRel 45 A grebe AbdlAl, o
A Feoll = EamtE o REEbet giRel + o wddel M2 A} gls vt

olaldl oje] AL E Rol Az FH Ao AAFE = P sinensis kaibarae 4ol
Aol e 2ok g 2AE ekl

i

[i]

E

rie

7FA 327V B o (genus Pungitius) = Hubol A FBRo.2 FX3 1 v YFA o2
A odolzt offrole el AlZo] U R whe Adxn e AHel Foldtrt, o] SR
faoll wel &2 elqoz 4o} wdAlefo] wWolrt o AlsleH(Wootton, 1976), it
(1933) = #htRel widAdelel WAoo wlel P sinensis, P. pungitius, P. tymensis®] 3f& o
2 JUrm glew, P sinensisoll Ay 5ol wE wmEM ERCL FedA xeolu P
sinensisoll A= AR} Bolx| bt & = b = ool d RS wHelw iEsarel Hdt
WitiE, Eedt{t W ESEEE AAsie] ntw we Hurh Ut (Wooton, 1976 ; LA,
11963, 1969a,b ; HH - FrfE, 1985),

T, @EBol Pungitivs B o1F7F AAste vke A2 28 A FE gl gtov
gp gl dRos A% Qlgeo]l w9z AL HTo oo (&EF, 1973, - ik
1980 ; M, 1982a,b, 1984, 1987 ; A - <k, 1988), <k di-ol A ASt= Pungitivs B 1+
= P sinensis 3t 1 o2 P sinensis sinensist P. sinensis katbaraed] 5 TEEOZ 1}
HolA L 9ieh(HE, 1987), o|AIZt=] olfo| g ATFw FE FXo A Zeojolen, o9
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Fig. 1. Map showing the collection
sites. The collection sites of
specimens are abbreviated by
the number shown in Table 1.
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Table 1. Details of sampling localities

No, of Approx, Approx. Approx, distance Type
Sites Localities individuals lat long. River system from river of
measured N E mouth (km) habitat
- ..o, Hyongsan Irrigation
1 Naenam 42 3545 129°12 river 43 duct, Stream
. " o .1, Hyongsan
2  Kyongju 390 35°49 129°12 river 35 Stream
Nakdong
3  Kogyong 43 36°00° 129°30" river 240 Stream
(Kumho R,)
Nakdong
4 Imgo 449 36°00" 128°59" river 240 Stream
) (Kumho R.)
5 Younghae 37 3633 12924 Songchon 1 Stream
river,
Ny . o Chon
6 Pukpyong 42 37°29 129° 8 river 2 Stream
7 Okkye 62 374y 1290 o Chusu 1 Stream
river
i1 .= Namdae
8 Kangnung 84 37744 128°50 river 12 Stream
9 Sachon 48 374y 12851 Sachon 1 Stream
river
10  Yon-gok 31 3751 12850 Lo T8OK 1 Stream
river
11  Chumunjin 68 37°54° 128°4% Shilli river 1.5 Stream
12 Sokcho 18 38°10" 128°37" Ssang river 0.5 Stream
5 3

A 127022 = 1
R 5 el & o delst wig A% Fabde] F oAATe ASeH, #R 5o o
A 30~35 M=l dsl, 3, SA, &zl MAH P sinensis sinensis A7 HF
e 3370 o]Ale g el P. sinensis kaibarae NA T 31~3271A=2
bt Az 2o 1 old AHdm, Fa7te] ANAFe 337 olstE o4 Hoid, =, P
sinensis kaibarae WAl AT A3 AR AAF Aleloli HAEA 7 17 AE o]z} gl
o, HAubA o2 P sinensis sinensis’t P. sinensis kaibarae ¥t} thi wrgkoh, zlu}b &%
el ol Qloi Mo ey ERte el edskel

Fadel F AATE Aol ute} R 5o Helrt wl$ Adted 2 W= wide A
+ol 12~33(3 1 28. 7)), AFS AMAFe] 26~33(H 30.86) NEA ok & AAFE 2}
frelstAl Adek, 53], W Aol 2070 vjakal Aol 470 (2 10%) =7 =9
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e
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BEE 714 7] (Pungitius sinensis . Gasterosteidae) o #io] My #R

Table 2. Number of scutes. The first column represents the number of scutes on the left (L) and
right (R) body side

L R N K Ko I Y P 0] Ka S Yo C So

35 34 2

35 33

34 35 1

34 34 11 8 11 i
34 33 12 6 1 1
33 35 1 1

33 34 1 1 9 3 4 12 1
33 33 10 11 220 13 21 30 7 1 2 13
33 32 3 4 4 28 1 1 1 3 1

32 35 2

32 34

32 33 9 2 16 1 4 1 2 1 2 1
32 32 8 87 25 134 1 2 2 54 11 22 32

32 31 2 24 2 2 4 1 3

32 30 1 4 1

31 34 1

31 33 2 3

31 32 27 5 10 2 6

31 31 2 67 1 3 6 25 4 24

31 30 1 23 1 2

31 29 1 5

30 33 1

30 32 1 3

30 31 1 19 1

30 30 36 2

30 29 1 13

30 28 1 2

29 32 1

29 31 4

29 30 1 11
29 29 4 13

29 28 3
29 27 1

28 31 1
28 30 2
28 29 2 6
28 28 7
28 27 2
28 26 1

27 28 1



27 27 1
27 26 1
27 23 1
26 27 1
26 22 1
26 21 1
5 21 1
25 24 1
18 19 2
12 16 1
12 12 1
N 42 390 43 449 37 42 62 84 48 31 68 18

N =Naenam, K=Kyongju, Ko=Kogyong, I=Imgo, Y =Yonghae, P=Pukpyong, O=0kkye,
Ka=Kangnung, S=Sachon, Yo=Yon-gok, C=Chumunjin, So=Sokcho

Table 3. Mean number and standard deviation of scutes in each population

left body side Right body side
Locality N A B
Range M=£SD Range M+SD

Naenam 42 12-33 28.74%5,07 12-34 28.67+4,81 64.3 1-4
Kyongju 390 26-33 30.86+1,27 21-34 30.87+1.40 43,3 1-5
Kogyong 43 31-33 32.33%0.52 31-33 32.28%+0,50 14,0 1
Imgo 449 30-34 32,650, 63 30-35 32.64+0,63 18.0 1-2
Younghae 37 32-35 33.41+0,72 32-35 33.41+0, 69 40,5 1-3
Pukpyong 42 31-34 33.02+0, 68 32-35 33.26+0, 63 28.6 1-3
Okkye 62 23-35 33.25+0, 63 32-35 33.37x0.61 30.6 1-2
Kangnung 84 31-33 31.93%0.56 31-33 32,01£0,45 20.2 1
Sachon 48 30-33 31,330, 60 30-33 31,2940, 58 20,8 1
Yon-gok 31 31-33 31.87+0,43 31-33 31,94+0.51 12.9 1
Chumunjin 68 31-33 31.60%0.58 31-33 31,63x0.54 14.7 1
Sokcho 18 32-34 33.00£0,49 32-35 33,0610, 42 16,7 1

- N : Number of specimens
A : Frequencies of individuals with different number-of scutes between the left and right body side
B: Range of difference in scute number between the left and right body side

o] Ao 2ol U+ K + Aol AL ®ud(Table 2, Table 3A, B), F4b4e +
AR G AAFS AMAZE oA AT Foll dodA= ok 70% ol el A A 25
o] @R Soll Aolzb sl 293l v IR F7F AR R Afele 2% I A=
ol 7k Qglorny B Aol 3AMAR ezt dwdl wbate], FAbzhe] B el = 5709
ol 2 bl AR Uth ' #HLFol 1A olA Aelrt Y& A vlEE w,
galzbel MAFE Ag P sinensis kaibarae= 12,9~20,8%¢°1", P. sinensis sinensis<
16.7~40.5% 2 veht F217} o] 2 wold vele e wolo, zeiv Jabte] AF
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®BIE 7HA 3L7) (Pungitius sinensis . Gasterosteidae) o] ##Re] hEny R

o il AMAFel 24 43.3%, 64.3%F el R FA AT AAFolwHAME =

7+ mEtEe] obE AAEE Eohe welsb wig Al

st el wid o4 (Fig, 2)-& 9, 7falEo] trachurus® o #tReld S heb glony
A7kl = A Foll A #hiRe] 2070 m]zke) semiarmatusd o] ANAE A4 v ol ok
g Falzke] ZHolA trachurusy o SRS 7FAl= Afalal A E 17] ol Abo] gl ol
A 7F eEgket,

ohAl AAlFol gk AAle] #ik-e Fig, 3ol vfebliolch, RBAEERS 72 =Zleoh wiukade
7b AR zrel zpolzk gllevh, 2 ok Hubel v SRES a4zl A, HA
B.(1962) o) SBEREFER M) whaw, FHof 5o @RS T kel AdefolAul, iR
ale AFY Malge] b3 AAgkeow luo Aol A o, =i A A el fAsE
e A7t Holx iztA] Ledshe AAZE sglend G A iRt A
oAl A FigAA el =& gloleh,
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Fig. 2 Patterns of scute arrangement in P. Fig. 3. Scutes of adult stickle back specimens from

sinensis. Specimen A from Imgo popula- Okkye(A), Yonghae(B), Kyongju(C), Imgo (D)
tion, B from Chumunjin and C to G from and Chumunjin(E), Standard body length of
Naenam, each specimen is as follows. A, 51 mm ; B, 47
A to D represent the trachurus type and mm ., C,45mm ; D, 47 mm ; E, 48 mm. atoc
E to G semiarmatus type. are scuts of anteriormost part ; d, pelvic part ;
Standard body length : A, 47.3 mm ; e, abdominal part ; f, caudal peduncle part ; g,
B,47.9 mm ; C, 43.0 mm ; D, 41.0 mm ; posteriormost part. Scale bar 1 mm

E, 37.2 mm ; F, 37.7 mm ; G, 40.9 mm.
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Fig. 4. Geographic variation of the ratio of width of the largest scute(a) and length of the largest
scute(b) to standard body length in P. sinensis. Localities are abbreviated by the number sh-
own in Table 1. Horizontal lines, bars and vertical lines indicate range, standard deviation and

mean respectively.

s
) Sokcho

fu

gete] Z3 Aol: MRl A% Wi "
ZA15ted Fig, 4ol Jebldch, @hiRel %

W7t 1,2~3, 7%l HTAE 1.5~2.6% 1
Atolofl  Qloivh, @RSl AHol= WHHlZE 3 »
2~13,2%°1", HFEA+= 5.6~10,7% ®Hol

o
o 0

Yon-gok

m
i
I

Sachon

3 dehd ek el & gagel £ F el ;8
AslEol Az FA vebert el A s i [
- = ,ﬂ-ﬂ-\_ Pukpyong
gagel = ATl g ged wael & 0 qh.
s4el ol A4 AU olw s F 5.

3 o)z A MEBEMIEHE Tkl 7 A “ e ;mn‘;ﬁm
T e ARl gRel 2718 vlasgR . Ll ——

vl (Fig, 5), =& 7HAFolA iA¥miEIEE] 20
H el 2~200]9 H A+ 4.25~15. 154}, "
of Zold st AFe AATe sl 0
2~7, B—gﬂ_i]"\f 7‘}'7-11 4, 599’}' 4, 2501_]_‘:1] H,_]_'TS_]- s 10 18 0
RELATIVE AREA INDEX

o, 2E7e nA% duel AAEFL W

o e Fig. 5. Frequency distribution of relative
13~20, BFx€ 27 14,059 15.152 et area index of the largest scute in ea-
vioh, ch population of P. sinensis,

t

:

E

E
T A vlsagch BiRS Zolx 34 o
: E

E

E

rrﬂl Kyongiu




BEE 712 7] (Pungitius sinensis - Gasterosteidae) | Stk ol PEHy #4572

webd G372 AAe gRERECl HAbde A Mol 3] o4 2 Aoz Fokxio, =
oA o] AL Abolel WSof HiEA s o X
o et oleS Al velA AAFEL Wt 5~16, HFAE 7.87~10, 172 4]
st 3ol AT F2Ae 2715 vEb G

BYE FF o delE fdss ol sl ANAH P osinensisE 7H A A7
2 z2AgE Az, gkl ok 2ol Abgel Abolsb glalr

AA Aoz dol RO 4= P. sinensis sinensis’} P. sinensis kaibarae R.th thi we
Aoz veptou, 3 ol &el AlE AbolodlAxm ekzke] Aol olgiTh M
(1933) = Pungitius/§ 15 % P. pungitius'= HolA @do g 742 oekmmgrel shire 47}
Zrashe WEER ER7E NS AR ul, P osinensist 1#]d 7 dko] Htim shgich B
ZALS] Aol A 2ALE P osinensis®] MAFEL #R 49 HT A7) 27 o)A olbi=
A$E A ab B ERE Bolx] ¢hskeh @RS 27w £ Mzl xjolsh molx ok
< b A G el Al Abelel w2 Aeolzb ol ol g AL xfe} ok
(1988) 0l o] 3ted ofm] B w} 9]

BAE P. sinensis®] 8 Z7loll thalel #M (1933) & L F HRE st A=
b E o) ol 2 mm, % 1 mmeta & v} gloh, w HH (1962, 1969a) 9] Horoll
A= BRe 23S S ¥, P sinensis sinensisv+ 4 40 mme] N 7F ke Zo)
2.7 mm, % 1,2 mmeolv, P. sinensis katbaraet= %5 51 mme| sfAlol 4] el o] 4.0

mm, % 1.0 mmZ 5o glcf, ¥ zAlo|AE P sinensis sinensis® #E 40 mm o] A<l
AAEL Eol 3~4 mm, ¥ 1 mm HE 8-S 7HAv] 574 AATS AQe iz
P. sinensis katbarae®] N 5% o9 vl5=3 @l 8RS 7FA 2 gt ey 23
el AMAEE fgEKel 35 mmE Jod HEEe) A Zo] 4 mm oAb BMES shAx
SAoEh, MiH (1933) 7F 71 E8ha ol @RSl 2] ol Ao fuE e & Halx
dobslx) ekowd, FAE(1962, 1969a)2) Asx BAZE AAF Egorn ¥ 4
BB Pungitiuslg o1+ B7ARL Aol vla] #hie] of wkslo] octa Aztw

BA FALA el Pungitivs| o 72 z2AbollAl HA(1982) & olAle] =50l Q& #Rel
T7F 1~670712] AFel7b b, P sinensist thAl 2 25~29% Ao wolE 1eldicia 3}

(i
= 9
1. 0w

)
fol
of

2
N

T

Qe Bf, B 2AlAE vl=d AdE ool ael P opungitius$t P sinensis 7} 2E5)
= BARS FEA G o Aolrl Ha 1Al 9lew 60,6%9 HolE: Holw 9l
ot #edl, 8k 7ol Aolw & At Aauco dA axab fAlFe vl ge Wt



64.3% 5t} th4 ke, WS P sinensis kaibaraent A AlSHE ooz A HAS T f&
o] FAshE Xxch 299 ﬂ"]% vell = A vlge] A4 Jehd 2 58 =hg
Aol o] Hol thaiM= £ =AY Ao zE 2 AdE o 4 giAw deoz zale)
= 7k b e EAlol e,

AMR(1959) = Pungitius/® o+ 3tEe] marAdddelx 120 w3 SHREIIMRES A A8
3, aRAYEY BE FellA #Rkel EAAH A=AV wtAe sl e gRE ot E
o] ti4 ZHFTS ¥ udlxw Qlvh, HAF(1982)% HA HEiy, JbEExwe P pungitiuset P

Aol Al Ak (1959) o A Febe k4 3pelsl gleont 4] 12709 3
o] #RHETIRR S Ao, 53, F Fo] EAMste FEAAAAME 1270 §& T 107
frigol HAas o] @il Adamate]l dolvti Y& HeAE AAHF L U FHolel g Fhol A
% P pungitius® + 73 = Bering form3} Mississippi formo] ZZ35tE X Aoja] F74A
AL A AAZE 2FEotE Aol 4 glew (McPhail, 1963 ; Narita, 1970),
Gasterosteus aculeatus| A = trachurus® # leiurus® o] mAroll ¢Jdle} semiarmatusd o] &
Hal vty W wEe] 9ok (Munzing, 1963, 1972 ; Hagen, 1967)., |23 o+ A# 52 Ho}
T+ 5L T AN Aol AdmAoez FaEHs depddcha Agzbs|Aab & alidel
semiarmatus® o HH 7} FdHsE AL ok o] Rueh Aol ctE Ao A7z 4
ek z2ARF 2= o

P. pungitius~ -2 WA 7F kol v 5o} sl R-9lelnt Exidtn 2 Alolol & #K
o] A3 ¢gl¥ semiarmatus¥-Z FHsm ok, olEd AMAFoNAE o} F FHSA RS
o] 24 trachurusd o] RA7} L7 =9l o= (MH, 1933 ; McPhail, 1963), <& |LFER
REN FoolAe oleigt MAgte s offofzl sago] Lr=lsichGhl, 1933 ; L+&,
1969b ; HH, 1982), o]t 72 trachurus¥g o] AAEL #htRe] wdebalefsl of$ dhol P
Sinensist= THE R E ‘JHAEEI(1933)i P. pungitiuse] E3oletn sladch, FH+HE (1969b)
STy FgAAAE B A7 W R A Fol MRl o ste] JEhe

2 Adslz Yot ol Aol wzw ¥ Alzlel P osinensis kaibarae NATE chE x A9
ATl wlste] BEIL] A17]7F o] wskAY Helo] A)7|o] shEEm ko] Loyt “H-‘—T'*O]F/}
I A7 A QS Aok, zalu 22 sfaAlF ol semiarmatus® o] Az} A 85
= Ao Hol M (1933) 7t P. pungitius® 5482 =3 723 o] $AL AAHoFT F
Aol NAEE P osinensis®] S4goleta B ol £& A o)

IR o EmEe] Aol tisle]l Heuts(1947) %= kol Al $-3l8l Gasterosteus aculeatus
7b kel A sk A Mo o Be #RE Aok e Solulg|glel P pungitivs 5
Bering form# Mississippi formeoll A Efif¥Ee] 7+3F Bering forme @tk 47 o} wcyw o
24 2ot (McPhail, 1963 ; Narita, 1970), 3, HARE Pungitins/® o FNA 5 #5550
A3 P sinensis7t HgftEC]l ZAshe, SR % obuel LB E e ARE molm gl
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BEE 712 27| (Pungitius sinensis . Gasterosteidae) ¢ #F9] #mmEyy @R

= P. tymensis7t 744 22 RS debe ez Rausie] QItH(HT - #ifE, 1985).
=3 el El Stele FAol Al kel & b obel Ay A e sbR] o] w4 <]
B 3brb dojude] (R, 1963, 1965), iEsriittEe]l AbAla} #Rel = 3he 8 dsled odoju:
Aozt Raso] glck(Wootton, 1976), £ =AtolXE REE{LE A kS P sinensis
sinensis© Kol thL w3, BERLE P sinensis kaibaraes thi AHA Jeln glo] i
attEzel JA A AddATEe Azel dAsFE Aoz 4 gl 2y P
sinensis kaibaraedl +3.7+e A AMALE EEE{LElY] Uddolx EEHLEHA e P
sinensis sinensis R.rtt @S| Tt A FolEA kS Holuel @R wkAldlE 29
2 A 2E AT FolA A £ Aoz Jelxdth o] dk AL #Rel 4+ v E
shodbel7b wheA) BEEbol w2 MEmMES] AR} AEiEAE 3eS 9o £x o), ube)
Aol AT HSole AEslr] ZakstEa olo dtelM e ho2 A4E] zAls|o]o}
g FAleta Azt

—a
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Geographic Variation of Scutes in Eightspine Stickleback,
Pungitius sinensis (Gasterosteidae) from Korea

Byung Sco Chae and Hong Jun Yang
Dept. of Biol,, Teacher’s College, Kyungpook Univ., Buk-gu, Taegu 702-701, Korea

The geographic variations of the number and morphology of scutes of eightspine
stickleback, Pungitius sinensis, in the southern half of the Korean peninsula were
investigated.

The two subspecies, P. sinensis sinensis and P. sinensis kaibarae, showed a bit of difference
in the number of scutes but there was no geocline as a whole. In the frequencies of individuals
with the different number of scutes between the left and right body side, there was also
difference between the two subspecies, and the specimens from the Hyongsan River showed
great variation. The populations of Kumho River had the largest scutes. But the specimens
of the Hyongsan River had small and degenerated scutes different from all other
populations, and some individuals showed the semiarmatus type arrangement of scute.
Therefore, this population may be called the special type of P. sinensis.

In the relationship between the time of landlocking and the size of scutes, it was speculated
that the population of the Hyongsan River was landlocked long years ago and other
populations of P. sinensis kaibarae except the Kumho River were landlocked more recently.
For the population of the Kumho River, however, it seemed that there was no relation
between salt tolerance or landlocking and number or developmental state of scutes as this

landlocked population had well developed and large number of scutes.
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