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Parallelism on the geographical distribution between the 
land-locked fluvial salmon “Amago”, Onchor^ynchus rhodurus 
Jordan et McGregor (Salmonidae, Pisces) and the Potato 
ladybird beetles, E pilachna vigintioctom aculata  Motschulsky 
(Coccinellidae, Insecta) in the south-western region of Honshu. 
R eprinted from  “Natural History: Ecological Studies“, ed. by 
M. Morishita and T. Kira, Chuokoron-Sha, Inc. Tokyo, pp. 497, 
1967.

Y. Yasue
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$ C # - t  Ẑ  11>'7-7 /. to  f i  k  C  Z-C, £  ©  £  i  « *  < t ì ' J ^ M  |JJ C18034

| H M  © & * - C M fB L -C t '5 . & * ,

H  C1930, 19571 f c i t u i ,  i t i © t W Ì Ì ) - t - 7  7

¿ t ' 5 -
B ^ f c 2)7-7->< 1 7 - 7  a 'o itb ffié l^ -^ J^ 'O t'-C H , - f-C K = .  

- t^ e > V ',  C1929, 1930, 19574

72



$ i-fr •> 7-y i~ $ ÊbMwËÊSmâiMmi:

vigintioctomaculata MOTSCHULSKY

* W È S Ê Ê È Ê È  1 8  *> W Èb & H

m ft p 3S ■ & 4* mm&tz nM m. m
1. §||s ft £®T& 1956 m s:
2. sJs ft 1960 n B /r
3. Mft n ) 1932 P
4. iplm ft ±B7tJïÊ 1 * 1 ; SfflJfttëC * 1962 mm m'Æfc if g. rh
5. |¡Ém ft * 1961 UP M fíá i*m n m
6. M ft «&fflaSBKT&» 1932 m
7. ¿2 s ft etest«sig»Brt§'Pi 1932 ,ä
8. g| 1m ft HPl8B#W±«¡«¡ 1932 iÜ p
9. M ft SéaSElWtttt 1932 Ä . p
10. M| m ft «f£ÍB*«Hr*í 1957 p
11. 3$M ft «æisëimstfr 1932 m p
12. S ft- S -¡sis-sams 1932 M É
13. ¡B m ft m M I M I 1955 afe &
14. Ä1;M ft Pb̂ *»Ä»aiTwra 1932 Ä È
15. m ft « M  ciais**ao P̂ M 1932 Ä p

16. Ë ft «#rp * 1957 V ffl
17. ñ ft Pia®Pi*iiiŜ B 1952 Li & Cook
18. pk ft P$H8E#BW ♦ 1956 ¡1 a:
19. ft Srp8SBB*«fc>ffi 1951 .A.i'i:n -
20. ¡ft. ft 1951 M » ^
21. ft ft iWSStt̂ -b 1949 m
22. in » Oí * « n ♦ 1955 m *
23. ín» Pi* |»IPiPÄKp4fflTMffi * 1947 MB| 1 . i •0 Ö
24. ÍP» Pi * INBiWSBHrÄffpJ 1952 Li & Cook
25. in » Pi * HÄlBSWWJiÄfitPJ 1957 4k
26. in » PJ * * 1962 ht%
27. in» Pi* * 1962 £■ tr

28. mk ft »̂rfîlSpjffllESH * 1948 % m
29. m K ft P#«S**fí» ir® 1920 m
30. m K ft * 1955 £ m
31. m k ft P*:lß£*fcW£» * 1955 K
32. ì& ft P*ÍE&*íítf-S * 1951 ffl P
33. m Ä ft ÄftißtWmBffi * 1951 m
34. m K ft 1951 •Ä n m
35. m Ä ft ISffiSWlW«*#, ±#£ * 1962 liï̂ tt
36. m- * ft 1960 ffi m
37. m k ft ® ffläSia J: PlWSB 1954 » HÄ
38. mk ft #tSas*»#BrPiH ; »B ; «SSüfeK 1952 *T M
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39. m Ä m «̂8|5Ä®arS«BfflTraä;ÄliJFti 1954

40. ; & KP m SH5fp£Ml?«® * 1958
41. a ’#■ m Sfpé*SK A * ; MM ; ; W# * 1948
42. M m SiSWÄSKieiF ; SU9t ' * 1948
43. ■'írC m ^Ü5rpÂ$K#®n ; ' WH * 1958
44. m ÄÜrpÄSKtpg ; ; ; * 1948
45. m Ä3irpÄ«K®S ; »ffiirffi * 1948
46. m SU5ÀÆÂKÂS BBffl * 1948
47. m S®rU*KM® ; />»» ; * 1948
48. Ä m ma5#4fcKBiii; s * m i  w« * 1948
49. IP m ÄSrfiilKKSSlJj * 1920
50. IrC IP m -m tria.® R «m  «ta ♦ 1948
51. IP m ♦ 1948
52. J5Í H5 m jbSBiKHfcHmilJ ♦ 1961
53. 1$ m »#Ì5HSBriS* ♦ 1953
54. IP m ®#®»»BTÄg * 1953
55. IP m ®#ire®Rr«/R * 1956

56. * K m ÄffiffÄESB * 1934
57. * BR m 1949
58. * R m 1957

59. m m ♦ 1949
60. £ M m ük-tlWfilW* 1 1951
61. £ Jt m *±iE#aHr^B * 1952
62. £ m W k w m m sL m * 1952
63. £ m m * 1953
64. M m * 1953
65. £ M m ^WßT«ii=F¥ * 1953
66. £ m m ^ siP T a ííü * * 1953

67. ß3 Ui m 3IB8Cm®Äö*» * 1950
68. (53 lü m BBiWBBPSAÄ * 1952
69. 183 iü m * 1951
70. (53 lU m * 1953
71. m in m * 1953
72. (53 lü m •SBißÄIWIW * 1954
73. (53 LU m ■SE0»H»WTÄS * 1950
74. 153 ih m * 1958
75. (53 iH m T£BiMf«FHrBT; ë S ;  #í* * 1953
76. (53 04 m •SBSßip^Rraa ♦ 1951
77. (53 04 m f̂fllRbnæiraw * 1960
78. (53 111 m * 1960
79. (53 111 m - g m m m m x m * 1957
80. (53 1U m MßffiAMtiT&m * 1950
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ffl «NHpBglStüfcîf? ■> COM®»*®«©®

81. M 04 m : ±®tJj * 1950 K
82. ■ U 04 HP XÄÄlljRÜlWS * 1946 ' /K’
83. N 04 m ÄKtsauRrT»® * 1953 2c K
84. 04 m * e a » g n r® * * 1961 2? tL.
85. m 04 m f r u r m  rea * 1960 m ffl
86. N m m frílf=FS, B »  ; mu * 1953 2c K
87. n 04 m Irj&fWiÊ, S : &ÍS * 1960 2c K
88. P3 04 H iîÂfmra * 1953 m
89. PU 04 m /j'Eæ * 1951 2c K
90. M 04 m * 1950 2c K
91. M ■ 04 m * 1951 m Ol
92. P8 04 m mwmmwmm * 1954 m ffl
93. M 04 m * 1951 M 04
94. PI 04 m J!I±Si$JII±Kr±ÿW * 1953 9 *
95. H 04 m n\±M)\\±mm * 1953 2c B
96. PI 04 m iii±»)ii±BnftiUf * 1953 2c a:

97. tu m m j ism m m m »,s * m * * 1960 iî
98. tu ñ ttmmmmmmû * 1955 2c K
99. tu ñ m JtgißEftOT»* '' * 1961 2c K

100. tu ñ m itRIÖKöOTJiC* * 1955 H K
101. tu m m imm ÿtfm * 1955 £ K
102. tu ñ P j t s a œ s f  œ s * 1955 2c K
103. tu ío m #saî?s*isi»* * 1951 2c
104. .'m ñ m ffi»a$±TW * 1954 2c O
105. tu Ü m ffiiRiCftear±jii * 1954 ta
106. tu m m ÄH8fiÄSHT5ß® * 1954 M
107. tu ñ § Äffl»ü±aar*ü * 1954 ■Tt . m
108. tu ñ m ÄHSEf ff# f ff * 1954 I h |
109. tu 1 m n & f» » * 1954 ffl
110. tu ñ m tt»sro«§mr/.hH . * 1955 -2c K
111. tu % ä * 1954 m m
112. tu í§ m liüMEaMrafflTSg*; ff* * 1960 ffl û
113. tu M ä lumiwsjra strung* 1959 m m
114. tu ñ B ai**öinfwa# * 1954 B
115. tu ñ m f£<âffêfnft«IC * 1954 m m m
116. tu n m 1959 fe m
117. tu ñ * vzfc%muKim * 1957 f l tL
118. tu ñ m fÊfâSKÈtôRrffiil, 1956 X, El ' M
119. tu ñ m CIBÂEfcD * 1954 m

120. g p m íXíStiC^WJ!*»; fêfîli# * 1955 2c m
121. 04 p m 1953 fñ--: n
122. 04 p ä S5Sí m » bt * 1955 g : ' tL
123. 04 p « e ft» » « « ? » 1954 H m.
124. 04 R m BK®0rt6 1906 * M

B



4 y s  C19513 s  i>>,
¿ < * - c * 5 i ,  7-*^t<om&

■ ®sh © jgj i ' fc v w - m  gt isg f :  w s  a  j i b ,
KS£, 4»H ifi^o^:sF^ffl«i-* *  <*MJIl, H 
Hit A f f i - m M I l P ,  A iilftft

7 : i g ^ i ^ M i S C 'W ( l ^ ’‘i ! iQ ix't:i3 *}, t i t

tm vm m -ri ' i ib zi mM , m t ,  ;a»m, A .

■ - i -7 ' / i  S i f C t 'S
b ^ M  S i ;

'% ^.k %, t
-iBj'JII^, f e  J5 t\ j

" C .M ^ o S S ,  ^ S S W i,"  t ' - f i t i ^ —

t 6 % ,
b -c t;' - s . ; t  W ^ M i A ^ ^ tc t#

®  L fc I5 ® d 'A 7 j; < ) ^ 5 i  5 A .

£-CAjS? a 9 5 p 'ti^ r© ^  fficH iilg S IJ  
<D3tfaX\f I B j  mm&W'C&litZ-t-* s , ;

2 \d‘V ^  Oncorhyn-
chus rhodurus JORDAN et
McGregor ftggai,
42cm. c .

7 *  ^ © S A -tS 7 0 if| | | « % i> H - 'S  k b i > 0 ,

S. t  ¿ t i l t '  f  % -o i  % < i? L

i t | & 9 ■?>„>s a - c ,  g g ¿ ;* © « $ « . * > $ '* © - e & * a  v  jb
£>Si& 

:fr©MJII©£*a

it<  t>t'©|5H
¿ » 7 '7  ^'aH Ji,

S£\ i t ' 5 c
¥ *  3 ~T-r-d Oncorhynchus rhodurus, landlocked form 

ft®  22cm. 'am t? F^-4-^J i ^ 5 .
zSctit^& ib-f

7̂



ni 5' T © A S K ! » * © * « ®

b 4  lífl ty t)>A iì A t í ' i  te.
i ^ t í i i A J I 4 j& ^fc X5K , p g g %<Dp|g A X Z ± ± *,•*=. ? A * r  

V h ' ) 0 S ‘# è t f c l t S Ê ^ 6 ,  7 ;T í O | , | í l i & 'O i > t ,  4 o ¿ J c # :f t j  
^ ^ Ä ^ D O fcV 'O ^ afe .^ fc . m u m * ) S  A ^ f c c ;
¿  4  A <, JXlR^íílA A3'tfAc^!i$'A A5ì\ fi #■A$).ti-A7' i  A 4 . 
© Ü O A 'í f c ^ O 'O t ’ ,' & s e g O | ït iito ;S > A A A A

Á A 5 ás V ' i  ( i  *  £  O f - o  í).;.
L A  A> * , - C 4 0 T - r  = f t » i  b  A (*,

a ä 3£P>«, ñ T K a fe m s i^ a '& r ífe f ib  a , # # £ * o i £ f t - &  5 w-s ¿  ¿  4
4c, A iA c i 'O f t .t ^ B & A b á v f c A .¿ A A íq A A , X , S o í& # H H n , 

A Â » A 4 £ Â 3 lfï© . f o  !> A J,‘ A R IS C O  T & o X J v W im s ß , 
4r*äJ3*z& & t'Z>  S l iÈ $  &ic < :b b V '# ;£ Ä S c O A  A O jfe J r f r ^ i i f f t  ¿*%

P ¡k 8 | | ü  * o » t ï m i c « b f c . - U t i  c b h ^ P t ^ M m - f  ̂ K -M x^
A ff ib b ii í i i u t 'A  A A v ¿  ¿ ( i ,  J B R . J ;  fil^SS#

t V 'S  E ¿  A * S  « f i  1932). . A t £ « 8 8 « K 1 Ä V Ai t . t^P«a 
± © ïib g  T 7 -7 A J o ^ ö K ^ r A i 'b A A A -^ y  J  ¿ . í a a v ' S í  ¿ á ^ < A
iRKW O À 'H Ì. ^||:AIA;i>V'SlJÜ||#M/IIO 4 0 4  f  T ^  AJ ¿ 1 , 'o t

■ l 'S i íM 'd í& S . 4 A, r •? r f O f t . t - t ^ ^ S i É ^ l i J ^ t J o ^ a jA l i  f t  9 

->J, HpßAli T t 9 y J  ¿f f cb f T ^ j H  ( i i  o  A,’< ¡^ A ^ A T A
-7> j  © íg jífr tá S o X i/ 'V  b f c ^ o t ,  f f i í I S l# # Â O jÉ Ü A V '-fK ^ fg -t- 

O ¿  BB I  A 1 A  W 9 , A O fB Ä f ö i^ 't  S i ¿ £  b  A. I ' i  íNfl

t ,  M 2A b fe b A A te O  ¿ A S .  c : - e í A ¿ f c ! )  b A l 'O t i ,  ^ 1 ,  2 ©

A#|ffl A § ffiS flJR O  A feflJS  bAM , f i© M « O Ä
JÉ 4  f ^ J l f Á Í 1 A O A, è t f e i ò A - ì r O S l 'M t S  £ ¿ C b t b .

Jo li S  7  -* A ¿  Aá- — í> n, 9  A *  y ^ y  h 7  O ^Ü É^bfe b A  
^ l ~ 2 © ü ^ 4 r ,  % 0 o ± A i B A L A ^ S ¿ ,  0 1  ¿ A S .  A A b , A O 0  
A t i ^ i g o ^ g o A t 'V ' ¿  -  A £ A O  i  i f B A - t s  ¿ Ä>Ao A ÜAA < A S  O 
A, S â A l 'B § b A ® ï5 r 4 ;è S . ¿O0A fc\,'A Ü ÉPÍiA 'A '^'i>3. 7  a a a a

B



i  fe, # # 0 f e fe ^ À ;h ,fe ^ ¥ : i% M S  14°c : # s ^  C S S  • i t

ffrB *lï® e0iiiJ IS130fc.*2, %o^^=P1^iEL-CEA
L fe .

C <0# ^ ® 1r;te¿r*»T **U í,. I B ^ á © S S S !5 ¿ 'é ;Ü ¡S ® ^ f c ' ' ' t .  B p i
M a © * l ® r ^ & í o  ¿  ^ Í É p ^ á É Í É M y S  - t o f t i f i S M o i f f l i 1
f c l ' f t t ' f ö - C l 'ä  ¿ l '  5 i

i  o  e ¿  ti , -3 fe < « £ © jfe # H i» fe -e , f É ^ ti* S o # f f i i í r
4© ¿»Ét:b ;h .2>% © ¿© W ^,

i"f,C;b4>, ítfe ffiíft foad chain O —-SsÌC-ofj;á' Ç>f¿ ; l^ O (É À M ± , 0 í ó
^ P p M i ^ ^ W ^ É i i É M y i ^ i a É  i »

e  O i  5 K í  L T V '2. ¿ l '  5 c. ¿  t i ,
fe A/fe 2. ( K ^ O - a ¡ - - t  t ’ &V ' ¿ L t f lJ  b o t i t i  f e »  *© S T O i¡ó ‘ &  
f  t x e i ' o i - f  ̂ ?> ¿ 5 íc.® 5©-eá>2>. 

lä 1 iiMBROíÉ0©fe*f§Stlf¿^(iá)e>fcH-Cl'f!:V'ás fitAWWlUlft- 
7-^ ¡ f e  7 i r * -y  7  V h 7 o M

r #  X *)a & M M p t e á m a íp 5 % M i f c s o t - ,  a H ^ j S f g ^ - e L ^ -a r ô lir

0  1 ^fHflÜlíoK(e¿óH'5> 7 "?  3’ ¿  7 7  = V" a. ’> 7  7  7 7  y h 7  ©JÉÍSÍCJÍ}" 
^î. X H V n' Oncorhynchus rhodurus Jordan et McGregor. 0  ̂ -7 ¿ O. ma- 
sou (Brevoort), O ^ % — §1 a ü -7 % *> X > b É Epilachna vigintioctomacu- 
lata Motschulsky, ^ — s> *  ft V *> t- > 1 ̂

7«



IH 5 *  •> :r > I- .} ©ttafâ^Æ© K© tt

iiÇiï'ff-'F*i%S<iiM. 13 C, t!î ¿i C194ip ©IS J ;j :H^'C'Iil05oC • month, Îêijlf C>]SI?E 
13. 5°C, ÎbLM.$b W(. 110°Ç • month ©^fi$|[KL&fc<5. ÜSitÎI'C

¡| Ë fe

t t f i i
*'5t#5Sï'!ÎJI|-C-^lâ'5-lLJ: 5 i  L -C V '^ S fê -ü ^ S d ^ , ¿© rô & V 'jt®

:&fflW)H©%7k-s4 ^ >
7 K S ^ ib ^ P ^ o ilR rfg -t i* ,-r

■ r, d fc*j CT.*73^, 7 ^ ,  7 7 - f ,  3 -f ,  77-to)lR^
ic & o -tV 'S  c  £ i i ,  5 .

Ç f c l t $ -f 7 7 ¿ f t 7  c r • * ©f c J;-|?©®^ds ftg-B©W IIItKS. 13°~ 
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in £ j* P f  » 1  m b *

g  2 ¿  T ”7 || Oncorhynchus rhodurus JORDAN
et McGREGOR, land-locked form <D jMM^

7JC SO V ' v .  rf CD j§! i& I T  ^

1. m m III H a**#® E tW «5W ^ T 1960 K  8
2. •=? A ill yj 1961 ft 0 ^  .
3. m ■w III ; H # ; Jtl± 1961 ft »
4. M U M 1961 m ■
5. Ĉ: M 1ID 1962 Hr
6. m ® ill 1961 m &
7. tw ffl no 1961 m m
8. m M no 1961 m
9. & in tilt® 1953 f|| s

10. & eta 1961 ft . m
11. n 1961 ft m
12. n * H » 1962 HI it
13. tr m 2»| p  M i 1962 Hi it
14. c* V m = a *# « ie s j!w u a -, s ? » . 1962 #
15. C* V m 1962 # £•
16. c* & m 1955 HI
17. c* # 1961 ft
18. c* t* m = * * £ * v lf  a) 1 Ifi Sffitta-; =P#iS 1961 ft
19. c* iP #3- f  S *3«® SM 1961 W
20. C* rt 04 JID : =sjRK&ifc*:raiiiii-*&; f 1961 ft $
21. C;*: F*3 Hi)ID BBRK&SP^raiUe.TSa; ICS 1961 ft
22. C- /  ft1ID f i m p R w ^ l 1961 ft «
23. C- <? ft JIDr 1961 ft
24. C- /  m 11D H*»K^8EK^fi-bSR; 1961 ft 1
25. C* fP no =MM«:£r»i«ftWSaM, , 1929 . * !
26. ft'M M U Hsmp^rpra®. tags 1960
27. jUS H Nfi H»Wb#-*8K»[lJ8Ma»ll-ti!E 1960 1̂ a
28. tt ? HI = « » * # * * «  awe^s- 1960 n a .
29. cx p no =**^b##i5M«rpXP 1961 ft «
30. X y lit % » 1  i±stt 1960 m a
31. « HI B**^b^»®S*rt«$)II±SS 1960 m h
32. A + HI *’ B*M:lki*as«S§r1J=*II, /VHII±«fe 1960 M $
33. JH H**tbi«®«SErfJ®ffl, tSJII±KE 1960 1̂ m
34. % HI ; 9  A i  !> J;« 1960 m , h
35. m V m = nvmmifizM  i|  ; ± a 1961 ft «
36. c* X no = S ! l « » f ^ ; /J'E;' #  '  ill; H 1962 ^
37. p m m C4HMft4;ss 1961 ft
38. c* m no = * * -^ # ^ « ± * 0 5 : ^ * 8 1 5 1961 ft
39. m no BAlli 1961 ft %
40. CIR no * « » 1960 & m
41. ffi no = **« S » tt i ii it r« S ; i* « .;■ SB 1961 ft m
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42. X m JH £&m¥Ra$s£fti:HP; * x ii 1962 ± ©
43. *2 / JII ; CSAJIID 1961 &
44. » , camjiD 1961 .R #
45. Cè m UD 0.h»£®*$íiE 1961 èp
46. CU. m UD m n -, «s 1961 üiî
47. cu m UD OTiJiô 1961 m ©
48. m m JII smmsusTOiiiîHjii; ;u-êr W Ê Ê 1961 & i|r
49. cui àS UD SA.»S»i55Ç/IW»ÎUiJNiU-& XDA'JIIP 1961 m W
50. cm iê' UD 1961 m m
51. CUI ü UD ^A»S»a5̂ Jlltì*V3- + ©; « tip * 1961 m m
52. c& y JID 1961 m «•
53. CUI HC MUD £ JURS®8B® iflJI l*í¥ ; *R HttH 1962 lg U4
54. CUI M MÙD MMf 1961 m m
55. CM y uÊT SijyRS»*í+»llfí 1961 ì§
56. e n U UD ia S B ä E m M m S K ß lt iPÄ# 1961 u m
57. m JID 1962 s n
58. cm JID 1962 ra n
59. Cßmm up' SiiWRSSas+iWIlfi*® C**WID 1962 m u
60. at m UD 3SÄ.R'g®8&±:|fciiJf}35*ü M É 1961 m
61. Cit 04 JID Sm»S®»±4biüíí^H*a; " 1961 & m
62. Œ y JID SÂ»S®8P±*p«a-àr, ■ gŷ 1961 m #

63. *3 V m ¡fWKiüÂflfcfcîff 1931
64. m- JH «O J*» HIWEJIIHT ÉHI 1931
65. ffi JH a»P*PWÄ®Bri0«)il ; ÎÊH 1961 m m
66. cm JIJ ÚD in»ajm*ffiirat*Br«#; Ijiitfi =.n 1961 m
67. B A JJI » « P * 0 1961 m m
68. % JID »» P* 0 ÄSMSttW/J'XJ 11P 1961 m #•
69. Cft ¿ un : »»«li*0«æ®#»ilPŒP ; IW 1962 * ¿K
70. m H B PRB#*iWaBW-J l'[1 ; ' 1931
71. // fP®:iU*ffi#«®ff>aKBI/WSg; SÊ 1961
72. B § f l fd»MSB#*SBHiimnr$&:miS' 1955
73. * W«lÜ«W£*8WHEWffi& 1958 m
74. // fqR P»B ^8W2!!&BriT«; ¥ * 1961 *
75. Cfî y JID 1962 tn
76. J§ # M /.Il fn»p»B i«i5a#ÄBr/J'Wra 1961 m »■
77. . Í . & m a * a ü * ^ * s5S»MHim' 1982 $: a:
78. C* SP JID ft»UJ»JlC#*8ßS«J i IHTH® 11 1961 m «■■
79. Cfe £ JID . imre* 1961 & W
80. C'b JID ?)±» 1961 m %
81. m IF JII ; ©«JII 1961 & »
82. X ffl JH fn»aj**#*8raßs»?#Braj 11 1931 #■
83. m P H 1931 m

84. % m &«»ê»*Sfc§WW£Hri; «Í6 1961 & i§
85. cm JID 1961 m «-■
86. cm JID 1961 m
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m *  f  ■w i w i r . W c d m ^ ^ cdm« -

87. cm 710 CWWID 1961 m
88. c ± JIO 1961 n *
89. m £n no 1961 m m
90. ft! JIO ; e i ? « 1961 M *
91. C£ ffl JIO äESÄÄfta^-iWÄHl ; i l » 1961 m
92. & ft jio Ä SÄ Ä ® ®ß^i}*it6iÜ  Cjff&JlO 1961 m m
93. œ ft JIO a tm 1961 m m
94. ft JIO ^ Ä m Ä ä ts ß * ii8 iB « 1961 %¡ TfC
95. œ ft JIO & Ä S& Ä i® fflR r¥ ; S « ;  ffiti; P 'g S « 1961 m m

96. m jii SiPrffÄÄK/J'tli5 : S «  ¿JW/ID 1961 m m
97. CÜ5 gp jio : jR®if £ 5 ïE * J I  ; Ä ® « 1962 m
98. cm m JIO jh® TÎÎÎHïrB Îèî .̂ ; S « 1962 m
99. Cito m JIO ; ^ r P S S K S Ä . » » ,  U S 1961 m #

100. C* m JIO ÄIP ; ÌAZ 5 «  ; Ü «1962 M i l
101. C* m JIO jR®rtffijRKf8Ä, m ,  Jfeffi« 1962 m
102. C;*: m m Ä ® «  : 5 «  ; 8 « 1962 m 0
103. JS® m JIO '«®f|îfc«KAÇ4, 1962 m r0
104. c* m JIO r f ] BJ2ÁÍRÍJM i -b V «  ; MÎÊ-â" 1962 m •#
105. m JIO «®rWbKfWII; t JE P  ; *RT QSiWID 1961 Ép K
106. C± m JIO BWII 1960 m
107. C3: m JIO ; * « jii 1962 M
108. C* m JIO ÄUiTMfcK/J'ff», s « . 1962 M #-
109. C* m JIO Ä®itesK«a4)ii, « * « ,  8 MJII 1961 M
110. C* m JIO ü̂ ®tîïîïj5̂ B?R'/M« 1961 m
111. C* m Jio Ä®(ff4t8 Ea»Ä4fcHTM»; 1961 m
112. C* m JIO Ä®«4bSffl®«4fcHTfflK«:; ^Ä« 1961
113. CJz m JIO Ä®«4b*B®S4bSiaga, í7 y ? y® 1962 m
114. C3z m JIO S®®4blÈffl®«4bratLi, C3B4-03 1962 M
115. C± m JIO «® «4bHH®S4bBr̂ giJJIi; ü « « ; Jf« 1962 m
116. m M JIO S®®4bHffl®S4bBr^*'«: * * • « ;? « 1960 m
117. c* m JIO S® »4bSffl»Ä4bHI ê®, B ? « 1962 M
118. r* m JIO S® »4b8 H®Ä4bHTRS 1962 ÏrÎ if
119. c* m JIO Ä®»4biiffl®«4bW#P ; /J'S« 1962 m
120. CJz « JIO Ä®«4b*ffl®M4bHI-bP«; tt&« 1962' M
121. c* is JIO Ä®fö4b*H®A*,Bffli$ 1961 Mk vfc
122. c* * JIO Ä®«4b*B® B WW® V« ; .* f « ;  1 1960 M
123. m JIO Ä®«3M*H®ai5IHr7 ? tf«:; -b«jH 1961 &
124. fg æQ ffl sararaswss# v.aa ¡ w s ; * « m 1961 & m
125. ft JIO iR® rtiÄ:ÄBe^» ; _t î B 1961 m m
126. cæ ft JIO mm&sí&ÍKZ. £JII 1961 m m

127. #0 fti JII 1961 m CD
128. Ä' m JII *ER?gie»íg»Hr^B 1962 èÉ¡ O

129. Ä ' m JH f t * * ? e ® « * K r æ i 5 ;  &jii c33*;id 1953 ti B
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130. in? i r IH ^ * * ^ bT®ìb§I»Uj^ ± ;M B C ¥ i i)iD' 1959 m m
131. fè1'tilt ^«*?JC-h®Wfflro«R ; # *  ; 1962 |tifi fei
132. c # ito ^»»?Jc±® W asU *^H  ; ^ 5 7 f S 1962 : Ol 
133. CB n ito SffiS- 1962 ili
134. m i r ìto : i ®#st 1959 Uà
135. 7f3Ì g l  ; R»*»*S®*W raW ±/J'ffl C/J'ffllWID 1959 wm ffl
136. m ito ft»*fM ® ff*tfiri= iB  ; SW 1961 M - a
137. c # I l  : ^ *s# *s® *w raH r)n ± 1959 t i  m
138. tw l i4 f t» * « * ® £ » B T f f ig Ì Ì ;  i  !) « 1962 ra w
139. cw m -#1 f t * f t« * ® ì£ © B T ± Ì»  ; » I l 1959 n ra
140. w : : jlì lilW: « i» 1961 m- m
141. m ili ©JII C3ISUID 1959 .tf ;ra
142. i t i #  '1 ; eUfaJtìMBX 1961 m m
143. hst1H i * » S ^ 5 R ® « J W S » ; 1959 m- a
144. Ì$Ì IT' Ji# j Ji®*i?;5g®SSW ffl 1 #  ; -f  *  ; 8 ® 1962 m 0
145. ‘tM 'fi* Hi ; # B 1961 m
146. ito i ft# B S ^ ® -B W H « flJ , MÉS 1960 tf s
147. ià1 jlli ;S»*??S!®-''6H rS?iìJÌi 1961 tf m
148. c# eh’ Ito ! 1959 tf ra
Ì49. m ®rH i : 1959 tf a
150. c± 1? MB : 1959 tf a
151. c s + S  ito \ 1959 tf ra
152. mm /Ili ; *j*® ^ai® iii«isr±i«» j i k i u s - 1960 Iti 01
153. H I* er 7111 : ft-**s^ B ® $eR r® < r« 1961 tf ra
154. |it'’m1ito • f t » * ^ s B ® - s s r - ,s 1961 tf ra
155. i f t  1 1961 tf ■ a
156. m ;iiì 1961 m •«
157* | 1959 tf m
158. » g m m & m i n  s s » a 1959 tf ra
159. C JÈ: :lfft ^ ® ® ^ JS ® = F «tì!t*  ; pRM 1959 tf m
160. m t t lift ] 1959 tf

161. B 9a • ^  | ISlil»3OT®H?ft6fiS£5; * £  ■ P S * 1961 m
162. c# :1to 1 i® ai»3 iB ® ® R ;tttR « 1923 su m
163. iia *Jb ^ B S I? B ® à ® f f t® » , /KiW 1961 m « #
164. È# m ito 153 lii® B ® ^ ^ ^ :f:i 1959 * #
165. in • ito iffliljS®B®®HHIS;7|5 ; 1962 tu
166. Ì1ìi % [53B»ìgB®ra®W *# 1960 K
167. /to l5giU»'SB®ì!Ì^BT»fP ; H P 1960 Pi Oj m
168. Ciii:-ù '3f6 isiU4*'£B®p®rtr»a, M  csajiD 1961 ffl B|
169. tm tolto 1960 m Ol m
ito. ::/to HlUS‘S B ® *# itr« » iK 1959 x ■ft
171. iu jii IBiUSM HW Il-tfffiS« 1950 &
172. • // n B*K ig® )i i ± » s  a * #  ftanite 1961 §§8 *01
173. cs * ito 1962 ■ m.'" 52
174. Cfr £ ito 0J®K8S®frffitìSI|-ff fi 1960 pg 01 m
175. fHH ■N |S3ilj®fiM.Tp=FS, 7EM Df-JUilìRtó 1960 ■%: ffiS
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DI a T -7 zf t  *  ■* Ä' U * tf t  *  ^ t  > 4> *  CDMfö^CDÜIIÄ

176. ĉ kahd 59tllÄMSiWcft W;*:# Jf, Sill, /J'KSß 1961 » »
177. CÆ HD? Hii|*fñie8C#»Hrit» 1962 ft m
178. m & HD miìirsjssewsiwh^ jfìAtpw 1962 m
179. cm JID l«lJj*KS8PSBHI:F;F 1961 % a:

'180. % •ill iSftmtfcSiP*«»»*; s a  cmsoii-fcsKJ 1960 ~t i§
181. çm m HD i£ftSibSi5Kü®ar*!K(* 1959 m
182. xçm m HP hujii 1961 m 0
183. cm m HD 1962 4b 0

gilt JM &%<Dtzìòz<DMi&Mi~1mjLZ>.
184. &-■ ill h#e ; n m 1960 m
185. cm m HD -j 1960 % M
186. at HD « i 1962 m A
187. en y m HD 1960 m
188. en y m i l 1962 P A JA
189. pj % HD 1961 ife É
190. C*T § HD 1962 1 ü
191. c«r ft HD üjii 1962 ü E

192. X 0 •il! CBAHD 1962 ü m
193. cm JEÄÄiii»aPSWm  ; p p 1959 «.
194.: CT HD #e 1962 m E.
195. cm 04 HD : jeAÄOimais^wrÄiP ; A®. c*«hd 1962 n E.
196. cm 04 HD ; EAÄiüAa^sfeBtfei'; » 0  CfcWiD : 1959 m ü
197. cm 04 HD : ; -ins ; m m 1957 0 9 À.
198. , Ci: M HD : EAE0E1^ 4bPtr3ro?$E OiEiO, Wft 1962 E
199. Ci: w HD ; m W O T Ä lliP iw If m m 1957 0 5 Á
200. Ci: fe HD «Bit 1962 % E
201. OR m HD 1962 m E
202. cm * HD 1962 ff E
203. cm * HD ; ‘§ 4  a 1962 §k E
204. cm HP EsmiiimißmrawHÄ 1960 & S
205. cm HD 1962 m E
206. cm A HP 1959 &
207. cm M HP jE A Ä O iJiiP ^ raw r^ M «*. « m 1962 m E
208. cm * HD t¡mm 1962 m E
209. cm HD tuñm&mnimmtm  ; a & ; ¡m 1962 m E
210. CB & HD tummmmmmztm 1959 Æ H
2 11 . Cf p HD EAJAtëtëlJHMRflJfl £ » 1962 m E
212. C£ fo HD ÆAJSétëSIWfitfitfïÎ^ 1962 m E
213.. cm £ Hp 1962 m E
214. en HP 1962 m E
215. cmP HD EAJA^iPSftHTA^ 1962 m E.
216. c* m HD EÄÄ^fäiP»3fEHr±^cra ; A £ 0 1957 0 0 A.
217. c* F*3 HD EAm^iäiß«HrfTM^ 1957 0 1 A
218. c* Ñ HD .JEAÂÆtëïH^ŒÂS 1962 ü E
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219. m ill •:;ii ; f|m ; M N Il 1962 m fe
220. CA m IP IM ; filli : 1962 m fe
221. m p| m jh± ;  ato* 1957 í;k
222. m '..in 1959 p P
223. » 1957 o t) sA
224. // 1962 0 fe
225. % JII-- i  . 1959 Æ. M

226. a JIIÌ- P W Í ®  ; fff CStWP 1962 m fe
227. CA n Jp; ÜH 1962 ß fe
228. Vt iP ■ \um 1962 Ñ ü
229. C¥ & iP p p m m iS iW M á 1962 fe
230. C* w IP * m \ 1962 h fe
231, CM íí ¿IP |JL| RÜÎXïPl îêHT/>® ; ; ¡ftj| tÜg| 1962 m fe
232. Cñ IP in ; m m ., i  r 1962 m fe
233. cm m iP p P M f w t& f e w c w 1962 m fe
234. cm Mi. J P  : 1962 m fe
235. & ill ; c?tiiD 1962 P T
236. m ip P P m ^ S I 5 » 0 T i i l ±  ; 1962 m fe

mÊmÈÊËIÈÊÈ
237. m m ill ! ÖtPilD 1962 0 & te
238. B m Jll ^ m m ^ W / i i i i  m km 1962 & & m
239. B , m ill cMñnü 1962 & •&•; p
240. B y ill 1962 J i m
241. IB / ill 1962 ¥M m
242. A m ill cmm 1962 & »
243. A ¡ ¡ 1  . H Ü I Ü # |  c* w p 1962 & m
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£ "C, iitÈ 5c© 4 -S íf tn]©40^i-cfedw>&).
M i ï & z v t c i ï ,  i t u é i Á ,  ¿:$ê$è.

L-a - 'f f V 'O - e ;  B â â i - t ©

C1961) ¿ V ' 5 W Í ¿ ,  S S S © i t ^ I è T ^ c r £ J
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I H , V S o ^ J ^ ^ - C ^ S  C t K - f b .

( 6 ) A CM03 m3 A>bitm L  X  y g # P P h @  j ^ g l M i

ff/H ít, -ïrô ^ a E 'O Â îS JII ¿ i  % C195734Ci  *  g | É -*• **!< *
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H É |  ^ ± ? 1 © fflÄ S ß l> # W *£ g %  i B T I Ï » l i ® * f c *  £ Ä # lt l« J5 r
! CSOirO © W ü J Î â ï U i t  14.8°C & U 5 L - C W 3 .

Ä W W B#A^ffEH , # ® Ä ^ t r S L h j* a 5 ^ © ^ i P ^  - ü l i # t  - A$¿. $■•.?.*'
! £ | £ jife$  ' ) o ^ í ¡ i > M 5 í i f c o t * ,  b © W i í ^ ' 9 T . v  m i ^ É t í t e W Í
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© ^ © ^ ^ i a w :  15.7°c © © É -Ç & o fc. £  £  4  ^ ^ © B î W & ^ b T B  
Bj—® ©  100m:¡0 T © ® W f £  k Z k < - 7 © ^ © i£ ft*È  
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T W $ v , »fcít¿ 4 Â v â © ^ à  S f ò # * gfef2) ©à\ B p M g à y j i  

& iíll?f£¿ £ 7 > ^ M ti> o f e © -C ,
£•?), ífc,i£fjlf£»,'7 •? y í£f>0 "Ĉ >2> £  ofe. L T ^ S  ¿ ,
íO¡nIJI|¡CttT-v =’© l '? i ! S ¿ t - 7 ^  © V' ¿ f p M j i,-ÇV'%fc.tt"Ç. W>>%
ttW ftñ o M Jii© 5 "b, A o ^ .á ig yi , i r s ¿ £ ^ i ì ,  » ^ © ¿ £

ò , £ © s iiu n /c i tm É S J H K % | '%  || £ © jii©-\?^é  © # o
^  ÿ -v  >y -v tH •>p V  > 7  $ 'V ' 5 #  ir üfá» b  JhSKds i S i t ' i ' ì . 'À I S ,  fe  ir |p®

¿ f i  o -C i 'ä  J: 5 f i . l ' - f & ì c L t  4 ,  ^ S ^ A © è S ffittllS lK '0 < « 'rC « ,

(7 )  É p ^ j É  * ■ *
C19573 P i i x i i ,  ^ f i 7 ^ 3 ' '© ^ í É a ¿ f i '5 ' t i 5  Í>, B Ä , Ä Ä Ä M ^ b H  
LtSiJ^FgC Ä S^:& )H 4 £¿Llc¿>fó5. W 1-¿ L t i t ,  TKStiTC^'ütrt^A 
-, 1 4  L  b fà U K ^ e -^ '-e i' -ò im  © ± i t © ^ i i c ^ m ü i ®

8&î#Bí}^5fc®íftED "Cit, 7  t  y kT--Y * t'WM L~C»,> »,' 5 C4># 1955],
$  -C;fcffJ||it^¡C^!t S 7  -7 rfofJigJtfíf*, V&ea C1959D l£ ¿  ^ i í ,  4tFH7líf'Í‘

Ä -e& Ä L tV 'äM liJII,;' $ ^ JI[, jjp tfl] * # jl l# ^ » © iií t© Ñ S * ü :B I S  
■5Iif%£í>L>, f c ¿ £ t í ,  ^ S Jllt-itÄ Ä B j^ S o ß ^  CtöTOOmJ -¡6?ifo±íK, 3£3£ 

C®650m] .^b ±-i® © S »7rá> 2) ¿\,' 5 . £ © $ f * í £ «  
C750mX 4  fetiifeK®? C600nO d’. b Ä -t  2) © t'í>  3  ¿ s  B  

IE # jg « W H Ä Ä © fi^ 'tr4 Ä » © M « ife ,trA S . 1960^M, # ^ P ^ © .  
S U t K i ä ^ ,  S S ' C í í f * ; i 5J »  7 f * i x f y  | 7 © ^ , '¡t^ ií'C U ffitt©  

g f t ó 'I S b t b f t f e .  L T * *  ¿ ,  £ © # ® -ü © M tt© f iE 5 -# © Ä ^ f i  550 
~600m & fc0© ¡f3ffi¿fc£f\  £ © ^ í á ( t á ^ t :^ f f  C1906X '¡Affi C1920D 

jgffi Lfe £  ¿ ¿ 4 o  fe < - Ä - f  2> •
( 8 )  izgSMUJ % m < o m m ¿h V ffc^ h , ■ o i^ '& E g g r  4 ^ » fib  £  ¿  ^ 1 "

5 . £  © W O - 7 / 7 T  y  b 7 S © P S ti ig f P  C1918], C19323 »,■> b V  4  fi
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HI ■* t? * * '> -r > h * CD*|fflfcJ5^©^f$

ftfris-1 i£ i?n N V< & 1 ^ 4?,' ®f# « . -e # Si»s % t  fctte h  '%
¿ © ¡f t* ,  MiU Ci955m3 :|fcffij©*]|S600m ©Jfe&ic* s a $ i ,  |g&»tt.j&i&-

£ M z t * - *  s>»  » • * * ’y t i  y •>• B f f i®

b © S ^ ,  W&)WWM?>%M, W it C700~900m3, W iM U l^ b lR / l-fS
S U S H Ii»© # liK fW ii»  0 i!9 C627m y / m ,  Rj -» ^  c r a s -m ?
* , 7* * , 7  *h\s 53 ^ K 5 | B * %  h  *>," c. < D ft& t± E B © g ftl» , S i t

19603 ¿ 0 ^  L b . % -fê 5>
± ~ i K i V ' i ,  C7?)Si 19533.

A S 3

O ± ir — i>3. ■?ir-+. '7 f  v  h >> Epilachna vigintioctoma- 
culata Motschulsky ¿  — i/a. # - V b  7v  h t? Epilachna sparsa orientalis 
Dieke © B

stts : o  X $ tz b C Z > ,  £ © $ t > ,  b -C ft
jft-f % fHifeM© jf *  -  p 1»  -> dr *  -x f  y  * '»  ©% & $£•#$$ it  f  it 4 M£H4
t|,ilil© ^l4;^A tt© lbftkSti© ^8LSi"$ 7 -y -d Oncorhynchus rhodurus 
Jordan et McGregor, land-locked form <DHkMff'}ft'fti M -5 i  ii

a —w P I  i  ¿ r a ^ o v ' t .

J : oj4 , B « ŝ Q ^ 0
Lit.:

HI 1, 21CL & L it J: 5 VC, R im , S liftS i ¿lEiHf-li-«ISST>
£ © £ # © r t i f t i £ o b - a t ,  

r-Y=ii© ft,i1di^nPjK'C'''?>ps^A, EH,. ft|H©— 
SBicjoV't: % |sltt©ffi[B]d? $ frtr'Z .fz.:

5 f c . & i t o t 4 P*b1tffliM% ftZ .tb ii-a s it, i <
N p ^ S ^ L s E S ^  • $>ii; '

Lfc©4ili;fcb;&»i#;t* ¿ , 4 C ¿»c* 0 ¿tit <, £ 1
w © * * ^ - * .

$ m # w , m xm M , « » a s * ? ? ,  # * -* ,■  ■®&b & * .  s r o * - ,  a
® s i ® ,  4safcn, sa ss#, -snug,’ om it

A,. d'UUHW,. Aftlgp, A
M ^ ^ H W M r o B k ,  AfR—n ,  <*>&&&,
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£rEB3f-r, W»&—05,
Éfflfïfè, fëOiifcÈ, ftfflfôffi, J±#AgP, ñfflitáp, fBfflIE&i, 04TÄit,
/^EBg?-, OJA»l©sfft.

fBDctü, MOj, IKM,tü o , Ä ® , Afë&ÜPr/rAIËK • &Í7k&fcMÓíf£ffi, ~  
EHBflgn^f! oiojmsi:®,
S5+WllííS^, M04!ft'J'E3,Jl|$ifêl, SWfeK,8ifïfë,
it, 04a m i s e l i ,  MMnwsm^m,

1962^8 10 B U 5 -t .

£  S i

frfflÄB] 1957 272 pp.
^FSHP— 1957 a ¡ i H ® 0 ¡kiflR B ®, 7 / 7 X - / K , A > ® ^ .  AMffi#KfS 

6 : 327—346.

,j£A Ä ;fc$ :£# i*f& fö ® £  1953 0 H S l2 7 ^ i :f f lJ I| 7 K * © Ä I « m fe  259 pp. 
fefflM— 1959 pôfSISÂ£rlS©04ÿ:^'O9:®. O O A  17 (7) : 78—80.
4-ffiünI 1932 B tH 4 C j^ $ 0 l© k © :# # . OJ'J'M 7 :1 1 2 —123.
—  1951 ^ '- h t z t ^ it b .35.36 pp.,
4-SfîiUii 1961 t 7 ^ i - f ! 7 t ¿ X f / 3 i .  13 (7) : 28—38.

1949 * *  ‘j s ä m
<?© ^K :ifcV '-c. '# * '  3 ¡121—124.

-----  1950 s  i? i  >7 +■ *  - y f y  K <? t * ir - i ?  x í - f  *  - y f  y | ( ¡  ©#:fti©ífi®iíft
S ® , ■ p a p p i  15 : 59-62.

fttíA» 1953 5 ü 0 4 ¿ ® M S © f t* f f l . P 9B Â Æ ^ èH  3, tf® . 137 pp. 
« Ä 1  1961 n ^ ff  - .433 pp.,
&BS.M I960 5 i i 04 © g j& £  A 3t M % ^ g  : 75—76.
S f tÜ A  1945 A » É a ^ © S g | ¿ :L-C © $® © frM felS5-. 23 pp.
KÔNO, H. 1937 Eine neue Epilachnà-Axt. Ins. M  11 : 99. 
I m ^ t t j  1962 h >7, f i 0 - i l ? ^ 5 f y  h »-Ä gig® . 35

pp.
SK & gc 1962 4 ^ io g  mm-
HlfffDÄ 1956 ífgí^ÜH. OlP^/fe 2 (2) : 13—19.
AiRd'Ä® 1902 {& SS& RA ®äl'©5^. g ii - t t# -  6 : 469.
4 'W ^tä 1955 4tAffl© A-ry<^¡( 4), . - o 9 Á  10 (6) : 74—75.
+ t í í M  • M é i i  1958 A W M LA ifo^A & ^+V  a fc -o V 't .

46/47 : 103—107.
iSfOieW 1902 1 S * S © ^ ¿ Æ * ® #  6 : 232.
I----- 1918 * í« * e g B f c i® -t\  ft*® #?. 22 :346.
StO JJI- CAT0lA3 1959 $ j*i& £(i0). mv>% 104 ¡ 67-69 .
-----  1960 Ol£-&ff#0>. ft© -S 106 : 56-62,
BœSF—êP4ïÂ-2ig 1955 tt'SftÜfiÜÎRft
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m # w b ?S8&k * 5 > 

b  c msi  5.1—is. .
# f l # S  ;1957 {JtS ©  •?-*•>#;. ■PDA 12 (3) : 22—24.
A&IEiR 1929 ^ O ^ iK M O fK .i-O ^ S t& H -fS  2 , 3©£q.S.
7  C «**D  4?#i) : 129-150.
------ 1930 - Y - r s R V r - ?  *feS# fF II 6 : 1186—

1208.
------- 1957 g ( S l t g g i | .  79 pp.

& jg ig £  • #&*:& 1942 lU *m o  0 212 pp.

1962 ^ gfto  0 S n -  230 pp.

¡Sffi. i l  1920 . S A t t #  24 : 225.
------ 1925 IB ^ it^ i 'C K -y -S Z l- t -A il^ S .A l l- i 'A iS iO ^ r ^ 'C . fiiM fcii

: m  12 : 553.
TAKAHASHI, S. 1932 Studies on Epilachna lady beetles in Japan. J. Tokyo 
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A b s t r a c t

T h e  J a p a n e s e  a y u  i s  o f t e n  c o n s i d e r e d  t h e  

i n e s t  e a t i n g  f i s h  i n  t h e  w o r l d .  I t  a l s o  l a c k s  

" f i s h y ' *  s m e l l  w h e n  c o o k e d .  I n t r o d u c i n g  t h e  a y u  

n t o  ¿ « o r t h e r r ,  C a l i f o r n i a  w o u l d  c o m p l i m e n t ,  r a t h e r  

h a .n  c o m p e t e  w i t h  t h e  n a t i v e  fish„
D u r i n g  t h e  j j & s t  s e v e n  y e a r s ,  » e m b e r s  o f  t h e  . 

i u h e r i e r .  D e p a r t m e n t  o f  H u m b o l d t  S t a t e  C o l l e g e  h a v e  

t t e m p t e d  t o ' i n t r o d u c e  t h e  f i s h  i n t o ' t h e  w a t e r s  o f  

u m b o ! i f  C o u n t y ,  C a l i f o r n i a .  T h e  e f f o r t s '  t o  d a t e  

rsve a p p a r e n t l y  n o t  s u c c e e d e d *

'The . c l a s s i f i c a t i o n  o f  t h e  a y u  I s  d i s c u s s e d  i n  

o m e  d e t a i l .  T h e  t a x o n o m i c  p r o b l e m s  a r e . e x p l o r e d  • 

t s p h a s i s  o n  r e c e n t  w o r k  i n  t h i s  a r e a .  B o t h  a  

e u c r i p t l o n  o f  t h e  a y u  a n d  a  l i f e  h i s t o r y  a r e  p r o - .  - 

i d e d .  ' .

.1 s u m m a r y -  o f  J a p a n e s e  e f f o r t s  i n  t h e  c u l t u r i n g  

f  a y u  i s  g i v e n .  W o r k  c o n d u c t e d  b y  H u m b o l d t  S t a t e ,  

a l l e g e  I s  r e v i e w e d  a n d  d i s c u s s e d .  A  m o r e  e x t e n »  

l v e  H s o u s s l o n  1«  g i v e n  o n  t h e  1-5 1 e f f o r t s .



i s a e l l  c h a r a c t e r i s t i c  o f  m o s t  o t h e r  f i s h .

0a p i n g  t h e  p a s t  s e v e n  y e a r s ,  m e m b e r s  o f  t h e  

F i s h e r i e s  D e p a r t m e r i t  o f  H u m b o l d t  S t a t e  C o l l e g e  h a v e  

b e e n  a t t e m p t i n g  t o  i n t r o d u c e  t h e  ¡ ¡ ¡ ¡ §  i n t o  t h e  w a t e r s

o f  H u m b o l d t  C o u n t y ,  C a l i f o r n i a .  A y u  e g g s  w e r e  

o b t a i n e d  f r o m  X o ' ^ s a  a n d  J a p a n  f o r  t h e  p u r p o s e .

S o m e  w a r e -  p l a n t e d  a s  e g g s  w h i l e  o t h e r s  w e r e  h a t c h e d .

arid  t h e n  . p l a n t e d .

T h e  p u r p o s e  o f  t h e  p a p e r  i s  t o  b r i n g  t o g e t h e r  

a n  o v e r a l l  s u r v e y  o f  t h e  e n t i r e  p r o j e c t .  N e c e s s a r y  

b a c k g r o u n d  I n f o r m a t i o n  o n  t h e  a y u  i s  g i v e n  a s  w e l l  

a i  a  r e v i e w  o f  o t h e r  e f f o r t s  i n  t h e  f i e l d .
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Classification

lx Japan and China the a y u  has a long and 

c n X i > i * f u l  h i s t o r y *  In those countries it is widely 

b e l i e v e d  t h a t  Empress Jingu of China in 200 B.C. 

c a u g h t  t h e  fish with hook and l i n e .  It was a  

t i m e  w h e n  she was on a military expedition against 

C h i n a ' s  e n e m y ,  Korea. Conquesentiy, she named i t  

" a y u "  o r  "eastern expedition." Emperor Saga of 

Japan(810-824) supposedly decreed that the ayu was 
t o  b e  c u l t u r e d  o n l y  for the Imperial table.

The ayu was first described soleatlfioally 

by Temmlnch and Schlegel in 1846. "Blsooglossus* 

is d e r i v e d  from the "plated tongue" that is char* 

actenl^tio of the fish* "Altivelis". denote) a 
"high sail" or dorsai fin. The dorsal fin is

abme*ha,t higher than tho-ss.of t*»m Aamotoids*. ,

T̂ ie j 'r taxonomic problem in classifying the 
ayu r i s e s  at the family level. The controversy 

is w h e t h e r  the ayu is in a monotypio family or is

h i g h l y  modified member of the Salmónidas The
■ O l d !  

3 #  11 3

;l| tr U t i
I  ‘ ' 
> í i l á a #

|#s tended to plaoe the fish in the family 

J After Berg's taxonomie work appeared
i n  1940 a n d  the,English translation in 194?, the 
t a x o n o m i s t s  h a v e  traded to plaoe It in the monotypio

* : w  « ■ _ *
f a m i l y  Plecoglossi'iiae.

The ayu resembles the Osmerids(Chapman, 1941) 
mainly because of the dentition of the mesoterygoid

4



and the g l o s s o h y a l  bones as well as the presenoe 

of a t o o t h e d  supra basal bone overlying the first 

. t h r e e  baslbranchiale.

Ayu differ from the dalmonids in the lack of 

the orbltosphenoid bone« baslsphenoid bone« and 

upturned terminal vertebrae« the post olelthra, and 

the supramaxlllary bone« They also leek teeth on 

the''vomer*-

Pleco^lossus a l t U f U l  ®®y considered in 
its own f a m i l y  because of the peculiar dentation of 

the j a  the uni<fue oral organ« the very numerous 

pyloric ceaee«, a distinctive interior flap over the 

mouth, direct articulation of the palatine with the 

prefrontal, and a "reduction in site of the inter- 

opercla with the concomitant exceptional enlargement 

of the last branohlostegel rays"(Chapman,



D e s c r ip t io n

Ayu have no su p ra sa x ill& y y  or orbitosphenold 

bones* There is a toothed entopterygoid with a very 

narrow set of infraorbital#. Trie typical adult nay 
have as many a# kQO pyloric oaeoa. The maxillary 

and dentary have a few mobile, flat, serrated teeth 

in one series. These teeth are situated in the skin 
and are not attached to the Jaws.

The trout-like body is covered with small oy- 
c To id  scales. There are usually 11 dorsal jays and 
15 anal rays.*; Pive branchi ostegai a are located on 
euoh side. Typically there are 36 gill rakers add. 

60-61 vertebrae. The series of soales above the lat

eral line numbers about 161, while the lateral line 

1 tself 1 «  c o m p o s e d  of 62 soales. These counts are 
typical o f  fish in Japanese waters. Apparently 

they hold true from other localities.

Ayu are usually olive color doreally with a 

silvery white ventral side. There is always a ‘ 

yellow blotch on one side of the peotorale. The 

adipose fin is often tinged with a red bolder. During 

the spawning season the ayu become a rusty to red
ish oolor.



Uft Bistory

Mature ayu epaim during the souths of August 
and Kove»ber<Fig. t), «hen they w e h  the epee«. '

lng grounds, the larger feaales aay ley as many

' Aa10,000 ***** •««« are layed on gravel,
usually in the ©enter of a shallow stream. The

eggs are about 1 m a i n  diameter and hare an adhes
ive membrane* ;

Depending on the eater temperature, the eggs 
hatch In Ik to 22, days* Water is usually between 

15° and 20°C*. Upon hatching the young may i n * .  I

ateiy , enter the sea(Okada, 1955)* or remain in the 
spawning area until they are about 2iJ em long 

(Otaki, 1907). The spawning fish die shortly 

afterward* A few ayu do spawn after two years, but

the fast majority spawn and die after only one 
y e a r #  v S | |

The ayu travel to the sea and reiaaih there 
until «arch or April. The fieh now begin their, 

upstream ascent, the returning adults feed on

diatoms and blue-green algae. By August or Oct- j
ober they will reach upstream to spawn once again.

***• spawning is usually, done at night'in the mid- 
die of a shallow stream. ■

Many populations of ayu are land-looked in J
c.rtaln water .jr.tom,. ® u n  1, . a p . o U H y  oonaon In

7



8

J a p a n e s e  rivers that have dans to b l o c k  the spawning 

r u n s .  T h e s e  fish swim a short distance upstream to 

$ j>0twn 9 & n d  t h e n  return to the l a k e  after hatching. The 

e n v i r o n m e n t  apparently stunts the growth of the fish 

by a b o u t  25  to kQ$m When the fish a w  placed in a  

ocean-river system, they apparently regain their nor

mal s i a t ( P u J i m o t o »  195?<»



A y u  e g g s  a r # ' a b o u t  . 9 - 1  m m  I n  d i a m e t e r .  T h e  

f l g l  a r e  e e m i t r a n s p a r e n t  a n d  s o m e w h a t  s h i n y .  T h e  

r l r s t  c l e a v a g e  o c c u r s  a b o u t  f i v e  h o u r s  a f t e r  f e r t l l -  

5 s u t l 3i i ( P l g .  2 ) .  H a t c h i n g  o c c u r s  I n  t h e  n i n t h  o r  

t e n t h  u a y  a f t e r  f e r t i l i z a t i o n .
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Figure 2
E m b r y o l o g y  o f  flf gg&frafif * l t l v e l l s ( T .  et 3.) (Taken from Okada, 1955?.
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Japanese Efforts and Methods

B e c a u s e  the ayu is so highly prised as a 
game fish as well as a food fish, it has been 

d e s i r a b l e  for the Japanese to raise the fish 

u n d e r  artificial conditions starting directly 

with ayu eggs.. These efforts for the most part 

h a v e  m e t  with only limited success. The fair times 

that t h e  fish have been raised successfully seem 

to be t h e  exception rather than the rule.

o n e  o f  the ,most encouraging of the Japanese 

e f f o r t s  r e s u l t e d  from the work of M* Kawaziri in 

1 9 ^ * 9 «  A y u  e g g s  w e r e  hatched under artificial con* 

d i t l o n s  a n d  f e d  5* of their dry weight in food. 

T h i s  w a s  r a i s e d  to ?-8* shortly* later« the per» 
c e n t a g e  w a s  lowered to 2-3. . The f i s h  grew very 

slowly on a varied diet. This consisted of 20- 

barley, 20* rice bran, 25* silkworm pupa,30- 
60* s a r d i n e ,  and 0-25* shrimp.

Another experiment carried on in the same 

year{Nat o ,  1 9 ^ 9 )  yielded slightly different results 

He f o u n d  that great quantities of plankton must be 

used to keep the fish alive. It was noted that 

fish 10 mm in length rlet to the surface to feed. 

When fish reach the length of about 14- mm, they 

take zooplankton. Artificial food was eaten when 

the fish reached 23 mm and larger. To supply the 

large quantity of plankton seeded during the winter



it was necessary t o  u s e  a  h o t  s p r i n g  t o  g r o w  t h e  

plankton. The w a t e r  t e m p e r a t u r e  i n  t h e  h o t  s p r i n g e  

w a s  a b o v e .  18 ° C .

P e r h a p s  t h e  m o s t  e n c o u r a g i n g  w o r k  h a s  b e e n  

c a r r i e d  out by S u z u k i  i n  1 9 ^  a n d .  1 9 6 5  i n  J a p a n *  E e  

r a i s e d  ayu f r o m  e g g s  u n t i l  t h e  a g e  o f  a b o u t  f o u r  

m o n t h s *  T h e y  a l l  d i e d  a t  a b o u t  t h e  s a m e  t i m e .

D u r i n g  t h e  s p a w n i n g  s e a s o n  i n  1 9 ^ »  t h e  e x p e r i m e n t  

w a s  c o n t i n u e d .  A t  l a s t  r e p o r t  t h e  a y u  w e r e  d o i n g  

w e l l  f o r  t h e  s e c o n d  y e a r  i n  r o w *



Previous Activities In the United States

David Starr Jordan once remarked that the ayu 

should " b e  Introduced into all clear» short streams 

throughout the temperate sons." Be sponsored two 

e a r l y  attempts to lntoduce the ayu Into California 

In the e a r l y  part of the century*

These first ayu entsred California by boat in 

1919 in the fora of eggs. This project was carried 
out by the California Department of Pish and Gam# 

under the backing of Jordan, fro shipments of sggs 

were received from Japan. The first batch was 

entirely destroyed by fungus. The seoond group of 
eggs was in similar condition, but a few did hatch. 

These died Immediately as they were "weakened by 
fungus." >

In 1922 D.B. Crawford of the University of 

Washington(Seattle)f received 10,000 eggs from the 

Imperial University of Tokyo, Japan(Crawford, 192$). 

About 25:* of the eggs were dead when they arrived. 

Many of the remainder hatched, but died shortly.

This result was apparently due to "the low temper- 
ature and lack of proper food."

During the next 35 years, no one in the United 
States attempted to raise ayu, perhaps dus to the 

lack of encouragement from the first two sfforts.

In 1953 Ur. John Detfitt of Humboldt State College 

revived interest in the field by making arrangements





Huabc-1 it S t a t e  C o l l e g e  P r e v i o u s  E f f o r t s  a n d  M e t h o d s

K u m b o l d t  S t a t e  C o l l e g e  f i r s t  r e c e i v e d  ayu 
e g g s  I n  1 9 5 ^ *  A b o u t  5 0 * 0 0 0  e g g s  w e r e  r e c e i v e d  

f r o m  M r ,  C h u n g  T a e  Y u n g  o f  P u s a n  F i s h e r i e s  C o l l e g e ,

K o r e a ,  T h e y  w e r e  s h i p p e d  b y  a i r p l a n e  t o  S e a t t l e *  

a n d  c a r r i e d  b y  b u s  t o  A r e a t a ,

A b o u t  5 » 0 0 0  o f  t h e  e g g s  h a t c h e d ,  b u t  t h e y  d i e d  

a f t e r  a  s h o r t  t i m e ,  W a t e r  t e m p e r a t u r e  m s  a b o u t  

2 0 ° C ,  T h e  a y u  w e r e  f e d  h o u r l y  a  d i e t  o f  g r o u n d  

i n s e c t s ,  b e e f  l i v e r #  a n d . w h e a t  p r o d u c t s *  C o p e p o d s  

w e r e  a l s o  p r e s e n t  I n  s o m e  q u a n t i t y *

M r .  C h u n g  T a e  Y u n g  a g a i n  s u p p l i e d  a y u  e g g s  i n  

1 9 5 9 »  O f  t h e  1 0 0 , 0 0 0  t h a t  a r r i v e d ,  a b o u t  5 0 , 0 0 0  

w e r e  i n f e c t e d  b y  f u n g u s *  M o s t  o f  t h é  e g g s  w e r e  

p l a n t e d  i n  t w o  s m a l l  p o n d s ,  * M o  a y u  w e r e  e v e r  s e e n  

o r  r e p o r t e d  s e e n  I n  e i t h e r  o f  t h e  p o n d s *  T h e  .

e g g s  h a t c h e d '  I n  t h e  c o l l e g e  h a t c h e r y ' s o o n ,  d i e d *

I n  i 960 n o t h i n g  w a s  d o n e  w i t h  e g g s #  A r r a n g e *  

a e n t s  w e r e  b e i n g  m a d e  t o  o b t a i n  f u t u r e  s u p p l i e s , o f  

e g g s  f r o m  J a p a n *  ■ \  ci'r& Ÿ

S o u r c e s  I n  J a p a n  s u p p l i e d  t o - 5 0 , 0 0 0  e g g s  i n  

1 9 6 1 .  M o s t  o f  t h e s e  w e r e  p u t  I n  t h e  E e l  H i v e r ,

Humboldt C o u n t y *  N o n e  w e r e  e v e r  r e p o r t e d  s e e n .

I n  1962  t w o  g r o u p s  o f  e g g s  a r r i v e d .  T h e  f i r s t  

g r o u p  a r r i v e d  a l l  d e a d *  A b o u t  $0%  o f  t h e  s e c o n d  

g r o u p  w a r s  a l i v e  o n  a r r i v a l .  O f  t h i s  s e c o n d  g r o u p ,  . jp

J O , 0 0 0  « e r e  p l a n t e d  i n  t h e  l o w e r  l e i  H i v e r *  O n c e
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í g A i i i  t h e  a y u  a p p a r e n t l y  4 . I d  n o t  e s t a b l i s h  t h e m -  

I  4 1  p - , :  S '- ■

Cv_: ' Billion ê .i arrived'in i>$3* Of 
t h i s  a m o u n t  o n e  a n d  o n e - h a l f  m i l l i o n  f i n g e r l l n g s . 

w e r e  p l a n t e d  i l i i .  - t h e  E e l  B l v e r *  U n f o r t u n a t e l y ,  t h e  

r i v e r  w . - » &  n e < - - r  f l o o d '  s t . - g e  a t  t h e  t i m e .  T i l l s  

e f f o r t  w.-. <? a p p a r e n t l y - u n s u a c e o ’ s f u l * . T h e  f e w  • 

. r e m a i n i n g  a y u  i n .  t h e  c o l l e g e  h a t c h e r y  s u r v i v e d ,  

a b o u t  t w o  m o n t h s ,  a n d  t h e n  a l l  d i e d  w l t h i n  «' s h o r t  

t i m e  O f  e a c h  . - o t h e r ,  . '

l e v l o w i n g  t h e  p r e v i o u s  e f f o r t » ,  o n e  m i g h t  

* a y  t h a t  t h e '  t i m e •  a n d  m o n e y  " h a s .  b e e n -  w a s t e d *  T h e  

• o j . p  p l a n i t  w h e r e  a  l a r g e  q u a n t i t y  o f  f i s h  w a s  

n v o l v e d ,  t o o k  p l a c e  u n d e r  v e r y  p e o r  « » t e r  © o n -  

l i t i o ? . - * - .  - I t  w o u l d  b e  u n l i k e l y  t h a t -  t h e  o t h e r  

f i s h  p l a n t s  w o u l d  e s t a b l i s h , a  r e p r o d u c i n g  popu-



' Humboldt State College Efforts and Methods in if.¿4. .

The f i r s t  shipment of ayu eggs 'arrived fro»

Japan cn 20 October* About 1 5-20,000 eggs were on 
10 trays. The eggs arrive on trays of eoooonut 

sat{the le >ves are rotted away leaving only the 

veins)* Each tray is about 12 inches long and 6 

inches wide. The trays are stacked in boxes with 

insulation of foam rubber** All trays are covered 

with m o i s t  linen. •. !  '

figg loss vast estimated to be f-18%. The 

average density of eggs on thi trays was 25/ln^.

The eggs ¿ere placed in hatchery troughs in about 

5 to 6 Inches of water. On 21 October the eggs 

were treated with formaldehyde at 1 part per ?,500 ■.

of water. This was apparently successful in con

trolling fungus. The majority of the eggs hatched .
on the fourth day, 2y Ootober.

Feeding began immediately after hatching# The 

diet consisted of 3? I rook cod fellet, 20% shrimp,

10* angleworms, 10% commercial trout, 10% beef 

liver, 10% frozen dafnia, and 10% wheat; They 

were fed hourly with a total of 12 to 13 times 

daily. Any available protozoans were added to the 
troughs periodically.

F o u r  days after hatohlng, the ayu a l l  died.

This was apparently due to over-feeding* Food 

accumulated on the bottom and began decomposing.
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Also the water was ehut off to keep the fish from 

leaving the trough*

The second group of ayu eggs arrived on Hov- 

ember* The eggs totaled 20»000 with about 3?<* dead* 

They were on ten trays with an average density of 

30 eggs/ i n 2 .  On the whole the eggs were in  slightly 

poorer condition than the first group* The total 

loss was estimated to b s  in excess of 7*5®0 eggs* • 

The eggs were treated with formaldehyde as 

before with apparently successful results* The
e

eggs hatched in a few days in the hatchery troughs* 

This time a plankton net was used at the end of 

each trough to prevent the fish from belhg washed 

out. This permitted each trough to have a small 

flow of water, whereas the first group of fish had

none. •
The water was seriated as soon as the eggs 

hatched. The diet previously mentioned made 

up i of the food fed to the fish* The remaining 

amount was algae* On 12 November the fish were 

redistributed* About 200© went to a concrete 

raceway with water depth between 3 and 8 inches* 

About 1000 went to each of two redwood tanks in 

the hatchery* The balanoe of about 10-15*000 

remained in the troughs*
The water temperature in the trough varied 

between 51 and 56°F. These fish lost their yolk



- ■ 1 9

s a c s  a t  5 * * ?  d a y s  a f t e r  hatching. By 16 November 

t h e  f i s h  tn t h e  troughs were notlcably fewer*

L a m p s  w e r e  Installed over the water, and the re

maining fish were definitely attracted to these 

a r e a s *  A general die-off followed and by the fol

lowing day, only a few dozen ayu were left In the 

toughs. These few died by 19 November*

The fish in the redwood tanks apparently died 

off shortly after they were put In* One was obser

ved on 13 November and another on 15 November. None 

was ever reported«after these sightings*

The fish In the raceway would be very dif

ficult to see even If they were thriving* Only one 

fish was ever observed in the raceway after the 

first day. An apparently healthy individual was 

swimming in the top layer of’water.

The third group contained nearly 300,000 eggs.

The mortality was apparently 2Q%* The average 

density was about 5*+

About 250,000 eggs were plaoed In Ruth Res

ervoir on 20 November* It Is not known whsthsr 

thsy ever hatched* Seven aquaria ware set up 

inside a laboratory using hatchery, water, aeriator 

hoses, and lamps* The fish were fed a rotifer *

culture obtained from a sewer oxidation pond*

The water was strained to remove other animals

that would compets with the ayu for food* About ■

200 fish wars put In each aquarium. The fish
*



g r a d u a l l y  d i e d  f r o m  t h a  start. About four days 
a f t e r  h a t c h i n g ,  t h e r e  was a widespread die-off.
T h i s  l e f t  a b o u t  100 Individuals. The number slowly 

d i m i n i s h e d  u n t i l  l >  D e c e m b e r ,  at which t i m e  another 

m a j o r  d i e - o f f  t o o k  place* By ? January, 1965, only 

o n e  I n d i v i d u a l  was l e f t .  T h e  last ayu died on 
$ January

lt*U 1 nofc b® known if Ruth Reservoir contains 
an ayu p o p u l a t i o n  until Haroh or April of 1965.

It is u n l i k e l y  that such a population will exist 

due to t h e  h e a v y ’flooding and erosion that took 
p l a c e  d u r i n g  t h e  winter.



Diseussion

It is unlikely that the ayu would spread 
over a wide area» The fish has no history of 
causing any of these problems. The ayu 1« a 
highly selective fish habitat wise. The food the 
ayu eats when returning to spawn, is virtually 
unused by other gape fish. For these reasons 
It la thought that th® fish would compliment the 
local fish fauna rather than eoapete with it.

Introduction of the fish is extremely dlf- 
♦

fl-oult. Halting the fish under artificial oondi- 
tions Is even more difficult. The Japanese, the 
leading ayu producing nation, have had no consis
tent success in their projects to raise ayu In

hatcheries* ;.jf. - * > ¿ 1̂ ;-j/ '*§£§$1

Perhaps the major problem in our efforts at 
planting ayu was the lack of Quantity. If the 
typical artificial hatching rate held up under 
natural conditional only about two*thirds would 
hatch. The mortality rate among fish is extremely 
high. If five million eggs were planted in a river 
less than four million might hatch. If the mor
tality rate during the first three months was ?5^t 
about one million would be left. • By*this time the 
ayu would be in the sea, where a mortality of ?5> 
might well be expeoted. This would yield only 
250,000 fish for th# return trip. Mortality on 
this trip would reduce the number to an even



l o w e r  n u m b e r . .  A s i d e  f r o ®  t h e s e  s t a t l s t l . e s »  o n e  

m u s t  k e e 1- i n  m i n d  t h a t  a  c e r t a i n  n u m b e r  o f  adults 
r e t u r n  t o  t h e  s p a w n i n g  g r o u n d  I f  o n e  a y u  I s  

e v e r  t o  f i n d  a  s l a t e .  T h i s  m a y  b a s i c a l l y  b e  I n t e r 

p r e t e d  t o  a e a n  t h a t  i t  i s  u n l i k e l y  t h a t  a  m e m b e r  

o f  t h e  p r o j e c t  w o u l d  f i n d  a n  a y u ,  e v e n  i f  t h e  

plants were m o d e r a t e l y  s u c c e s s f u l .

t h e  m a j o r  p r o b l e m  I n  g r o w i n g  t h e  a y u  u n d e r  

a r t i f i c i a l  c o n d i t i o n s  i s  g e t t i n g  t h e  n e w l y  h a t c h e d  

f i s h  t o  e a t .  O n c e  t h e y  e a t ,  m u c h  o f  t h e  p r o b l e m  

i s  s o l v e d .  A p p a r e n t l y  t h e  f i s h  h a v e  d i f f i c u l t y  

s w i t c h i n g  f o f e d  w h e n  t h e y  w o u l d  n o r m a l l y  s t a r t  t h e i r  

j o u r n e y  t o  t h e  s p a w n i n g  g r o u n d s .

W o r k e r s  l h  t h e  f i e l d  a r e  a p p a r e n t l y  o n  t h e  

b r i n k  o f . . s o l v i n g  t h e  p r o b l e m  o f  r a i s i n g  a y u .  B e c e n t  

w o r k  i n  J a p a n  h a s  y i e l d e d  e n c o u r a g i n g  r e s u l t s .  

W h e t h e r  t h e  p r o b l e m  l i e s  I n  t h e  f o o d ,  w a t e r  c o n 

d i t i o n s ,  o r  s o m e  o t h e r  f a c t o r  r e m a i n s  t o  b e e n

s e e n
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Change of the Life Cycle of Japanese Charr Following Artificial 
Lake Construction by Damming

Shigeru Nakano,*1 Koji Maekawa,*2 and Shoichiro Yamamoto*8
(Received March 28, 1990)

We describe several reproductive characteristics of two types of Japanese charr Salvelinus 
leucomaenis found in Arimine Lake, an artificial lakerinlet stream system in Toyama, Japan. Larger- 
sized individuals, which migrate downstream to the lake and grow to maturity there, later migrate 
up several inlet streams to spawn. Smaller-sized individuals, however, are resident in streams and 
spawn there. These types are respectively similar to sea-run or lake-run and stream resident types 
of other salmonid fish. During the 26 years following lake construction by damming, the migratory 
life cycle of part of the population of this chair appears to have changed from the fluvial form. 
During spawning activity, mature females and males presumably form pairs of each type, with the 
pair formation assortatively depending upon their body size.

As with other anadromous charrs in the north
ern part of their distribution, Japanese charr 
(white spotted charr) Salvelinus leucomaenis in
cludes both the sea run types, most of which are 
female and some of which are male, and the stream 
resident type males within a population.1" 85 Tn 
the southern part of the distribution range, how
ever, all populations of S. leucomaenis have been 
land-locked in mountain streams and have adapted 
to a dwarf form and fluvial life cycle.

Although some fragmentary reports have ap
peared on the ecology and morphology of land
locked stream populations of this charr,4" 75 
little is known of its life cycle in the lake-inlet 
stream systems at the southern part of the dis
tribution, nor of the influence of artificial lake 
construction upon the life cycle.85

Following the construction of Arimine Lake for 
hydroelectric use by damming in 1962,*4 lacustrine 
or migratory Japanese charr, which had originally 
been of the fluvial type dwelling in the head waters 
of the Joganji River, Toyama Prefecture, Japan, 
have appeared in the artificial lake and its inlet 
streams.

In this paper we described several reproductive

characteristics of this charr, with special reference 
to the change of life cycle from the fluvial to the 
migratory type.

Study area and Methods

Arimine Lake is situated in a mountainous area 
at an elevation of about 1088 m above sea level 
and nearly 36°N 137° in central Honshu (Fig. 1). 
The lake, 5.1 km2 surface area and 120 m maximum 
depth, was artificially constructed in 1962 by 
damming the upper reach of the Joganji River for 
hydroelectric power. The limnological charac
teristics of the lake have been reported by Hori 
et a/.*5 Prior to this, the entire population of 
S. leucomaenis were typically fluvial and dwarf 
(non-anadromous). According to Yamamoto (un
published), from late August this charr appears to 
migrate up to several inlet streams of the lake to 
spawn there during mid October to early Novem
ber.

From 7th September to 12th October, 1988, 
fish specimens were collected from Nishidani 
Stream, 2-5 m width, and from the stream mouth 
by gill, cast and hand nets. During the entire

*1 Nakagawa Experimental Forest, Faculty of Agriculture, Hokkaido University, Otoineppu, Nakagawa 
098-25, Japan ( *  if W

*2 National Research Institute of Fisheries Science, Ueda 386, Japan
N).

*3 Fuculty of Bioresources, Mie University, Kamihama, Tsu 514, Japan
U ) .

*4 S. Tanaka: Scientific report on nature conservation observed in Arimine, 405-409 (1981).
*5 R. Hori, K. Sato, H. Michihata, and T. Terada: Scientific report on nature conservation observed 

in Arimine, 429-455 (1981).
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Fig. 1. Location and map of the Arimine Lake system showing Nishidani Stream used in this 
investigation.

study period the following fish species were collect
ed and/or observed; Oncorhynchus my kiss, Hy- 
pom esus transpacificus, Cyprinus carpio , Carrasius 
cuvieri, Pungitius pungitius, Phoxinus lagowski, 
Coitus polux  and S. leucomaenis (see also8)). The 
latter 3 species are native fish to this system. One 
hundred and eightly seven specimens of S. leuco
m aenis were collected, including 80 immature fish. 
Fork length, body weight and gonad weight of 
€ach specimen was measured, and their sex and 
•degree of ripeness was examined. For most spec
imens, otoliths were removed and preserved in 
70%  alcohol immediately following collection. 
These were later used to determine the age and the 
individual growth rate by examining the distance 
between each winter zone of the otolith. We 
also recorded the body size (total length) of S. 
leucomaenis pairs estimated from comparison with 
marked fish or stone size in stream bed, which 
was measured, by direct visual observation during 
spawning on 18th and 19th October, 1988 and 
12th and 27th October, 1989. The exact error of 
total length observed was not examined, however.

Results and Discussion

Samples of S . leucomaenis collected during the 
study period included both the mature male and 
female of two types. Smaller sized individuals 
(termed S-type) at the mature stage were easily 
distinguishable from larger sized individuals 
(termed L-type) not only by body size, as mention
ed below, but also by body colur and sexual di
morphism (Fig. 2). Male and female S-type in
dividuals exhibited a light yellow abdomen and 
dark-brown body colour with some typical parr 
marks, showing precocious characteristics, whereas 
L-type individuals, particularly females, exhibited 
a light-silver body colour without clear parr 
marks, and the males develop a pronounced 
kype.

The S-type individuals were usually smaller in 
body size (female x= 156 .7  m m ±17.6 sd, N = 3 , 
male x = 1 6 2 .1 ± 2 1 .6 , N = 19) than the L-type 
(female x = 3 3 2 .0 ± 4 6 .1 , N = 4 2 , male x = 3 2 5 .3 ±  
41.3, N = 43) (Fig. 3). Mature adults of these 
two types showed a discrete size distributions.
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Fig. 2. Photographs of L-type male (LM-33.5 cm F.L.) and female (LF-38.3 cm) and S-type males 
(SM-15.3 cm and 13.4 cm) and female (SF-17.3 cm) of S. leucomaenis collected in the Nishidani 
stream in late September, 1988.

S-type males were more precocious (from lH of 
age) than were L-type males (2% of age), but this 
trend were not evident between females (2+ of 
age in both S- and L-type). The sex ratios of 
individuals collected showed strong male bias in 
the S-type (4: 1), but an even 1: 1 ratio in the L- 
type. S-type females appeared to be much less 
abundant. No significant difference was evident 
between the two types in the gonad-somatic index 
(GSI) of both sexes (S-type: female,
3 .9 2 sd, N = B ; male ft= 0 .90± 0 .39 , N = 6  and L- 
type: f e m a l e , 11.00+2.41, N =  18; m ale,IB B  
0 .94± 0.29 , N = 27 , t-test, P > 0 .1  for female, p B  
0.5 for male).

Interestingly, the body size of the silvery fish 
appeared to be the largest of all individuals in the

same age cohort 0 9  of age) and larger than, that 
of the S-type (both the female and male) at the 
first maturation of age (Fig. 3). This suggests 
that smoltification of this charr occurs through 
the same mechanism as with other migratory 
salmonid fish9-n) and fluvial type of charr.I"2? 
A significant relationship was recognized between 
fork and otolith length (y+=0.94+0.11X, n J  
158, r B l 9 7 ,  pcO.Oi), but no significant difference 
was evident in otolith radius length from the focus 
to the first winter zone between either sex of both 
the S- andBjlypes, excluding the S-type female 
(Table 1). Examination of the otolith radius 
length from the first to second winter zone re
vealed an incipient wider growth-zone, distinct 
from the growth-zone of the central part of the
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Fig. 3. Frequency distribution of fork length of each 
age cohort. S and L show S- and L-type, respec
tively.

otolith, around the edge in the L-type, whereas 
in the S-type, no such growth-zone was observed. 
The former coincides with the lake-growth zone 
and the latter with the river-growth zone, as also 
seen in anadromous and stream resident individuals 
of other salmonid fish (e.g.13*14)). Therefore, the 
difference of body size between the S- and L-type 
is due to the difference of growth rate after 1+ of 
age, when the L-type individuals are expected to 
migrate down to the lake. Most of the char
acteristics of the L- and S-types are respectively 
very similar to those of sea or lake run types, and 
stream resident types of other charrs (e.g.15-17)). 
Therefore, as with the lacustrine charr (e.g. Miyabe 
charr of Dolly varden, S. malma), the life cycle 
of lake run and stream resident types of this charr 
in Arimine Lake-inlet stream system, appears to 
have changed from the fluvial life cycle during the 
26 years following dam construction. However, 
one important difference is that a few stream re
sident females occur in the charr of the Arimine 
Lake-inlet stream system, which is rather rare in 
other anadromous form of charr.
^ F ro m  records of the body size of 12 pairs ob
served during spawning activity (Table 2), two 
tendencies were evident: (1) females and males

Table 1. Otolith radius length between the focus and each winter zone in S- and L-types

Type Sex
Otolith radius length (mm)

1st 2nd 3rd 4th

L-type Male
Female

0 .5 6± 0 .09  (28)* 
0 .5 5± 0 .09  (19)

1 .1 4 ± 0 .13 (32) 
1 .07± 0.13  (21)

1.5 5 ± 0 .14 (20) 
1.5 0 ± 0 .13 (22)

1.91 ± 0 .1 0  (18) 
1.8 4 ± 0 .17 (14)

S-type Male
Female

0 .55± 0.11  (18) 
0 .63± 0 .02  (3)

0 .9 5± 0 .09  (18) 
0.96± 0 .01  (3)

1 .24± 0 .08  (15) 
1 .12±0.04 (3)

1.44± 0 .06  (5) 
1.38 (1)

* M eaniSD (Number of specimen).

Table 2. Total length (TL: cm) of paired fish and satellite males at each spawning site

Date
TL of pairs TL of satellite male Bheavioural stage 

of femaleMale Female S-l S-2

Oct. 18th ’88 L 33 L 38 L 26 S 16 Digging
S 16 S 18 — — Digging, Crouching
L 40 L 37 — Digging

Oct. 19th ’88 L 38 L 40 — — Digging
L 30 L 32 S 14 V — Digging
L 38 L 36 — — Digging, Crouching
L 38 L 38 S 18 — Digging
S 18 S 17 — Digging

Oct. 12th ’89 L 40 L 30 — — Digging
L 25 L 30 — Digging
L 35 L 30 L 28 S 13 Digging

Oct. 27th ’89 L 30 L 25 I I P I I I — Digging
L, L-type; S, S-type; S-l, satellite male No. 1 ; S-2, satellite male No. 2.
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Age
Fig. 3. Frequency distribution of fork length of each 

age cohort. S and L show S- and L-type, respec
tively.

otolith, around the edge in the L-type, whereas 
in the S-type, no such growth-zone was observed. 
The former coincides with the lake-growth zone 
and the latter with the river-growth zone, as also 
seen in anadromous and stream resident individuals 
of other salmonid fish (e.g.13»14)). Therefore, the 
difference of body size between the S- and L-type 
is due to the difference of growth rate after 1+ of 
age, when the L-type individuals are expected to 
migrate down to the lake. Most of the char
acteristics of the L- and S-types are respectively 
very similar to those of sea or lake run types, and 
stream resident types of other charrs (e.g.15_17)). 
Therefore, as with the lacustrine charr (e.g. Miyabe 
charr of Dolly varden, S. malma), the life cycle 
of lake run and stream resident types of this charr 
in Arimine Lake-inlet stream system, appears to 
have changed from the fluvial life cycle during the 
26 years following dam construction. However, 
one important difference is that a few stream re
sident females occur in the charr of the Arimine 
Lake-inlet stream system, which is rather rare in 
other anadromous form of charr.

From records of the body size of 12 pairs ob
served during spawning activity (Table 2), two 
tendencies were evident: (1) females and males

Table 1. Otolith radius length between the focus and each winter zone in S- and L-types

Type Sex
Otolith radius length (mm)

1st 2nd 3rd 4th

L-type Male
Female

0 .5 6± 0 .09  (28)* 
0 .55± 0 .09(19)

1 .14± 0 .13  (32) 
1.07± 0.13  (21)

1 .55± 0 .14  (20) 
1 .50± 0 .13  (22)

1.91 ± 0 .1 0  (18) 
1 8 4 ± 0 .17 (14)

S-type Male
Female

0 .55± 0.11  (18) 
0 .63± 0 .02  (3)

0 .9 5± 0 .09  (18) 
0 .96± 0 .01  (3)

1 .24± 0.08  (15) 
1 .12± 0 .04(3 )

1 .44± 0.06  (5) 
1.38 (1)

* Mean±SD (Number of specimen).

Table 2. Total length (TL: cm) of paired fish and satellite males at each spawning site

Date
TL of pairs TL of satellite male Bheavioural stage 

of femaleMale Female S-l S-2

Oct. 18th ’88 L 33 L 38 L 26 S 16 Digging
S 16 S 18 — \  — Digging, Crouching
L 40 L 37 — — Digging

Oct. 19th ’88 L 38 L 40 : — — Digging
L 30 L 32 S 14 — 1 ». Digging
L 38 L 36 — Digging, Crouching
L 38 L 38 S 18 — Digging
S 18 S 17 — — Digging

Oct. 12th ’89 L 40 L 30 — — Digging
L 25 L 30 — Digging
L 35 L 30 L 28 S 13 Digging

Oct. 27th ’89 L 30 L 25 — Q B H Digging
L, L-type; S, S-type; S-l, satellite male No. 1 ; S-2, satellite male No. 2.
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presumably form pairs of each type, and (2) males 
of the S-type and subordinates of the L-type at
tend to spawn as satellites or sneakers as seen in 
other salmonid fish with stream resident 
types.16“ 18) Since their body size was usually 
smaller than that of the paired males, evolutiona
ry theory suggests them as requiring this alternative 
mating strategy. The significant correlation of 
body size recognized between females and males 
of each pair (y—8.19+0.79%, N = 1 2 , r= 0 .74 , p <  
0.05), suggests mating to be assortative by body 
size at pair formation, as reported in other 
salmonid.10*20) L-type males were also observed 
to attack and drive S-type females away. Miyabe 
charr, S. malma which has a life cycle similar to 
that of S. leucomaenus of the Arimine Lake-inlet 
stream system, also form pairs by type (Maekawa, 
unpublished). Detailed investigations are needed 
on the life cycle and mating systems of migratory 
charr, and should contribute greatly towards 
understanding the evolution and speciation of 
salmonid fish.
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Fig. 1. Female specimen of gogi-char, Salvelinus Pallas) ) 211mm
in total length, caught on August 3, 1971 in Misaka-dani of Takatsu River 
in Shimane Prefecture.

125:



126

Fig. 2. A. Map showing the location of 
Takatsu River and Sufu River. B. Misaka- 
dani and Shiso River, both are upper reaches 
of Takatsu River. C. Haza River, a tribu
tary of Sufu River, ‘dani’ and ‘tani’ mean 
a mountain stream in Japanese.

tsuensis (Mizuno)|; # 7 3 ^ f| ^  y Rhinogobius
flumineus (Mizuno) £'

y  1fY Q  1 1H®/ iz- 1 1> ic#
(Fig. 2 c).
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Fig. 3. A. View of Misaka-dani. B. View 
of Shiso River.
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Fig. 4. Size frequency of gogi-char captured 
in the spawning season of 1971 in Misaka- 
dani.
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Table 1. Measurements and counts of the gogi-char, Salvelinus leucomaenis (Pallas), caught

Specimen number 1 2 3 4 5/"' 6

In mm
Total length 284 242 238 236 227 219
Standard length 230. 5 209 203. 5 201. 5 196 188
Body depth 49 42 46 41.5 40.5 ( 39. 5
Head length 61 58 55 56 57 51.5
Snout length 20 I 9 15.5 13 14 15 13.5
Length of upper jaw 39. 5 33. 5 30 33 33 28
Postorbital space of head 37,5 31 32.5 31 32 30
In ter orbital space 19.5 18 17 17 17 16
Eye diameter 12 12 , 12 11.5 10.5 9.5
Depth of caudal peduncle 23 20 20 20 20 19.5

In percentage of standard length
Body depth 21.3 20.1 22f 6 20.6 20.7 21.0
Head length 26. 5 27.8 27. 0 27.8 29.1 27.4
Snout length 8.7 7. 4 6.4 6. 9 7.7 7. 2
Length of upper jaw 17. 1 16.0 14.7 16.4 16. 8 14.9
Postorbital space of head 16.3 14.8 16.0 15.4 16.3 16.0
Interorbital space 8.5 8.6 8.4 8.4 8.7 8. 5
Eye diameter 5.2 5.7 5.9 5.7 5.4 5.1
Depth of caudal peduncle 10.0 9.6 9.8 9.9 10.2 10.4

In number
Dorsal fin rays 13 1 13 13 12 14 13
Anal fin rays 11 11 12 12 12 11
Pored scales on lateral line 116 r 122 118 125 123 120
Scales, one row above lateral line 198 191 191 207 190 197
Gill rakers on first arch 5 + 10=15 4+10=14 4 + 9 = 13 5 + 11 = 16 4 + 9=13 5 + 11^=16
Branehiostegal rays (left-right) 13 — 12 13-12 13-13 13-11 13-12 13-11
Pyloric caeca m  ' 2i 17 22 23 15
Vertebrae 37 + 24 = 61 37+23 = 60 34 + 26 = 60 36+25 = 61 37+24 = 61 36 + 25 = 61

Body weight in grams 2Ö3 ' 135 132 121 130 113
Sexuality & <? Ï <? <? <?
Date Nov. 5, 

’71
Aug. 3, 

71
Nov. 2, m  

72
, I 1 P y Aug. 3, 

71

Table 2. Comparison of meristic counts of the local races of Salveinus
leucomaenis. Mean value and standard deviation are in perentheses.

Local name Gogi Gogi I wan a I wan a Amemasu*
Locality

Number of 
specimens

Misaka-dani 
^TTakatsu R.) 
in Shimane 
Pref.

15

Tossage-dani 
(Sufu R.) 
in Shimane 
Pref.

20

Öisawa River 
(Mogami R.) 
in Yamagata 
Pref.

20

Kumazawa 
River (Noshiro 
R.) in Akita 
Pref.

10

Shiretoko 
Peninsula in 
Nemuro, 
Hokkaido

10

Scales, one row 
above lateral line

I 190-21L
S ,(195. 5 ^ 8 ,3 )^

183—216 
(197.5+8. 9)

190—244 
: (216.2+17. 3)

198—260 
(232. 8+24. 5)

194—236 
(213.0+13. 6)

Pored scales 116—127 
1 (121.9 + 3. 0)fU-

111—134 
(120. édrSi 8)

118-135 
(127. 3+4. 4):

111—131 
(119.6 + 5. 7)

121—137 
(126.6 + 4. 4)

1 upper 
limb

4—6 '
(4. 8+ 0 .7),,

4—6
(4.9 + p. 5)

5 -8
(6. 6 + 0. 9)

5 - 8
(6. 3+0. 8)

6 - 9
(7. 0+1.0)

Gill | 
rakers

lower
limb

9—12
’ t l 0 .6 ± 0 .9 )

8—11
(9. 2+0. 9)

9-11
™%10.1 +0. 5)

9—10
' { ‘fl 0.0+0. 4)

9 -1 2
(10.4 + 1.0)

total
* number

13—18
,>,<(15. 5 + 1. 4),

13—16
,;m(14. 1+0. 9),

15-18  
(16.7 + 1.0)

15—18
M (16. 3 + 0. 9)ti

16-19
i (17.4+0.9)

Pyloric caeca 15—23
; {19.7+2. WÈ

1  14—24 
(19.3+2.4)

18-28
(21.4+2.6)

16—27
1 (21.5 + 3.0)

17-24
(20. 4 + 2.fig

Vertebrae 60-62
(60.7+0.7) g

59-62  
(60.3+0. 8)

60—64 
(61.7+1. 4)

61—65
1 (62.1 +  1,3)

61-63  
(61.9 + 0. 5)

* Migratory form of S. leucomaenis.
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in Misaka-dani flowing into Shiso River (Takatsu River system), Shimane Prefecture.

1 8 9 10 ì 11 12 / 13 14 15

215 211 H 1 195 186 186 179 164 149
187 181. ; 168 + 169 161 ù 60 152 139. 5 129. 5
37. 5 39 37.5 36. 5 37 34 35 28. 5 28. 5
52 48. 5 43. 5 47:# 43.5 42. 5 411 36. 5 M  5M

; » 1:2. 5 13 11 V’I H 10 11 ìi. m 8. 5 10
28 26. 5 24 25.5 23 23 23 21 18. 5
30. 5 ,^17. 5 24. 0 27 .•? 25.5 24 24 21 20. 5
16 15 0 1 14. 5 i 13. 5 Mi 4. 5 13 10. 5 12
11 11. 5 io 11 10 10 0 0 9 8
19 18. 5 0 0  . ■ 7 . 5 16 16. 5 •#16 14 13

20. 1 21. 5 0 0 21.6 23.0 21.3 23.0 20. 4 22.11
27.8 26.8 25. 9 27.8 27. 0 26.6 : 27. 3 26.2 28.2
6.7 7.2 —  5 7. 1 6.2 6.9 #SM 6— 1 ‘ 7. 7

15.0 14.6 14. 3 15— 14.3 14. 4 15— ■  5:^4 - 14. 3
16.3 0 & 2 14. 6 m m m 15. 8 § 15. Òr; * — 15. 1 15.8
8.6 8.3 8.3 8.6 8.4 EH 8.6 1. 5 —  3
5. 9 6.4 6.0 6. 5 6.2 6.3 5. 9 ' ,6. 5 % 61 2

10.2 10.2 10.4 10.4 9.9 10. 3 10.5 10.0 10. 0

14 13 13 14 13 0 1  ' 13 14 12
12 11 11 12 11 11 — yg 11# 11

127 0 1 9 118 125 0 2 2 123 122 0 2 4 1.25
206 194 18lfp 204 195 194 18i É 211 i9fiL

6 + n B | 4 + 1 ®  14 0 0 0 — *1 5+111=17 0 1 1 0 5 — B m  11 =M 6;4-.12=>t8
1 3 -— 1 l ì * ® 13—12 13-12 # 4 2 -1 2 13-12 ltt-13 3^13 — 12 12^12

22 22 20 18 21 18 18 19 .20
i — i 3 7 + J ®  61 36+ 25?# 61 3 * 2 g '6 1 36 + 24—A 36 + 2 0 6 0 3 » | — 3 » 7 ® 6 2 3 » 2 g »

116 100 84 a ll 28 87 78 73 ¡ 0 40
9 9 <? 9 1 & ! $

Apr. 20, 
74

Aug. 3, 
71

B h Apr. 20, 
0

Aug. 3, 
71

May 26, 
72

Aug. 3, 
0 0

Apr. 20, 
74
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Fig. 5. Spawning places of gogi-char. 
Arrow indicates a location of spawning 
redd. A and B. At Misaka-dani. C. At 
Shiso River.
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Fig. 7. Resting pair on spawning redd. A. 
A female (F) is attended by a male ex
tremely larger than herself. B. It is not 
so uncommon to find a female (F) escorted 
by a male smaller than herself.

Fig. 6. Gravel sizes in spawning redds of gogi-char (A) and non-migra- 
tory form of masu salmon (B), Ortcorhynchus masou. Compositions were 
calculated relatively from submerged displacement of gravel.
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Fig. 8. Counterattack by a subordinate 
male. Dominant male usually darts and 
drives away subordinate one, whereas coun
terattacks by subordinate male occasionally 
seen in early prespawning period. A. A 
subordinate male (Sm) makes counterattack’s 
against dominant male and they move 
quickly in small circles with biting each 
other caudal part. B. A subordinate male 
(Sm) counterattacks fiercely against a dom
inant male and turns him out of the 
spawning site, but the dominant male comes 
back soon after and defeats the subordinate 
one.
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Fig. 9. Characteristic movements of female 
in prespawning period. A. Digging action. 
Female, turning on her side on the bottom, 
presses her tail on the gravel and liftsBt 
with a series of powerful flexion and exten
sion of her body. At this time, fine sand 
and gravel are stirred up and female moves 
forward slightly. B. Back-paddling. After 
digging, female (F) moves backward with 
the aid of her pectoral fins paddling slowly.
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Fig. 10. Feeling and crouch posture of 
female and courtship of male. A. Feeling 
posture. Female (F) erects her anal fin and 
moves it as if fumbling for a crevice in 
gravel. B. Crouch posture. Female, inserting 
her erected anal fin into a crevice in gravel, 
crouches on the center of almost finished 
depression and slightly bends her anterior 
body upward. C. Courtship. If female 
takes feeling or crouch posture, male (M i 
quickly approaches her and nudges the side 
of her body with his side. D. Courtship. 
Male (M) courtes female passing by each 
other.

n A 9-3- S. alpi««^Linnaeus)
c  (d x  o 1 1

LftvL, n"

z f d f o t 28 w m ®
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 ̂ -  ij y  sf (feeling) (Jones and Ball, 1954 ; Jo

nes, 1959) M f ?  (testing^|Smith,
1941)
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Fig. 11. Oviposition and postspawning fight 
by a pair. A. Initial phase of oviposition. 
Female SS§£ takes crouch posture first, and 
a male presses the female’s side with his 
side. Then, they begin to release eggs and 
milt quivering violently and gaping widely. 
B. Climax pf orgasm. Their bodies are 
gradually separating, for the pectoral fins 
are spread utmost." C. Final phase of 
oviposition. Bodies are completely separated. 
Orgasm continues for 4 to 5 seconds. Usu
ally, a single oviposition occurs in a single de
pression. According to another observation, 
however, 3 times of oviposition at intervals 
of 15 and 30 minutes were seen in the same 
depression. D. After oviposition, male 
suddenly dashes and pokes the side of his 
partner’s head with his snout. E. Counter
attacks by female. Female makes cruel 
counterattacks against him, then they fight 
each other in small circles.
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Fig. 12. Just fertilized eggs in the depres
sion and undulating by female. A. Eggs 
roll into crevices of gravel in the center of 
depression. B and C. Undulating by 
female. After some 15 minutes of ovipo- 
sition, female begins to undulate by a slow 
and rhysmic swinging her body from side 
to side just like a swimming snake. Undu
lating is gradually replaced with digging 
actions afterward.
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Table 3. Physical characters of spawning redds of the gogi-char, S. leucomaenis, 
in Misaka-dani. Eyed eggs were dug and counted on December 17 and 18,^97jj: 
Number of dead eggs is in perentheses.

Redd No. Length Width Depth Velosity Size of 
gravels

No. of No. of 
egg groups eyed eggs Motality

1 60cm 45 cm 20~30 cm 1. 2 cm /sec 4—5cm 1 57(23) 4 0 .% ’
2 90 50 20—25 1.6 3 -4 9 * 207(28) 13.5
3 100 50 25—30 5.0
4 90 30 30—40 0 2—3
5 95 45 15—25 H O * * 2—3 2 H f l 23.3

95 (3) 3.2
6 80 35 10—20 ^ p . 0** 4—5
7 50 35 5—10 3.0 2—4 1 100(15) 15.0
8 70 35 5—10 2.7 ' 2—4 1 48(12) 25.0
9 120 45 5—25 _ 4 # 7** — 1 55(10) 1 18.2

10 90 30 15—20 4*. 1 2—3 2 92(13) 14. 1
M B B  1 0

11 95 50

0<N1O 5.5 1—2 2 M W 21.2
12W(f) 9.7

12 120 65 5—15 5.1 2—3 ■ 81(22) 27.2

* Several pairs spawned in this redd, it was difficult to separate the egg groups one another. 
** A negative number indicates counter flow.
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Fig. 13. Alevins and fry of gogi-char, Salvelinus leucomaenis. A. Newly hatched ale- 
vin,H4. 8 mm in total length, fixed on November 19, 1962. B. Alevin, 22. 2 mm, 21 days 
after hatching. C. Fry, 25.6 mm, 36 days after hatching, yolk sac was almost con
sumed and parr marks just appeared. D. Fry, 35.3 mm, caught in Misaka-dani on 
May 18, 1974. E. Fry, 45.6 mm, caught in Misaka-dani on June 16, 1974.
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Summary

So-called ‘gogi’ (Fig. 1), Salvelinus leucomaenis (Pallas), is a non-migratory 
char attaining a length of 30 cm or less and occurs in the most upper reaches in 
the rivers in San-in and Sanyo districts of western Honshu. Because gogi-char has 
many pale spots on the head unlike other members of this genus and has slightly 
fewer gill rakers, this fish-was described at first under the name of S . imbrius bv 
Jordan and McGregor (1925). The present author, however, is considering it as 
one of the local races of S . leucomaenis, for the differences of meristic counts be
tween gogi-char and S . leucomaenis from other districts are not so conspicuous 
(Table 2).

Field observations on the spawning behavior and early life history of this char 
were made in Misaka-dani of Takatsu River system and Haza River of Sufu River 
system (Fig. 2A, B, C) both in Shimane Prefecture, mainly in 1962, 1971 and 1974.

Spawning season of gogi-char extends from late October to middle November,
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when the w ater tem perature goes down to 11— 8°C. The spawning acts by a single
fem ale and several males are usually seen in the pool-side (F ig . 5 A , B, C ), where 
the current is very slow or slight counter flow is noticed. In the male group, the  
hierarchy is recognized according to their body sizes and the largest one succeeds 
in m ating with the fem ale. This male usually darts and drives subordinate males 
aw ay if  they attem pt to approach his partner,however, in early period o f prespawn
ing he is occasionally turned out from the spawning redd by counterattacks o f  
a smaller male (F ig . 8 B ) .  The fem ale defends her spawning site from other fe 
males and digs the bottom . As the fem ale repeats digging action (F ig . 9 A) at 
the same point at an interval o f 1 to 3 minutes, a saucer-shaped depression is grad 
ually formed, in which she takes a feeling or crouch posture (F ig . 10 A ,-B ) ■-after 
each digging action. These postures cause courtship by attended males (F ig . 10 G, D ), 
especially by the largest one. The prespawning acts by a pair used to continue 
for h a lf a day or more.

The oviposition *^Fig. 11 A , B, C) occurs in the center o f  finished depression 
and 20 to 100 eggs are shed into the crevices o f gravel in it (F ig . 12 A, Table 3 ). 
Im m eadiately after this, the m ated male attacks his partner suddenly (F ig . 11 D ). 
The fem ale not only remains on her redd withstanding his attack s, but she makes 
violent counterattacks against him (F ig . 1 1 E ) . Thus, a series o f fierce fight fo l
lows about 15 minutes. Soon afte r, the fem ale starts undulating by swinging her 
body laterally  (F ig . 12 B, C ). A fter a quarter hour o f this undulating, the males 
leave the redd and the fem ale begins to dig the bottom  at an area o f about 20 cm  
upstream the eggs. The eggs in the depression are thus filled up gradually with  
the fine sand and gravel which are stirred up with postspawning digging actions 
o f the fem ale. Such postspawning acts generally continue for 2 to 5 hours. But 
sometimes, in several hours after the first oviposition the males appear again near 
the fem ale who is making another depression slightly upstream site from the pre
vious one and they repeat the same acts as they did in the first prespawning period. 
The next oviposition is usually seen in 20 to 30 hours after the first. Two or 3 
days are necessary for 2 times o f oviposition.

The eyed eggs o f gogi-char were obtained on December 15, 1962 from  a spawn
ing redd in Inkyo-no-tani, a tributary o f Haza River (F ig . 2 C )y  These eggs 
were measured 5.1 to 5 .4 m m  in diameter and began to h atch  on December 19. 
The newly hatched alevins (F ig . 13 A ) preserving in 70 %  ethanol were 13.8 to 14.5  
mm in to tal length. About 20 days after hatching the alevins reached as long as 
20 .8  to 23.5  mm. Two-thirds o f yolk substance were consumed, but parr marks 
were not visible as yet (F ig . 13 B ). It took 36 days for the present alevins to ab 
sorb the yolk sac completely in the water tem perature o f 16.5 to 12.5°C . The fry 
just after consumed their yolk were measured 24.1 to 27 .4  mm and parr marks 
appeared in this stage (F ig . 13 C ). In the rivers, the fry start emergence from  the 
gravel o f spawning redd after middle or late in April.

The fry after emergence (F ig . 13 D, E ) are usually captured under the stones, 
pebbles and sunken withered branches in the shallow stream  side where the current 
is very slow. As the fry grow, they gradually move into deeper waters.

The stom ach contents o f 22 fry from Tossage-dani o f Haza River (F ig . 2 C) 
ranging 2 1 .7  to 63 .9  mm were exam ined. They ate  the larvae and a few o f pupa 
o f aquatic insects, especially o f ephemerids (Table 4 ).
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Abstract

Comparative investigations on the growth and feeding habits of two types of chars in 
Hokkaido, “ amemasu”(white spotted type) and “ oshorokoma” (red spotted type), 
were carried out in the Ichan’ni River, eastern Hokkaido, in which both types co-exist.

The postembryonic developments of the two types of chars resemble in various points 
each other, but the emergence of the fry of the red spotted type from the redds, which are 
in the uppermost reaches of the river, occurred later than that of the white spotted type, 
which emerged from the redds in the middle to upper reaches. The fry of the former 
species are usually smaller than the latter throughout the first year.

The developmental process of the fry of the two types of chars were divided into six 
phases by the appearance and disappearance of several morphological characters. Some 
differences in morphological characters were observed between the two types and these 
differences of characters were noticeable at the beginning of these phases.

Although the habitats and foods of the fry of the two types of chars were widely 
overlapped, the morphological and ecological differences observed in this investigation 
suggested that they belong to two distinct species. Further investigations, especially on 
the reproductive isolation between them in the river where they co-exist, are considered 
necessary for complete clarification of their systematic relation.

K eyw ord s: Char, White spotted type, Red spotted type, Morphology,

Ecology.

Introduction

It has been known that two different types of chars, “ oshorokoma ” and 
amemasu ”, occur in Hokkaido. They are rather easily distinguished from each other by 
the colour and size of the spots irregularly distributed on their body sides, i- e„ the former
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has smaller red and white spots, while the latter has larger, only white spots. The exact 
classification of them, however, has been disputed among ichthyologists because they 
resemble each other in morphology except the differences of colour and size of the spots. 
For example, T a n a k a  (1937) asserted that they should be included in a single species, 
Salvelinus malma (W albu a m ), while Oshima (1938a-d, 1961) and A o yagi (1957) 
regarded them as distinct species, S. malma (oshorokoma) and S. leucomaenis Palla s  
(amemasu), Ishida (1942a-b), on the other hand, described them as two subspecies, S. 
malma malma and S. m. leucomaenis. These authors based their conclusions on mor
phological points of view, and not on ecological aspects.

The author has studied the taxonomical and ecological relationships between these 
two types of chars in Hokkaido. According to the results of his investigation, these two 
types are distributed in different areas in Hokkaido, geographic ranges showing a wide 
overlap. Oshorokoma (red spotted type) is restricted to the mountain rivers in the 
central to northern part of Hokkaido except in some small areas in Oshima Peninsula, 
while amemasu (white spotted type) occurs in the mountain rivers in central to southwest
ern Hokkaido, and, in northeastern Hokkaido, they live in lowland rivers.

In the Konsen Moorland, located in northeastern Hokkaido, the white spotted type is 
a common resident in the southern rivers, which run through open fields or swamps, but 
the red spotted type has not been found in these rivers. On the contrary, the mountain 
streams in the northern areas of the same district abound with the red spotted type, and 
no white spotted type has been observed. As far as the author knows, both types coexist 
in only two rivers in this district, the Ichan’ni and Shibetsu rivers, which run through the 
intermediate area between the above-mentioned northern and southern areas. And in 
these cases, the two types are characterized by clear differences in the colour and size of 
their spots and no neutral individuals have been observed.

The present paper deals with the results of comparative observations of the early 
stages of development of these two types in the Ichan’ni River, one of the rivers in which 
both types coexist, as a first work to clarify the taxonomical and ecological relationships 
between them.

Topography of the Ichan’ni River

The Ichan’ni River (Fig. 1) is a small, shallow stream of about 8 km long. It rises 
from a small bog, situated 40 m above sea level, in Nemuroshibetsu Town, and flows west 
into the Sea of Okhotsk. It has four tributaries, one of which is the Mimi River, as shown 
in Fig. 1. The greater portion of the drainage area of the Ichan’ni River is covered with 
deciduous broad leaved trees, and the remaining smaller portion is a grassland, the sewage 
pollution of the river being completely negligible.

In the three tributary rivers and in the upper and middle reaches of the main river, 
there are stretches of riffles which alternate with pools. The substrate of the riffles is 
composed of coarse sand, coarse gravel and stones of various sizes, while that of the pools 
is composed of sand and pebbles. In the upper reaches, the stream sometimes flows near 
the small bogs, where their bottoms become muddy. The lower reaches of the main river 
are deeper and the current speed is not as great as that in the upper or middle reaches, the
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riffles appearing only rarely and their beds

consisting mostly of sand.
The banks of both the main and tributary

rivers are covered with grass and there are no 
beaches. The sole submerginal plant species 
occurring abundantly in this river is Ranun
culus aquatiliswhich grows in the riffles of the
upper and middle reaches of this river, possibly 
making the composition of their bed stable.

The reaches sampled are the main river 
and the Mimi River, one of the tributaries. 
Each river was divided into several sections 
(Fig. 1), of which the average width, depth, 
current speed, water temperature and pH value 

are shown in Table 1.

Materials and Methods

The main observations in the held and the 
samplings were made during the period from 
1964 to 1965, once every month from April ot

Table 1.
_ . * r\i Trhfln’ni River and its tributary (MimiEnvironmental data at five sect.ons of Ichan n. Kiver a

River)

Rivers
lchan’ni River 
(main stream)

The Mimi River 
(tributary)_____

Sections __ 1 Ma Mb Mc I Ta ID

pH
Current speed in

7.2 7.0-7.2 6.7-7.3 6.8-7.0 7.0

0.40—0.50 0.40—0.53 0.62-0.86 I 0.28-0.40 0.38—0.53

riffles (m/sec) 
Width (m)

, 1 N . riffles Depth (m) m pools

2.50
0.20
0.40

3.00
0.30
0.50

5.00
0.20
0.70

1.50
0.05
0.30

2.50
0.15
0.50

Water temperature (1C) I 
January 
February

4.0
4.0

4.0
3.5
3.5

3.5
3.5
3.5

5.0
4.5
4.5

4.0
4.0 
4.5

March
8.0 7.5 6.5 7.5

April
1 9 0 10.5 8.5 1 ■" 8.5

May
June 8.0 8.5

10.0

8.5
12.0

7.5
8.5

8.0
8.5

July
1 11.5 12.5 13.0 10.0 11.0

August
September 10.0

9.0

11.0
9.0

10.0
7.0

10.0
9.0

11.0
9.0

October
November
December

6.5
5.0

5.5
4.0

5.0
3.5

7.0
5.0

7.0
4.5



1124 Research Bulletins of College Experiment Forests Vol. 44, No. 3

1964 to April of 1965, and every second month 
from June to December of 1965. Some sup
plemental surveys were continued until 1979.

Polarizing glasses or water glasses were used 
for the observation of the behaviour of the fry 
under water. The fry were caught by a hand net 
and classified into two types. Although the red 
as well as white spots characterizing them were 
completely absent at the early stages of develop
ment, the fry were distinguished by the shapes of 
their parr marks; the fry of the white spotted type 
has uniformly elliptic parr marks arranged regu
larly along the lateral lines, while those of the red 
spotted type are varied in shape and size, and 
arranged irregularly on the body sides (Fig. 2). The sample fry were preserved immedi
ately after capture in 10% formaline. The preserved specimens were weighed with 
balance sensitive to 0 .1  g and their fork length, head length, body depth and body width 
were measured with an accuracy of 1 mm.

The stomach contents of the fry were examined under a binocular microscope to 
identify, as far as possible, the species of the organisms ingested. Analysis of the results 
was made according to the usual number method and the point method modified by Hynes 
(1950).

After August, the ranges of fork length of fry and yearlings began to overlap, but 
fishes were easily classifiable into fry and yearling by observing the circuli of their scales.

The Fauna of the Ichan’ni River

The benthos fauna of the middle and upper reaches of the Ichan’ni River consisted 
mostly of ephemeropteran nymphs, tricopteran and dipteran larvae, and Anisogammarus 
sp.. Plecopteran nymphs were not so abundantly found as were the above.

The ephemeropteran nymphs included those of Epeorus latifolium, E . napaeus, E. 
cinygma, Baetis thermions, Ameletus montanus, Paraleptophlebia sp. PA, Ephemerella 
trispina, E. yoshinoensis, E. sp. EC, and E . sp. nF. Among these, Baetis thermicus, 
Epeorus latifoluim and Ephemerella yoshinoensis were prevalent. The nymphs of Epeorus 
cinygma appeared in large numbers only in August and those of Paraleptophlebia only in 
June.

Tricopteran larvae included Rhyacophila .brevicephala, R. stricurata, Stenopsyche 
griseipennis, Goera sp. and Antocha sp.. The chironomid larvae were very abundant all 
through the year in this river, but Simurium  larvae were numerous only in June and 
August.

Antocha larvae were common to most parts of the Ichan’ni River all the year round.
In addition to these benthos animals, considerable numbers of terrestrial and aerial 

organisms must have fallen into the water in the summer time, as they were invariably 
recovered from the stomach contents of the salmonid fishes in this season. The organisms

3 cm

Fig. 2. The char fry of the two types: 
white spotted type (above) and 
red spotted type (below).
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consisted of adult aquatic insects, terrestrial coleopterans, ants, lumbricid earthworms,

f c f ;  ,he chars, 12  species of fishes were collected or observed in this river; their 

distribution is shown in Fig. 3.
Among these species, the land-locked salmonids, red spotted and wlnte spotted * * «  

of chars, and Oncorhynchus mcsou were dominant in most parts of the Ichanm Ri .
The northern eightspined stickleback, PungiHu was also nmnerous m the 
middle and upper reaches of the river, especially in the reaches near the bogs- The
Chinese eightspined stickleback, P. sinensis, and the threespined stickleback, Gasterosteus

aculeatus, were also found but in a very limited area near the estuary.
Every year from May to late June, large numbers of the Japanese brook lamprey,

Entosphenus reissneri, were observed spawning in the middle reaches o t e river,

spawning they all disappeared. The cloudy-spot loach,
sculpin, Coitus Pollux, and the floating goby, urotaema, were also found, but

rarely.

Char (red spotted type)

Char (white spotted type) 

Oncorhynchus masou 

0. gorbuscha 

0. beta

Hypomesus japonicus 

Tribolodon hakonensis 

Barbatula toni 

Cottus pollux 

Chaenogobius urotaenia 

Entosphenus reissneri 

Pungitius tymensis 

P. sinensis

Gasterosteus aculeatus

Upward migration 
Downward migration

1126

1. Growth a 
Growth o 

of sample fish 
December 19t 

Postembr 
form (v. i.), t 
gill rakers, p\ 

a) Growth 
The mont 

of chars are g 
The alevi 

middle to upi 
their fork len 
from the mid( 
the fry proce< 
from May to

80

60

40

20

Abundant --------Rare

Fig. 3. Distribution of fishes in the Ichan’m River.

Mar.

Fig. 4. Fork k



125
1126 Research Bulletins of College Experiment Forests Vol. 44, No. 3

ms,

heir

-pes
,ver.

the
The

steus

prey, 
after 
them 
t, but

Results of Observations

1. Growth and Postembryonic Development
Growth of the fry under field conditions was estimated by measuring the fork lengths 

of sample fish caught monthly in the Ichan’ni River during the period from April 1964 to 
December 1965.

Postembryonic development was observed by examining the changes in their body 
form (v. i.), the reductions of their yolk sack and fin hold, and the developmen t of their 
gill rakers, pyloric caeca, scales, fins, parr marks and spots,

a) Growth in fork length
The monthly mean fork length and its standard deviation in the fry of the two types 

of chars are given in Fig. 4.
The alevins of the white spotted type hatched in the redds which are found in the 

middle to upper reaches of the Ichan’ni River, one after another during January, when 
their fork length was about 17 mm. They appeared to leave the redds at various times 
from the middle of February to early March. Under these circumstances, the growth of 
the fry proceeded gradually during March and April, and accelerated during the period 
from May to August, and slowed down abruptly thereafter.
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mean fork length than those of the white spotted type.

b) Change in M y  form  S  0f ratios between two of the four

m e a ^ n r r . " “ ^  - y  depth g |  andthebody

width (BW ). F L  in the fry of the two types
The relanon the fry of the white spotted type

' t  T a  W h  F U B D  raUo but it decreased very rapidly while their FL  was under 45 mm,

afteTwhich it hardly decreased.

white spotted type. . , the F L  in the fry of the two types is shown

in F i ^ r  Th“ B W B ? " a t io  of the white spotted type appeared to be more or less smaller
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O white spotted type #red spotted type

Fig. 6. Relations between BW(body width)/BD ratio and FL of fry of two types of chars.

IrnflB

fry of

than that of the red spotted type, especially when their fork lengths were over 4 5  mm.
The relation between the F L /H L  ratio and the actual FL  in the fry of the two types 

is shown in Fig. 7. At the earliest stage, while FL was less than 35 mm, growth of HL 
surpassed that of F L  in the white spotted type and their FL /H L  ratio decreased very 
rapidly. On the other hand, the F L /H L  ratio of the red spotted type decreased while their 
FL was less than 25 mm. After which, however, the FL /H L  ratio of both types increased 
slightly.

c) Gill rakers and pyloric caeca
At the time of hatching each alevin of the two types has no gill rakers on his gill 

arches. The first gill raker formed on the lower part of the gill arch in the time just after 
his emergence from the redd and then increased in number and spread on the upper part 
of gill arch with the growth of the body. The relations between the numbers of gill rakers 
and FL of the two types are shown in Fig. 8 . The number of gill rakers increases rapidly 
when the FL  is under 80 mm in white spotted type and 50 mm in the red spotted type, and 
it remains unchanged thereafter and the mean value of the red spotted type (2 0 .2 ) is 
slightly larger than that of the white spotted type (19.2), and this difference is significant 
(t-test, P < 0.05).

Fig. 9 shows the relations between the numbers of pyloric caeca and the FL  of the two 
types. Pyloric caeca of both types also formed after emergence from the redd and 
increased in number with the growth of the body, but reached the bounds earlier than those 
of the gill rakers. There is no significant difference between the numbers of pyloric caeca
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Fig. 7. Relations between FL/HL(head length) ratio and FL of fry of two types of chars.

of the two types,
d) Scales and fins

At the time of hatching each alevin of the white spotted type or of the red spotted type 
had a heavy yolk sack but no scales. Their fins were not yet formed and only their 
rudiments were observed in the fin hold. The content of the yolk sack appeared to be
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Owhite spotted type #red spotted type
Fig. 9. Relations between the numbers of pyloric caeca and FL of fry of two types of chars.

completely absorbed in about 60 days after hatching and the larvae of the white spotted 
type were found early March and those of the red spotted type in early April in the Ichan’ 
ni River. By this time, their fins were clearly formed, each has a definite number of rays, 
the fin hold having disappeared, except between the caudal and the adipose fins. The 
posterior edge of the caudal fin was round at first, but it became truncated by April (in the 
white spotted type) or in May (in the red spotted type), and little by little emarginated in 
June, after which it was observed in both types.

The development of the scales began first along the lateral lines of the caudal peduncle 
and spread gradually toward the head. In May of 1964, none of the fry of each type had 
scales, whereas in June of the same year, 67% of fry of the white spotted type (with FL  
from 45 to 58 mm) and 34% of the red spotted type (with FL  from 30 to 48 mm) had 
scales at least on their peduncles. In August all the sample fry of the two types had scales 
covering their body sides. The monthly mean of circuli of the scales in both types of fry- 
in 1964 and its standard deviation are given in Fig. 1 0 . The number of circuli increased 
with the growth of the body before October, but this increase slowed down thereafter. No 
appreciable increase in the number of circuli was observed from December to February but 
the first winter band was supposed to have been formed during this period. The scales of 
the white spotted type were apparently larger than those of the red spotted type in size as 
well as in the number of circuli.

e) Parr marks and spots
The alevins of each type at the time of their hatching possessed numerous melanophor- 

es on the surface of their body. By the time their yolk sack was completely absorbed, the 
well-known oval parr marks had appeared on their body sides. The parr marks of the red 
spotted type were varied in size and scattered more or less irregularly above and below the
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lateral lines, while those of the white spotted 
type were fairly uniform in size and rather 
regularly arranged along lateral lines as 
shown in Fig. 2. These differences in the size 
and arrangement of parr marks are clear 
identification marks to distinguish the fry of 
the two types.

In both types, a whitish oval ring appear
ed first in June or July around each parr mark 
of the fry. As the fry grew, this ring gradu
ally divided into several whitish, more or less 
scalene or trapezoidal pieces of the spots 
(Fig. 11). The spots gradually became 
rounded in shape as the fry continued to grow 
into yearlings and at the same time, they 
scattered over both sides of the body. Some 
of the spots of the red spotted type showed 
colouration in autumn, i. e., they changed from yellow and finally to red. But the spots of 
the white spotted type did not show this colour change,

f) Postembryonic developmental phase
It has been proposed to divide the period of postembryonic development of fish into 

several phases by V asnetzov  (1946), Uchida et al. (1958), etc. V asn etzov  (1946) 
stated that in each phase growth and development take place but no new qualitative 
changes appear, the synchronic qualitative changes occurring usually at the end of each 

phase.
Azuma (1964) divided the postembryonic developmental process of the land-locked

5 cm

Fig. 11. Development of the 
spotted type).

spots (white
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Ayu-fish, Plecoglossus altivelis, into five phases, while T omoda (1965) divided that of 
crussian carps, Carassius burgeri and S. cuvieri, into eleven phases.

In the present investigation the developmental periods of the fry of the two types of 
chars were divided into six phases as shown in Fig. 12.

The developmental phases of the fry of the two types of chars are illustrated along 
with the development or reduction of some morphological characters. The postembryonic 
development was approximately similar between the two types, the phases of the red 
spotted type being seasonally later than those of the white spotted type. Some of the 
morphological differences between them, as described above, were noted as development 
proceeded. Morphological and ecological characteristics of the fry in each phase are 
summarized as follows:
Phase I

This exactly corresponds to the alevin or pre-larval stage, i. e., from the time of 
hatching to the complete absorption of the yolk sack content. The eye balls are prominent 
on both sides of the head and their fins have not yet formed, only the rudiments of them 
being perceptible in the fin hold.
Phose II

This phase extends from the time of complete absorption of the yolk sack to that of 
the disappearance of the fin hold. The fin rays and parr marks are already fully devel
oped, but the posterior edge of the caudal fin is still rounded. During this stage, the F L /  
HL and FL/BD  ratios decline very drastically.

The fry leave their redds and begin to eat small aquatic animals. They generally stay 
in shallow places (5  to 10  cm deep), not very far from the redds, often hiding themselves 
under the withered grass overhanging the banks of the river.
Phase III

This stage covers the time from the disappearance of the fin hold to the complete 
formation of scales. The posterior edge of the caudal fin has become truncated. The fry 
can swim rather freely and their dispersion takes place, especially in a downward direction 
in the river. At this stage, the areas of distribution of the fry of the two types become 
overlapped widely. The salveline fry are markedly benthic as compared with other 
salmonid fry. Growth is rapid during this stage.
Phase IV

This covers the time from the full development of scales to the disappearance of the 
parr marks. The posterior edge of the caudal fin has been emarginated. Some mor
phological differences between the fry of the two types of chars are found, i. e., the FL/B D  
as well as BW /BD ratios of the white spotted type are smaller than those of the red spotted 
type. Both types inhabit the shallows (10 to 20 cm deep) of the upper and middle reaches 
of the river (their adults also live together in the midstream, except during their breeding 
seasons, but habitat segregation according to the depth of water is found between the fry 
and the adults). Territorial behaviour of fry is often observed at this stage.

Phase V
This phase covers the time from the formation of white spots to their dispersion on the 

body sides. The fry of both types migrate gradually to the upper reaches, and all fry
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disappear from the midstreams by the end of October. 
phase VI

The white spots of the fry in this stage are completely scattered over the body sides, 
while the parr marks have almost completely disappeared. In the red spotted type, some 
0f the spots change their colour, primarily becoming yellow and then red at this stage. 
The body form of the fry of each type is already similar to that of the adults. The fry 
aggregate to the uppermost reaches of the river for hibernation.
2. Feeding habits

In the present investigation the stomach contents of the fry were analysed according 
to the usual number method and the modified point method recommended by Hynes 
(1950). The former was employed to clarify the relations between food and growth and 
the latter to compare the diets of the fry collected in different months or places,

a) Seasonal changes of food
The stomach contents of the fry of the two types of chars were examined every other 

month during 1964 to 1965. The percentage compositions of the diets of the fry are given 
in Fig. 13. As the months of examination nearly coincided with the developmental phases 
of the fry as described above (Fig. 12), Fig. 13 shows approximately the food composition 
of the fry in every developmental phase. Details of food composition will be explained 
below.
February (Phase I)

In this month, the alevins of the white spotted type possessed a yolk sack and they 
remained in the redd, while most of the alevins of the red spotted type were not hatched 
yet.
April (Phase II)

' I

i
Îf.

j

f i white spotted type H I  red spotted type

Fig. 13. The food composition of fry of two types of chars in the Ichan’ni River (point method).
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The fry that emerged from the redds began to eat small organisms of less than 2 mm 
in length.

Dipteran larvae, ephemeropteran nymphs, and sometimes Anisogammarus were 
important foods for both types. Dipteran larvae, mostly of Chironomus, were found to 
constitute about 40% of the food of both the white spotted and the red spotted type. 
Ephemeropteran nymphs, mainly of either Paraleptophlebia sp. or Baetris thermicus, con
stituted about 30% of the food consumed by the fry of both types. Besides these, 
Anisogammarus was found abundantly in the stomachs of the fry collected from certain 
places, but they were not always important.

It is noteworthy that a considerable number of copepods, though small in total volume, 
were eaten by the newly emerged fry.
June (Phase III)

The fry of both types began to feed actively in this month. For both types, dipteran 
larvae were the most important food, followed by ephermeropteran nymphs, as in April. 
The percentage of dipteran larvae eaten increased considerably, constituting more than 
60% of the total number of foods. Some trichopteran larvae began to appear in the 
stomachs of some fry of the two types, but the total number and volume were very small.

No important differences in the kinds of food stuffs were found between the two types 
up to this stage.
August (Phase IV)

The fry of both types ate voraciously in this month, and examination of the stomach 
contents revealed the consumption of a large amount of food, consisting of various 
organisms. For the fry of both types, the nymphs of ephemeropterans included Epeorus, 
Ephemerella and Baetis, the larvae of trichopterans, Deplocerus and Rhiacophila, and some 
terrestrial animals are important food items, the dipteran larva being still the most 
important food item for the red spotted type.

Some noticeable differences in feeding habits began to appear between two types of 
fry. The fry of white spotted type consumed more ephemeropteran nymphs and terrestrial 
animals than the red spotted type. On the other hand, the fry of the red spotted type ate 
more trichopteran larvae and anisogammarus than the white spotted type.
October (Phase V)

In this month wide differences in diet were noted between the fry of the two types 
accompanied with a remarkable decrease in the percentage of dipteran larvae in the 
stomach contents of both types. In the white spotted type, drift animals, as well as 
ephemeropteran nymphs, and dropping terrestrial animals come to be important in this 
month. In the red spotted type, on the other hand, trichopteran larvae and Anisogammar
us constituted about 60% of food items.
December (Phase VI)

Few differences were found between the kinds and percentage compositions of the food 
stuffs consumed by the two types in this month. Both types confined their diet to dipteran 
larvae (mostly chironomids) and trichopteran larvae. The limitations in food organisms 
might be due to the decrease of other available organisms in winter. The fry of both types 
did not eat so voraciously in this month, and the differences in their diets noted in October
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b) Difference in the stomach contents between fry  collected in the upper and middle 

reachs

It has been found that the foods of salmonid fishes differed considerably between the 
rivers or habitats in a river (M cCormack, 1962; T homas, 1963 etc.). While comparison 
of the foods eaten by fry collected from various places in the Ichan’ni River has revealed 
that the main foods of the fry of the two types were dipteran larvae and ephemeropteran 
nymphs but that the comparative importance of these differed considerably from place to 
place. Generally speaking, the fry of both types collected in the upper reaches ate more 
dipteran larvae than those collected in the middle reaches, the latter eating more ephemer
opteran nymphs than the former.

Fig. 14 shows the foods of the fry of the two types collected in section Ma (upper 
reaches of the main river) and in section Me (midstream of the main river). In section 
Ma, 51% (by the number method) of the food of fry of white spotted type consisted of 
chironomid larvae and 2 1 % of ephemeropteran nymphs, while in section Me, 41% consist
ed of chironomid larvae and 42% of ephemeropteran nymphs. Similar results were 
obtained by the analyses of the contents of red spotted type, as shown in the right column 
of Fig. 14.

c ) Relation between food and growth
The results of analyses of the stomach contents of the fry of both types indicated that 

dipteran larvae are the most important food resources, both in number and quantity

10 30 50 % 10 30 50
■ ■ ■  Ma r  i Me

Pig. 14. The percentage composition of food (number method) of fry collected in section Ma (upper 
reaches) and Me (middle reaches) in August.
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throughout their growing season, from April to August. But the importance of dipteran 
larvae relative to other food animals differs considerably among the seasons and habitats, 
and between the two types.

In Fig. 15, the mean fork length of the fry of the two types and the quantities of 
dipteran larvae found in their stomachs in April, June and August are plotted against 
various sections of the Ichan’ni River. Results showed that in April and June, the mean 
fork length of each type of fry was larger in the fry collected from the sections where they 
ate more dipteran larvae than in those from the section where they ate less dipteran larvae. 
In August, however, the amount of dipteran larvae eaten by the fry decreased consider
ably (except in M a), as compared with those in April and June, and the above-stated 
relation between the ingestion of dipteran larvae and the mean fork length disappeared in 

both types of chars.
These results suggest that dipteran larvae are the most important food organisms for 

the fry of two types during the months before June, and that the quantity eaten has a 
greater effect on their growth than any other food organisms. A change in feeding habits,
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Fig. 15. Relation between the mean fork length and ingestion of 
diDteran larvae in the Ichan’ni River.
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dipteran
habitats,

j however, occurred in both the types during the period from June to August and larger 
organisms such as ephemeropteran nymphs and trichopteran larvae became the most 

j important food items, replacing dipteran larvae.
itities of 
1 against 
he mean 
lere they 
n larvae, 
consider- 
■e-stated 
reared in

lisms for

Discussion

It is well known that chars ( Salvelinus) are very plastic morphologically, and the 
; presence of many types of variants has caused much of the dispute concerning their 
j taxonomy. Since old times, numerous species of Salvelinus have been described in the 
; world, many of which are probably synonymous.

The two types of chars in Hokkaido have also been the subject of dispute among 
j ichthyologists since the first description of the white spotted type as Salmo leucomaenis by 
J Brevoort (1856) and the red spotted type as Salvelinus malma by Jordan and Snyder 
j (1902). But the discussions have been made only from the morphological points of view,

en has a 
:g  habits,

| ' J

j as mentioned in the introduction.
The result of this investigation established that, in the Ichan’ni River, the fry of these 

two types of chars emerged from different areas of the river and in different seasons from 
each other, and the fry of the red spotted type, which hatched later, were smaller in body 
size than the white spotted type, which hatched earlier, throughout the first year of their 
life histories. Furthermore, some differences in morphological characteristics were obser- 

1 ved between them, ranges of variation of these characteristics being overlapped. These 
1 differences appearing in the early stages of their life histories provide strong evidence that 

these types belong to two distinct species.
It is known that two or more species of salmonids, having many common habits, 

J sometimes coexist in the same river. This pattern is found in many of the mountain 
streams in Japan, among land-locked Oncorhynchus and Salvelinus, and Imanishi (1951) 
advanced the theory that, in such cases, habitat segregation always occurs between them 
in the upper ( Salvelinus) and the lower reaches ( ) of a stream due to 
differences of habitat preference and interference between the species.

Similar segregations have also been found among the salmonid fishes of other coun
tries: Salmo clarki and Salvelinus malma (Adrusack and Northcote, 1971), Oncorhyn
chus tschwytscha and 0 . kisuck (Lister and Genoe, 1970) in Canada, Oncorhynchus 
tshawytscha and Salmo gairdnerii (Everest and Chapman, 1972), Salvelinus fontimals 
and Salmo trutta (Fausch and White, 1981), Salvelinus fontinalis and Salmo clarki 
(Griffith, 1972), and Salmo trutta and S. gairdnerii (Jenkins, 1969) in North America.

On the other hand, Nilsson (1955) clarified that a food segregation occur between 
two species of slamonid, Salvelinus alpinus and Salmo trutta, in cohabiting lakes.

However, it has been repeatedly reported in Europe that two nearly related salmonids, 
Salmo trutta and S. salar live together in many becks and their habitats and foods are 
widely overlapped, being isolated from each other in reproduction (Frost, 1950; Kal- 
Leberg, 1958, Thomas, 1963; Maitland, 1965; Pedley and Jones 1978 etc.).

It was appeared in the present paper that in the Ichan’ni River, the fry of the red 
spotted type and white spotted type of chars were sharing the same ecological niche in the 

; animal community. Although minor differences in their habits have been observed during
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the course of this investigation, most fry of the two species live together during the greater 
part of their growing period and their chief food items, the dipteran larvae, are moreover 
in common. These facts suggest that these two types of chars are closely related in 
systematics.

Therefore, further investigation about reproductive isolation between them in such co 
-existed rivers is thought necessary for the complete clarification of their systematic 
relation.
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Fig. 1. Lacustrine char, Salvelinus miyabei Oshima, caught in Yanbetsu 
River which flows into Lake Shikaribetsu in Hokkaido on October 30, 
1959. A, mature female, 211mm in total length ; B, mature male, 233 
mm.
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Table 1. Measurements and counts of lacustrine char, Salvelinus miyabei Oshima, caught

Specimen number 1 2 3 4 5 6

In mm
Total length 247 245 239 233.5 233 231
Standard length 205 206.5 196 199 199 195
Body depth 50.5 51 53.5 53 49 48.5
Head length 54 53 55.5 52.5 50 44. 5
Snout length 14.5 15 16.5 14.5 14 10
Length of upper jaw 33.5 33.5 35.5 31.5 31 23.5
Eye diameter 11 11.5 10.5 11.5 9 9.5
Interorbital space ■ H  5 17.5 18.5 17 17 14.5
Depth of caudal peduncle 23 22 24 22.5 23 20

In percentage of standard length
Body depth 24.6 24.7 27.3 26.6 28.0 24.9
Head length 26.3 25.7 28.3 26.4 25. 1 22.8
Snout length 7.1 7.3 8.4 7.3 7.0 5.1
Length of upper jaw 16.3 16.2 18.1 15.8 15.6 12.0
Eye diameter 5.4 5.6 5.4 5.8 4.5 4.9
Interorbital space 8.0 8.5 9.4 8.5 8.5 7.4
Depth of caudal peduncle 11.2 10.7 12.2 11.3 11.6 10.5

In number
Dorsal fin rays 13 12 12 13 13 12
Anal fin rays 12 11 11 11 12 12
Pored scales on lateral line 127 130 112 128 123 125
Scales, one row above lateral line 205 208 209 212 206 218
Gill rakers on first arch 9 +17=26 11 +  17=28 11 +  14=25 10+13=23 10+13=23 12+14=26
Branchiostegal rays (left-right) 10-10 12-11 11-10 12-10 12-11 12-10
Pyloric caeca 24 19 21 20 23 26
Vertebrae 33+27-60 34+28=62 31+30=61 31+29=60 31+30=61 35+27=62

Body weight in grams 133 124 120 122 122 123
Sexuality <? <? <?
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in Yanbetsu River flowing into Lake Shikaribetsu (Hokkaido) on October 30, 1959.

7 8 9 10 11 12 13 14 15

228 223. 5 220.5 219.5 213 211 209 206 205. 5
194 189.5 186 186 182 180 178 173 170. 5
48.5 47.5 36 40 42. 5 45.5 39 41.5 41.5
46 49 46 42.5 43.5 43 42 41 41.5
10 13 10.5 9.5 10 10.5 8 10 10.5
23 28.5 24 22 21.5 22. 5 21 21 21.5
10.5 10.5 10 8.5 10.5 9.5 9 9 9. 5
14 16 14. 5 15 13.5 14 13 12 13.5
20.5 21 20 20 18 20 20 20 19 ;

25.0 25.1 19.3 21.5 23.4 25.2 21. 9 24.0 24. 3
23.7 25.9 24.7 22.8 23.9 23.9 23.6 23.6 24. 3

5.2 6.9 5.7 p i 5.5 5.8 4.5 5.8 6.2
11.9 15.0 12.9 11.6 1 11.8 12.5 11.8 12.1 12.6
5.4 5.5 5.4 4.6 5.8 5.3 5.1 5.2 5.6
7.2 8.4 7.8 8.1 7.4 7.8 7.3 6.9 7.9

10.6 11.1 10.7 10.7 9.9 11.1 11.2 11.6 11.1

f t 13 13 12 13 12 13 11 12
12 11 11 12 12 11 11 11 11

119 125 125 130 127 127 122 117 125
233 213 221 238 230 211 233 220 219

9+ 15= 24 9+ 15= 24 10+14=24 12+15=27 9+ 16= 25 12+13=25 10+13=23 10+13=23 10+16=26
11—10 11—11 11-10 11-10 11-10 11-10 11-11 12—11 12—10

23 24 25 24 22 . p$ : 25 19 21
33+27=60 33+29=62 33+29=62 33+28=61 33+28=61 33+27=60 33+28=61 32+28=60 34+27=61

110 110 90 . — 97 108 74 73 88
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Table 2. Comparison of meristic counts of S. from Lake Shikaribetsu and fluvial
dwarf form of S.m alm a  from Kamishiyubetsu River (Yubetsu River system, Kitami) and 
Kunbetsu River (Nemuro). Mean value and standard deviation are in perentheses.

Species S. miyabei S . malma
Localities

Number of specimens
Lake Shikaribetsu 

15
Kamishiyubetsu River 

20
Kunbetsu River 

15
Scales, one row above 

lateral line
Pored scales

upper limb 

Gill rakers, lower limb 

total number 

Pyloric caeca 

Vertebrae

205—238 
(218.4+10.4) 

112—130 
(124.1+4. 8) 

9 —12 
(10 .3+ 1.1) 

13—17 
(14 .3+ 1.4) 

23—28 
(24 .8+ 1 .5 ) 

19—26 
(22 .6+ 2.2) 

60—62 
(60 .9+ 0.8)

192—239 
(218.1 +  13. 0) 

117—130 
(122. 9+4. 0) 

6 —11 
(8 .2 + 1 .1 )  

10—13 
(11.5+0. 8)
‘ 1 17—23 

(19 .7+ 1 .6 ) 
17—24 

(20 .3+ 2 .4 ) 
58—63 

(60 .5+ 1 .4 )

196—234 
(212.4+11.2) 

110—129 
(119.1+4. 5) 

6 —10 
(8 .4 + 1 .0 )  

10—13 
(11.3+0. 8) 

16—21 
(19 .6+ 1.3)  

14—29 
(18 .7+ 5.2)  

59—62 
(60. 5+0. 9)
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Fig. 3. Alevins and frys of S. miyabei. A, newly hatched alevin, 15.1 mm in total 
length, fixed on January 20, 1960; B, alevin, 19.6 mm, 49 days after hatching, parr 
marks appeared; C, fry, 21.8mm, 91 days after hatching, yolk substances completely 
absorbed; D, fry, 31.0mm, captured in Yanbetsu River on June 15, 1960.
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Summary

S a lv elin u s  m iy a b e i  O shim a is a sm all salm onid fish attaining about 25 cm  in total 
length and is restric ted  only in Lak e Shikaribetsu in cen tral H okkaido. Some 30 
individuals o f this fish w ere caught in Y anbetsu  R iv e r  w hich flows into this lake and
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artificial insemination was carried out on October 30, 1959. These specimens quite resemble 
the fluvial dwarf form of Dolly Varden, S. m alm a  (W albaum), in general characters, 
however, S. m iyabei have somewhat more gill rakers and more developed ‘kype* than 
those of non-migratory S. m alm a.

The eggs of S. m iyabei were measured 5.1—5.6 mm in diameter. Hatching took place 
about 80 days or more at the water temperature of 6.5—3.6°C. The newly hatched 
alevins preserving 7 0 ^  alcohol were 1 5 .0 -1 6 .3  mm in total length. About 50 days after 
hatching the alevins attained to the length of 19 .4~ 20 .8  mm. Two-thirds of yolk 
substances were consumed and parr marks were clearly visible on the body sides. Just 
emerged fry attained 21.8 mm. It took 3 months for the alevins to absorb yolk sac 
completely at the water temperature of 3.6—7.1°C. It was difficult to distinguish the 
present alevins and frys from those of migratory S. m alm a  reported by Blackett (1968).









November 28, 1986

Dr* R. J. Behnke,
Department of Fisheries & Wildlife Biology, 
Colorado State University, Ft. Collins, 
Colorado 80523, U* S* A*

Dear Dr. R. J. Behnke:

I beg you will excuse me for my long silence after part from you at 
Ft* Collins. I should have surely written you more promptly. I return
ed to Fukuoka on July 26 through Columbus, Cicago, Victoria, Ottawa, Toro
nto, London, Tromso and Karachi. My dreamy journey just finished at this 
day. After that I have been pressed over with many of urgent business 
such as lectures and field research works in connection with two graduate 
theses and with a master thesis in our laboratory.

Please accept my best thanks for your kindness given to me when I was 
staying in Ft. Collins. I donft forget your best hospitalities* I am 
also remembering just now pleasant parties in your home.

It was sweet experiences to eat sturgeon at Toronto and atlantic sal
mon at Bergen. Also, it was very hard experiences for me that I went from 
Tromso in the arctic zone to hottest Pakistan. I tasted sight seeing at 
the temperature of 45° C in extremely dried ruins of Indus civilization in 
Mohen Jo Dalo. For these two days in the ruins, I became to have a sore 
throat. However, all of these became good memories now.

In this morning I sent you some black and white photographs of Japa
nese and Russian charrs by the separate air mail. Please hand over the 
prints of Botia (?) to Mr. M. Zakarie Ismail. And I will send, in nearer 
future, color prints of Mr. J. Starin and green back trout to Mr. L. Zuckerman.

Please give my best regards to staffs in your laboratory and to your 
family (together with Mr* Kamei, The Old Champ.).

Sincerely yours

S. Kimura,
Department of Fisheries 
Faculty of Agriculture, 
Kyushu University 46-04 
Fukuoka 812, J A P A N
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Salvelinus elgyticus
Total length 208mm, Standard length 173mm 
Body weight 65g, Sexuality unknown,
Lake Elgytgytgyn, Chukotsk, U, S. S. R,
August 23, 1979
Dr. R. M. Viktorovsky

Photo, by S. Kimura





Samvelinus e3gyticus
Total length 208mm, Standard length 173mm
Lake in18** *5g’ S e x u a l i ty unknown,Lake Elgytgytgyn, Chukotsk, U. S. S R August 23, 1979 K*
Dr. R.  M. Viktorovsky

Photo, by S. Kimura
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Salvelinus albus
Total length 363mm, Standard length 296mm 
Body weight 302g, Sexuality male 
Asabatchaja River, Kamtchatka, U. S. S. R.  September, 1977 
Dr. R. M. Viktrovsky

Photo, by S. Kimura
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Salvelinus albus
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Salvelinus maIma miyabei 
Ki-2019, Total length 266mm, Standard len
gth 225mm, Body weight 182g, Mature female 
Ki-2018, Total length 308mm, Standard len
gth 256mm, Body weight 272g, Mature male. 
Lake Shikaribetsu, Hokkaido, Japan
October, 1985, Dr. K. MaekawaPhoto, by S. Kimura





Saivelinus maIma miyabei 
Ki-2019, Total length 266mm, Standard len
gth 225mm, Body weight 182g, Mature female 
Ki-2018, Total length 308mm, Standard len
gth 256mm, Body weight 272g, Mature male* 
Lake Shikaribetsu, Hokkaido, Japan 
October, 1985, Dr. K* Maekawa

Photo, by S. Kimura





Sea run form of Salvelinus leucomaenis 
Ki-2001, Total length 300mm, Standard len
gth 257mm, Body weight 329g, Female 
Ki-2007, Total length 274mm, Standard length 234mm, Body weight 242g, Male 
Yobetsu River, Hokkaido, Japan 
July 15, 1981, Mr. E. Komiyama

Photo, by S. Kimura





Sea run form of Salvelinus 1 eucomaenis 
Ki-2001, Total length 300mm, Standard len
gth 257mm, Body weight 329g, Female 
Ki-2007, Total length 274mm, Standard len
gth 234mm, Body weight 242g, Male 
Yobetsu River, Hokkaido, Japan 
July 15, 1981, Mr. E. Komiyama

Photo, by S. Kimura
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