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Abstract The Itasenpara bitterling Acheilognathus longipinnis is a small cyprinid fish
belonging to the Acheilognathinae, a subfamily that has an unusual symbiotic spawning
relationship with freshwater mussels. During the spawning period, mature males select a
mussel to accommodate spawning of a female. Because females possess short ovipositors
for inserting their eggs inside the suprabranchial cavity of the host mussel via the exhalant
siphon, the pattern of mussel utilization by spawning Itasenpara bitterling was investigated
in the Moo River and a conservation pond (Himi City, Toyama Prefecture, Japan), so as to
clarify the most preferred mussel size. In the Moo River (lotic environment), Nodularia
douglasiae nipponensis (38.8% of total 747 individuals) was the major host of A.
longipinnis larvae, there being no obvious size preference, possibly because neither eggs
nor larvae of 4. longipinnis could be readily ejected from the host in the lotic environment.
By contrast, in the conservation pond (lentic environment), where N. d. nipponensis (24.3%
of total 136 individuals) was again the main host of A. longipinnis larvae, a tendency to
prefer smaller-sized mussels was apparent, due to the ease of ejection of eggs and larvae of
A. longipinnis from larger-sized hosts (shell length >66 mm) in the lentic environment.
Accordingly, differences in host mussel suitability are suggested as being related to habitat
differences.

*Corresponding author: The Board of Education, Himi City, 1060 Kurakawa, Himi,
Toyama 935-8686, Japan (e-mail: masaki.nishio@city.himi.lg.jp)
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“HEADKRNICEA T EN T2 ORI,
QHH%LLJZOTHT‘%ﬁ €9 2B EMEN 2D, A
HRED TSI KAZIKETKRILT 5
(Aldridge, 1999). & 5IC, FKICPEING 2% 2 I8
DfFfalL, Bz < RSE2EBOEE 21T (f
K, 1969), HiHAfF R FICiBIRD ey 2
BT BT EHMETINTVS GEEIZD, 1982
R - HIER, 1985). chbid, —KHEN SO

AOMEHLZIICHEIGEE THEEEALNT
W5 (R, 1969 5 88K « HEEA, 1985).

A % > IXF Acheilognathus longipinnis |3 Fk 1
PESHT % HARREAG DX F 3T, EiERRLR
Yo (1974 4, eAbr), EWNA A B A B Y) i
(1995 4, REER) WKihiEEThsd e edlc, Ly
RFU R MZBWTHaROE I 1A 81 GREEE, 2018)
WKHEEINTED, oI EHI NS
KD 1 HTH 5. AR, EIIKR, KE
KRB XUEILEOKRTOHEIIKRE K TILE
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&, KRR, R REIAZ FULIC IRE >
WEBROILDDODRENEHEN TS G
2011 ; PHf@, 2011 5 /MRIED, 20115 BB, 2011,
2016, 2017, 2018 ; WA IEH, 2012). A 2N
FOEEMD 1 DTHZEILRIKAT T, HiK
AT ORTE & RO B LR 72 His U TIREM
DGR & Z T T O EHEAKR D WL B An Y B
MRERICEEE N TWad e - FER, 20105 1L
I (% 7, 2010 ; Kitanishi et al., 2013 ; Yamazaki et
al., 2014 ; EHIE D, 2016).

BILEOKRMTARINCENT, 41282850
AT SRR RE S X U EHETENC DWW T DM
BNH5EDD (FEIEAH, 2012, 2017 ; Nishio et al.,
2015, 2017), A Xt I8SHRIHT % EIEHO
REIC DV TIE, 580-680mm®D A ¥ H A
Nodularia douglasiae nipponensis 6 {14 7% FI| FH L T
Wiz W IR EIREICHEHE > TW5a (Kitamura
etal, 2009). —Jf, IE/IIKRICBNTE, &1L
NIRRT AENRRICBIL T, ANT{RiEH
I T 40.0-79.0 mm DA ¥ HA DS B 50.0-69.0
mm DBREFEIERE LU TCHHT S L (8 F
1984), EWNKFEICHBW T, BHETA T HA
ERHTZCE (EF, 2000 DEHLHERST
WaBH, WINOHES ILKREIICBLWTELN
Tt DTH5. iz, RENKRICBWVWTIE, #
£ 35.0-64.9 mm DA ¥ HAFR KMEAEFHT S
EMIREENTVS (B, 1969). THICHLT
PEEIED (2017) &, KATHREINCE TS 1 %
L UNRNTDOEITHOBRMERN S, NG
IZ 0.1-19.2 cm/s D i B K T 10.0-34.0 cm D 7K
ERTMBRBICER TS A HAZEINRHEL
THEIRICHIATZCERBREL TS, Thb
DT ENL, A ZEINTHEINCHIHAT 51
HA DY A XASMICTT BT, LK EEE
W eSS OBR W EEET ZHEND S.

Z T TARWISE T, AROBEFEBIC KRB &
AEWLEOKET RN E, 1EKEREEE 722K A
TREDA 22T (R (LUF, R 1
BT, A 22T HEINCHHAT S A HA
DY A XEFSEMCT B LICHET, HESPK
BEWV o TEYNERE DR N A Xt 8T DR
B OEMIC S 2 BB MG LTz

mH L FE
AEHM P ELOKRTIC BT, AR
BLUOA XY RTDERBEIMREDT2DIC

2014 FFICER E N R TIrb . BRI
TOMEF, 2016 4 11 H 22, 24, 25 B KT 30
Ho4HM, (R TOHAEE 2017 412 A 24
Ho1 HEEmRS Nz, &, 1222 /85D%
IR X910 H TdH % T & Hh 5 (Nishio et al,
2015), RPFEIE A XLV I8T DOREINCEE R
ZAIRNEDEHIRTL Tz,

JTRINE, KEFKEEE LTRAI N TV S/
BB TH . JIEEZSmIZETHD, Y
WIS K Z 5 < Te I, WIEFTICERE N
TWABKMNEATS T LIk kN EL< &b,
1k7kEREE & 75 % (Nishio et al,, 2017). —7F5, A %
RS ORI &% % 9-10 A iE, FERERH
iz, KM T EIZKDIKMNMEL & D,
W/KEREE & 72 % (Nishio etal., 2016,2017). FAEX
DRI THO, 4257 DMIc, TERA
L L TIFIT e LRE S Acheilognathus tabira
Jjordani, ¥ V) Z F 3 Tanakia lanceolata, Z €41 3
Gnathopogon elongatus elongatus, ¥ X U F < X
Silurus asotus SN ER U, FENN K TIEAA
27 FINA Micropterus salmoides, 71 Is)UF— Channa
argus B XU XAV 735 ZF 3 Rhodeus ocellatus
ocellatus WEE L TW5S. £z, A1 XV IRSDE
YRR E L TA > HA & ZHA Sinanodonta japonica
MERLTWSD, AT bThLMER
(PN QAYA4AR

fREEMIE, K1 =B KU/l 4 HOEHs DD
WM ENTHED OKRTABTZAR,
2014), AFHEE KM (HIFHT 1100 m*) 1 TR
UZz. #HEH) 30 cm D&Y &K 1 m DR H S
MENTED, FEilZzd U TILKERED R SN,
FRIEHETEDLDNEHIZE TH S OKRTHER
B2, 2014). MiciE A 2225 0EMICE,
HEIINCERTSIFITALEAES, YU X
FdBLUCE2EOIENELRLTED, 12V
IRTOMESIRHE LTAVHADERLTWS.

B, —HOMEBICHIZ> T, HARBBER
O gk e U TaBEZEHT 58001 S
AV BETFL, ARV THEEE KRR
Y1 bR B X CENA DI LY
(FOMRFEE) Thadaehs, ETBXKUER
WEMNSEA 2R THM U .

ERICRHAI S _WBEEORAE Xt
DEFNCFIENZ “KRADY A X2 5T
Zlzoic, RN EREICBENT, BE 50 mx I
Mg SmOA T HAZEFRE LTz, TRESNT
ATHAX, EELFTEAMABZHAVTA AL
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WKBEHEZDITIERNE SIS mm IBERE, 71284
ANDA 2 INTAF DA 2R L.
Z0%, 12NN TOWFHERET S A
A LW bfrfaz R G LisnAa U HA BZNTh
K100 AT DT VX LIGEE L, EZH
L7z, §Hl%, 9XTOA T HAFREINK
FIANTAOMTHGR LTz, S 6IC, YRR 1
LT, KE (em) BEUTFH (cm/sec) Z 51l
Uz, KEBXUHEE, 50 m XEIC 5 mfFD
REWTRRZ BT, R KU HRERD 3 HATIC T
SR 72, a3, PodlE, EREMIRIEET VE20 (B
REET Fw 7)) ZHOVTKED S 60% DIFEX
BT 2FEZE L 7.

RIEMICBVTIE, BE30mxE9Im D1
A ZETFRE L. RESNT A HAE, H
EINO#E L RO AEZANWTA ZEI87D
efrfoEZzHRE L, mEZEHIIUZ. 5Hl
%, ITXRTDA T H IR AT AR R
U7c. /KRB X CHEE, 30 m XHEIC3mEBO
REWT AR 2 BV, MR KO HRED 3 M ATIC T,
JTRNORE L FkROFEZHWTEHII L. &
B, HEINBLUHEMICIZA 28T DI
MERICHEINL, MENSXFORZHNTET T
ZF dFD 5 2 & T Acheilognathus rhombeus 9 X
= F O Acheilognathus typus BB Uiz z 9,
Ml mIE A 2SO ED LMWL
(Kitamura et al., 2009).

T2 HREINBIUREMCENT, 1
2 INTGHEINCRIHT 514 HA DY A X%
HEMCT BT, 1 2B RT O bz
RETEHAHABRITRE LiznA ¥ H A Diik
EIZDW T, Kolmogorov-Smirnov A& I & D SHE
DO ERZME Lz, AT, mAEHiclr
A4 2T OWRAFRZRET B0 HAD
Ak OES (LU, FEIHR) OERITONT ¢
WEZFAWTRE L. RIS, W/KERE L 1IKER
BIcBWTHHENE AV HA DY A XDENE
S MCT 701, mFAEHIC TEHINC AW
ITRTDA TV HADBREB LT A ZL2INT O
fFfa R 54 2 HA ORE, T HICYHER
ERTThEKE h=33) BXUHHE (n=233)
DfEZ HWT, #MN %N Kolmogorov-Smirnov
ERITo T, MAT, A 23T D EINTHI
T2AVHADYA X =TT BHIc, 121
NS OWLFRZRET B A H A OB - JE
HIBUS DWW T AR (CHAID) %2175 72 (Kass,
1980). &35, SEARMHTICIE, AL DRE

AZEE UTHWE:, 22 TOMHTICIER
FHEATY 7 b IBM SPSS Statistics 19 Z{HH L, &
Eok#eR 59 & L7z,

& R

FRIITE, 250 m* OFEBEX THF 747 (H1AD
AVHAPRETN, ZOIEFLAENDKEXREN
TGRS NI, ZD 5B A4 22T ORLlF
R BRET AT HA1E 290 K 38.8%) THD,
A XL RTDOREIFfERET 214 A LR
B 2R LN A 3 A OFRE DB/ 1

BEirERIIROENELh oz (D=1.06,P=0.21;
Fig. 1A). RFEX T, M HALHNDOZHHA
BHREINEM -T2

TREMTIE, 270 m* DFHEX THEF 136 fEAD
ATHADNREI NN, HREINOXS1C, KE
ZEMETHREINT, KELLEIHK S cm D
BITTHREI N, 4 X135 O faz#
92514020333k 243%) THH, 171X
YRS O RZRE T 51 2 A LW LAT
fERAELEVA T HA OREDHEHICHE
IRAEEDED BNz (D=2.08, P<0.001; Fig. 1B).
AHEXTE, A HAUNO - KRHIFEES N
Thotz.

HENEREMICBOTHRES N AT HAD
REDHENHICITAERERABRNRDENEH >
7z (D=123,P=0.10; Table 1). —J7C, Wizd#rih
KBWT, 12V SOWRLfFfazEREET 51
UHADBEDHE M2 LT A, AR
BEPROHENT (D=2.03,P<000D). £,
AEHNC B B EINRZ I LIz T A, EIIHE
ICHERADRBD SNz (f =9.89,df =1, P<0.01).

VBB N 2 R EXK B TR Lz T A, B
BN R & e U, K&, ik
Ehhotz (D>3.69, P<0.001; Table 1).

DA TR, ARINCBVT, £ X8
Z Oz RE T 228 E LTA A D
ERBEHEINED -T2, —7, HEhics T,
A2 NNT DR fERE T 2EHE L TA
VHADBRENRAETN, 66.1 mm L FORET
btrfazfEd % & TSNz (Fig 2).

Z 3

ARHFRICBNT, FUKERETSH 2 HkR)IE kK
RETHZMREMTIE, X2 IITHEINH]
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Fig. 1. Shell length frequency distribution of Nodularia
douglasiae nipponensis. Black and white bars indicate N. d.
nipponensis with and without larvae of Acheilognathus
longipinnis, respectively, in the (A) Moo River and (B)
conservation pond. *** significant difference found,
Kolmogorov-Smirnov test, P < 0.001. n.s. : not significant.

I 24 HADY A REOVHEDSN, Z0O
TR E LT, KERFEE WV Y EEREE A K
ELERLTWVWB Z EAREENT.

RIS BT, 1 X2 T D%k
RETZATHA LbFRZRE LRV A A
A DBREOHESHICARGERNRDON, 1
2t 28T FRE 50 mm B D /N D A 2 F A
ZETCERNL, 75 mm 3 K U 80 mm [ #k o A
DAVHAZIFEALEFERLUED -T2 (Fig. 1B).
51, DEAB T, 66.1 mm L TFOY A X
DATHADNA XYL RTOREFfaERET 3
ETHENT (Fig.2). ThoDT &b, {#i#
HIZBNT, A2 8T N D A > H
AL T T ENHEN EEo T2, RED
KEONATHATIE, AKEENELZD (Mills
and Reynolds, 2002), SN>fFA O EHILOY R
7 E < 7% (Reichard et al., 2007). {##ithic ¥
WTKRBIDA ¥ H AL DR E Niah >
7EBE LT, KOV HAIZEINEEHE
nNRITVHELEEZ N,

100/33
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A P
Shell length (mm)

(P <0.001, 2= 15.4)
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Fig. 2. Classification tree model for predicting presence/
absence of Acheilognathus longipinnis larvae in Nodularia
douglasiae nipponensis in the conservation pond. Number
of N. d. nipponensis with and without 4. longipinnis larvae
at each node indicated in each box; larval presence (P) and
absence (A) represented by solid and open columns,
respectively; y-axis of each graph indicates number of N. d.
nipponensis; splitting criteria indicated on tree branches.

—7, HEINCBO T, 1223500k
FRaZRET B2 HAERELENVATHAD
REDICERZRENRD NG Tz, THIC
DA TLE, 1235 DRz REa
TEEHELTAVHADORENRHAINIEh >
. ThboTehs, TRINCEET S A 21
ISTITIEFEINC RIS 2 1 > A DY A RITHH
FAMNREDENTZNT ENHEN EE ST, —RIC,
TUKERELIE 1L /KEREE & LR TAFREIRE D E <
(Nairn and Mitsch, 2000), & OF HIC iR /K ER B VB
RENSTREITE I/KEREE O R & 30 IR
KCAFBRBENEL %% (FRI 910 A,
10.4-12.5 mg/l ; {#F&M 9 A, 3.8-48mg/l; FHE -
Ik, R¥EE). I —1 v 8 & F dRhodeus
sericeus DN RET % _WHIZ, SWVIATFERER
BET (14.1-145 mg/D) IZBNT, RWIAFEES
BET (6.0-7.0mgl) XDE&ZKHENSDINDH:
EHUMH E N5 (Mills and Reynolds, 2004).
FRINCEBNTA R ISSHFHTE A HA
DY A RIMEFDFRD S NIRWVEEHICIE, TAFERE
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Table 1. General description of Nodularia douglasiae nipponensis associated with Acheilognathus longipinnis larvae, and

environmental variables in the study areas

Kolmogorov-Smirnov test

Moo River (250 m*)  Conservation pond (270 m?) D P
N. d. nipponensis
Number of individuals 747 [290] 136 [33]
Shell length (mm) 67.6 4.8 66.5+ 6.8 1.23 0.10
(54.3-80.2) (45.8-78.1)
Length (mm) of shells 68.2£4.7 62.8+7.7 2.03 <0.001
occupied by A4. longipinnis larvae (54.3-80.2) (45.8-75.1)
Environmental variables
Water depth (cm) 12.5+10.0 340+6.2 3.69 <0.001
(4.0-50.0) (22.0-45.0)
Current velocity 11.8+53 0.7+0.3 4.06 <0.001
(cm/sec) (1.5-30.3) (0.2-1.3)
Sediment material Fine sand Mud — —

Data include mean and standard deviations (range). Numbers in square brackets indicate number of N. d. nipponensis occupied by A. longipinnis

larvae.

FPEEPTESRENC LITK D, HIAAEID
ATHATH>TE, ISR D T2 AIKEH
@< T 20EMNEL, JIOHZHLNA S
NTVIARESELD 5.

FRINTIXEINERMN388% ThH b, Hio
243% LI U CEREICE Mo T2, ARIITIERA
21 28T D RTINS W IRKERR D E L E N
Tl LR LI S WEREE & 72 % (Nishio et al.,
2016). A Y HAHIBEN G 5D L, KEZ
B BRIV < 72 % A (Ellis, 1936), H/KEREE R
TOHRENTERER XD B EEMEL KB 70,
K72 B S BERD LI E L, A 228
TDEVEIIRICEHS LN H 5. 51,
RWMFRICHB T BRI TOREINHRL, @RI HE
ENRHETOMICLERRE @M. TNET
DFRETIX, IR 1.5-258% EAEXICKD
KELHEZ > Tz (Kitamura et al., 2009 ; P52
1A, 2012 ; Nishio et al., 2015). FESIRM 1.5% &
EVFHAERIE, 20-30 cm DRBZOATHR TN
TWih (Kitamura et al., 2009), — 77, 25.8% &
EVHABEXIE, KE24cm L TTOEREG NS 51em
DL EOBES TRERRE T W 2 (Nishio et al., 2015).
A XYL RTIFPEINAIC RS &, EBIBICB VL TH
MTEGEITEI 21T 5 kL, WG THAZEKL
BB & OB 21T O AR E N TV 3
(FERIED, 2017). HEIITIX, FEINGATE LT

Whed 27 L, LB XURES & U TlaE
BEGHBERET S &M (Table 1D, 1 2%
TOENRBELTHELTWEONE LNIELV.
NG Ers, FREININTIE, 1282350
FESPEH O WOKERIRED, WEORA B X U2 kK
R R T MAE RSB OB K 2 (e EL, 12
LN OENRD LRICHFG LIEEDEERD
ns.

—75, REMICIHIT BPEINHEIE 243% TH D,
wmEDOJRINCB I %A (Nishio et al., 2015)
D 25.8% LIFIFABETH -z, Rigtix 1 2t
VIS HEIICH A LT WVH30 cm D kS
(Nishio et al., 2015 ; PHEIE D, 2017) AL < K
TNz, REMANICERTSZIFITH
LAY EXFIOMELLEFRELT, K1
m DFEHEERENTWE OKRTHABEEAS
2014). 1RO FEIIRENBEDFRE)I & AT
HoHBRND1DELT, RIGEHFGNPBELT
Wb EMRFENS. — 5T, R#EhckT3
FEUNRIE, WIS 2 R DEINR & ik
LT o . R TI, 1 HADNEKEEE
fHEicEMLTWihoslzceh s, FEENS
ZOMAREEREICENT, HEICKOATVHA
M L, YIS 22 NI HA T H
A ZFHTEEZ >N D S.

B ORER RN S, R A Xt T
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RO EHED S — R EiiE B 258 LToO
BEEIZ T IR L Tw3d vz 3. — 5T, B
BRUEEOTDOFREZRET 2O AL LET
HaHTehRmEI N, R OME L, )
FEINOIEREFINCE C 2 F R ZM UiIRT K 5 kil
JEREEL AR T T LIXTERY. TORMESE,
LIS Lz T > TR ZFRZET 2 /BN ER)
TH5 HHEIED, 2014). Fie, T LBICHK
BHREHENSC LT, KWHBEOHEERIS
720, Z2FdHOKEPEIENIEGHICITDbN S
T M5 (Matsuba et al., 2008), 1Rt D EEED
HEzHNE L, £FTERENT LD SREITK
FBIRL T W, 4 ZVBUNRTBLCATHADE
REMMREDBIRN S E L 755,

WA, A2 RTOMEZHINE LT, HE
HEBETICE L DA T HA DEIA R D 5 H
BINThs. AVAA0REBIGELEEREY
ALMICAIHE - #EFFTE RN M AT O
BEL IR D, RIRMEABEOELIEICE BN > T35 (Hi
M, 1997 ; ¥k, 2006 ; Kurth et al., 2007). 1 &
Y URTRHEMDIFEAERILKRETHD T L
MmH, A 2R TOMFAICERL, FIHME DR
Mo lZiRE 6 mm A DA HAZH, FIH
S DD > TeRE 66 mm ZHR 514V HA %
FH LR SHE LR e, £ X228

DB XA T HA OBFHEFREFO T2 DICEHET
H5.

| 22

ARWFZEE TR ZM A RN T HAERZE]
LT, EEEE UM FRE IR E IS G
), XA R FEHEEMES (EILR) &b
KT Nz, KX ERET5ICHizD, 24D
EHDORBEBFICIREAGEGIFTZWVIIZWVTe.
COHZE0 TESLEILBL LF5.
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