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Host Species Preference of Acheilognathus signifer (Pisces: Acheilognathinae) for Spawning in
Freshwater Mussels by Hyeong-Su Kim, Hyun Yang* and Jong-Young Park' (Institute of Biodiversity Research,
Jeonju 561-211, Korea; 'Department of Biological Science, College of Natural Sciences, Chonbuk National University,

Jeonju 561-756, Korea)

ABSTRACT

Host species preference of Acheilognathus signifer for spawning in freshwater mussels

was investigated at the part of the Dalcheon Stream (site 1) and the Gaedaecheon Stream (site 2) in
Chungcheongbuk-do, Korea from April to June (spawning period) 2011. The spawned mussel rate of
A. signifer at the study site 1 (wild condition) was 63.6% in Lamprotula leai and 2.1% in Unio dougla-
siae sinuolatus. It was not found in Anodnta arcaeformis flavotincta and Lanceolaria grayana. The
number of eggs, larvae, or both of A. signifer at the study site 1 (wild condition) was 1~ 41 (12.0+9.21)
in L. leai and 6 in U. d. sinuolatus. As a result of experiment 1, A. signifer was only spawned in L. leai
with 60% of spawned mussel rate and the number of eggs, larvae, or both was 1~19 (6.8+5.44).
According to experiment 2, A. signifer was spawned in all mussels. Spawned mussel rate of A. signifer
was 75.0% in L. leai, 42.9% in U. d. sinuolatus and 21.4% in A. a. flavotincta and the number of eggs,
larvae, or both was 1~35(13.0+8.80) in L. leai, 1~ 26 (5.2+6.92) in U. d. sinuolatus and 2~19 (8.6 +
5.64) in A. a. flavotincta. Experiment 3 showed A. signifer was solely spawned in L. leai and the
number of egg was from 2 to 10 (6.7 £4.16). This study confirmed A. singifer is not so much generalist
as specialist. We found the most preference species for spawning in the mussels by A. signifer was L.

leai.
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e AAAQ g £ 4 Ao BaE o (Kamler,
1992; Smith et al., 2000, 2001; Mills and Reynolds, 2002; Ki-
tamura, 2005).

B ool o] F: oy °]°¥—E,v—(parental care)S SHA Y= =
o ARt Wi ML I 7, o& AFFSS (host)

L&A AN ) ) ARES) ol2tSolt el
Bt U} Aele] ®F 52 A AREe] w5
o kst Aol 7| 27 helA] QHAE BT fein
53 ¥ z7) yhow 1}e %F-7)4 (host-parasite)

A3 AA L Zt7] ezt Bus up §loh (Duyvené
de Wit, 1955; Zale and Neves, 1982; <3} #, 1994; wiz} &=
2005; Kitamura, 2008).

2 A7 dArEel EdA}F (Acheilognathus signifer):=
dAFelste] S5 AFTHFOR BAY MIFYED
920053 2% 109 &, 20129 5€ 319 AfAD)d =
Astel Seutel BEN7I MR IFow A4 - no
3 QA A2l WAR B FEI7] HIEHE A
ZF2 4] (Red Data Book)el] A —:«H A NT)ZEo =z x3E o
(FHAEALTE, 2011). & T2 F5AE 233t o5
A9l G427, AE 7 = /‘é A Sl Exstw (Uchlda
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1. ZAA7| 2 FARIA
AT ABEl SdATe) A7 20119 4
A3E] 69744 ABetedet AFRAE ST v
el Ak gares AT wbt drd 33

= /\EIB"] o] 7]——-6‘]— Z8 1:]-01=
ARH 22 ﬁxﬁ}aﬁu}a}%oﬂﬂ% 20102012747 3
WzE 1399 24} F SR dARels) ol gAe 3
AT R Bk Aeh. 2 SRS B 24
7) Slate] 4% SHFTEE 2AE ol g3l 2Aelolw

LAY (river type)= Kani (1944), 34} F%%= Cummins

SHALFE Acheilognathus signifere| M| MS = 209

(1962)2] 3HF)ak 7150 whgtet.
2. TIHOf| AtRESHE O/ Z=AL

% Fabz AW DR Gl HgAT o9l 27)
o ARk olfE A Slstel AFAT Bt 24}
A3 12 Ak 200m A7 9 (35,5 xS mm)sh 4
el 3x3Imm)e o] 4ste] AAHAUTL o e TH 2
F 23 2H2002), 7 5 (2005)% wsek

r-b::

3. ZAKK|A 19| XJAMEHOM A2t MS =

20119 49 199,289, 59 99, 23% 43} Bal27}
AREFEANL o FFsd 2HE BRAsh] St oav
s} FUF AR SERRE B HE S
A4 ARG 209 54 B RS 2004 w}a
24 164 AHE mE =

Z_,

7§+ 1/20 mm vernier
caliperZ o]£-5}o] 0.1 mm7}#] XJ(shell length)

3 2] ke A dojx] Algted g ]It A
o] o]0zl Z/= Alo] & Ele]2 °"\5'—~‘Jr ErT R
e 2o N7 AR 43 AlelE B Rat=s
3493, 10% formalinel] Al A] ZA] A3 T A=
ZNe AR o Fd F X3 FFe] #H 7T (adduc-
tor muscle)$ AT & Alghgl oF 3l Aeo] 15 SR
017 SelA Adeha e

=23}

4. 43 1: =ARKIE 101M HEES olSet MetsF2ol

%‘ﬁ"x}—arﬁ} oheat *&%%457117} A e ZAAA 1
AlreFz0| A3 eE Fal
371 -r]?fﬂ"i Aokt °11‘—"‘r°] °—J°] b A] ok Ah
Zz7Y, A F== =) (Lamprotula leai), 224 A o] (Anodon-
ta arcaeformis flavotincta) 2 Al 2 ¥l Eof Qo] A1
< A8
(o)) cme| FehAE vy E o] g3l Ao FES
100414 3719 of2 wEEo] =9ton] uldd: may=
rotge] 27} BtEelZ 4 Y EF "hEe] Fic) W
5> EAFTE F2 M ERE AFY] SHEERE] 12
m "olx 3ol Az WEHETY] 7142 Im=z 3
o} A3 9l AX]7])7k-2 Table 13} 2 on] 4z} A A8
o} Aglel] AMe-¥ 2temtzs), A FE ), 2e 3ol
Ao Zy7; 39.5~53.0(45.0+3.15) mm, 52.7~71.3 (61.1
5.76) mm, 40.5~71.0(55.84+6.72) mm 4 $] 3},
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Table 1. Experiment data and number of placed mussel (placed period-days) in the experiment 1 and 2 from May to June 2011

Experiment 1

Experiment 2

Experiment data

Jun. 17 May 23

May 26 Jun. 6

Jun. 19 Jun. 14 Jun. 8

Number of placed mussel

(placed period-days) 10(1) 10 (4)

10(7) 10(9) 10(1) 8(5) 10(7)

Table 2. The environmental conditions at the Dalcheon Stream (site 1) and the Gadaecheon Stream (site 2), Chungcheongbuk-do, Korea

Bottom structure (%)

. Stream width Water width Water depth . .
Site River type*
(m) (m) (cm) B C p G S Ne
1 80~120 50~70 30~150 Bb 20 25 25 15 10 5
2 40~60 30~50 30~200 Aa-Bb 15 10 15 20 30 10

*Kani (1944), TCummins (1962): B (bolder, 1024 ~256 mm), C (cobble, 256 ~ 64 mm), P (pebble, 64~ 16 mm), G (gravel, 16 ~2 mm), S (sand, 2~0.06 mm), SC

(sand clay, <0.06 mm)

7N 1573ke] AAEHE ZARAA 264 Ad 135U
ARteFzol s AfS At AHSE W Bl
Z7)9} uhg, 29 A AY 13 Uil et 24A
Ao M= 1070A19] 20E FHERA] B3l /A =Rt
Algdsisieh. dx g+ *ﬁlﬂﬂ% Table 13} zZrow] 3x}#
Alratodt Algdel ARS-El Ap2EAl, A F=H20), 2
LA o)e] AAe bzt 35.8~52.7 (42.3+4.52) mm,
54.1~74.0 (62.44+5.46) mm, 45.9~73.4 (60.1 +7.29) mm
A=t

6. A& 3:

Al 5E U MESFI MEE

ez, ZA e, et el Haoz A
W Szl AkEFal s A8e Adskeleh A
Uolie A1 49 G4 Sk A B e

AfgLA FalolwE olgste] ARt Abshate]
233 AR oHA 370A|, 0] Wksla £l o] &R
T F7 A AEte] 3 )] Szl 3] 20 1)
AL A et FAoh AP 45 (k=) x30 (M=)
X35zl eme] f2] FxelA vl AbksbA] o2 A=
£ BaAFE ARgSte] 3 whEekoich Adel Ake-H
gz, ZAFEH2A, 2 Aol A 7zt
43.4~45.8 (44.8£1.29) mm, 57.0~60.0 (58.7+1.57) mm,
57.2~61.4(58.8 +2.26) mm H $] %l ch.
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Atd¥ ez Aol AAHA] Ak SFF-2 80~120m,
2 50~70m, $A42 30~ 150 cmIeh. EEAEI A4
a7)e =& ulg (B), ZE (O), AP (P)o] 3hitol]l 13
ZAA AT PHF = A o] A whEEe] glsinh =
ARAA 29] A Aa-Bby oz sFhAH FRel sl
gom QI AR £5TIFE 93 =o] 0.5~0.7m2)
Wb AL At el AX|Ee] glelA) Abarer
27} A%F g fs}ﬂ'ﬁ% Aoz o]Foix QL 3%
2 40~60m, Z& 30~50m, 41 30~200 cm}T}. &}
e ZEO), AZP), 2 (9= TAF Ao A%
o= BEgol Zeto] 2 AAH T okzke] meH (SC)o)
#3914 et (Table 2).

2. ZAKIE 12] AIAYEHOM Ltz M=

Z/\].;(]XJ 101]}\] zNE /\]—a}/\zi o]_s_z‘;].}:_ o]EJ:_ =
YA (n=112), 2345 (A. yamatsutae) (n=87), ‘FAH+ (A
lanceolatus) (n=18), Z117]4+ (Genus Sarcocheilichthys) o]
Fol #3=317] (S variegatus wakiyae) (n=13)2] 4%o] &3
3Gt AT o] 8 7153 2= Ahewbxo), Azl
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SRR Acheilognathus signifere| AT MS = 211

Table 3. Percent frequency of collected spawned eggs, larvae, or both from each of mussels at the study site 1 (wild condition) from April to

May 2011
Species of fish
Species of mussel Number of A. signifer A. yamatsutae A. lanceolatus S v. wakiyae
collected mussels
F RT F RT F RT F* RT
Unio douglasiae sinuolatus 46 1 2.2 0 0 2 43 4 8.7
Lanceolaria grayana 5 0 0 0 0 0 0 0 0
Lamprotula leai 121 77 63.6 3 2.5 0 0 10 8.3
Anodonta ar caefor mis flavotincta 15 0 0 0 0 0 0 8 533
*F: Frequence of numbers, R: Oviposition rate (%)
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Fig. 1. The mean (+SD) number of spawned eggs, larvae, or both of
Acheilognathus signifer from Lamprotula leai at the study site 1 (wild
condition) from April to May 2011. Numbers above bars refer to num-
bers of collected mussels.

FAFER A o BRI} AR o 9 Aole] 4

49 19¢4= 1~40(11.5+10.90)7), 44 28 1~33 (13.5
+9.41)70, 54 99 2~23(11.2+7.00)7), 54 234 1~41
(11.4£9.06)7H %1 32, 2227 ] AR oF Bl Aeje] 4~
£ 4 28YellAnt 67H AT} (Fig. 1). FdAh7-2] Alsto] o]
FolA ATz AAe 77t 44.1~70.9 (57.3+
7.49) mm, 45.3~73.8 (58.7+8.01) mm, 51.2~75.0 (60.4+
6.76) mm, 39.2~67.9(55.7+7.03) mm ¢ ¢l 31, 22wtz
o] ZAAFL- 40.1 mm{ -
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BAE2) g Aol etz
¢} zeA] ool A= xqs:] geolg x| olglon] A=
2ol ARt EelE i), 2AFeR 2 el e) e 6
9 179 A= 60%, 59 23Y 20%, 54 264 70%, 6
9 69 0% Lehge. FAFEd A O A} Ak
2Zat o 2 2ol = 4t 1~14(4.8+4.62)70, 1~2
(1.5£0.70)7], 3~19 (10.7+6.07)7}, 2~16 (6.2 +4.36)7)| =
Uebitet (Fig. 2).

Fig. 2. The mean (+SD) number of spawned eggs, larvae, or both of
Acheilognathus signifer from Lamprotula leai at the study site 1
(experiment 1) from May to June 2011. Numbers above bars refer to
numbers of spawned mussels and box numbers indicate placed
period-days of mussels.
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2: ZAKK|H 20|M HEES 0|8t bzl

|| ]]Oll

f

3abe o] AY A BdAEe] o 9 Ao ez,
FAFEH 2N, 22 A o] BFof| A FlEe] ZAAA 2
o= o2 Ayt Vel g2zl Ao AlgS 6
4 18 AX] AYHAME 40%, 69 142 0%, 64 8Y 80%
gJor, LA Tz = 22 60, 75, 100% % 3L, 22
rﬂfd olo| &= 10, 12.5, 40% = FERStT} (Fig. 3).
EGAETE AR o 9 zle]e] = ARemhzIfel M=
717_} 1~4(2.5+£1.29)71, 07), 1~26 (6.6 £8.26)7/] = L}e}%k
3, A FeH 2NN 22t 1~17(9.3+6.88)70, 2~ 14
(9.6+5.42)7, 2~35 (17.8+10.03)7/) = Vjelyton, zkex)
Aol N 22t 671, 197], 2~9 (6.7£3.2007) = epgdoh
(Fig. 4).
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Anodonta arcaeformis
flavotincta

Unio douglasiae sinuolatus Lamprotula leai

Fig. 3. Proportion of spawned eggs, larvae, or both of Acheilognathus
signifer from each of mussels at the study site 2 (experiment 2) in
June 2011. Box numbers indicate placed period-days of mussels.
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Fig. 4. The mean (+SD) number of spawned eggs, larvae, or both of
Acheilognathus signifer from each of mussels at the study site 2
(experiment 2) in June 2011. Numbers above bars refer to numbers of
spawned mussels and box numbers indicate placed period of mussels.

PR N2 fIste] AR steleh 3xe S APE A
B A} m BAFEG RN ARSI T AR
o] = 747} 10,8, 202 HF 6.670k
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E QA7 3T $FARA S FAse gkt
ARbEF2NE Aoz AtQAE 24L A 1,2,38 &
AN SRR ARtgFas) dees d7sdeh w9
A ARREEFe] Sol4o] ol 7 Fellut At 5

4% (specialist) o= tfekal Fof] Alehsi=
alis)®] 7FsAle] 55 sl AlRtsF29] F2
=76 wet AlebA 5 =9} Alebeli= oke] o)Al x}o]A o]
NS Felstdt

At EF2) A3 S AAS 2A

2

B 13} 2% s

Zol| A 2ol A o] sl AR 12 HE9] (B), = (O),
A2 (P)e] vlgo] BT BEARE F2 E F Aol
A bk e EAE 2% 2 (O, A P), A
(©)9] Bl Eo] wetor] FARE SuY YE 22 o
A F2 AAse] F AR FAE AN 2RI
Aol go] vhelstet. W (2005)% FATe AAAE A
S sharel melsh 2o AN ¥1(G0:10:10:
10:40,B:C:P:G:S) etz 2] B go] =on ZEo
2ol ¥xsPe Rol FuATA Adall felseb
wushgEd & A7e 2R 20 A AR
A AdsFEA ol 87kt 2 edaA A
Ashe Ax FUskch 2N 13} 2 BF By
7} MAERE ol ARt sHTE, 4 —’F—’E‘, s 5 U
< B2H g eclelA Aelde] U, o]2 ke =
AR 13 260 A Egabeel 2 ook 2 AAEE
ol 7k hebd Aoz 2w

A 1A AR AREFEAZ o TFs
2l F AedzNedl= 22%= wi$- v]u|Et Ake]E
BRT FAF=H 2N E 63%7F 9 AR H]&& n
of XAF=H2NE v AEss oz velydh Rei-
chard et al. (2007)2 AltS 9J3A] £F2 o] L3} 53F-
71 B/A AN Boldte HSFMs=r) 717 o 9l 2
o]o] &L o Feolx A M A (host suitability) 2]
Z}o] 2 913t ZQIA] 4o o3t zd:l/ﬂoﬂ o3k xgeﬂzl Q
Qlel =-9-§ (encounter rate) = <l Qlx|of wjgt AE
A A vt odet ZARAA 1AM 2355 '3“1’3]';‘]";‘/] Arett
Aol ZAA 204 =R EgdAee] Al g o
Aoz o ZAA velg=d (unpublished data), ¢]= =7]
7h o 2 FAF=H 2N v Z%e] Aktelr] $13 AJE)
# #4372 (adaptive character)o] ¥k ®l 7oty eyl
ok AR Bt F2 A28 Bkl (B), 2= (0), A
ZH(P)9] vlEo] ¥ FoME AT JA v
AR Ha) e v g Aol F Fol 23T B
w3 gobd 4 Aekw Az ofol ARkEFEA 3
Bab 2, A9 ) R Be 2R
Huz opgel 9T 2hHd Q77 AR=olel & A
.
AR 1A S AUEFe olgss Fow
THAT AT, FE7 AN AT o
g3k 2ol Qlold BT BATERD, WA
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a1 A Z+EY} (Hirai, 1964; Kondo et al., 1984; Nagata and
Nakata, 1988; Fukuhara et al., 1998; Kitamura, 2007).
ZAAA 19 AQAeelN BdAEsl EAEES 2
o] Arekal oF gl zjo]e] 4= 1~41(12.0+9.21)7)= 3}
A= A=, W2 $(2005)0] gt 2hewzs) W Al
Fgabee] o gl Apejo] ol 1~ 1425 Bk wig- @
et ol AF=HzoNe] AR Wt ALEaiEg
ARz o] 88k /) W oprim]e] F3} unlzt
w7 Wil o 3 Ao S o wol olx opriw] 71
7H] IAZ 2 QelM 2N REH 27] BEEF o] Abdehe
FdAbEe] o 1l zte}r} hAsh] wioz A7bE
Uk A= 270 AF leAME EdAbee] & 3 A

: B

02 FAFESZANANTE A=) o AT} =
A7) ez e} e Qole] AR F 29 =

77re] el whe E|AEe] HFARHES XA F=Y
20 75.0%, 2B 42.9%, 2Het) A o] 21.4%= vIe}
w2tz o} A2t A olel = > AlFHES Hloh
AF=zle] Aol AR 19 Az
63.6%, 4§ 12] 60%1RT} Alhgo] A Vet FHES
37, Akeket oF 9 zjelo] = 1~35(13.0+8.80)71 = A}
g 22 B 2ARA 2604 9] ApdAte ol AMAshe 2t
<3zl W AREES 2ARE A3 8.35% (431704 5 36
A Alhz w$ e AlRbgS By Aletd o F A
0]9] 4= 1~32(5.9+6.54)7] (n=36)= }EP=1] (unpub-
lish data), o] A& 2¢] oF 2 zpe]e] 49l 1~26(5.2%
6.92)7 b= frARSE Fke Bovk 2Evh 2AAA 29
Ardare] W 2Rz el Al 29] ez o Ak
= Z AelE Bl A W zR2Ezole] AR
13.1~50.0 (36.0+5.51) mm (n=431) W] 37, A 2¢] =}
otz 35.8~52.7(42.3+4.52) mm (n=28) W $]eIA] Al
g 20 AHEE 28] Z7|7F At o] 2 RT AX ¥
= AbEbge] yepd Zloz AZEn. =3k 107432 27
£ 3 el b AdFoEA ARG 20 F
=7} oA o AzEqlr] WEoz st (Kitamura et
al., 2009). W3} 4-(2005)¢] ®rgt T oA FARSE 2R
TxNE 224~49.5mm MR FgATe] o I Ao
o] 4 1~ 1425702 et 2ARA 29] A= 23t
o o gl Apeje] £7h A gehed o)y AlRtsFx
Mol &g, 7o Asds, AlRe] Ao| Aelz <l

o P

2hgict. olol] ARFEFEANZ o £33 29k obrbu) ol
A A o] A EE oF 9 ztejele] Ao dsiME A&
el A7k eshha AzEe
Szl Al3EE AF 3ellA] Bgals
Mol 74a =] Akshgiid] ol ahe
olHo} AlEtsF 2/ Aswrt o 7] dEdd Loz #
k=) Reichard et al. (2007)-2 3&3=71 (R. ocellatus)=
B3 Aol 7 W 3585 714l A globosula: 31
SN 7P Azdhe el L caveats 7 Az
7 gt Foz vy 2 AT Agels 29 &
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