SISl ElEl S A] 34(4): 274-281, 2020 ISSN 1229-3857(Print) ISSN 2288-131X(Online)
Korean J. Environ. Ecol. 34(4): 274-281, August 2020 https://doi.org/10.13047/KJEE.2020.34.4.274

FAHAMZE D XI2], Acheilognathus rhombeus (Pisces: Acheilognathinae)2|
2 = 7H, Unio douglasiae ] M2tnt HSEM'

21
=

2t

A2 =43
= uEM - U

Ej*

o

Spawning and Adaptation Characteristics Inside the Mussel, Unio douglasiae of Autumn Spawning
Bitterling, Acheilognathus rhombeus (Pisces: Acheilognathinae)'
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ABSTRACT

This study aimed to investigate the autumn spawning by bitterling (A. rhombeus) inside mussel (Unio
douglasiae) and the adaptation characteristics at the Bongseocheon Stream of Mankyeonggang River. The
survey was carried out between August 2015 and July 2016. The spawning season was from September to
November, and 17-75 (36.2 £ 16.44) eggs were found from mature females. During the survey period, 476
mussels were collected, 129 (27.1%) of spawned A. rhombeus. Mussels that spawned eggs, embryos, and larva
of A. rhombeus (46.3 + 4.55 mm, n= 129) were larger than than those that did not spawn (42.6 + 8.51 mm, n
= 347). The appearance frequency of A. rhombeus larva before and after the formation of lens was 99.8% (n
=597) vs. 0.2% (n= 1) from October 2015 to March 2016, 25.6% (n=23) vs. 74.4% (n= 67) in April 2016,
0% (n=10) vs. 100% (n=40) on May 2016. The number of eggs, embryos, and larvae of A. rhombeus inside
the mussels were 1-18 (5.6 + 3.81). The number and appearance frequency of A. rhombeuseggs, embryos, and
larvae inside the mussel according to mussel gill demibranchs position were 1 (0.01 = 0.09, n=1) and 0.78%
in the left outer demibranch, 1-18 (2.33 +3.31, n=63) and 48.84% in the left inner demibranch, 1-15 (2.97 +
3.79,n=76) and 58.91% in the right inner demibransh, and 1-12 (0.33 + 1.71, n=7) and 5.43% in the right
outer demibransh. The highest frequency of the developmental position of eggs, embryos, and larvae occurred
71.8% (n=445) in lower part 3 (L3) before formation lens and 94.4% (n= 102) in L3 after formation lens,
indicating that L3 was dominating position for eggs, embryos, and larvae. More eggs, embryos, and larvae of
A. rhombeus were found more often in the inner demibranshs than outer demibranchs. Since A. rhombeusis a
species that spawn in the autumn and thus avoids the competition with interspecific and glochidia. However,
they have to spend the winter in low water temperature. Consequently, we assume that A. rhombeus have
evolved toward embryonic diapause under the low water temperature before the formation of lens and spawning
inside the supracranchial cavity to save the transit energy from the water space to the suprabranchial cavity after
the achieving movement ability with the formation of lens.

KEY WORDS: SPAWNING CHARACTERISTICS, HOST-PARAS TES, COEVOLUTION, EGG DEVELOPMENT,
EMBRYONIC DIAPAUSE
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£ "gf] ARISEAY, fARS 2F ARM7IE Dejsls A0 R
&FE o|8aly ZslsYtiMills and Reynolds, 2002,
2003; Smith et al, 2004; Reichard et al., 2010).

9A)8] (Acheilognathus rhombeus)+= 92Ut} Yo
H3ESh, dRbAQl YAlRol ot A B SRS
e Bief L-ejuzlols= fddt FAKRIE olfE A=
9-11¥2 «4#A QItiNakamura, 1969; Shimizu and
Hanyu, 1981, 1993; Kim, 1997; Ki et al., 2019). Akt
T FA 2= 2700l Altsl= Al7]ell AAsks ERbFolt
olF7l ¢l W ohet SEINE FEI|Co fAS HaS)
A o= AZI7F ARRE710)7] whizell 227t f8e B
73t 4= Q= Aol ot Ty B £ o] W I3t
AEA71E EUjoF 517] wjiZol gt 2te]o] BEES =o)7]
f1sl FH(diapause)o o= 51T AE|A] 243 WHAlo] LRt
= o7 d#A ¢riKawamura and Uehara, 2005; Kim
et al., 2018).
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g AAolo} webA 7 Al 57148 BAIE FAdsk A
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10 1"E)ellA 18] oA Ssalgich. a1} $28 txeize)
Z747](Bushnell Sport 600 Laser Rangefinder, Columbia,
USA)Z o}SSIRiL, 44ke: E412 obsio] 24aiith 241
717k B R 722 WA o5 1A AeE HAE
L2 A|(SK-1110, Anyang, Korea)g ©]&sto] S5t

2. ©X[2| L27] | X201} 0|7 SAENE

HA29] A7 1E 45| flete] Soi(Us, 3x3 mm)L}
FRloH(5x5 mm)S o gsto] vig AYRALE AA[SIGIT
PRE FA 2= uFAI(MS-222, Sigma-Aldrich, St. Louis,
USA)E o]8sto] niAIXl & AP 1/20 mm dial caliper=
0.01 mm7}A] Z73F3lar HAle] e EHE oasial

u) et o ARRElaL ool BlEE SRt Ak
oIt} HARRoht off FAaE AT} ARt RINES
Kim and Park (2002)2} Kwon e al. (1993)0]] w}e} 53515},

3. =M LY A2y

Al 270 Wi A 2As] ffeiM ARl 2e
Z7k= 0.1 mm =F714] 1/20 mm dial caliperg ©|-8-5}¢q
2 21, 200e] T2 1 om BEE Fof Ylele)
Aol RS ERlslglom, Aleto] SRRlER] o2 2oik= Sl
ARSI dAlzle] Atlo] Siolel 2 ok Aol &
FoA) FelES 2] Q4TI 245 S Pow 22l
3 10% formalin solutiono] 1273}o] AdAR Su51IT
IE e Y S Adslar, wWRe o gt 2}
o7} 591 orfule] 9ixiet 1 AeE FIsick Al ot
Alofi= FrHAtelol okt A F(BFL, before formation lens)
T} o] ZJARKER= oL 34 B(AFL, after formation lens)
2 FEEI(Kim et al. 2018), L3} xjoje] e ol
APk st Lo 2R E Lower, Middle, Upper part® 35
B9 ahponny W TojRE 3, 2, 12 35Ee
N F9= 22 FFEste] EAsItKFigure 1).
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Figure 1. Diagrammatic illustration showing the gill
demibranch and suprabranchial cavity of Unio
douglasiae. U, upper part; M, middle part; L,
lower part.
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IE folA AF2 SYSTAT AIZE|of(Systat version
18.0, SPSS INC., Chicago, IL, USA)E o]-&3I3ch dR|g
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1. g7EL

FARE W7o R fRlele AR asiRor eaolle
= (Potomogeton crispus)Tt AR (Hydrilla verticillata)
o] Zeuixio] mro] Aeka giolom), she] F1EL 10-20 m,
£Z0 2-10 m, $412 0.8-1.0 mo|ck 1 m A= 0|9
H7} AAJEo] Qlof & E50] IS, Sl Mo Hlgo]
90% oo uj$- k.

7Rt ERt 7123} ~2-0] WSK= Figure 29} #th 7]
T} 2 B 79 36.0C, 27.1CE 7 &A1, 199 2.
9C, 27C=E 7H Woltk |Alg] 47le] BHE otelale
o] Alettol| A A<t dol SRIEY] ARRRE 7|17k 9-1147}
AL, AR A AFlollA At ol 2RI o] 3
H1E-2 99 9.26%, 109 22.95%, 114 2.63%= 109l 713
= VEbstth(Figure 2). <3t o] ZlE g2 dAl9
AR} MOl= 54.1-71.4mm (61.7 + 433, n = 20)0]Q1, o=
L 17-7570(36.2 + 16.44)2 ZAFE|Qlon, AAfo] AR
& 7 ke AeE EYtH(Pearson’s  correlation
coefficient, r = 0.004; Figure 3).

3, ARt Meny

2 A7 59 ERIE ARl ol HAlE, WA
(Acheilognathus lanceolatus), 1='4=7]] (Rhodeus ocdllatus),
ZIAFso] (R uyekii), B'g=780] (R notatus) 550113 27l
=7} (Unio douglasiae) 155t0] AA5H3ILE AR IRE 53¢
W Hxle B 47670A19L FA] 9] Algto] 2RelE
Zhe RIAR ARHES 27.1%2 YERTE Ex2719
Z12F HO= 16.4-64.0mm (43.6 + 7.81)0]3lon, Fx|2]9]
ok} o7} Akl 27463 + 4.55 mm, n = 129)7} A=]R]
kS ZIN42.6 + 851 mm, n = 347)Et} ¢ 2 A o= LRIt
(Mann-whitney U test, P < 0.001). g=|&]e] A= gt
Ao 2ole) 20 Pt AYRE SRR ARG Bl
(Pearson’s correlation, r = 0.059; Figure 4).
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Figure 2. Monthly change of temperature and appearance
of Acheilognathus rhombeus females with eggs
in the Bongseocheon Stream from August 2015
to July 2016.
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Figure 3. The number of mature eggs of Acheilognathus
rhombeus in the Bongseocheon Stream from
September to November 2015.
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o

A FA 5 Apole] EdME2 20159 10€ 100% (n =
138) vs 0%, 11€ 98.8% (n = 85) vs. 1.2% (n = 1), 12
100% (n = 82) vs. 0%, 20161 1€ 100% (n = 60) vs.
0%, 2 100% (n = 85) vs. 0%, 32 100% (n = 147) vs.
0%, 49 25.6% (n = 23) vs. 74.4% (n = 67), 59 0% vs.
100% (n = 40)= SRI=|Ick(Figure 5). HA2] Y} #po9]
of7fua]of| A $12]= 971 F9] % middle part 1 (M1), upper
part 1 (Ul)& A|LJeE 7 FLloA AR Qb 34 A
o1} R}oji= lower part 3 (L3)of|A] 71.8% (n = 445), M39]
A1 10.5% (n = 65) =0= SRIELOoH, ot A T Aol
L39J|4 94.4% (n = 102), M39J|4] 2.8% (n = 3) &°=&
SRIEo] St A AS B g2 Yt Aoli= L3 F9lo]
A 71 Eol 2RI ItKFigure 6).

Appearance frequency of egg/embryos/larvae

10% é I
0% : - - - -
Oct. Nov. Dec. Jan Feb. Mar. Apr. May

2015 4 2016
Month

Figure 5. The appearance frequency of Acheilognathus
rhombeus egg / embryos / larvae in seven parts
of gill demibranch inside the mussel. The color
bars indicate the position and developmental
stage, respectively. (U, upper part; M, middle
part; L, lower; BFL, before formation lens; AFL,
after formation lens)
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Figure 6. Appearance frequency of position of Acheilognathus
rhombeus egg / embryos / larvae inside the
mussels from October 2015 to May 2016. (BFL,
before formation lens; AFL, after formation lens)

7l QollA ZlEl A HRe] i} Apof= 1-187)
(5.6 = 38D U ob7br| fjA]of whE U Apefs
2 ZFuEL 9% oukA 17[(0.01 + 0.09, n = 1), 0.78%,
12 UJakA) 1-187)(2.33 + 3.31, n = 63), 48.84%, Q2%
kA 1-1570(2.97 + 3.79, n = 76), 58.91%, 2.2 QJHRA)
1-127](0.33 + 1.71, n = 7), 5.43%= YERL} Y7} EHA)
W} SAHog Golgt SzolA %7 UERtH(Kruskal-
Wallis H test, number of egg / embryos / larvae, P < 0.001;
appearance frequency of egg / embryos / larvae, P < 0.001;
Figure 7).
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3, 2RI 71 ezl 9-119eleh 1o} AXjsisick
(Nakamura, 1969; Kim, 1997; Ki et al., 2019). Al&t7] 2%
2] QoA BRI st U= 17-75 (36.2 + 16.44)7091
=6 7IXEA]8] Acheilognathus chankaensis 3047], 44
2] A. macropterus 123-229 (195)7f, B&5 857Y, EdR&
A. signifer 8-717J(30.1 + 14.0), 3FF4=7l Rhodeus
pseudosericeus 5-457(14.1 £ 17.8), ZtAJE-0] 1-227}(12.8
+ 6.N)& et gARFol} off= Alge] 405 Asst o
G7h F71H %% Holt 302 WokHrkSuzuki and
Jeon, 1989, 1990a, 1990b; Kim et al., 2014, 2015, 2017).
HARFoRL o Fe] oF ek K- (bulb type), AN
(pear type), W5%(spindly type), EFF(ovoid type)| 3
= RS 4= =T, ol 2UNehl AltE A BEES
WAJsl7] SIRt Rt At F shti 2elA QleKSmith
et al., 2004; Kim et al., 2011). Gx}5<(Acheilognathus)ol]
&k gA129] o4 Brloln Y=E7<5(Rhodeus) o}
TF o) =27|7F AL teo] o2 27Hof) of 2] A veo
ARehs Fo dei(Aldridge, 1999) ol L} Zjo]9)
REES Eol7] I3 e o Aoz g,

2 AtollMe wxTl 18R] Atksag o85Sl diE
of) 2 ZTAE o] et ZAks el Eajik £ A
oflM= FR29] Algto] o]fofzl 279] A7]7} Algto] o]f
22| o2 27fol| vl o 2 AR UERg=t] EEAFY
AT B RARIHT 2] 7] Mol Holr} gk
AR, ZABole] el e e Wtk Song
and Kwon, 1994; Back and Song, 2005; Kim et al., 2015).
A2 Algte] gR1E 7MY 2R 2789] A71= 33.6 mmE
71 ofste] 2k A= Akt EA] AR ok Al
& WetEh Kim et al. (2014)8 SRR Aldksa27)
tellM 2717 2 AIFEERI 2RI R AR
E=7) =)t SF9a1, Song and Kwon (1994)+= SGAE oL
oA Z7|7F 2 ERIW7 AR Algo] EdThal
slgich. 27he] 2717} AN obbe] 273k Aol 2717}
SOAA EHar 27 W AkFakeart 37 2 SHHofA HAt
o} offo] ekt xjojo] Agol S Fag olae 3
FlchMills et al., 2005; Kitamura, 2006a). 2= AH27)9]
DERS 2R E2S Solu AEES Fo)7] St
AebdERel Ao vtk

A gls FARERREO R 71Eol| Altsio] ALS 2%t
A HUE gre 2-S FEab] Sl 119 et
WA YA JoIA] FshA Hle] 220] o2t o] 53
31 3gue] wo] Th| AlatElrkal BaislirkNakamura,
1969; Kawamura and Uehara, 2005; Kim et al., 2018).
£ AT 23 3 AP QAL A o
g A Aol g, 49 ZAELE Fulo] FREL A B4

3 2elo] EFHE0] EolA7| ARl oH, SHolle RE
NA7E Qb @A F AoPdEiich 119 2ARIA 17l
Qb A SlaL FA=en] 71 27L sl glof uie- i
Qe SRS T= W Alo] Y] AR LTt A
SPHA] ASEAL 250 F5719] oAkl SfsiAl ZIgyE
thal 3}99=d|(Denlinger, 2002; Denlinger and Armbruster,
2014) kAt TR 2|S] B ZAJARS: =20] 10T oS
2 Ashe Al7IRERAL Az 53], Ak "R et
Ak HA219] g FHat AR Aoleks WhAY 1o
A Zolo] l=dl ol -t A JRFem SiRE Aow
kA K (Suzuki and Jeon, 1991). Z12fu} 34 WUx|]et
it FR 2= EQ1Mof| QlojA] Aoz} vheRtal §lar g
Ao FHa AR Aolek= Zol7t yeh= Aol thsiA]
= A A U AIEAQL E4o] Xlgfx]ojof T Zlog
T B3 AL Ho e FAKRESS] 2] (Plecoglossus
altivelis)qi= 72 Ftolle o] Xaiul= Zo= defA 9l
+Tl(Ko et al., 2007), HA|2%= IRHAQl HAlFokr} of 77t
AFFSk= Al7lof| ofn] Z7RHFOR Vs 4= Sl HAiEA )
ol=22 Sli= Ao= BRIH H} AojA]7]of AAX|E1E 9l Hol
e Holk= A ofdo] Qlrkal AzETh
Kitamura (2006a)= =4k R ocellatus krumeus®] Akt
Zdoliz 2INtol| o] FoR= XI5 2AsH = ¢
AR AF 2709 oprtmietell B A Y o IA
Fromn] TRtolxe] FU A RS W] Pt &jolof AR
ES WE o Qo Hursiglek "@R9e) okt 34 A Ajold]
27Qke] M IR = AR g L, L2, L3 F-9{oj|A]
7P =L QR B $ Aotz A B Sl 7V
H L3F9ollA] 71 =2 Hlg= 2RIE|QIT}. Back and Song
(2005) AtollA] EHARRY] =2 ofrm]o] F1t f1X]Q1 M
FolollA 71 =2 HIER RAEGAL o] & fYEE A=
T Ao g ol sghtal shGIaL Aldridge (1999)%= FARE
HFATE HAsIGic WA Al 2 AlRteial WAy
T A ollA] dojubn] 2R EE Y| BEES WX[El] Sl
TFEsse 4= § Y S0 Wikl L3 fios
ol gste] M-S Al Xtk A 0% Tk o]= HhAgo]
RIS =HA APdslr] ekt o Bl B1F Sk, AkRaks S,
ofgoll4#] Aofoll QlojA Aol e Ao= whETh
HAE AR St Bxle SE7|HoF S BE3H
oot 39 ZAMRE = SR FA8S 2789 2JRbrollA
HESHL it HRge gt Aolpel SN B ot
AT Weboll A = A Uetstth gAkRokt o} 5 UiRkA
oA Ut Aolo] FHNET} =2 T SHARE, PR, Y
AF R 0. kurumeus, A. cyanostigma, A. typus, 4 R
sericeus, R amarus7} 1% @131, QubAjollA] ot zjofo)
SN} =& T2 FHAE, PEEI, A longipinnis7}

N
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B % ¢ci(Nakamura, 1969; Song and Kwon, 1994,
Reichard et al., 2001; Smith et al., 2004; Back and Song,
2005; Kitamura, 2006b; Kitamura €t al., 2009; Kim € al.,
2018). Ao of = 27l W S27]oF fAT} Akae}
B0 Fa A izl 4le] gl bl AEshs
Aoz dHA QrHAldridge, 1997; Mill and Reynolds,
2003; Smith & al., 2004; Kitamura, 2006a). &L} w=]2]e}
AEAE A longipinnis= FAKRES O 2 FR7]tlol fA49]
PR W] OEARE UiRbAfel] B B g Ajoj W SN
£ Hoj FEEQIt) o= FAKRRSol=t Rt wxrie]
F27|to} fAS HSS17] AlRRSl= 3ol HAlE A7t
ZINRte] ofds] ot Q17| whzell 227 |cjot FAe] S
sl7] fIgt Aoe FAHEAT F7HA 2APE QtFCh

HAg= FARERE O R O gAlFol offu =71
of 27 F8Tke] Akt 9 31t AR wE 4> 9l Aol
QA SEE- A 20] TRt AL ZNGIoA] Hifjof Sk T
o] QJti(Nakamura, 1969; Kawamura and Uehara, 2005;
Kim et al., 2018). & A543} gx|e] Zoj] bt A A
Al7]ol s e 4220) 4 9] vljol4] FrH(embryonic diapause)
FHIE B8] Ao] AS S5k o FA $ A7l
= A F9loll IR =M Hot & etolla] Ao =
ol gsPHA ARSI E ofsolURE Aok WRke R 45
Sk Zlo= grhect
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