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E3ANE, Acheilognathus yamatsutae
(Cyprinidae)?] 5 A A

$ 3 5-dA 2 Z
AAe At 48 e

E9 A%, Acheilognathus yamatsutae®| 5 Al 2ol @3t 199005 1992744 %
A= FHA ) AT AUz ANM ZAF AFEK

2 2 HF{ AW AFA 2709 2714 BAGC] AFEFE N3EE Fol e AEEe
FHME Z NAE A3t ABEFEE Ao D2, Fewz, ZAF=Y2A, 3
SHo] T £o= dEdRen HHHe] =2, AFH, FEFHe] AFole AEL #X) &
skoh. 270 e o) @3 Aol thFEE WikAlol HX AT T2 H LA E ot zjojg) &
€ 1-3571(vtel) AbelRom & AT B 3.670(e)E BA3tn JAch B F& vlaF 53}
7t W23 73 AFo] ojn] EIFEVIS YFETIE A E Ao nEFo] AL
ol ZHe] vt N ESEHE AL 7] A W oz A4dr,

A 1=

AR AFE F9 2AY WAL st Sold AUAFHL YA gon =
(pelecypoda)4} Al(crab), +¥ 4ol (ascidian) EE #|H(sponge) 5] Ao} Y= FHFFE
FELF2 o] &3t o}F £ ItH(Balon, 1985).

7579 WA (demibranch)dtel A& 3= YA (Cyprinidae)d AFolz
(Acheilognathinae) X1F& AlAH o2 40 AF o] 23T glon $F, 37, & 5ol F= &
ot Aoz YA AT(EM, 1975 4, 1982) §39) doole ¥A) 3% 13%0) wuso] Yot
(7. 1991). & A7 AR Y] ggsol= ESAF(Acheilognathus yamatsutae) S 8] £3}o
G A% (Acheilognathus intermedia), ¥ZdE71(Rhodeus ocellatus), 2z}A)|8-o](Rhodeus
uyekii) 5 4% 9| FAF-o1# o {7} A A Avk(F - A, 1992).

£ o}t o] Foll &3 A yamatsutae JA] GAL A7) L2 70 AR (ovipositor) &
o]-g EZ79 &5 F(excurrent siphon)g& 3o At &n G zse] wtAetoA] Y2
HA 7 A7) Aol7](prelarva period) & Bl F Af F47l0l 2atd 249 yrog Yo =Y &
gL 314 99-(AH, 1939 : Hirai, 1964 ; Nagata, 1985).

ol2gt & Fo dF Au At mE AFEFA L A8 S8t 219 FFY A0 e A
YA, 2AY 3t Aol B o 942, wF A Al o HE ATk Fol #% 7 E
Aol AH3te 55/ A H(Unionidae) 7%, AH A (Corbiculidae) 3%, 281 A=
(Sphaeriidae) 1F% & 11FE€ q4 o2 FAEA.
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B zAR= 199085 E 199240 AR ZHUE A0 X% gz eA AAATHFig. 1).

z7)9) s47L A yamatsutaes) MNAAE FA 02 A yamatsutaed] 137131 48l JFH
oz ANsgen A o2 AAHAYT ZAMYI(FE 10X 10mm) 5 AH-EAT. 249
AR F 2N o zpoje] EZol} 4L =] 93t AR F4) 10% T=2EHA 24T F
A8 Aol eukatdrt. B(1990) ] Hhgol wat 2AE 54, E73l Fig. 29 o] Z 79E€ 4 .
831 0|2 |3t ukaQte] x|t o] &3} Rpojo] o F& Fe] FEot T2 JE7](yolk pro-
jection), Atole] Fej B¢ 71Fo g FHsl(AH, 1939 : Suzuki and Jeon, 1987, 1988a : &

- P.1989: 71 - 3. 1990 : 7, 1991) MAFE 712sgor ofF] Fo] TFF F o= A}
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37788 Seo Myeon

Chunchon City
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Fig. 1. Map showing the collected area.

el A AL st v of gkt zpof o] 9
)9} Al E BE37] A5t o@H A7t &
o] & Y WS FE o] 10% T4 £
294 nAF ¥ by Eejste] zAEE
£ AZslg e Hematoxylin® Eosin Y2
gt} F3tEn| F(ZEISS Axioskop) o &
B3, #gsArt.

A. yamatsutaed] E35 ZALE Y3t A4
A A5x7 13%E 9 Ad A oA
10744 & g3l F 38 AF 3l ds
¢ FRE AR AFFAE T F 3
H3izlol & #AsG 1 HE A7Ael o] B
AEZNE BAS] A FAAAED A
(Hitach $-2500) #9<& A3t

Fig. 2. Diagrammatic illustrations showing
the measuring method of the mus-
sels.

1 : shell height, 2 : shell length, 3:

shell width.
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423, Acheilognathus yamatsutae(Cyprinidae)2l #§ A Abgt
dn % a3

1. Acheilognathus yamatsutae2] & €4

HF ol i3t A yamatsutae?) 213lpe}t 1o ©E ATEE ZANG A3 Azt 22|
(Unio douglasiae)d] 12.1%2 7FF EL 4d&S Y tgo]l 22z (Unio
douglasiae sinuolatus), EAF=2Z7|(Lamprotula gottschei), Z-2-t3o](Anodonta arcae-
formis flavotincta) 18|11 ¥:Z7) (Anodonta woodiana), ZZ7|(Lanceolaria acrorhyncha)®)
oo Muzte] & 7)27) (Solenaia triangularis) 183 AF I}t AAZ 39 HFol= AF 4k
g IR Fyrt 2L HF AU AR §4& M GENE(Rhodeus)t Fiv|S%
(Sarcocheilichthys) 15 (% 79 o)A E A3 A4 o] tebv} Rhodeuss2 Unios: Hrh
Anodonta$2] A. woodianad A33E= AS 2 JEltal Sarcocheilichthyss; o F= A. arcae-
formis flavotincta® A 33l Ao 2 YelgtH(Table 1).

A. yamatsutae7t 2 18] Z2E QYT of 2l 27|9e] A= A arcaeformis flavo-
tincta\} A. woodianaso] AF Y Eo| =& U. douglasiae it} HF /A Q] F7]7F @A) 29
AUH 0.2 ARBE YT E5FOI ABF o2} Ajol7} X aA B RG] FAE B
T8 ARLelE 2 Aol7t Ueksith olR oz Kol wed ZAle T7|she Tase Su A
£3hs Fol & Ao Rt AR 429 ARES o3} AFESIE W &, Y5T
727 S A7l Aen vls Azt oA S 2 o] 8. triangularis HA3}e]
€ Foll vls) ZZ3} wkA 7} 4] 22 ol2d 8218l ofFUt ARE s AR g F
g0 2 PZAAHTable 2). ¥ Al M3 E7 V% & U. douglasiaes o2 0 27

Table 1. Frequency of collecting fish eggs or larvae from various species of freshwater mussels in
Lake Uiam from April 1990 to August 1992

Collected Species of fish
Species of mussel number of A yamatsutae = Rhodeus  Sarcocheilichthys
mussels TR T p R F R
Unionidae '
Unio douglasiae 1,925 232 12.05 3 017 28 145
U. douglasiae sinuolatus 214 7 3.27 0 0 0 0
Lanceolalaria acrorhyncha 145 2 1.38 0 0 0 0
Anodonta arcaeformis flavotincta 82 1 1.22 3 336 35 42.68
A. woodiana 330 4 121 301 9121 76 23.03
Solenaia triangularis 11 0 0 0 0 0 0
Lamprotula gottschei 48 1 2.08 0 0 0 0
Corbiculidae
Corbicula fluminea 1.357 0 0 0 0 0 0
C. leana 41 0 0 0 0 0 0
C. papyracea K 0 0 0 0 0 0
Shaeriidae
Musculium japonicum 51 0 0 0 0 0 0

F : frequence(No.), R : rate(%).
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Table 2. Shell size of freshwater mussels collected from Lake Uiam for this study (mm)
Species of mussels Shell length Shell height Shell width
Unionidae
Unio douglasiae 50.6+ 2.89 250+ 1.95 17.1+£1.06
U. douglasiae sinuolatus 427+ 2.32 208+ 1.46 14.7+0.65
Lanceolaria acrorhyncha 92.7+ 5.75 254+ 1.89 14.5+1.02
Anodonta arcaeformis 90.3t 7.34 515+ 3.78 41.2+2.02
flavotincta
A. woodiana 103.9+23.16 67.2+11.43 43.8+894
Solenaia triangularis 56.1t 5.21 262+ 3.34 14.1+1.87
Lamprotula gottschei T34+ 424 443+ 212 23.1£1.47
Corbiculidae
Corbicula fluminea 279+ 3.03 26.3+ 2.96 18.0+1.74
C. leana 254+ 1.20 22.3%+ 0.81 13.8+1.01
C. papyracea 224+ 1.03 19.8+ 092 11.4+0.39
Sphaeriidae
Musculium japonicum 10.7+ 1.05 8.6+ 0.82 6.3+0.67

o] 7)ol GE A yamatsutaes] @ AdAe] WIEE Fohuy] Aste] AE U. douglasiae?)
b4 2Es ol ol ngAel AAS(Fig. 3 T2 2 38 AdTA i o133} 2ol 2
do) W22 ZAACHF. 4). 278 39.8mm o149} AARE A yamatsutaeo] o123t Aol
7} w57 AZsgen 42mm o3 HE A
AZEEE @3 Aole Higol 10%8 4
o4t AAe 27t B4 A A=A =

& 8

Number of Mussels
8

t
20 30 40 S0 60 70 80

Length

Fig. 3. Frequency distribution of shell length

of the mussel, Unio douglasiae
(white) and the mussels which
posses eggs or larvae of the bitter-
ling, Acheilognathus yamatsutae
(black) from April 1990 to August
1992 in Lake Uiam.

Parasited Rate(%)

h nn
801 T
40 T |

330
Length

Fig. 4. Relationships between shell length of
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the mussel, Unio douglasiae and rate
of occurance of eggs or larvae of the
bitterling, Acheilognathus yamatsutae
from April 1990 to August 1992 in
Lake Uiam.



Z9A5. Acheilognathus yamatsutae(Cyprinidae) el MF A Abg

A detde 222 Bol 22 A Rte E AAE J3de Aes AZE o 40mm ©]3e] 2
2 A E ARSEFEA R ¢ A= E.?JE]-. U. douglasiaes} A5 U. douglasiae
sinuolatus7} U. douglasiaeit} AbgHgo] ¢ B2 AL Fo| AU7} U. douglasiaed) vjste 2t
7] Eoz AZtA. § 27t 4R 2] o]de] ot e W& =7]o) BAgle] AT
ZA O% A3zdke Fol lon AFste FldAe 2L AA LG & AAE ST Age

Aoz Az

Nakamura(1969)< At&ato] 11 F& 279 didd @AQle] A stk Ad@o] &L Sar-
cocheilichthys% ol F+ & ZJjd) A3 3tdn Baslgded, £ ZAldAM = Sarcocheili-
chthys3;:2) o]l §7} 27171 22 U. douglasiaeR.t}= A. arcaeformis flavotincta\}t A. woodiana
9 2 ZNE 0% Asdte AL el on Addo] HwF 71 HQl Rhodeuss 2 Anodon-
tad9] HF{E AI3IY GA] AdBe] 20 HRI A yamatsutae= 37]7t 2L Unio% sj7E A
B3 o2 e

A3 U. douglasiae 1.925°42) 5 o123k ko) w530 23218 24 243} 201 2ol b
He o oo & 1-3570(vte]) Alelden =4 144D BT Bi5E 3670 R
1A (mHe) & 7b8 2749 57} 32%l 28te T5/HAR 7Hd Btem (Fig. b) /47t 8% of#d
7} 2ol o] A7t thk F7kste A 3E B tH(Table 3).

S8 AJA3 =7 M 28 U douglasiae®] F o|@d3 Aol o] H{-471 3.670(vhe])ldl v
8t U. douglasiae sinuolatus’= 2.97)(v}2]), L. acrorhyncha7} 4.574(%}2]), A. arcaeformis

Table 3. Frequency of collecting eggs and larvae of the bitterling, Acheilognathus yamatsutae from
various sizes of the freshwater mussel, Unio douglasiae .

Length of Number of eggs and larvae Total

musselmm) 1 2 3 4 5 ¢ 7 8 9 10 11 12 13 14 15 16 17 18 19 20 35
38-40 1 1
40-42 3 3
42-44 1 3 11 6
4446 3 2 5
46-48 4 2 1 2 1 10
48-50 6 6 4 4 1 1 22
50-52 10 3 4 2 1 1 23
. 52-54 9 6 1 1 11 1 11 22
54-5% 12 6 5 6 2 1 1 1 34
56-58 8 7 2 4 1 1 1 2%
58-60 3 4 2 2 2 1 2 1 17
60-62 4 6 5 2 2 2
62-64 3 3 2 1 2 1 1 1 14
64-66 4 1 21 2 1 1
66-68 3 3 6
68-170 1 3 1 1 6
70-72 0
72-74 2 1 3
74-76 1 1

Total 7549 30 3 6 11 5 7 3 4 2 3 1 1 0 01 2 1 0 1 232
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+ 3z %53 1

N flavotinctaz} 37)(v}2]), A. woodianaz} 157}

£ = = = == (u}e)) 222 L. gottscheizt TA(vhe)) 2 A A
' FHEES odT oo BiFrE ATHA
Ueht FEHAET U douglasiaeE A3

g A e A3 F (A7 1-73

2 )4 Ao go] Azl = EA A3 Fd

ae
3 «

ot Eggs & Larv
s o

5P ge A7t 2990 o4 Qe e &
Z=b Fa d F A& AR 2t
Fig. 5. Frequency distribution of the eggs or 3k olaj o] ZA A BA V) 2] ohE o

mussels(Unio douglasiae) from April 7} g &ha ® O JRAE AR ARe @
1990 to August 1992 in Lake Uiam. A#HZ B2t AU 59A Y o7 2poirt T
A" o AAGAI ME GE 3 Ao E
5 744 e 27) ¢kel @ 2ol S 4374 (va)) ol 2ttt A § wiele] 2HolA A
yamatsutae, Rhodeus2;, Sarcocheilichthys: o152} 33 zpoj7t 3 BARE AT U=
A. yamatsutae$} Sarcocheilichthys;, Rhodeus%:3} Sarcocheilichthys< o172 &3} zoj7} 3t
A 2ol AE ASLE 44 B F AR A yamatsutae$t Rhodeuss &} it Apoi7t 94 5 Q)
= A9 u$ HQ) o)A E A ol @ Rpojrt 2] whAte] X8t HAFod o FE
ola} o] £7F AAOZ A3 AAR9 Eajo AP Aol E Soll W& At wigd Aoz B
ot} Sarcocheilichthys3:2 R 7ol oj @3 xpoi7}h fIX|ghel wheh As7te] B ozHE Hojd
& 97 gEoE Hrh,

2. 3§ Auje) &} Aol

dap2ola) o F HFo A DTG E5Fo AAYstd AEE A Hu 2 A do]
Az So7HAl sed, vl 5 B9 Agg A f2oE 29 AvzE §4d9 HA
yamatsutae®) 2% 37 :1.98+0.094mm, ©7 : 1.74£0.082mm(N =20))& 7} $1=ist
A Hol BZ wjzte] 4y Eo 2 A5 A gt 23y J5FE T BT oz o] 57
o $X15k Sarcocheilichthys%8] 1%(3.80+0.360mm (N =20))& w9 A 9157 o} ied
e Bto g fAHXE @8 RoZ Bt

Az f5Ee 289 vhlE 7HX 1 YTl A yamatsutaed) F3 ojE tiF-E WA (inner
demibranch) oA wAe] At o @ T} o] & WA/t Y& U. douglasiae 232714 5 97.4%7}
Wkl oj@ AolE 7R T YYo 2.6% (674A) o] ntajel] @ ZFoAE 7R UM
. 2432 559 dUE Y8 o w9 FF(water tube)F L2 Eo7H HEdH Wk
A= 249 (suprabranchial chamber) 2] 714 F&o] 7122 d& o o] F& T3t WitA<]
g Soj7te Ao g AZrHY Ukl (outer demibranch)E AW 714 FEo] dFFoz
Azds=o] glo) o] e 2 do| §-9UE A FHELZ do] fdHE gl &
228 53t gA EZo] dolg & e o2 e 82150] o] 0@z Aoyl =& & 4
o] & 4 g1& Ao Erh(Fig. 6, A). £3 Aux} o F dFE] A7, 1992) A. yamat -
sutae®2t old GAFoli} o]F(A. rhombeat FA ANFEF)S AR (WHE, 1939: 3 F,
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Z32%. Acheilognathus yamatsutae(Cyprinidae)2] #F A Ak

late Photograph of the eggs and larvae of the bitterling, Acheilognathus yamatsutae in demi-
branch of the mussel.

1 : Egg and larvae in demibranch of Anodonta woodiana, 2 : Cross section of demibranch of
A. woodiana, 3 : Cross section of larvae in demibranch of A. woodiana, 4 : Sagittal section
of larvae in demibranch of A. woodiana, 5 : Sagittal section of larva in demibranch of A.
woodiana, 6 : Cross section of larvae in suprabranchial chamber of Unio douglasiae.

DB : demibranch, E : egg, L : larva, SBC : suprabranchial chamber, WT : water tube, YL :

yolk sac larva. scales indicate 1 : 5mm, 2, 3, 4, 5, 6 : Imm.
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%+ 3 5-#3 L 7

1990)¢ Ax3=d 24 gAe 3S A
o] ¥83(brood pouch)s d&& = vt
Aol 2 FAo] 75 A H o] gjukAf e
2 o7 ojFAA T AL XA B3
< utj fk(Fig. 6, B). Platet &/¢] Wit
Aol Y& 3} zpejo] Al 23] dHAAL
2 ol@ o7t whae] B £o03 FYHA
A Fao] AZH AE ¥ F dev(Plate 2,

Fig. 6. Diagrammatic illustration showing

the eggs and larvae of the bitter— 3) A. arcaeformis flavotincta, A. woodiana
ling, Acheilognathus yamatsutae 83 L. gottscheiSol| Add o]@3} zpol=
%n(i.l g:iochidia in demibranchs of guE zZje £33 &d Xz oy
nionidae .
; U. dougl A dAYHE
S : shell, EL : eggs and larvae, OD : (Plate 1, 4) uglasiael 2 E]_ °l
outer demibranch, ID : inner demi- @3 Aol -2 A e] A 2A A
branch, F : foot, M : mantle, G : glo- WA = (Plate 6) ol 47|19 #F/ Ruie
chidia. U. douglasiaes) 53] 27)7k Zo} 53 &0

2 o] FYEH JEE 7tHeE Azd
o}, ¥ she] 3 ol 43 Ao o2 A(via)rr AN B9 AE B¢E & 5 AT
(Plate 1, 4).

3. SiF A e FeA A8

B Zo] IAFE 2AEY) A8 A AAoz FAHE 39 AF T AAT T AL A
&% o] 13%E ¥E AR 52.3-76.5mmEY 10744 EJFE A A HY
51470, A4 289/M2AM HF EIFE 381704 (Table 4). Yo 7Y EdFE P
(Cyprinus carpio)7} 309+-40%+7l, B0 (Carassius auratus)7} 4% - 2077, ¥ E 2] (Moroco
oxycephalus)= 2k 1,60070 (AH, 1939), #128] (Coreoleuciscus splendidus) 7t k1,100 (% -
A, 1993), 7= 117) (Pseudopungtungia nigra)7} 750-2,70071 (Kim et al. 1991), Squalidus

Table 4. Egg fecundity and gonosomatic indices of the bitterling, Acheilognathus yamatsutae col-
lected from Lake Uiam in March 1992

Ind. No. Body length(mm) Gonosomatic index(%) Egg number
1 76.45 14.18 420
2 74.40 13.66 514
3 71.40 13.13 432
4 68.75 14.71 416
5 64.65 13.82 384
6 62.10 13.45 351
7 60.80 14.14 365
8 57.85 13.62 289
9 55.40 13.34 318
10 52.30 14.21 323

Average 381
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2322 Acheilognathus yamatsutae(Cyprinidae)®] si7 A A<

gracilis7t 3,207 - 6,18574, 9@ 0] (Zacco platypus)7t 920 - 2,5007} (Nakamura, 1969) &
of HH B Fo] TASE 1) F S U 5 gud ol HF AU A ooy 24
o3 Wit Aole] EE 52 Zstias AAFE) WS ¥ i A7) Ao} A7)E oY
ol7}u] ¢tol Al SASA BT FE5HE Y5 Fo 2/ Poz Yo WS g A
Holut 37 W3t S0 Q% 27| AYAL 9A9) ALFEo| B o F HjEtd FujH oz @) |
Fol dojd Ax 2 Jztdrt.

T3 B F A4de I, vFEAYo|Ron F£Fd A tdE oFd drng 17
(chorionic membrane)©] =S~ oFstx &2o] Hed| o) 27 gtoll AHFE = VAR ZAR
By B2 9x3] 98k do] v|na BAYek stn, 29 FREez 4A 47 Ao
Ao EAE 7HAE Aoz Holn dzbo] o3 AL YRT BE 0= T S &4
wgle 2E Al G wx] 3 AFEFA 29 wAete A FAEA BEEE 5 Q7] HE
o Aol Axz AzErh

3 gEEe] Jojn o] Fe Y& BaAIzlo] 12 e K3} AF 2ol J|Po] FFRE I
A5o] gloy gapFolats Rt te] g wEr|E st(Table 5) AAH QFE7] 233 &

Table 5. Time required for various freshwater fish eggs to hatch

Species Water temp.(T) Hatching time Authors
Cyprinidae
Cyprinus carpio 18-22 3.5-6 days Uchida(1939)
Carassius auratus 20 5 days Uchida(1939)
Pseudorasbora parva 15.1-21.5 12 days Nakamura(1969)
Hemibarbus longirostris 19.5-21 7 days Nakamura(1969)
Sarcocheilichthys variegatus 21 8-12 days Nakamura(1969)
Pungtungia herzi 22-25 110 hours Nakamura(1969)
Pseudopungtungia nigra 20+2 7.4 days Kim et al (1991)
Zacco platypus 25-29 50—60 hours  Uchida(1939)
20-24 4 days Nakamura(1969)
Acheilognathinae
Rhodeus ocellatus 22+1 39 hours Suzuki & Jeon(1988a)
17-255 39 hours Kim and Park(1985)
R. suigensis 22+1 53 hours Suzuki & Jeon(1988d)
Acheilognathus yamatsutae 22+1 39 hours Suzuki & Jeon(1987)
25+1 33 hours Song and Kwon(1989)
18-24 44 hours Kim(1991)
21+1 41 hours The present study
A. intermedia 18-24 88 hours Kim(1991)
A. rhombea 18-24 92 hours Kim(1991)
A. signifer 22+1 53 hours Suzuki & Jeon(1988b)
18-24 46 hours Kim(1991)
A. koreensis 18-24 90 hours Kim(1991)
A. sp. 18-24 68-75hours  Kim(1991)
Acanthorhodeus asmussi 22+1 44 hours Suzuki & Jeon(1989)
A. gracilis 22+1 38 hours Suzuki & Jeon(1990)
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e

4 e 2

94E 7] (minute tubercles on the skin) ¢
A= g& 7lde] AE Y= YA B2 H
(Fig. & ¥37} o]Fojxth(Nakamura,
1969 : Fukuhara et al. 1982 : Suzuki and
Hibiya, 1984, 1985a, b Suzuki and
Jeon, 1987, 1988a, b, ¢, d. 1990). °]8& &
A2z RE ESS ohE g 25 FH A
Aol Ay gl b A71g sHed @ e Fig. 7. Hatched out larva of the bitterling,
Bz 23 A% oln] AR e EANE Acheilohgnathus yamatsutae.
719t =xo| oNEy] a3 BUd weLs MT : minute tubercles. S : somites.
58 3 WA BRoZ o] EXL &7 Yiyolk, YP : yolk. projection. scale
indicates Imm.
Hog B8] d# §g@4os wag 1
) o] AnEHEA 577} ARA T o)z} ARGVl Deje} 27 ez g A}
= B§HA4E7] 9 Aletd 22 FE goldtA WU g & JA ok (Fig. 8).

Fig. 8. Minute tubercles on the skin of the bitterling. Acheilognathus yamatsutae.
1:immediately after hatching, 2: free swimming stage scales indicate 1: 30pm.
2:50mm.
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Spawning of the Bitterling, Acheilognathus yamatsutae
(Cyprinidae) into the Mussel

Ho - Bok Song and Oh-Kil Kwon
Department of Biology, Kangwon National University,
Kangwon —do, Chunchon 200-701. Korea

Spawning of the bitterling, Acheilognathus yamatsutae into the mussel was studied
from 1990 to 1992 in Lake Uiam, Korea. This fish preferred to spawn in certain mus-
sel species such as Unio douglasiae, U. douglasiae sinuolatus, Lamprotula gottschei and
Anodonta arcaeformis flavotincta in order of preference. Within the same species of mus-
sel, they preferred the larger size. Eggs and larvae were commonly located in the inn-
er demibranch of mussels. Average number of eggs or larvae per mussel was 3.
6(ranged from 1 to 35). The eggs of the bitterling were hatched out within 41 hours
when water temperature remained over 20T and the larvae already possessed minute
tubercles on the skin and yolk projections to prevent themselves being washed out

from mussels.
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