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Park* (Department of Biological Science and Institute for Biodiversity, College of Natural Sciences, Chonbuk National
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ABSTRACT

An endemic Korean bitterling, Acheilognathus signifer, known as using freshwater

mussels for its spawning activity, much prefers Lamprotula leai in Dalcheon stream (Goesan popula-
tion) and Unio douglasiae sinuolatus in Gadaecheon (Danyang population) stream, Korea. The spawn-
ing pattern between two mussels and one bitterling was carried out in two populations from April to
June, 2011 and 2013. L. leai in the Goesan population was bigger shell length and have more eggs,
larvae or both with A. signifer than those of U. d. sinuolatus in the Danyang population. Also, A. signifer
in the Goesan population appeared to have a longer ovipositor and lay ripen eggs more than those of
A. signifer in the Danyang population. Glochidium, a larval stage, of some L. leai in the Goesan popu-
lation was incubated in all the demibranch, whereas for all of U. d. sinuolatus in the Danyang popula-
tion was found in the outer demibranch only. For L. leai in the Goesan population, the eggs, larvae or
both of A. signifer were much more in the non-breeding mussels (giving no glochidium) than the breed-
ing mussels having the glochidium. For U. d. sinuolatus in the Danyang population, in contrast, the
non-breeding mussels have fewer eggs, larvae or both less than the breeding one.
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¢J o] 3} (Cyprinidae) ‘FA}#o}3} (Acheilognathinae) o] 7=
AAA o 400] Fo] FeIA 9T T F AL W2
Rhodeus sericeus, R. amarus, R. colchicus 338 3-%| 53]
A7n) wmsp deiA] S5 33, Ajeloh W, &
H| Bk, gk, g, A SR 2 E=E 30 (Bogutska-
ya and Komelev, 2001; Damme et al., 2007). ‘FA} 7o)} o]
7o) e ARl 2A A A ol &stel @
4=AF A9 3} (Bivalvia: Unionidae) 7] 2] Z&4~3ol A=HF
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o} AbekEl k2 270 8] obrhm] (gill chamber)ol| Al 3~ 657k
A 209 vtow ol 5310 ABE s Yuat
7FA 2 9lc} (Aldridge, 1999).
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Aokt o s oJolst o el eJe] Cyprinius carpio

7} 40,000 ~200,0007]2] &2 71A|= Aol vlslhd wj-$- A
& ZHSES 7PRITH (Aldridge, 1999). o] AEgo] e o
# Apel7) 5 27 el FsHAl Bja fisES g5
gt & 2l gto g o= &5-7]|4 (host-parasite)®] A}
A= L7] ] o]zt ¥ 3%l H} ¢lt}(Zale and Neves,

1982; &3} 9, 1994; Kitamura, 2008). ‘FA}Fo}3} o] F-2] <
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Qe A 508 1o Kitamura, 2009). 53], 3}
So}3} o o] Ak Aol 2719 olrfu] vjo] AekH
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9] 912 ZAA 3P (Kitamura, 2006a), F7-& ko] Y=
=9 5 == AR u /e =] 2 AR 9
3ol B 313}9doh (Oshiumi and Kitamura, 2009).
A2} Acheilognathus signifers= V=150 2 317
R FAER Y (2012 54 31 sRA)ell A3k
SElvet 2597 RIAE g2 AAF ] glow
waE g HEST] oREAE HAAEA (Red
Data BOOk)‘ﬂ]’ﬂ* —’v‘—-ﬁf‘é NDFoz ZIHAF(FHAIE
AT 2011). BGA2E A2 £3ksle] B3ke] 9
27}, W57}, =7 Soll AAsk gloh(Uchida, 1939; 71,
1997; W, 2005). H Aol A A= 7= Aehebe <
- (", 2005), 2227 Unio douglasiae sinuolatus V| At
3 A=Y &, 20053 FdAbEe] AltgF2)
Az o] B3 @77 AWE uh ork(R . 2013) A
was) ol9le] o) FFol wHE FATe A Al
ga A7 wEe AR elo.
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4 Aashe DD Sdast emzsiiel A4s
TSR AT FRsd ARGFe ogehe =
B w2 JEEE Sel7] AT HPAR 4
2} opahe mAbha 2 f1ele 9wl sl

Mz 9l di

1. ZA7| 2 FARRA

2 AdqE F

TRl AbeR7]]l 20113 20139 4~64
7R BGFAFE Acheilognathus signifer, 3AE A. lanceola-
tus, ZFAE A. yamatsutae 5 3%F2] FAFol} o] 7o}
AF=H =z Lamprotula leai, 2F-2%%7) Unio douglasiae
sinuolatus, 242t X o] Anodonta arcaeformis flavotincta, 7+
%7 Lanceolaria grayana 5 4% N7} S4ax o= A
Asle =8 Ak FAW 2 ) (FAAE, g
123} 2emtzs) 120 A 28 chokz o]Abad 7}
oA o) (Fekehz FRste] 2 FFel e Alsh
o) wpol 9 2

2. SEAE R Zh AIF, cekt 4ol H QIS Het

WA s Ao xHe PFAUEARe) 29
A7 (A2011-395) AS3 5 dFstgich S A
AL S (B, 5x5mm)2} F-ele] (7 X Tmm)S o] £-3}
T AR BdATe MS222 ul Al o] 435ed i3 A]

B Buolly oz Azt = oS A5l 37) oA

gkt Agte] R PANE Ao 120 mm
vernier caliper® o]83}ed 0.1 mm7}=A] A& At o)

o rﬁ 32

J[}h

gelodn vl Aol Wgel AR

2

3. SRR T 7 Zho| ARk Mets

A FedzN g 2L £35S 56 o2
214 AAstd e, AxE =E 2/l 1/20 mm vernier
caliperZ o]-8-3}e] 0.1 mm7}#] 27} (shell length)-& =7 gk
F. 209 7He ot Qo] ARbelig Blakeh AR
o] c]ao}zl }_7HL— 01/\1_.,]. w;’ HolZ 2oz zo:]
M7 AlREE & 2 zle]E EESR] EIEE slela
10% formalin solutionel] ZA] Aot A F 2= Al
A=z °]5?'5}°1] orz3} ¥)22o] ¥z} (adductor muscle)S-
AR F A P 807 Sola] B

-~

4. SRS FTH7H D) U AtRE 28

SRR S 2 2R o] (gil)w 4l

o] oﬂ 7}7} 912 9)ubA] (left outer demibranch), $12 WukA)
(left inner demibranch), 2 22 WUk (right inner demibranch),
22z 9ukA) (left outer demibranch)® 83} ZA}s}IS]
o 2 ) o W Al 4 ARNA 5 mAEk 2
A el FE7|t]$ (glochidium) 52 #elsle] B-81Fo]
S 2% gl 2le TEoeh =T AAHTE B
AR, AT, 2R FAS] Aol F 3 Aol
E4E 9te] A4 slzelRAeld 4T+ F 2

F4 & 71%3}e] wlmaln
5. 72

RE 894 7122 SPSS program (ver. 12.0)2- o]-8-35}4]
TEA 7 oARE Eelslln
= B2 BA wel os Al SR
Ak ko] AL, AR Ao, g vk 4 2ol ] A
3 = 270 W ek e} winbaje] oF
W zlo] = wpx wPHQl unpaired t-test2 713} ok
2] Sl FATENASL, LA A AV

g zte] S w252 b2l Mann-Whitney

test= 7 %6]—?&\:]-.
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Fig. 1. Mean (£ SD) standard length (A), ovipositor length (B), and
number of eggs (C) of Acheilognathus signifer (females) with ripen
eggs in the Goesan ([J) and Danyang (Jll) population.

5.6(37.7~68.5; N=59) mm= = Atk 7+ A7 W] xjo]
7} 9= Aoz el (unpaired t-test, t=1.218, P=0.226;
Fig. 1A).

QF Ako] FPs AR FAAT o] A o]
AR 21.3+3.2(16.5~28.1) mm, sFeFA =t 19.2+1.9(1
~254ymmz 34k Asro] v} Aol wls) AL Ao
7} Z 9=} (unpaired t-test, t=4.493, P<0.001; Fig. 1B).

AdF A FdAFE o £ AR 3011408~
THN, AT 18.4210.9 (1~49)7 2 Fefxlctel] v]3) 3
Ab A ko] A Bl A o w2 ko] A 3hE ¢l (unpaired t-
test, t=5.090, P<0.001; Fig. 10).
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Fig. 2. Frequency distribution of shell length of Lamprotula leai in
the Goesan population (A) and Unio douglasiae sinuolatus in the Dan-
yang population (B) laid by Acheilognathus signifer (C]=total number
of mussels, ll= spawned number of mussels).

22 o R Aelrh Qe RAF=HzAL) A s
57.6+7.4(39.3~75.1) mmI L (N=77), A& LA F=2
2N ZF 66~70 mmellA 88.9% (I7NA = 8/NAh= 7
o ARMEE B0 (Fig 2A). FPYRAN BbAE
o) ok gl Aolrk Qe FewdaAe) 2 Wl 394239
(26.4~47.5) mmgl 32 (N=36), 2t-&=x7) = 51 ~55mm7}
21.4% (1404 Z 3AAZ A% 2 A v Vet
o} (Fig. 2B).

FAA AN A FEH 2 DAY 243 Sk
o Bl Aol F= 120492(1~41)7HP T & 2 Aol S 6~
107] 538k 2707} 33.3% (N=17)Z 7} 2eke} (Fig. 3A).
vhHo) ghefAlehol| A ek zs) 1/)A Y B3 o 2z}
o] £ 59+65(1~32)M2 & & Ao]S 1~37] BH3F
27W7} 472% (N=17)= 7} w7 veht (Fig. 3B) 2|41
tho] v we ok gl zlo]Z B-G3l3 ¢l T} (unpaired t-test,
t=3.527, P=0.001).
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Fig. 3. Proportion of eggs, larvae or both of Lamprotula leai in the

Goesan population (A) and Unio douglasiae sinuolatus in the Danyang
population (B) laid by Acheilognathus signifer.

waled 2 o ARE FAFE Ak

1) Ef40| gl= =J| (non-breeding mussel)

SRl A el gl RATEGEA W) Sd
o] & Bl Ao} = AA 13.0+9.5(1~41)7 et HhAf <]
ARl - ok 7 Ao S= S1F ubA| 5.7+4.4(1~16)
7N, A1Z ukA] 4.8+5.9(1~33)7), 282 YukA] 5.7+4.7
(1~18)7H, &2 oA 5.3+4.1(1~21)7) & (N=65; Fig.
4A) b e} b= oF Bl zte] froflA] Afo]7h Gl
(unpaired t-test, t=0.321, P=0.749).

Sep gl wgadel gl Aewas) W ST o
Aol % A 245180~ AL WA A9 o

2po] 2= 77t 3241.5(2~5)70,2.5+1.9(1~6)
A, .0i4.4(1 ~ 12)711, 2.5+0.9 (1~4)7] = el (N=22;
Fig. 4B). kAl 7} olubal i) o 2 Aol o whe] 14
&} 9131} (unpaired t-test, t=2.257, P<0.001).

rlru >1E

2) E240| = =JH (breeding mussel)

Aol wsde] gl FAFEHEA W HgA
2] ok gl o] S AA 651431~ 16)7N Kk whA) 2]
2]=)¢) a}g 4 W 2ol = QA= oubA] 32+1.5(12~5)
7, 92 YukA 25+1.9(1~6)7l, 222 Yuki] 4.0+44

(1~12)70, 222 2uh) 25409 (1~4)7/1= Yebgo (N
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Fig. 4. Mean (£ SD) number of eggs, larvae or both of Lamprotula
leai in the Goesan population (A) and Unio douglasiae sinuolatus in
the Danyang population (B) laid by Acheilognathus signifer (C0=non-
breeding mussels, ll=breeding mussels).

—12; Fig. 4A). 2]ubash dubael A= o 5l 2o} 47} %}
o]7} 9l %ith (Mann-Whitney test, P=0.475).

SRRl A wgdo] gt el W) T
oF 9l zto] = AA 43129 (1~8)7NGTk B 2] 91X
o w2 o 9 x}o] = A7t 6.4+5.4(1~20)7),2.3+1.3
(1~4)7], 1.640.9 (1~3)70, 4342.9 (1~8)7/] = ehdch
(N=14; Fig. 4B). t]bsjoll #]3) 2PibAlol ] Bkabs oF o)
Apo]7} o o] $X)%}x ¢)¢iTh (Mann-Whitney test, P<
0.05).
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= B ATl (AR 63.6%) 9 Az
N (22%), FARFE= 2T 20N (4.3%), E9AFE AT
=2 2.5%)F o83t At Ao|, Abteh= o] §
gle} 4= Al 913, 2 BF 52 o2 st ARAEAS
FH434A]717] $13 WeFow X33 Zlom JdEtt (Na-
gata and Nakata, 1988; Fukuhara et al., 1998; 71 5, 2013).

Aokt o Fo] Akt Zoly Fuleh oA S Mo
Bl AR S)tell AR el 2 W ode] A=
AXE AAsHA v} Kitamura (2006a)= AEAF Rhodeus
ocellatus krumeus2] AF2r= Zo|= AAAH o= Wl A1A
e o= AlEE obe] 2IRS ofrln] el o Zlo] ¥
A Qa2 ellMe] Absel digt Fu A oo
AbFES HAsE 4 ol7] "Rl Bk v ook
AF=dzls ARtEF2 ol 4ske AT Fdalre]
AR o] 21.3+3.2mmE AL S Al FE o]
f8h= ek whe] 192+ 1.9mmye} | 2A Yehga, B
WAR BRE hsle] A5 AF AR SE A
shell Al 30.1£14.070 = =HeFAIwh 18.4410.970 2 w3k
(Fig. 1). o] = ZAF== 309 43 =717} 57.6+7.4mm
2 ztetzsl 39.4+39mmEe 7] wEo= ko] Z)
ool qPahA =2 & e Akl F v Al
x Azetxn A=} Mills and Reynolds, 2002; Oshiumi
and Kitamura, 2009).
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aeht SFEAe) 2k U AAE He) AgEE A
AR Qole) WAUR ¥ o4 A& A £
A He} Akagol Mol FPeAE Friw ernch
SA72) AlRbe] o] 2ol AT AT 2
IHAG 2AH 8 Aol S 120292093, S
tho] embzs 1AM 2AE 4 B Apo] S 59465
Az debdel Fig 3). o1x AT AR 2 5 5 A9
7re] wlmel A viehd Asksh ol AR SRR}
s Al et e ol mgelw AT =
& Akt 579 FATFER AN AedaA e ¥ 2]
w) Foleba AzEeh B W 4 2005)S ez
o4 HAH FgRTE] G P Aol $7b HF 25(1~14)
Az 2 A7 A e A Al Bl Wl Ak
SRz BE AN 5o Aoz A% Aeletm F
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SRRl RUTEZIN MSUTIY L MBF o 87

dlae) Shaak Ao} 200 $AE olrfu) LA w)
WA o] doji}r] wj e o}rlm|E= B8 (marsupium) O 2
= ARSET(R) 1992). B Aol AF=HRN 5 d
3R 4o WAl mEE wedow ol galgw 2t
Bl SIS o s o galich Aol of
e A 2709] oprin] <ol AlFsL7] ool 2ol e}
Aol o} fe] ARAZ|TE SALR Aol 2ole) 4
< F=7lHEe ¥4 Aas £ AAEA ek (Smith
et al., 2001, 2004; Mills and Reynolds, 2003; Kitamura, 2006b).

AT FEAFA AL wgdel gl 2AFE )
W ook g A = 130295702 B&Fe] SlE AT
=29 6.5+437 18 v @kt} (Fig. 4A). 28y
PRI Bgel g el W o D Ae] 4
7} 241802 B8 Fe] gl A2dxelAl 2] 43429
NEg o AA veht(Fig. 4B) F A< 2+ 270 W Akt
AL Aeldt AHE B

4742) B e Agshe 20l B AT o)
o] Akt ekl gk Bavh 9lsd7] wiEe] AAA <l vl
oA SRl SR} 2] e 2
Flegstel 2 W TS AeE Fu A4S s 9
A Aoz kg A7 ARISIAY = AlRRS %
ZAolgtx AZE™ (43} A, 1994; Kitamura, 2006b, c), T
PN FEIHEel e A F27)E 6
e bR 3uf kg TS o g2 o] yoid &
UL HETF Folx EZO] 3ol How FHI AlLF
Fol =7 WEez sElvk (W} 4, 2005). 1y Sy
Ap2o] Abgrgl o] FmI|v|L oz Az BeF gtow
B & A dE rhsAd R A daixE F7t
el AF7} "3y A8 ¥} (Tankersley and Dimock,
1993).

AT} o157k mpdel Sl 2olo] AREE 4§ o
o A 93] f15k 209 el gl vk
E M3y BaEe] glor} (Mill and Reynolds, 2003;
Smith et al., 2004; Kitamura, 2006b) 47}2] o}7}n]S 2% W
3oz ol gl FAFEHZ L ikalsh sk
oA o 3 Aele] 47h ARl Skl 2R Bgd
o7 o] g3l AL A ubZE Wikl R o
5 Aol 47} 1A epr) dEel ool dg Gale wal
7] S8 2741 477} A olof & Aoloh.
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