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Spawning Characteristics of Hangang Bitterling, Rhodeus pseudosericeus (Pisces: Acheilognathinae) in
the Host Mussel with Glochidia by Hyeong Su Kim* and Jong Young Park' (Inland Aquaculture Research, National
Institute of Fisheries Science, Changwon 51688, Republic of Korea; 'Department of Biological Science, College of Natural
Science, Chonbuk National University, Jeonju 54896, Republic of Korea)

ABSTRACT

This study investigated spawning characteristics of Hangang bitterling, Rhodeus

pseudosericeus inside the host mussel, Unio douglasiae sinuolatus at the Heukcheon Stream in
Korea from April to June 2017. 327 mussels were collected, among them, 34 (14.1%) were spawned
mussels of R. pseudosericeus with glochidia. The mean number of R. pseudosericeus embryos with or
without glochidia by the mussel gill position was 5.0+ 3.58 (range, 1~8) vs. 2.8+£2.13 (1~9) in the left
outer demibranch, 1.5+0.96 (1~3) vs. 1.7£0.82 (1~3) in the left inner demibranch, 1.4+0.51 (1~2) vs.
2.1£1.85(1~6) in the right inner demibranch, and 6.4 +4.82 (1~20) vs. 3.0£1.86 (1~6) in the right outer
demibranch. The frequency of R. pseudosericeus embryos with or without glochidia by the mussel gill
position was 82.6% vs. 73.4% in the left outer demibranch, 17.4% vs. 9.4% in the left inner demibranch,
26.1% vs. 15.6% in the right inner demibranch, and 58.7% vs. 67.2% in the right outer demibranch. The
mean number of R. pseudosericeus embryos with or without glochidia was 8.5+6.43 (1~23) vs. 4.5+ 3.38
(1~14). The number and frequency of R. pseudosericeus embryos were higher in the mussel with
glochidia and the outer demibranchs than those without glochidia and with inner demibranchs.
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9J o]} (Cyprinidae) Ao}t (Acheilognathinae) o] F+=
23 FRoHAIoL Frlo] F2 RESE Bol ZHED A
2 2¥Fo]Z F427) (Bivalves: Unionidae)Q} &=
JSAAE FAZHTH(Smith et al., 2004; Damme et al.,
200, AR M 7] B e TR e

E53S 5o 2 W obrtu]of AbgtstA Hr
e e BANE U 2] 290 ALAS B s
dAo] Abtet & NS WEste] 2749 ofrtm] QoA &
o] =Ho] o|Fo At (Smith er al.,2004). THE ¢S 420
w2} Zpo| 7} QIA|RE 3~45 He 27 Qrol A LATEAZE A
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PGS o F-T F FI95H0l AN 27 e
2 UH ", ZfRF0l 7 A7I7HA 218 SF=2
A] o] &3} Fr}(Aldridge, 1999).

g 27 S271Y0k (glochidia)2til &2 &
AS 7HA ] §AE ol Fol A7 A7IE AFF Tk
(Dillon, 2000). 2&27|tjok= BE @279 upgE ofrin|
S ESFor o] &stATt dRFS IE upEE
op7fu] BES BEPo R AMSH| = Fth FRI|Hoks
Aol AHEIL of 2~6FKF 8E7HA] FEZIof 3f B
Hop7h 5o 2 FEHAR 99% old2 A-T s £t
312 B3 AAEgo| uf$ Yt (Haag, 2013). 227|017} of
=22 &=a 71% OEN AL o]HL o]FAo] & 7\7H_,]
Babm BE Ao g g A drk(Schwalb et al., 2015).
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7188k Heal BAbel7] §13t o R o] 8517] wiie] A
2 ol=g 9E AEFAOR UoA Yok Teit Wil
S olfist 24 oblal2el & S, oA, 2 T
5 AalE 2 4 Uche AT/ HEIUA A2 A7EL
e R P
92 GRS ATAR ZAE olgHE SF-714T
£ 7= Ao Z Busla @tk (Reichard et al., 2001; Mills
and Reynolds, 2003; Spence and Smith, 2013). =3t GA}-F
ofit o] R Y} AolY HEES Eol7] Sl FS F3HA
7h AL g, AAkdo] AY ¢ Sle e A=, 2/4AY
4 T oFRt gl tigt A7t d2A ltk(Aldridge,
1997; Smith et al., 2000, 2004; Kitamura, 2005, 2006a, 2006b;
Reichard et al., 2010).

S73EE 7 R. pseudosericeus= Arai et al. (2001)°] 2]3|
U= AT 32 FAAANA AAR A 45.5mme] E
25 7ELE AT 7IAE AL /TLE, S oS
B3 9 o] we HEO| IAse] SAHRAAY EE7]
I 72 AAH AT (2018.10). & Fofl g d+= 2
A1} 27| AZAF(Kim et al., 2006; Suzuki, 2006), AR &8}
A B4E 58 ASAYEE A+ (Jeon and Suk, 2014), A=k
EA (Kim et al., 2017), A 21%A (Ko et al., 2019)°] st &
Fato] £YElo] £ HES U AT REG AFolth &
T E FE AFoR HEI] oW §ol WA BE

L Y= R. sericeus®t SYE0 2 AAFHEY o|AHe AF

L £FHBE, 2AME 24, 2As BHzA Aol
ABH A 5 4770 BAS W) A SR a7
o uh glglont B Eel g AAT AT W
H} §lth(Smith er al., 2001, 2004; Mills and Reynolds, 2002a,
2002b, 2003; Liu et al., 2006; Reichard et al., 2010).
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sH 54E 7PID sk Aol oo} ezt
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Aol RS vl wste] BB ewaA Aol
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% FHE A F4F Aol W 1~59 Aol 15~20

3] AAsHEH. & 2

2 g7 17 7= AA
=o] glo] FAH] 2AM A

71544 FSro 2 AT

L 2o gz, A7)t 742 30m, A

o B 08moln, 859 ol AASAAT
‘ELX}-'T‘—O]‘J—]' Fe AEEN 15, 2 2R Unio
douglasiae sinuolatus 157t0] X243}t (Kwon et al., 1993;
Kim and Park, 2002). 7= & (FE, 3x3 mm)E A3
WYL, WAL ENE DA AF BEA] 1F olFol
B2 ¢ A7 919 DR AVI o) ZYS1E HED ¥
Y8 Th (317 £, 2017-22).

S ARG RS s A AP 2E
%

L 0.1 mm $£&E7HR] 3L A9 Y=

£ :Efli %9l & 10% formalin solutlonoﬂ

st TAE 2= AFAZ o] T gL A
7he] &k Zoj7t izl ofriul Q] Yx|9}F 1
CEA 279 S8 FE27|Hole] BE
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2E {94 ASE SYSTAT £ZE o] (Systat version
18.0, SPSS INC., Chicago, IL, USA)S o] g3ttt a2
M| AAdfFel F27]tor fA Hefio] e 27 2%
o] ZFoli= ANOVAE o|-&sto] HFsHAtH 2719 of7hu] £

A, 227|"ot fA E&F5o o A EEIN °]'14' Ao
4 Oga AR E 9] X}o|= Kruskal-Wallis H testS 4~3)3}
Ak 2E7I"o 4 EEfFo g dEAN °]'J—} A}
0]2=9] JolL testE BEAFtPOH, EATH Qojirze
P<0052 AQatc}.
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Table 1. Number and proportion of spawned mussels, mussels with glochidia only, and spawned mussels with glochidia from collected mussels

from April to June 2017
Period
Total
April 2 April 23 May 3 May 24 June 5 June 25
*N R N R N R N R N R N R N R
Collected mussels 44 47 29 55 92 60 327
Spawned mussels 25 56.8 21 447 14 483 19 345 22 23.9 9 15.0 110 33.6
Mussels with glochidia only 0 0 0 0 16 552 15 273 24 26.1 9 150 64 19.6
Spawned mussels with glochidia 0 0 0 0 414 12 21.8 15 16.3 7 11.7 46 14.1
*N: Number of mussels, 'R: Relative rate (%)
lIIE:}" ]’]-IE]J)T}:Q-- 801 [ collected mussels (n=219)
[ spawned mussels with glochidia (n=46)
601
2. ZA7|Zt0l| 2 SHEEIN Atba 401
ZA7|Zre) 2 e Aol elE 2l & 1

=

Hu| &2 49 2 ZAMIA 56.8% (n=25), 23Y AL A]
447% (n=21),59 3Y9 RALO|A 48.3% (n=14),24YL ZA}o|
A 345% (n=19), 68 58 ZRA|A| 23.9% (n=22), 254 %
ALl A 15.0% (n=9)= Yett 7|7to] Agof wet Abhd =
7HE] mlgo] RotX= ALE UeyY 27|t 48
B3 2719 S@H&2 49 29, 239 RAPfA = ElE
2 sk 59 3Y ZANA 55.2% (n=16), 249 AL A
27.3% (n=15), 68 59 RAFIA] 26.1% (n=24), 25 RA}e]
A 150% (m=9E F4E B535 27 FRIENL 5~6Y
ZAP|ZE Sk Azbo] Aol whet FR7|tot RS B
gk 2719 S H|E2 RolA = AL =E UgyT

3. Z7He| obrtal gIxlet 2E7ICi0F S HESRH HE
Arziopt

FA2TEANe 449 ob7bu| (AN 7L YL, ©f F v
Z ol7lu] (JutA) 2A TS BeYog ALgsgTh.
GE &3 o] a2u FEI|Tol S BT 27|
oF B53kA] of2 /e A= Aol7t Ui

ANOVA, Duncan’s multiple range test, mussel size with or

(two-way

without bitterlings, Fi323=40.9, P=0.473; mussel size with or
without glochidia, Fi33=15.6, P=0.657), 3734&7) <7t
Aol F2|tlol AT HBAEL gl Ao ekt
(Fi33=76.3,P=0.327; Fig. 1).

of7tu] §Xo WE S =27|Hot S E&F 2 A
AE FAEEN G Aojps AF WA 5.0+3.587)
(range, 1~8; n=38), ¥ WL 1.5£0.967H(1~3; n=8), &
EZ YU 14205171 (1~2; n=12), LEZ HIA 6.4+
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Fig. 1. Shell size-frequency distributions of collected and spawned
mussels with or without glochidia from April to June 2017.
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Fig. 2. Mean number of Rhodeus pseudosericeus embryos with or
without glochidia in the four parts of gill position inside mussels
from April to June 2017. Vertical lines show SD.
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£ 227|Hot S B8R g2 2 olA &l
G2 93 Aol AX ubA 2.8+2.137H (1~9; n=47),
A= YErA 1.7£0.8270 (1~3; n=6), LE& ‘-HE’_]_‘/\H 2.1+
1.857} (1~6; n=10), 22 Uk} 3.0+1.867] (1~6;n=43)
2 Uehga, ubgrt ek Rk @9kt (Kruskal-Wallis H
test, P<0.001; Fig. 2).

o7tul el ME TR0l S BET EANA T

QN BPEEN L3t Aol9] BANEL AZ Uk 82.6%,
AZ YUt 17.4%, LEZ YHEA 26.1%, LEZ 2HEA]
58.7%= YEtem, ubA7 WA EY &2 o= e
%ot (Kruskal-Wallis H test, P<0.001; Fig. 3). o}7}u] $]x] o]

£ 2270t S B8R g2 24 &l &3
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Fig. 3. Frequency of Rhodeus pseudosericeus embryos with or with-
out glochidia in the four parts of gill position inside mussels from
April to June 2017.
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BB L Aole] FENEL AT ULy 734%, A% )
HHA) 94%, 22 LHH]'/\H 15.6% —?: QHLAY 672% = L}
EpET, 1AL ST e 02 et Kruskal
Wallis H test, P<0.001; Fig. 4). 37 ‘g}'gﬂ] ota} zloj o] &3
MEL 220l 4 R4E A BEHA gL 2
MET ¥ =%t (Kruskal-Wallis H test, P<0.001; Fig. 3).

Feslto} 88 ¥EY ZANA FAE o Aois
= 85+6437(1~23,n=46)F 1, EEv == 37 (152%), 4
M (13.0%), 671 (10.9%) =22 Uetylth. 227]HoF S
HE51R] o2 204 EelE € Zpojas 453387
(1~14, n=64)P o, ZHTE 7] (21.9%), 27 (15.6%), 3
H(109%) 202 ehdeh AEA dt ol 2z
Atol §AS HET ZAGNA BEAA e ARG o
W3k t} (un-paired t-test, P<0.001; Fig. 4).

z o

~6E7A 2 d4HA Qg B o

A% WeE H° @%01 solE 27l0) FRuIEE 49
128 A $A BASAT o)F 69 274 AL 7
she e uy

At A& 07 ZRlEo] o] AFARL
et al.,2017; Table 1). S, F27|t]o}
AL B3 A2U2s 49 ZAAE ERIEA] G
5~69 ZAZ|ZE FoF ERlEGIoy 7TEREHE ERIEA @
Sl 22N Y 4= S BHS% 5~682 4
Hol 7]1& 445 H 8Y F=7HA Y Hilek= Atol7t AU
ol ZARA Y, 87 =4, 7|$RSE 5 &4 2219 Aol=
olgt Axtaty BehE th(Park and Kwon, 1993).

[J with glochidia (n=46)
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Fig. 4. Frequency of Rhodeus pseudosericeus embryos with or without glochidia inside mussels from April to June 2017.



Back and Song (2005)2 E3AL2 Acheilognathus signifer®)
222 W Ak ZHo] 30 mm o4 ¢ 2/HAEA
2 o7} itk 8}, Song and Kwon (1994)2 EJALE
A. yamatsute’'= B2 U. douglasiae® 7|7} E42 Atgh
Wk %A Lreheha stk T B ATl e
£7l= 2=27Idot 4 f5e dAglol 2 50~55 mmo]
A 7V w2 3 Afole] FUNEES Mol T AT (Fig. 1)
B AU o] & XAFEYZ2 A=
66~70 mmol| A, Z-2 T 2= 51~55 mmollAl 7HE w2 A
27 Yebged] (Kim er al., 2014), o= A Zo|7}
20 W AR e Aol o Zo] AbgtdE ¢ =7
239 B2 JPNS B S W) g ol WA A
Roje] BEEE Fol] U TAMDYe Antetn
t}(Kitamura, 2006a).

At ojujsf o} F 27t of {AYL ofrfu] Qb A ufEAY
o] doji}7] W&o o}t E ES&Y (marsupium) 22 AL
37 Eh(Kwon et al., 1993). 22 27M+= 2%+9] ubATt
& Begoz AESAY WATol ol R hed g
Ho} QutolA] EdRIE7 2 F& BEAE, 434t A
longipinnis7} BT E I, WA oA SFUET} & £
E9AE, A2 A. rhombeus, QEAY R. ocellatus kurumeus,
FHAL R. sericeus, R. amarus7} B 1% %} th(Song and Kwon,
1994; Reichard et al., 2001; Smith et al., 2004; Back and Song,
2005; Kitamura, 2006b; Kitamura et al., 2009; Kim et al.,
2018). FAFROLE o] 474 ol§(42H E, B2 ol %
AN H24, EESS)E QA3 WEkAo) 2 ARtet=d,
o] F WHtAjof A=t AL S 27|Hol AT AbAe}
370 ARS Tstr] Hdtolztal e Hb itk (Aldridge,
1997; Mill and Reynolds, 2003; Kitamura, 2006a, 2006b). T3t
Kanoh (2000)= L& Atete] A9 270 W 4At3aE A9
AlZbo] BEstE 2 ukafo| gt AFgbetA] Zstkal ukAfol =
WA BT et

E3], gR 28t dEAL A longipinnist FAARZOR 2
27|tof 49 FgS WA YA AT 2 d12
e @PYEAE 22T RS BRFelE BT}
3 QRN A W U Aol W SENES EYET
ol= wl$ EE3 A7zt AYZE T} (Back and Song, 2005;
Kitamura et al., 2009; Kim et al., 2014, 2018; Figs. 2, 3). ©| &
gt Adte A, 209 SR FxRoE Aol Qe AL
g gotE=d 2709 ekl A Fiks F47F 19
of gt Aolrt 27) o= Edo] ke FRoAT Y
WS A3 HERE B9k @8 glol Aolrt Aoz o
A 2AHERE EEE 7HsAol w71 g vehd 2=
Z 2 F T} (Tankersley and Dimock, 1993a, 1993b). 4], 379

2709) A3t Aol RO JFANNE ASTFH E5F

SHEHENS 2R E50 M2 MHUEM 67
o] YX7 ZoA F= A= (BB 85%, private
observation) Z7] 2]8) oiThE Bo] §EAAS} 28 ]
of orbu] & MEHS W E4F ZHIA H £ 44
B Ak FANE 2 W YA @7 gEos AzHd
(Kitamura, 2005). A, FE27|t)o} $AHL BHE&T 271 B
25 e 2R B ARPALE ALY ok
& WA ROl o R FRAITO] o] Ro]x|7] Mo WE
BIPE B3 FL obtul MG B2l obd We Aoz
HE A7 Yol o] Fate] Aba 9 F7He| FNAAS WE
Q7] EL 2 FHHch(Methling ef al., 2018).

WAGEANY L3 Aol G4 BT ZAoA 85+
6.437] (1~23)2 Bo5tx] ¢ 2 4.5+3.387] (1~14)
B @o Aoz yehyth(Fig. 4). Kim er al. (2017)2 37
HEMY AL Y & AoleE 58155170 (1~22)
2 1% v} gl o)k 227\l §4 BE f5E TH
A ore AT} Afol WebETh ByaiRe] A TSR
AW L3 Zojgs 12049217 (1~41), Z-2T 2 W &
I} 2ol = 257 (1~14), ZHA1 801 R. uyekii®] T2 W &
I Aojae= 10245071 3~18), EEATY T2 W 4
Aole 3,670 (1~35) 9=t GApolat ozt 27 ol
waha Z}o] o] YRt (Song and Kwon, 1994; Back and
Song, 2005; Kim e al., 2014, 2015). £3], XA FEZH M=
22z ETt Bt 2717F 15em BE 27] giio] Abgte
a3 Zpojrt Y2 Aoz FHEHY ZAg ol AEEN
o & dHE Aot 42 27 Wl AR FEHE 7
A 7 Folhar stejet= A4 of whE Aol oletar wet
Heot, FHAL R, sericeust= 271 Qo] S 27|t ot FA0] A
U ofu] ekt Afol7k Gl A9 2 ) ALEIEE Wopx]
3 AWE W) g8 Aekgol wolAn] et Aoj4E
ol AT shof 2 AT Azpek Zfol7h Uleh(Smith er al.,
2000; Mills and Reyolds, 2002a, 2002b).

2 dFoMe 3718 BAE A= AEENY &
ST W ARHEALS st F23E Aspgdel sl
=o5tgith 53] A EEMNY & Aojg & SANIEE
S27|"oF S B&E A2 utAjoA o A
vetd Adts o FEET 28y gRFotat o7t
27|90t AT FAE wstr] s 2719 Wbl =
2 At AR 227]Hot fA0] lolE Bt 9
TS a3 ARz dgtozn dA H= ol o
A= AP a2 WollA o AR Ado] ZdPE ojof &
Aow wE

-

Al
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2 FAES] g 2Lz f At B4 B/E AT
£ AABHATE ZAIZE B3 11" 2= 327A01 9L,
ZE7|Hot FAE H83 27 F EEAMNY Aol &1l
H 270 347041 (14.1%) 2 YebgT of7kn] YA]of wg 2
27dol gL BS3 2ofet BEsA] g2 2IfoA &
oyl &3} zjoj Y& EHA] 5.0+3.587 (range, 1~8) vs.
2.8+2.1370 (1~9), ¥Z WA 1.5£0.967] (1~3) vs. 1.7+
0.827] (1~3), L 2% YA 14+0.517] (1~2) vs. 2.1+1.85
N (1~6), LEZ A 6.4+4.827] (1~20) vs. 3.0+ 1.867}
(1~6)Z Ueiith oprtu] 93¢ wE F27|tjo} S B
53 209 HE5HR] o2 2IfA ER1E g Ao &
HAREL AZ QUL 82.6% vs. 73.4%, V& WHHA) 17.4%
vs. 9.4%, LEZ YHHA] 26.1% vs. 15.6%, LEZ QUHLA]
58.7% vs. 672%= YEGTH Z27|t]o} S-S B3 27|
o} B8R o2 ZIfOIA F1E d Aoje= 854643
7N (1~23) vs. 4.5+£3.387 (1~14) gt G E7) &b 7o
= 283 S@NlEE SE7|Hot fAE HS3 29 ot
Aol A & A2 e

Al Al

o] =72 20209 % PS4 EY AT ATAY &
ZHZ 9 24 (R2020034)2] A Yo 2 =3
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