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I . T a s u e  ( 1970 ) ;

On the so-called G'Ogi w>.
Salveiinus imbrius Jordan & McGregor,1925. 
An endemic charr of Japan.

TSOBI NO TOMO, N o .236,I40-I4I.
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■ ^  PeociiVî  i  4 0 u a "'
* I . . ' ' ̂ v -, .-1 • y ' j . J .:

t, ? y u è i ^ U J )  . v M  I'
iASL¿y M4»

f »  O í ^ ¿ r ^



C
I W m  2.3,5

1 7  ~  3  C
C ^ 7

Ì 2 .-  1 f

i  3> -  2  0 / 7 .  5" U -  ) ^  1S . 3)

... / i ' 2 7
f l ^ D -

11 -  U ( l H - o ) hf
C ut\¿r)



^   ̂ kyfocU  C.J > gj » »WS <

^ c n ^ ê t "  f  wr  » V * h #y j  Ov*t» P*e j^.
\<y V xkw

0 »u»y 17 7 6
I» t V<. »>w «r>

cm l ̂
 ̂«»4ÜV\ ^  ^

/V'-* ^*ofc^AJP ^
#• % .X'AtJCt

'̂sW"fc ̂ iî iiî
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f y > r w *i€HEfry UNIT N

SPECIES LOCALITY

COLLECTED BY 

Cat. # Measurements by

DATE

DATE

Specimen #
1 ^  ___ _

cVl̂
\ \ v

Total L.
Standard L. 12.1
Body D *

’Head L
Oroit L
Upper Jaw L
Dors. Orig. to Snt. tip C l
Dorsal fin  basal L
Dorsal fin  depressed L
Adip. fin  depressed L
Caudal peduncle D
Caudal peduncle L
Vertebrae
1st Arch g illrak ers (up) Q> | ü ~7 8r iD %■

(lower) t t d t 12 »<> )2. 6 §

(to ta l) 17 Zù
Branchiostegal rays right H *(2. ? /2

(le ft) 12- U i ?
Dorsal rays (up] 3 ,  I I 64 3,12 0V
Anal rays 2.1ZÎW 2 ,1% 0*) 'k

Pectoral fin  rays
—*— 
\H l (&

Scales in la tera l line \ 2.0
Scales above latera l line 3 2 . 3Z-53

Scales 2 rows above 1at. 130
Pelvic fin  rays 9 _ 3 _ 10
Pyloric caeca 2  7 2.7 BBK J y ? v 2 / ‘
Dentition

__$
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THE OHARA INSTITUTE FOR AGRICULTURAL BIOLOGY 
OKAYAM A UNIVERSITY 

KURASHIKI, JAPAN

I 3 t h ,  O ctober, 1 9 7 2 .

Dx. R.J.Behnke ,
Colorado State miversiijr, 
Colorado Co-operat,F.T., 
Collins, Colorado 80521, 
U.S.A.

Dear Six,,
I  would l ik e  to  send t h i s  l e t t e r  to  you with my r e s p e c t s .

I  am now surveying th e  geograp h ical d is t r ib u t io n  o f  th e  lan d -lo ck ed  
Salm onidae, such as Genus S a lv e lin u s  o r  Oneorhynchus in  Jap an .

In 1966, I went to the- United States and I have inspected 
many specimens of the North American Salmonidae at the National Museum 
o f Natural History,Washington,D .C . or Prof .Kyers laboratory of Stanford 
üai^exsity;f.Palo Alto, California*

x  w o u ld  l ik e  to  ask  f o r  you to  send me the r e p r in ts  of. your 
fo llow in g  re p o rts  by a i r  m ail.

i (0 ,

2),

Trouts of the upper Kern River Basin,California with 
reference to systematics and evolution of Western North 
America Salmo. J.Pish.Res.Bd.Canada, Vol.28(I97X), 
988-998.
The systematics of Salmonid fishes of recent glacial 
lakes;. J.Fish.Res.Bd.Canada,Yol. 29(1972) ,639-671.

X have sen t to you my r e p r in ts  on S a lv e lin u s  and Oncorynchus 
by se p a r a te  a i r  m ail.

With kindest regards,
Tours S in e e re ly ,

Prof.Dr. T.Tasue,
The Ohara Institute for Agric. 
Biology, Okayama Uhiversity, 
2-20-1, Kurashiki City,
Japan  7X0.

T E L E P H O N E : (229 5  5 7  O . C A B L E  A D D R E S S : N O K E N  K U R A S H IK I.



Dr. Katsuhiko Yoshiyasu 
Shin-Mori, 5-7-14, Asahi-ku, Osaka 
T 535-0022 
Japan

Dear Dr. Yoshiyasu:

I received your books. They are beautiful, reflecting your love of the subject 
matter. When I saw your name, I recalled your studies on hemoglobin patterns 
many years ago. Then I saw the reproduction of my 1973 letter to you and this 
brought back memories of my questions on the unspotted forms of yamame and 
iwana — were they distinct species? It was not clear at that time. Dr. Kimura had 
named the unspotted yamame (or amago) of Kyushu as a new species 
iwamae). We have learned much on evolutionary relationships during the past 25 
years and you were a pioneer in what is now known as molecular or biochemical 
systematics.

Some of the photographs in your books of headwater stream habitat 
recalled pleasant memories (of 45 years ago) when I caught my first iwana from 
the headwaters of the Okunukawa River in the mountains west of Sendai. The 
surrounding countryside was beautiful and the people living in the small mountain 
villages were friendly and helpful. A wonderful experience I will never forget.

Enclosed is a paper discussing some ideas on the conservation of 
intraspecific diversity. That could be applicable to the diverse forms of salmon 
and charr of Japan.

My sincere thanks for the books and congratulations for compiling and 
organizing so much information on these magnificent fish. A most valuable 
contribution.

Sincerely,

Dr. Robert Behnke 
Professor
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The difficulty in separating the many species and races 
of Japanese charrs is caused by their regional variation. 
Except for Dolly Varden in Hokkaido, they are regarded as 
regional Variants of "Amemasu" by many "Iwana"-ologists(!). 
In my opinion, the revised theory of 0shima(196O which 
concerned external characters, especially the coloration, 
may be appropriate for the tentative separation.
According to this we have the following species races and 
distribution (Fig. 1):

"AMEMASU" group *
"Amemasu" series (anadromous), Salvelinus leucomanis 
"Nikkoiwana" series (land-locked), S. 1. pluvius 
"Yamatoiwana" series (land-locked), S. j_. .japonicus 
"Gogi" series (land-locked), S. 1. imbrTus 

DOLLY VARDEN group
"Oshorokoma" series, (mainly land-locked) S. malma 
"Miyabeiwana" series (lake-dwelling) S. m. miyabei 

Types of coloration in these regional variants or species 
are given in the following Table.

Type S. leuco- 
maenis

S. i. 
pluvius

s. i. 
.japonic us

S. i. 
imbrius

S.
malma

whitish rather medium indistinct medium small
round larger sized or almost sized
spots on 
back and

small absent or large
sides
yellow, absent yellow orange yellow orange
orange or or or or red
or red orange yellow orange with
spots on medium halo
sides sized small small

ADDENDUM
A hypothetical assumption: The speciation and radiation 

of charrs might have occurred from the ancestral charr 
in the central district of Honshu during the early Pleistocene, 
and this ancestral Japanese charr might have probably 
originated from the old prototype charrs moved down southward 
from northern area along the east side of the Japanese 
Chain in glacial period.
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Salvelinus
, malmaI g g i  salvelinus

le ucomae n i s

• protected area 
for charr

Figure indicates No. of 
protected area for charr 
on table 1.

Fig. 2 Location of the protected areas for charr and 
Distribution of Salvelinus in Japan

T a b l e  1. LIST OF THE PROTECTED AREA FOR CHARR IN JAPAN
NO. Locations Legal bases Date on charr was Enforcement of a protection

Name of Local race begun to protect policy
1 Hisen Stream Natural Monument by Nara 7th Jun 1962 Prohibited area of fishing(

(Nara Prefecture) Prefectural Government 6km Rule of fishings designated
Kirikuchi Cultural Properties by the fishermen’s

Protection Law coopperative associations)
2 Kumano River,Ooha River Natural Monument by Hiro­ 6th Nov. 1951 Prohibited area of fishing(

(Hirosima Prefecture) sima Prefectural Gov Protection Rule for Gogi
Gogi Cultural Properties designated by the Saijou

Protection Law Town boad of education)
3 Upper streams of Goudo River,and 11th Jan.1985 Prohibited area(Instruction

Takasu River(Shimane Prefecture) 18th May 1983 by the Shimane Prefectural
Gogi Fishery Act 11km Commitee of the fresh

water fishery Ajustment)
4 Kitanomata Stream Protected Water Area 19th Nov. 1981 Prohibited area of fishing(

(Niigata Prefecture) 30km total length Notification No.1804 of the
Iwana Conservation Act for the Ministry of Agriculture,

Fishery Resource Forestry and Fishery)
5 Jadani Stream 1st April 1983 Prohibited area(Instruction

(Ishikawa Prefecture) 9km total length by the Ishikawa Prefectural
Iwana Fishery Act Commitee of the fresh-water

fishery Ajustment)
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A. Exp lanation  o f c o lo r p la t e .1. Ecology o f the genus S a lv e lin u s : swimming ch a rr ; spawning o f D o lly  Varden ch a rr ; S . leucomaenis males spawning with pink salm on.2 . Growth o f D o lly  Varden c h a r r .3 . L a cu strin e  and anadromous types o f the a r c t ic  c h a r r .4 . Lake t r o u t , S . namaycush; immature lake tr o u t ; hybrid between iwana and brook t r o u t .5 . D o lly  Varden charr in Hokkaido.6 . Charrs caught in tr ib u t a r ie s  to  the Sea o f Japan in Honshu and the Okhotsk drainage in Hokkaido.7 . Charrs from the P a c i f i c  slo p e d ra in a g e s.8 . V a r ie t ie s  o f Japanese c h a r r s , 8 f i g s .9 . Schem atic f ig u r e s  o f the charrs o f Ja p an . Reproduced from papers by the la t e  Dr. Masamitsu Oshima.B. E xplanation o f c o lo r  p la t e . Map o f o r ig in a l d is tr ib u t io n  o f the genus S a lv e lin u s  in our co u n try .I .  Charrs o f the world -  In tro d u ctio n  to  Iw anaology.I I .  D iscu ssion  on Iwanaology10. V a r ia b i l i t y  and a f f i n i t y  o f S a lv e lin u s  in Ja p an .11. Unsolved problems on charrs in Ja p an .12. Iwana and i t s  v a r ie t ie s  with a ty p ic a l co lo r  p a tte rn s and th e ir  p ro v is io n a l e v o lu tio n .I I I .  Reports from r iv e r s .13. Two types o f  charr in the c e n tra l mountainous d i s t r i c t s  (an exam ination o f the Im anishi theory on taxonomy and d is tr ib u t io n  o f c h a r r ) .14. Spawning a cts  o f c h a r r , i t  1_. p lu v iu s .15. A quatic in s e c ts  as food o f c h a rr .16 . On the Amemasu, anadromous form o f S . leucom aenis, found in Nize Lake in Aomori P r e f .17. Reports from r iv e r s  in Iwate P r e f .
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18. P a r a s ite s  o f c h a r r .IV . A n g le r 's  op inions on c h a rr .19. Charrs in Hokkaido.20. E ssay . -  Charrs from season to  season -21. The World o f  Iwana A n g le rs .V . Conservation o f charr22. S o c io lo g ic a l changes in mountain v il la g e s  o f Japan and i t s  r e la t io n  to  con servation  o f  c h a rr .23. My view -p oint on c h a rr . -  For con servation  o f n a tiv e  charr -
24. Our opinions concerning conservation  plans fo r  the charr in Lake Okutadami and the Kitanom ata R iv e r , Fukushima P r e f .25. Records o f the past 5 years o f the S o c ie ty  o f F ish  Conservation in  Okutadami, Fukushima P r e f .26. Management o f charr as a n atu ral re so u rce .V I . Se ctio n  o f rep ort fo r  the member o f the S o c ie ty  o f Freshwater F ish es C o n servatio n .27. E f f e c t  o f  v o lc a n ic  eru p tio n s on charr d is t r ib u t io n .28. The genus S a lv e !in u s  in south and north Korea.29. Essays on c h a rr .30. The charr o f K ii P e n in su la .31. The charr o f Okayama P r e f .32. The charr in the r iv e r s  tr ib u ta r y  to  Lake Biwa.V I I .  A ro u n d -tab le  d iscu ssio n  on charrs by young b io lo g is t s .33. Taxonomy and d is tr ib u t io n  o f the genus S a lv e lin u s .34. On Japanese c h a r r , S . leucom aenis.35. Comments on the l it e r a t u r e  p e rta in in g  to  charr b io lo g y .36. On the miyabe c h a rr , JL  malma m iyab ei.37. I n t e r s p e c if ic  behavior o f salmonid f is h e s  during spawning.



38. D is tr ib u t io n  o f S . leucom enis,  in  other areas o f the Far E a s t .39. R iv e rs  u n su ita b le  fo r  anadromous c h a r r , S .  leucom aenis.40. H a b ita t re g re g a tio n  by sa lm o n id s.41. P a r a s ite s  o f  c h a rr .42. V e lo c ity  p reference  by salmonid f is h e s  and i t s  in flu e n ce  on 
movement.43. Feeding and spawning behavior o f  c h a r r .44. Jap anese ch arrs and th e s e a .45. C o n servatio n  o f  c h a r r .46. On Jap anese names o f  c h a r r s .Short e s s a y s .47. D o lly  Varden char as a food f i s h .48. C h a rr , ta k in g  a midday nap.49. In tro d u c tio n  o f  published "Freshw ater F is h e s " , ’¿¿te, . ffV* AK *v**** fen/oir/ 150. L a rg e st charr ever caught in  Ja p a n . Xalpf? '

i - 7K =I -  79-rc^.  _51. N atural hybrid between charr and r e s id u a l masu salmon from A k ita  P r e f .52. Feeding o f  charr in  la r g e , c le a r  r i v e r .53. Books.54. P resen t production o f  charr f in g e r l in g s  in  Ja p a n .55. R eferen ces (in  Japanese) on c h a r r .56. B ib lio g rap h y  on ch arr b io lo g y .57. E d it o r 's  p o s t s c r ip t .





A E R O N A U T IC A L  C H A R T  S U P P L Y(Ref: A F  Reg. 67-3)
1. Aeronautical Charts, Maps, and Publications distributed by the Aeronautical Chart and Information Center
2. New editions of charts, replacement charts, hazardous charts, chart correction notices, obsoletion procedures, and other pertinent information pertaining to charts and: supply are contained in the A C IC  B U L L E T IN  which is pub-

POLAR A R EA S WORLD AERONAUTICAL CHART INDEX

NORTH
o°

3. Requisitioning by U SAF Activities: U S A F  Activities requisitioning aeronautical charts, maps, and publications
25, D. C., is responsible for the sale and distribution of aeronautical charts required for civilian use. Inquiries from
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Georef

íRQ'ty counter clockwise

INTERCHART RELA TIO N SH IP

IN F O R M A T IO N  P U B L IC A T IO N S  fo r  published  1:250,000 and 1:500,000 sca le  charts.)

t: 250,000
1:600,000

1:1,000, OOO"

358 D
1:500,000

The WAC layout and sheet lines form the basis for the format of the 1:500,000 USAF Pilotage Charts arid
convenient Interrelationship of the three series. Transition from one scale series to another by reference to  this 
system, is quick and simple::» Further, the same 29"x22" sheet size is used for charts o f all three series.

A L L  U SER S: A T T E N T IO N1. The U S A F  Aeronautical Chart and Information Center is making a concerted effort to furnish the user with accurate charts, prepared from the best available source material, and revised as newer and more adequate infor-J' mation becomes available.

4. The corrected chart shall be' forwarded to Commander, Aepoqn.u.tir'itl Oh’hr^.arid Information Center, Second and Arsenal, St. Louis 18, Missouri,yin &ceofdance..with,'es(.ablished-‘̂ qcuritylrdgulatioiis.

2. The “ flight-check”  service performed by the chart user, is in reality a first-hand report on the utility and reliability of any chart. As such, it becomes primary source material for the chart maker. By supplying him with up-to-date information, carefully plotted and verified, the chart user serves as a vital link in chart improvement.
3. The chart user should mark corrections to aeronautical information and chart detail (such as roads, drainage, spot 

elevations, etc.) on the face of the. chart, on an overlay of the area, or under “ R em ark ;”  below. In reporting elevation 
corrections, the method used by the observer in m aking (he determination 'should be indicated.
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clockwise
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“HJ” Quadrangle 
(15° breakdown)
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GEOREF INFORMATION
Complete information on 

World Geographic Reference

in AFR 96-5.
Georef portrayed hereon 

is merely a guide for chart 
user to select the WAC upon 
which a given Georef point 
may be found,

(example HJLC 1117) 
which falls on WAC 412.
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1. Locate 15*ijjyadrangle “ HJ” 
on chart reading right to “ H” 
and up to “J” . (Dotted lines 
indicate 15° Georef quadrangles.)

2. Locate 1° quadrangle “LC”

(See sample quadrangle 
breakdown in lower left corner.)

3. Locate 1 minute intersection 
“ 1117” within 1° quadrangle "LC” 
of “ HJ” quadrangle. (See sample 
quadrangle breakdown In lower 
left corner.)

4. “ Interchart Relationship”
Index should be used to determine 
the PC and AC chart upon which 
the Georef reference point falls.
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U N IVER SA L WATER CHARTSUniversal W ater C h a r ts .( S ca le  1 : 1 ,0 0 0 ,0 0 0 ;  size 2 9  x  2 2  in ches) covering 4 *  of le t . have been published for use In place o f the World Aeronautical: C harts In water are a s. The user roust Insert the appropriate lon g, value? for the particular area desired. W ater tint is  printed within the normal geographical lim its and the chart is.'designed for use in both north and south latitu des.N O T E :  Requisition these charts by name and latitude interval 

E x a m p le : W A C - ’22,5 would be W A T E R  -4 8 /52

A E R O N A U T IC A L  S Y M B O L S
AERODROMES

AERODROM ES WITH FA C ILIT IES

A E R O N A U T IC A L  S Y M B O L S
AERONAUTICAL LIGHTS

S E A P L A N E L A N D P L A N E
® © Military

O CivilJoint Civil and Military
AERODROM ES WITH 

EM ERG EN CY OR NO FA C ILIT IESLanding Area Sheltered Anchorage

WHEN AERODROM E PA TTER N S A R E U SED  
T H E FOLLOW ING SY M BO LS A P P LYAerodromes with known hard sur- : face runway pattern and with a minimum length of 3500 feet.

Aerodromes with well defined hard surfaced all-way landing area.The aerodrome boundary is the real estate boundary o f the aerodrome.

Rotating or Oscillating L ig h t .-___. . .Rotating Light ( W i t h  f l a s h i n g  c o d e  l i g h t s ) '-  Rotating Light ( W i t h  c o u r s e  l i g h t s ) v i _ - _
Flashing Light ( W i t h  c o d e ) .  Flashing L ig h t.

, WAC-, PC. AC (a U -6) ;

T O P O G R A P H IC A L  S Y M B O L S
C IT IE S  and TOW NS H IG H W A Y S and ROADS

M ARINE LIGH T DATA 

-OcqWRG •  Lightship .Marine Light-
M a r i n e  l i g h t s  a r e  w h it e '  u n le s s  c o lo r s  a r e  i n d i c a t e d ;  a l t e r n a t i n g  l i g h t s  a r e  r e d  a n d  w h i t e  u n le s s  o t h e r w is e  i n d i c a t e d .

'F « F i x e d  fi -  F l a s h i n g Qk FI -  Q u i c k  F l a s h i n g  IQ k  FI -  I n t e r r u p t e d  Q u i c k  F l a s h i n g Q tc  • O c c u l t i n g  Alt -  A l t e r n a t i n g Gp - Group R - Red .: w  -  W h i t e  G G r e e n B - Bluelu )  - U n  watched SEC,,- Sector sec - Second

Metropolitan A reas-----  NEW YORK

L arge

C i t i e s . .  i .  ARLINGTON O  ¡:/

Small Cities------------------—  ------— -------SANGATE□

L arge  T o w n s ... ........................................... .............corvilleo

Towns & V illages_____ _________ ______________Arcoia0

Dual Lane Highways..

Prim ary R oads______

Secondary Roads ___

T r a il s____

U . S. Road M ark ers..National, State or________ . . . ________ ________________ (37)
Provincial Road M arkers

Road N a m e s ... :___

R E L IE F  F E A T U R E S

AERODROME DATA

RHEIN -'M A IN /6 0  
369

6 0  Runway length to nearest hundred feet
NOT USABLE 

ANDREWS AFB 
40

ABANDONED 
BOLLING /  6 0  

120

MISCELLANEOUS
1108Obstruction_______ _̂_______________________ W ater tower A(Numerals m italics indicate'elevation above -sea level o f (259)obstruction top. Verticle numerals Within parentheses indicate heights above ground. Obstructions are labeled,. indicating nature of obstruction, i. e ., water tower, build- v . ings, etcil

Contours

Reliable. _   ______ ::____

Depression ; _  _  _______

A p p roxim ate------

B luffs,. Cliffs & Escarpm ents. iJ^ffrrrrpr»TPi rrnTT'

Aerodromes that are-abandoned, closed or not usable are so labeled.
TARMPONE /  3 5 HARMON/ — 

25

When specific information pertaining to airfield elevation Or runway l é n g t h l s  lacking or unconfirmed the respective Character is replaced by a dash (— )
RADIO FACILITIES

Radio R a n g e ... 
Visual-Aural Range.
Omni R a n g e ...______
Radio Beacon_____________
Marine Radio B e a co n ... 
Radio Direction Finder.

_RNG_
- O------j woody I

- -Q ------- I MILAN I

___VOR__ _
- O— —I HILO

___R Bn____
-0---- j EVERETT j

_ M  RBn
--O------- j ISLAND J

Consol Beacon. . . .
Radar Beacon...^_______. . . ___
Eureka B eaco n ..____ ______
Y G  Beacon___________________ _
Radio Broadcasting Station. 
Communication Station_____

-CONSOL-. 
O---- 1 LUSO I

Group Obstruction______ . . . __________________ aaRadio Facility Obstruction__________ :____________. . . .  _ • 8Isogonic L in e .____ . . ______— “— --------- 7°E-------------- *Ocean Station Vessel (Normal' positibn)_________________Visual Ground S i g n . . ___________________________ (MlAir Defense Identification Zone ( A D I Z ) . .Compulsory Corridors._ ____ _________________

H Y D R O G R A P H IC  F E A T U R E S

Swam ps & M arshes

Mud & Tidal Flats.^________ __________ _
{Exposed at low tide)Fathom Curves & Bottom Characteristics Danger Line (Dots uniformly spaced-______________Two Fathom Line (Dots grouped in pairs)(2 fathoms, 12 ft. below mean low water level)
Charted ¿Bocks (flare or awash)
Sand B ârs^ ..____
(Exposed at low tide)

RACGN
^>— I l a s e s  I

-  EUREKA -  
-O — - f  HURN I

_YG
AKRON

O - T arno-]

Sp rin gs.---- ----- -------

W ells & W ater Holes.

R eefs, Coral & Rocky Ledges
(A w ash at low tide)

CAUTION AREA
Power Transm ission L in e s___

Telephone & Telegraph LinesFlight of aircraft prohibited Invisible hazards to A ir  Navigation Visible hazards to Air Navigation
VHF OMNIRANGE (VOR) 

AC SERIES CHARTS 
ONLY

MAGNETIC NORTH

Bearings are magnetic ■ from the station
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S a lv e lin u s  leucom aenis ( P a l la s )  
(Land-locked form)

Jap an e se  name: Ivan a.
L o c a lity  : Moraose R irer,Toyam a P r e f .
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Oncorhynchns rhodurus Jordan et McGregor 
(Stoolting type )

Japanese name : Shirame.
Locality : Ibi rarer,Gifu Pref.Japan.
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One°rhynchua iwame Kiroura et Nakamura 
Japanese names Iirame.
Locality: Mennotsura valley,Koubaru Rircr 

Oita PrefKyushu,Japan.'
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Oncorhynchus mason (B rero o rt)
( Land-locked form )

Jap an e se  names Taraame*
L o c a lity  $ l u r a  H irer,K yoto  P ref•Jap an #
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Oneorhynchus rbodurus ?

(Land-locked form,without parr mark) 
Japanese name t Mumon Am ago. 
Locality s Tyoshi Rirer,Mie Fref.
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Salrelinus imbrius Jordan et McGregor 
(Land-locked form)

Japanese name s Gogi or Kogi. 
Locality: Gono River,Shimane Pref.
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SalTelinus leucomaenis (Pallas) 7
(Land-locked form, without parr mark) 
Japanese name $ Mumon Iwana.
Locality: Suzuka Mts# 9Shiga pref*
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Oncorhynchus iwaroe ?
Locality : Mie Pref. Central Japan* 
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Oncorhynchus piasou (B revoort) 
(SmoXting type)

Jap an ese  name s Ginke.
L o c a lity  % Z in tsu  R iv er, Toyama F r e f *
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Oncorhynchus rhodurus Jordan  e t  McGregor

( Land-locked form )
Jap an ese  name: Am ago.
L o c a lity  : Koubaru R iv er, Kyushu.
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Oncorhynchus masou (Brevoort) 
Y amarne or Saramao Masti 
locality: Upper Taiko River 

Formosa,
Date: July, 1935,
Leg, M. Uéno,

(The specimen of the Otsu 
Lakeside Laboratory, Faculty 
of Science,Kyoto University)
Photo,by Y,Xasue$ Okay ama 
University, 4th,Dec.*72.
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STU D IES ON THE CHARRS FOUND IN  JA P A N E SE  W ATERS
by

M asam itsu  OSHIMA, M. A ., D. A gr., D. Sc.

n st H m 1 âjii
Reprinted from Japan Wildlife Bulletin, vol. xviii, no. 1, 
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STUDIES ON TH E CHARRS FOUND 
IN JAPANESE WATERS. By Masamitsu 
Oshima. Reprinted from Japan Wildlife 
Bulletin, 1961, 18 (1) ;3—70, pis. 1-5 (color) I  
34 figs. Circulated by Nippon Gyogaku Shin- 
kokae, Tsukiji 5-chrome,- 1-banchi Kyobashi, 
Tokyo, Japan. In Japanese with English 
summary. $3.00 (paper) .—In this publica­
tion, Dr. Oshima, the dean of Japanese sal- 
monid toxonomists, presents the results of 
a long-term study on Japanese Salvelinus. 
The tables of meristic and morphometric 
data and distributional records, while lack­
ing in thoroughness, make this the most 
comprehensive and valuable taxonomic work

Made in United States of America 
Reprinted from C o p e ia , 1962, No. 3, September 28 

pp. 674-675

yet to appear on Japanese Salvelinus. The 
classification is that of the old school taxono­
mist. The biological species concept of mod­
ern systematics is largely ignored and the out­
dated practice of giving subspecific recogni­
tion to non-anadromous populations within 
a species is revived.

Despite the fact that most systematists 
would hesitate to recognize some of Oshima’s 
species and subspecies, this work will provide 
future investigators with taxonomic charac­
ters of Japanese chars for comparison with 
those of other areas. The omission of counts 
of pyloric caeca and vertebrae is unfortunate 
because these characters are often important 
in Salvelinus systematics. The value of this 
work would have been enhanced if distribu­
tional maps and a complete bibliography of 
previous work on Japanese chars were in­
cluded. There is an interesting appendix on 
folklore relating to Japanese chars.

The taxonomy of the genus Salvelinus % 
one of the most confused in all ichthyology. 
This is not only because of inadequate study, 
but because throughout their wide distribu­
tion, except for the North American Salve- 
lifySjts nama^mh (Walbaum) and S. fonti- 
nalis f^fMitchill), the differences between 
species are slight. How many valid biological 
species are represented in the genus is not 
known. Salvelinus alpihus (L.) and S. malma 
(Walbaum) both have fluviatile, lacustrine 
and anadromous populations and each of 
these! in turn, may have populations with 
different spawning seasons. The most per­
plexing problemffihowever, is posed when 
two or three populations of chars live in a 
single lake, behaving as gopd .species, sepa­
rated by time and place of spawning, yet are 
so similar that the individuals of the various 
populations can scarcely be distinguished 
from each other. In the well-studied waters 
of Europe, this situation has been known to 
ichthyologists since early times, yet no one 
has put forth a satisfactoji explanation or 
a logical system of classification.

The Pacific Ocean drainages have at least 
three ¿jjfalid species of Salvelinus: alpinus, 
malma, and leucomaepis (Pallas). They 
occur sympatrically in some areas, but the 
taxonomic differences between them are not 
great. In Japan, leucomaenis and malma are 
present. Although alpinus has not yet been 
reported from Japan ll Salvelinus miyabei 
Oshima, from Lake Shikaribetsu on Hok­
kaido may represent a population of alpinus.
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S. m iyabei has the most gillrakers of any 
Japanese Salvelinus  yet studied, numbering 
21-26. Other Japanese chars have from 10- 
20 gillrakers, according to Oshima. The lat­
eral series scale count for m iyabei, 228-259, 
is the highest for any described population 
of Japanese chars. Both number of gillrakers 
and number of scales suggest affinities with 
the more northerly alp inus.

Oshima gives subspecific recognition to the 
non-anadromous forms of Japanese malma 
and leucomaenis. Formal taxonomic recog­
nition separating anadromous from non- 
anadromous populations oCSalvelinus, Salmo, 
or O ncorhynchus is a procedure of dubious 
merit because, it implies that these two be­
havioral types form two groups distinguish­
able by constant characters. This is not true, 
and the naming of such forms may obscure 
their true 'affinities and origin. Many trans­
plants of Salmo and O n corh f$chus  have 
demonstrated that an anadromous stock can 
often be used to establish non-migratory pop­
ulations. It is also known from marking ex­
periments that the progeny of non-anadro­
mous stocks may go to sea under certain 
conditions.

Salvelinus leucom aen sS  flu v ia lis , the resi­
dent form, is described as a new subspecies^ 
In figure 2 of plate 1 it is spelled flu v ia ls  
and the caption of figure 10, plate 5 is- 
Salvelinus flu v iu s  * (Hilgendorf), probably 
actually referring to S. p lu v iu s  (Hilgendorf). 
The complete distribution of leucom aenis in 
Japan is not presented, but is known from 
both Hokkaido and Honshu. The resident 
form of S. malma if given the subspecifijg 
namUMaghaliensis. Oshima does not recog­
nize malma from the main island of Honshu, 
but instead regards S. p lu v iu s  as a full species 
and describes a new species, Salvelinus japon ­
icus, whose range is from the headwaters of 
the Kiso River west of Tokyo to the tribu­
taries of Lake Biwa. S. p lu v iu s  is distin­
guished from malma byf fewer gillrakers and 
scales; however, it is not known how sharp 
a break occurs between malma and p lU iu s  
because large series from many localities have 
yet to be compared. S. p lu v iu s  occurs only 
in the landlocked form. S. japon icus  is dis­
tinguished from p lu v iu ?  by slight differences 
in scale counts, the number of branchiostegal 
rays, the structure of the scales, and by the 
coloration and spotting pattern. Because of 
the allopatric1 distribution of p lu v iu s  and 
japon icus  and a lack of clear-cut distinction

from malma it would seem wiser to consider 
p lu v iu s  and japon icus  as doubtful subspecies 
of malma.

No Salvelinus  is known from the rivers on 
the islands of Kyushu or Shikoku although 
O ncorhynchus masou (Brevoort) occurs 
there. This is similar to the distributional 
pattern of salmonids in Europe and west­
ern North America where Salmo occurs much 
farther south than Salvelinus.

There has been a recent surge of interest 
in the systematics of Salvelinus. McPhail 
(1961, ] . F ish . R es . B d . Canada 18(3):793- 
816) described S. malma and S. a lp inus  from 
North America and used a discriminant func­
tion analysis to separate sympatric popula­
tions. Barsukov (1960, Voprbsy Ik h tio lo g ii 
14:3-17) and Savvaitova (1961, Zool. Zhur. 
40 (ll) :16 9 6-1 7 03 ^ V o p ro sy  Ik h tio lo g ii 1 (4 ): 
693—706; F jauchnye D oklady Vysshei Shkoly> 
B io l. N auk 2 :37-41) presented the system­
atic characters of Siberian and Far Eastern 
chars. Savvaitova considered malma as a 
synonym of alp inus. This view is difficult to 
accept in the light of McPhail’s findings that 
malma and a lp inus axe sympatric in many 
Alaskan waters. The Russian publications 
reflect a natural revulsion1 to the naming 
of every slightly different char population as 
a distinct species as was formerly done and 
as Oshima has continued to do to some de­
gree. A logical arrangement, accurately de­
noting true phylogenieli; of this puzzling 
group, will not be accomplished by extremes 
in lumping or splitting. Information is ac­
cumulating and the time seems rapidly ap­
proaching for a critical synthesis and analysis 
of Salvelinus—perhaps by a middle of the 
road systematise—R o b e r t  J. B e h n k e  a n d  

J o h n  Sh i m iz S & e p a rtm e n d  of Zoology^ U n i­
versity o f C a lifo rn ia  at B erke ley .
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Fig. 7 Salvelinus pluvius (Hilgendorf)M 
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Fig. 8 Salvelinus pluvius (Hilgendorf)

flËfàSK ^  ^  > Oncorhyrnchus masou.iiiEitsni^sEüifcnis (öispüßit#)



£  Wl (Plate V)

Fig. 9 Salvelinus leucomaenis fluvialis subsp. nov. vV V i-

Fig.10 Salvelinüs fluvius (Hilgendorf)ca
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® ^ § í:flJco r ff-7  5 " * * ^ .  b X'b-^* s. malma (Walbaum)

dwarf f o r m  3  v"''(glJ'^^-'> 3 a 'a )  "dSgfc> D ,  tft^fCfèzîvfegEjnî
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1. Salvelinus leucomaenifè .(Pallas), 'í Í§sK

2. Salvelinus malma (Walbaum) ,--’• , ^ î^ 'S p  ä Jv .

h ¡5!)íí b , S. malma t?fcb X , S O Í i i É f c S I

^  fe lA 0 ,-^ÿ—Â ’ià ^ ^ ^ .^ 'Î ‘ 5 21*0 co ì> * j ù-  ■4t»foá|B ^ É É E ¿$ Ê œ *f Bi-ojW 5æ §i ^ Ò E - o t ó ^ S i j ^ f <D
I Salvelinus malma leucomaeniá' (Pallas)'1; Seâ-run form.
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2. Salvelinus malma leucomaenis (Pallas):., Dwarf form.S^Jcli dt/hlg) o '/ - f5 4 Q
3. Salvelinus malma malma (Walbaum). sea-run form.N a n =? -V0; .
4. Salvelinus malma malma (Walbaum)» Dwarf form.SfcTÖ! (^/i'M)'0 * 5 7  h AV'-f o  
Hi=M 4fi!>f f l l C i t i l f Ä M - ItLUb/u o t W ' * © t t t * *  Ü  

- 3 t 4  • * ? 4 "C, .  f f ^ ^ I E L  
V 'io IE L  E H Ä 'ail?»WlfciS © I S !”  §c -d ”C Salvelinus leucomaenis

Salvelinus malma © Synonym -£ © & ^ lC ~ - o :© S!

(form) % rS&, H b ^ M M L X ,r
'fa'hZ- k . ' f c T f r V s i c l ~-b 14—SiOM^~X$):-o tc b b iöo 

1902 ip}C Jordan Zkxß Snyder 14 7 *  ¿ . L t

1. Salvelinus kundscha (Pallas)»

2. Salvelinus pluvuis (Hilgendorf)

3. Salvelinus malma (Walbaum)

© 3 (Proc. U.S. Nat. Mus., X X IV , 1’302, p. 582)-... ^ ¡ c  Salvelinus kundscha

144b7j«mc& <*R*N©}RWipt®& Salvelinus alpinus £. ¿ d ^ J U L ,  £© 11©

4 9 4© ljfc§ S.leucomaenis (Pallas) Jordan

&  Me Gregor 14 Mem, Carneg. Mas., X ,  1925, p. 142 • C i r i E L i t ^ ' *

Petropaulski isriifi L£s- Gilbert, 14

“This interesting species is well known in Kamchatka, and its distinction from Salve- 
linus malma is very evident” .

¿ f B ä L - t V '& o -  
. Jord an^ )ö ;: Gilbert

S. malma b S. leucomaenis ¿1»' 5 T J S ® &, »®  L ^ 5 E ® i0 f .S i C  %$£.5 ^ B B L ,
Salvelinus leucomaenis fluvialis subsp.

iS Salvelinus malma f c l | § L ^ . „  *, © JC ^ f £L X  K fg-f % % © <k „ il̂ %»$|||[ I lc®;c; L 5 E H  ©BrS|̂ /|>ISf ^ - fÜ H D ,, # #
^■ ;?i© 1 6 8 2 ;'M ftL 't: Salvelinus saghaliensis subsp nov £ ^ S i “ 2> £  -t-f«"*

T fi iif , V- 4 14Ä©. 5 1 2  ffig-Csis 4of,fi 
1. Salvelinus miyabei Oshima.
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3. Salvelinus leucomaenis fluvialis subsp. nov.
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4. Salvelinus malmag|Walbauin) s. str.
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5. Salvelinus malma saghaliensis subsp. nov.

f) í>"7:b i V i~

6. Salvelinus pluvius (Hilgendorf)

~ ; ^ , 3  V „Vi- (ffR O

7. Salvelinus japonicus sp. nov.

4* -v b 4 V & (SfllO B#*s±te:l#JÍríg&.'f 5 , JfcjtìÈff
X s . '/4 V-J-'ü, RJiií 9 1 !¿¡C Hilgendorf Salveli­

nus pluvius ¿ ^ i^ -5 -€ iá ^ ^ S wCá)?)o 7' 4 V

/& !!& £ £ £XMtc,p%  H i  ? i-'&-~,% 3  %4 v X ¿£ ~ ?íf , MB 
Salvelinus japonicus ( t v  h/í Vi-) ¿ V ' J S S ^ í t l i © -( 7 + E  2 i| > 5  ¿ í :  íl© r a á > C t? )  C ¿  C l f e
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¿ “ü & a *  K f c S t o - e ' f f c f c ^ L S V ' J S » © *ŜE Í̂* £ a;- |
1. Salvelinus malma (Walbaum) é, str. 

i (Dolly Varden Frout) 
gPa  /

Malma Pennant, Artedi Zool, Introduci:., 1792, p. 126 ;

Bering Sea ; after Steller etc.



Salmo malma Walbaum, Artedi Piscium, 1792, pp. 66;

Kamchatka; based on Malma of Pennant 
Salmo callaris Pallas, Zoogr. Russo-Asiat., H,. 1811, p.353;

Bering Sea.—Gunther, Cat 11, 1866, p. 143.

Salmo laevigatus Pallas, Zoogr. Russo-Asiat., n . p. 385.

Kurile Islands,

Salmo numifer Cuv. & Val., Hist Nat. Poiss, X X I, 1848. p. 365 ;<

Kamchatka, on drawing of M artons.^

Salmo erythrorhynchus Cuv. & Val., Hist, N a t Poiss, X X I, 1848, p. ;367;

Kamchatka.

Salmo tudes Cope, Proc. Amer. Phil. Soc. Phila., 1873V p. 24;

Captains Harbcor, Unalaska (Coll. Prof. George Davidson)

Salvelinus malma Jordan & Gilbert, Synopsis. 1883, p. 319. —Evermann, Bull. U. S. 
Fish. Comm., XI, 1891, p. 50, pi. X X V , fig. 1. —Jordan & Evermann, Fish. 
N. &M . Amer., I , 1896, p. 508; 1 ,  1898, p. 2823. —Jordan & Gilbert, Rept. U. 
S. Fur Seal Comm., JE, 1898. —Jordan & Snyder, Proc. U. S. Nat. Mus;, X X IV , 
1902, p. 583—Jordan, Snyder, & Tanaka, Journ. Coll. Set, Imp. Univ. Tokyo, 
X X X III, 1913. p. 44 (in part) excluding Salmo pluvius Hilgendorf—Schmidt, 
Pise. Mar. Orient, 1904, p. 267

Salvelinus malma malma (XValbaum), Sea run form. Ishida, Zool. Mag., LIV , 1942, 
No. 11, p. 431, Saghalien.

t e - H i " ^ i c ^ X  “Dolly Varden” 4 7

i S O  Salvelinus malma n a -v, h
V  ^  '> Salvelinus malma O 2,Mt L t K ®

*54 J§Jg  9 # t|l9 4 2 ), p. 347V'

b p y r e p c s o m  pme» jss l . *  3 *?

%£kX Salvelinus m a l m a K s ^ ^ v i ^ l ^ l j ^ ^ l M g ^ ^ S  7 * 
p. 1494) t ' f Z  % .
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Fig.l à Salvelinus malma (Walbaum)^
2. l? 5 9 ^ F - | r  19 0 c ^ ¿ ^ ^ f - * | j ^ ^ ’llffo -c l(Ü )- ' •í-'"r,' i ( i i ^ f;

3. - ' iá t é m

4. ■ 'i & $ & $ £ $ * *
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5 ^ , .  fè îSâL h © -? 9  5 7̂ y x .^ y  J

Ü M à ^ ï ë L ,  B ft ® ^ 5 ® & îiL  < Ill!li£^ l2 fe;fr-T V 'î:fc ® lc K L , BSft 11 ^ 1 &  H 23 H 
î ÿ L X V ' f c C i i t - f ,

H E i- Q  t ' ^ S ' f S  ¿>. ° = l ':? % ® . P$Ü638K1

l t 1 $ t ë k M M k fc £ W & W & Z y i> < O b ls < , HSffittR
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Dolly Varden Trout ¿IÇü% ® "(:',

i L X  M M t ^ Ê W - % ® ® T : ,  t t ^L -

-im æ m m & sB W ïiB xiçtÈ D - « L « * a f  r § ê % -p *
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2. Salvelinus malma saghaliensis subsp. nov.

(Saghalien Trout)

#  y~7 b- -p V 
Salvelinus malma Qshima, & Flora & Fauna VI, 1913, N o-9, 1494: Saghalien : ibid. 

No. 10, p. 1668 ;• Rubetsu R, Itrup

Salvelinus malma malma Ishida, (dwarf fo r m »  Zool. Mag., L IV , 1942, No. 11, p; 
¿133; Tararidbmarî R., Saghalien.

Dolly Varden ;̂Œpfel'&Ç>. Salvelinus marma «QrfiSCfS* HâË^îSilMft l'$:j®'f'%.® 
i  L. A . walford ¿b '“ Sometimes, thongh not always, descends to the sea, and is often 
taken in salt and brackish water”  t  ^‘Handbook of Common Commercial and Game
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Fishes of California” (Fish Bull., 1931, No. 28, p. 63) 1 C 3 0 & L A V '^ iS  (), itiT^fCSB

1913 M  f i t

6 # 9 %© » w w - e . * * # ,  z £
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o T.'J  ̂ *  *  a  * .* * ,  » A ^ o M / f W c i S & A S f ®
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p i ’^i'Salvelinus fontinalis A ,  ;£?|5fC|ftA£;h.fc% © fc:3tfLAfci *
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3o  1 t̂f̂oT§ f r £ ± k £  DflSR:

^ ^ ¿ s. i i& # © & w c l || j

' % « ^ i  D f e # k ^ P M V ^ S ^ c ' » ^ J

V ~ t t ) , -S t t O F fi^ iC  
A 3 »  Ffe-Salvelinus malma sag-
f e « © F f 7 ^ i ^ « { c S f f f i ^ 5 ' b :' ^ ^ H « ' t S ^ ’'l0 ff i© £  jBBHBBBB

'< r>, i  5 $ # ©  % © t e i r i p s  29 B s i t A t s o - i

& |  &<f! upas © a l«^ is$ fi H  i  | ^ H 9  I H H M ffl
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©  l. 56 fg,.

j t i  O ff i /S K S iÄ L fe v ^ | iS
f t t Ä l p ,  L#

Fig. 3. H B M I Salvelinus malma saghaliensi&JDft£^ ( îr a &

• f e Ä t , ? .  Ä i i  t  m ä t

# : <D l8|k.f208mmo 
^83<^ y H 34 fe  7 fl 19H
P t®  f l f f l j i lH  n Ä > - » ' 3J f >  h ^  3  f^iD

^ ^ ^ i l l H M B  1677̂ p l i l 1 “ fp^tfc b :
~t" &¿"M ’fe ̂ S p S f e

* 3:.,, Salvelinus miyabei Oshima, (PI. I ,  fig. 1(W«

(Miyabe Trout)

Salvelinus miyabei Oshima, Flora & Fauna, VI, 1938, No. 10, p. 21, fig ¡ii; Lake 
Shikaribetsu, Tokachi, Hokkaido

i i S l i f a K M H  • -h M - ftS P ^ S 'S ^ a iiS K H

±  f f  t l l i f  4

X  v .v ^ o  K M M

o  B  §>—vp y  s k

B W B I 7 f f ,  m a u  35 f f ,  B B W B f l  6 ! W H i M
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4 Salvelinus leucomaenis (Pallasas, str.

(Rain Trout)j

B  S v !,

Salmo leucomaenis Pallas, Zoogr. Rosso. Asiat., ]H, 1811, p.356; Northern & Eeastern 
shore of Kamchatka.—Brevoort, Exped. Japan, HI, l;8f6, p. 2i'§, pi. Xy fig. 3, Hakodate.

Steindachner, Sitzber. A K . Wiss, Wien, 1870». p. 15, Decastris Bay,

Salvelinus kundscha Jordan & Snyder (not of Pallas(pProc. tl; S. Nat. Mus.;: X X IV , 
1902, p. "5,82 Nemuro; Itrup Island.

Salvelinus imbriuS Jordan & McGregor, Mem. Carneg. Mus., X , 1925, p. 142, pi. I I , fig, 
3, pi. J l ,  fig, 15; Hamada, Iwamip-Oshima, Flora &. Fauna, VI, No. 12, 1913,ip. 10.

Salvelinus malma leucomaenis. Ishida, (Sea-run formBZool. Mag:, X L IV ,*1942, No. -9| 
p. 348, pi. I , figs, A , BwSaghalien

PL© n 3  - v g p 4 &

^ S ^ S . leucomaenis

% © ¿  ííf iü 'í  5-

©1ifc*5LS^feo 5 t M

• r w ^ ^ o

mmi i  ^

M f a i i i K S ^ á í ^ f c
Fig. 8. r

— — — — ■ M B  im  —
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5 f f l « # ^ : o ? s i n i t c ' r f f f i * ? . r ^  v .x í c 1 f M ¿ g M ¿ i ¿ lS 1 #  
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h. Jp b  (Mem. Carneg. Musi, Vol. X ,

1925, No.v Jordan McGregor
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‘V;# Salvelinus^leucomaenîë fluvialis sübsp. nôv’. (PI, I. fig. 2,)

+ (Iîzo  Trout)

Salvelinus malma Jordan, Tanaka, & Snyder, Journ. Coll. Sic., Tokyo Imp, Univ., X X X III, 
1913, Art,1« . ,  p. M | fig. 2 ^ ;’, Streams ofA lask a, & Kamchatka'; Aleutian Region, 
Kuriles ; (not of Walbaum) 0

Salvelinus leucomaenis Oshima, Flora & Fauna, I I , 1938, No. 9, p. 6, Saghalien.—Ibid, 
No’., if* Hokkaido (Nishibetsu Ri, Kushiro R,)§ — Ibid,, No. 11, Japan proper (one 
part)$ Abukuma R., Kitakami R., Noheji, Aomori Pref.0 

Salvelinus malma leucomaenis Ishida, (Dwarf-form), Zool Mag, X L IV , 1942, No. 9, p.
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351, pi. n , fig. A  ~  D ; Saghalien.

& IS, Salvelinus leucomaenis (Pallas) ©M/IJS30 % ’¿C -Y .3 V) 5 m
^ S P I  L fc d C  C. CYgflSli 1913 , Jordan, Snyder & Tanaka jC  i o t f  < %

bixXy'.fz'ktO'G(Journ. Coll. Sci., Imp. Univ. Tokyo, X X X III, 1913, Art. 1, p. 44) $}%
is  fz  v ■> c. t  a »BM b . fc ts: o  fcc&: •

5 tXhX, Ifc*:© 4 ;:7 ^ iv lte C i¥ ® & tW.?£^r 
% E ©  ¡1 M Q ^ v̂ i' f !L t r  Salvelinus malma leucomaenis (Pallas);, 

dwarf form t•* ■ ?*-£$•$?, • J '/ t  i H | s & S i  
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-f’ Salvelinus leucomaenis i  ~f~%©©ffi9<kf§&^'-$Salvelinus 
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Salvelinus malma malma (Walbaum); sea-run form. P^i^K ^¡¡Ê* f i 3 
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' 6 Salvelinus pluvius"(HiIgendorfH^Pl. II , fig, '3^pl. 'I I* fig .'4 § ^

‘ ’ '(Nikko Trout)

Saimo pluviui Hilgendorf, Monatsber. Ges. Ostasien.^lsYf; p .'fp p  Nikko.—Ishikawa. 
Prel. Cai§U;89l, p. 21, (in p a r t *  itozuke,Chichibu.

Salvelinus pluyius Jordan & Snyder,; Proc. 'U . S. Nat. Mus., X X IV , 1920, p. 582; (in 
part)^Chuzenji. Ota, Jour. Fish. Sob,, H , 1916, No. 3, p. 230, pi. 7, fig, 3 ; Nobu, 

Niigata, ■ -£- Jordau & McGregor, Mem, Carneg, Mus., X , 1925, p. 141, pi. \I, fig, 2, 
pi. I P  fig. H^Shinshri near Nagano, Oshima. Flora & Fauna, IV, 1^38, No. 11, :p. 
l | i  No. i f ,  p. id; Shima R., Katashina R,i Kinu R., Ara R., (Chichiblu|| — Tanaka, 
Encycl. Fauna, Jap., Hokuryukan, 1947, p. feoo^fig. 14820?'
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Salvelinus latus Ota, Jour. Fish. Soc., II , 1916,' No. 3, p. 231. pi. 7, fig. 4 ; Nobit 
Niigata Pref.

Salvelinus leucomaenis Mori, Biol. Hyogo, Vol. II, 1953, No. 3, p. 1, Yada R, 
Tajima.

®  !E 8  C  S  T

h  8 # '3 i h

i  % o  feo

K # ;$ :íp  7 JJ 19 B (A IE 1 5 fp )

Salvelinus O i a ^ ' J ^ - ^  (í5 S 9  félBffi®  H 8 5 fc 4 £ E & B £ , ,.* IE  13

Tf-Wz'o k ‘D c l t t n ' 0 L f r á X ,  ^ i C Í H o # l ,  fl-o .

7 * Á  ^ { c S - r ? > + | ^ I @ í D ü a á > 2 )  í i ¿ ^ % í E - í ,  « K « H E  L 4 M # £ * & l ; o  ¡ É

t 4  O  ¿ B » ,  # H ? 5 £•© !B 8 ^ % 3 I^ ©

£ S U ^ * f f i * J & N g 9 # S 4 .

$*?) % ©j>v- x  -i«/,/’) í^ jL ^ K ic ^ r a , p,^-w x

H í & s k ^ f e s L M r a , : ^ í ® ^ » s i i « x f g $ K # e o

B A IÉI'f kundscha, pluvius, malma, latus f3 ft(C_h |§ Key ¿

VX-ffiM^okS-4 r S ííL © A $  lc Jt ¡R L  A « % $ 9 É - t  4 ,  # « © í n t

f e ^ S E t t o l P t l E ' í t B g f  4 © ^ £ l “C f f i g i J o g ^ ¿ - f t - f ,  K$>- 
L f é o  L ’fcffi® ^4rM í±iL7'c§P 4 © ¿ :i¥ B , pluvius (C®6#s3íb-!±2) Hilgendorf

- v * - * Ü A f  4 © A # i ; ,  H F p R ^ f f i t t g í L ^ * , , l * « é í S : l ¿ 0 C ¿ S : ! l U  fe

g © @ B ¿ ; # u ^ o  s e * .  9 7 <̂ota%%̂ m.t.\z.x\%wbxmms:̂ m.m|§¡') >
£ S A i C T ^ i b ¡ ® ^ L 0 Í ? L © A £

C ffe .:;'

f&O X'X ') V 7\& pluvius © § £ f|t i "  2 > d s ¿  ~f ?> #  4 ©

¿ f f  n t ó £ o | t ,  M^Í®M:S:f@V'‘_fctf|^J S ^ ? ,,

£n ± © K I?9 ic& fL, IP A , | ^ f e v

•i # ^ D ® K l£ < .0 ^ 't'? )4 i.v ” 'f y  ©gpib> Salvelinus leucomaenis (Pallas) ¿ l i S I J S t r ,  1876

Dr, F,

Hilgendorf 44" B Jfé © $ lj{ E " C A íl" t  Salvelinus pluvius ¿  V' 5

K o a S S P f e — flgíc Y  * | *  ¿  tffS s ^ fs á x 'O O *  5  4  £  V' § 9 f l H R © f t A £ U e
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Hilgendorf 0  S. pluvius h 0

M  0 > Hilgendorf 0  S. pluvius

& 0 t r # a 4 t r A Ä Ä ¥ # o M A %  R ^ t f f

% / 3 < * * O ß f ö ^ A f t I ^ f ö ^ 0 J r  lJ X A t ö  S. pluvius ^ ^ ^ ¿ V v ^ g j ^ g ^ ^ L ,  't

^  ä  f r C Ä * g - i * 0

'j^^i^&x, aytyjm^k^mwünt't  ̂ s. pux
vius k m m X f& ?S :\ ,'frk ^ m & *& K , Hilgendorf 0 / M p '^ ^ M A  % i£5H^f

f l Ö C ,

^ B f r i L V O * ^ ,  4 * 0 4 4 im^ML Hilgendorf 
QSm cM Lts: <Xfö, 0 * < Z > g jlt O S 0 H Ä i« ft L a :V '0 .t ^ -  Dr.

Leonard P. Schultz V ^ ^ e ^ Ä ^ # M L ^ Ä o A i o  ^ t ii fc :!0 S * l i <£

D * j 5 ^ 0 ® # o ^ L ^ * # 0 ? f i r S i » U t e a W

m c  S. pluvius

0 ® S 3 ^ o^ ß®  L  X  ® ̂ 0  ztr 0 # ^  JCÄ'j" %> <fM

Japanische Lachsartige Fische.

Von

Dr, F, Hilgendorf.

(Monatsben,; Ges. Ostasien, 1876, pp. 25-^31)

1 Salmo pluvius spec. nova.

Die Zähne des Vomer sind auf dessen Vorderen Theil Beschränkt, danach gehört 
diese A rt Zu der Gruppe der Salvelini. Die Zähne der Zunge stehen in zwei seitlichen 
Reihen.

Br (11-) 12; D. 14; A . 13; L. I. 216, L. tr, 40/ ; Vertebr. 60 ; Caec. pyl. 21—22.* 
Länge bis zur Schwanzgabel bei einem Mänchen 34 Cmtr.; Höhe 6, 7; Dicke 3, 8. 

—Bei einem Weibchen 35—6:, 5^3,{ 5-—Kopf 1. 4 bis 4 1U mal in der Körperlänge; (ohne 
Caudalis), Ange 1U der Kopflänge; Praeoperculum etwas schmäler als das A u ge; 
Schnauze doppelt so gross als der Augendurchmesser .(beim Weibchen nur 1 /A), 
gewölbt, besonders stark beim Weibchen ; Oberkiefer den hintern Augenrand überrangend.
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Der Abstand der Brustflossenspitze von der Bauchflosse ist nicht kleiner als die 
Brustflosse; Caudalis ausgeschnitten. Farbe hechtgrau (bläulich grau mit braunem Ton), 
die Schuppen mit hellblauen Reflexen; zahlreiche Flecken auf dem Rücken von halbem 
Augendurchmesser, grün, in der Nähe der Seitenlinie hell pommeranzengelb. Bei jüng­

eren Exemplaren etwa 14 dunklehre Ouerbänder. Unterseite weisslich. Kopf grünlich 
braun, stellenweise mit Metallglanz; Iris silbrig (einmal pommeranzengelb) ; Brustflosse 
grünbraun mit pommeranzenfärbigem ersten Strahl; Bachflosse hell grüngrau, erster 
Strahl weisslich, Am  Hinterrand etwas pommeranzengelb; Afterfl erster Strahl weisslich, 
sonst schmutzig pammeranzengelb; Schwanzenflosse hell grünlichgrau mit röthlichem 
T o n ; Ruckenfl. von der Farbe der Körpers.

In den Flüssen der Nikkoberge (l&nordl. von Tokio).; dort Iwana genannt, Nie 
auf den Fischmarkten in Yedo und Yokohama beobachtet.

Brevoort hat eine Zeichnung eines Yesso—Exemplare ( veröffentlicht mit der 
Benennung “Salmo leucomaenis Pallas” Wahlscheinlich ist der Yesso—Fisch derselbe 
wie der von Nippon; er führt, wie ich hörte, dort den Namen Amemasu (. 2 ) und erreicht 
2, Länge. Die won mir Untersuchten Exemplare von Nikko sind nicht sicher nicht S. 
leucomaenis ;>es wird also auch wohl denen von Yesso dieser Speciesnamen nicht 
zukommen.

Kurimoto schreibt darüber,¡im Kowa Giyofu :03 ¡^¡Heft II, Fol, 10 : e—Iwana oder 
Kagio (gib heisst Fisch). Man findet ihn in den Thälen aller Provinzen; er wohnt in 
Felslöchern, daher der Name Iwana (Felsen loch). Er hat Ähnlichkeit mit dem Masu, ist 
aber kleiner. Seine Augen sind gelb. Gekocht sehmeckt er gut, besonders die Gedärme.

Indem Werke Dzusetsu Sondern gelehrten Djinno aus der Provinz Hida steht, das der 
Sasa-uwo genannte Fisch in Hida während der Sommer—Regenzeit in diöiThäler fallt 
und sich in den Iwana verwandelt” Die Abbildung zeigt keina Flecken. Er ist unter 
den Fischen auf geführt, die nur Süsswasser zufinden sind.

In der japanschen Encyclopädie ist der Iwana nicht erwähnt.

JnfBOfSIßkC cfc f  9 ijlll: HilgendorP% U; 0 '^  "Salvelinus plu-
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9 Review of the Charrs found in the Waters 

of Japan Proper, including Hokkaido.

Masamitsu Oshima, M . A . ; D. A g r Ü  D. Sc.

Résumé.

This review of the charrs was undertaken in order more correctly to identify 
hitherto known species of the genus Salvelinus found in the Japanese waters and 
to affirm their exact habitats from the standpoint of zoogeography. It is based 
principally on the materials obtained by the writer himself, making hard tirps to 
the interior of the untrodden alpine districts to find out rare glacial relics. Additi­

onal specimens collected in Hokkaido were very kindly forwarded by late. Shinichi 
Sato former Professor of the College of Fisheries, Hokkaido Uinversity. In addion, 
specimens obtained in Hiroshima Prefecture together with their notes came to the 
writer's hand by the courtecy of Assistant Prof. Tsukiji Sato of the Shinonome 
Branch School of Education of the Hiroshima University. Type specimen of Salvelinus 
japonicus sp. nov. has been forwarded by the Director Tetsuo Hon jo of the Gifu 
Prefectural Fisheries Experiment Station at Hagiwara. Finally the most precious 
material from Lake Shikaribetsu, Tokachi, Hokkaido has been collected and sent by 
the .writer's fomer student Prof. Dr Mikio Misu of the University of Animal 
Husbandry, Tokachi, Hokkaido. To all the colleagues who have been so helpful forthe 
present works the writer wishes to express his appreciation for their kindness.

For long time Japanese charrs have been known as one of the most difficult 
and confusing salmonoids in systematic and no previous attempt has been made to 
revise them on sound basis? Reason is that in Japan this group of fishes is known 
as glacial relics found only in the streams in the inteiror of the alpine districts 
attainable in the short summer time only. In addition, recognition of species in 
this group is really difficult, since the colour pattern relied upon as the usable 
characters is liable to fade in preserved specimens. The pattern problem is solved 
recently in part by the use of kodachromes. But the sensibility of the colour film  
différés greatly according to the maker's manufacturing process. Finally most of 
the charrs pass through from one to others effected by the degree of growth, colour 
pattern of juvenil form being exactly different from immature or adult forms.

The coloured plates annexed to the present paper were prepared by late M r. Shiro 
Suzuki, technical artist of the College of Science, Tokyo University, sketching fresh 
specimen of each species to show exact colour pattern at eife, to whom due the
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writer’s deep appreciation.

In the present paper is given full description of each species and localities as 
well, putting stress on their distribution. It was affirmed that the total number of 
species is seven, including two new subgenera, and one new species, the latter being 
described and illustrated under the name Salvelinus japonicus sp. nov.

Recaptulation with localities follows : —

Genus Salvelinus (Nilsson) Richardson.

1. miyabei Oshima ; Lake Shikaribetsu, Tokachi, Hokkaido.

2. malma (Walbaum) s. str. ; Northern Pacific, off Hokkaido.

3. malma saghaliensis subsp. nov. j- Nattsu R., Shakotan, Hokkaido.

4. leucomaenis (Pallas) S.; str. ; Hakodate, Hokkaido ; Shibecha, Nemuro, Hokkai­

do ; Umezu R., Sado ; Tainai R., Niigata Pref.

5. leucomaenis fluvialis subsp. nov. ; Nishibetsu R., KushiroÉrR., Shikotsu Lake,

Hakodate, Hokkaido ; Kitakami R., Abukuma R., Omono R. ; Mogami R. ; 
Hoki R., Shiobara.

6. pluvius (Hilgendorf) ; Kinu R., Daiya R., Lake Chuzenji (introduced) , Usui

R., Shima R., Chikuma R., Taisho-Ike, Susohana R., Katashina R., Qze- 
numa ; Yukawa (Higashiyama), Tadami R., Urabandai, Akagawa, Araka- 
wa (Niigata), Tainai R., Miyagawa (Zinzu R.), Shokawa, Tetori R., Sai 
R., Kuzuryu R., Kuma R., Yura R., Maruyama R., Yada R., Hino R., Sai jo 
R., \(Gônogawa), Sandan-kyo (Ota R .), Yoshino R. (Yoshii ROf, Chigusa R.,

7. japonicus sp. nov. ; Doshi R. (Sagami R .), Sasago R., (Katsura R .L  Nikkawa

(Fuefuki R.)t Arakawa (Kamanashi R.), Sanbu R. (Tenryu R.).,# Wodaki R. 
' (Kiso R.), Yamanokuchi R . (Masuda R.lp Ado R., Kusatsu R., Echi R., 

Kumano R., Hidaka R.

Descriptions of one new species and two new subspecies.

Descriptions of one new sqecies and two new subsqecies.

Salvelinus malma saghaliensis subsp. nov.

Head 4. 75 in length T  depth 4. 20 ; snout 3. 90 in head, eye 4. 88, interorbital

space 3 .00v: maxillary 1,75, depth of caudal peduncle 1, 05. D. 3.10 ; A . '' 3,90 ;

P. 1,12 ; V . 1,80 ; branchiostegals 12 ■  gill rakers on the first gill arch 8+12 ;
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scales 45—418—45.

Body elongate, compressed, rather deep; dorsal profile slightly arcuate, curvature 
of ventral profile stronger than that of the former; head rather short; snout 
rounded ; interorbital space broad and rounded ; eye moderate, superior, .situated 
in frontal part of head ;  nostrils close together, situated midway between tip of 
snout and eye ™gape of mouth oblique ; end of maxillary scarcely reaching the 
vertical through hind border of orbit ; both jaws provided with a single series of 
minute teeth ; vomer with a series of minute teeth ; tip of the palatine provided 
with a cluster of minute teeth ; tongue with 4 pairs of sharp minute teeth arranged 
in inverted V-shape.

Origin of dorsal nearer to tip of snout than the caudal base, longest ray 1, 56 
in head, rather high, outer margin straight ; pectoral thoracic and short, its tip not 
reaching to the midway to origin of ventral f  ventral small, inserted below the, 4th 
branched ray of dorsal ; ventral flap narrow and elongate, tip sharply pointed ; 
caudal rather short and broad, outer margin weakly lunate, tip of each lobe sharply 
pointed. Lateral line nearly straight, runs from the upper corner of gill cover to 
the middle of caudal base.

Scales minute, firmly imbedded'in skin, roundish oval, central circuli'concentric 
and entire, nucleus situated nearer to the exposed portion than the center, outer 
circuli broken, both ends not meeting, exposed part of the scale being thus naked ; 
a single winter band visible.

Body silvery gray and paler below; belly reddish yellow ; head fuscus, sides spotted 
with bright vermilion, size of which not uniform, even the largest being smaller 
than the diameter of pupil ; back minutely spotted with white ; dorsal uniformly 
fuscus, faintly tinged with golden red  ̂ pectoral and ventral pale gray with milky 
outer margin ; anal grayish, tinged with light reddish yellow, frontal margin milky 
white.

Total length 208 mm.

Described from a mature female .specimen taken by M r. Yoshio Kobayashi of 
the Institute of Fisheries of the Hokkaido University in Notto R. at Shakotan 
Peninsula on July 19, 1959 (Secimen number 163,79).,

Remarks. Morphological characters o f the present form allied to those of sea 
run form of Salverinus malma, except with no indication of black band on dorsal 
and caudal fins. Abundant in the rivers which enter into Okhotsk Sea in Kitami,
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Salvelinus leucomaenis fluvialis subsp. nov.

Head 4,35 in length >1; depth 4,15. Snout 3, 55 in head ; eye 5, 55 ; interorbital 
space 3,25 ; maxillary 2,05 ; depth of caudal peduncle 2, 30. D. 3,10 ; A . 3, 9 ; P. 
1,12 4 V . 1,8. Branchiostegals 13 ; gill-rakers on first gill-arch 5+12 ; scales 32- 

TSS-40.

Body elongate, compressed, dorsal and ventral profiles equally arched. Head 
rather short, conical ; snout obtusely pointed anteriorly ; eye moderate, anterior ; 
nostrils,close together, the anterior in a short tube, situated midway between tip of 
snout and orbit ; maxillary scarcely reaching a vertical through f posterior margin 
of orbilt.

Origin of dorsal nearer to tip of snout than the caudal base, fin rather high, 
anterior ray the longest, outer magin straight ; adipose dorsal opposite to the hind 
part of anal base ; pectoral slender, tip reaching midway to the origin of ventral ; 
ventral flap slender, tip sharply pointed ; anal slender : caudal bifurcated, tip of the 
loth lobes sharply pointed.

Lateral line nearly straight ; body covered with minute cycloid scales ^scales 
elliptiptical, annuli concentric and entire, with one winter band.

Body in formalin uniformy bluish gray, paler below ; head fuscus ; white round 
spots as iris scattered above and below the lateral line ; back somewhat maculated ; 
dorsal pale gray, basal part darker ; adipose dorsal grayish, narrowly margined with 
black ; caudal uniformly fuscus, darker externally ; the rest of the fins pale gray, 
frontal milky,

Total length 192 mm.

Described from a male specimen obtained in Lake Shikotsu, Hokkaido, on July 
14 th., 1948.

Salvelinus japonicus sp. nov.

A . Mature form.

Head, 3, 60 in length., depth 4, 85 ; eye 5, 75 in head ; snout 3, 55 ; interorbital 
space 3, 61 ; maxillary 1,70*; depth of caudal peduncle 2,82 ; D. 3,10 ; A . 3, 8 ; 
p. 1,12 ; :V . 1,8 ; branchiostegals 14 ; gill-rakers on the first gill-arch 5 +1 0  ;

scales 38—205—38.



— 64iii

Body elongate, more or less compressed, rather slender ; depth not high ; dorsal 
profile nearly straight; ventral profile arcuate q- head elongate,conical, tip of the 
snout pointed ; top of head more or less arched ; eye moderate, superior and anterior; 
nostrils close together, situated in midway between tip of snout and eye above|J gape 
wide and oblique; maxillary reaching far beyond a verticcal through the posterior 
margin of orbit ; lateral line slightly bending down anteriorly and enters to the middle 
of caudal base; scales minute, rigidly embedded in the skin, elilptical, and all the 
circuli concentric and entire.

Origin of dorsal nearer to tip of snout than caudal base, rather high, anterior 
ray the longest, when depressed reaching to the tip of ventrals above ; adipose dorsal 
large, opposite to the posterior part of anal base ; pectoral broad, much larger than 
ventral, jugular, its tip not reaching to midway to origin of ventral ; ventral flap 
slender and sharply pointed, ventral fin rather small caudal broad, outer margin 
lunate, tip of each lobe obtusely pointed.

Body in life uniformly bluish gray above, silvery and whitish below ; redish 
orange spots scattered along the lateral line above and below ; dorsal and adipose 
dorsal fuscus, outer margin of the former paler ; pectoral dusky, outer margin milky 
white ; ventral dusky, upper surface tinged with pale orange, frontal margin milky 
white ; caudal fuscus, upper and lower margin reddish, tip tinged with reddish 
yellow.

Total length , 342 mm.

Described from 3 yerars old male obtained in Yamanokuchi R, Gifu Prefecture, 
a branch of Masuda River. Largest specimen of charr ever taken in Japanese waters.

B. Immature fo rm ®

Head 3, 65 in length ; depth 5,10 ; eye 4, 80 in head ; snout 4,33 m interorbital 
space 3, 57 ; maxillary 3, 57 ; depth of caudal peduncle 2, 68 ; D. 3,10 ; A . 3,8 ; P. 1, 
12 ; V . 1,8 ; branchiostegals 14 ; gill-rakers on the first gill-arch 4+10 ^scales 38- 
205-38.

Body elongate, slender and compressed, depth not high ; dorsal and ventral 
profiles arcuate, curvature neraly equal ; head moderate, conical • snout pointed 
anteriorly, top of head slightly arched ; eye large, situated anteriorly and superiorly; 
nostrils close together, in front of eye above; gape of mouth large and oblique; 
maxillary reaching beyond a vertical through posterior border of orbit ; gill-rakers 

- slender and long ; lateral line nearly straight, running along the middle of caudal
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peduncle, very slightly arcuate anteriorly ; scales minute, rigidly imbedded in skin, 
oval; ciculi concentric and entire, external circuli not broken.

Origin of dorsal nearer to tip of snout than caudal base, rather high, anterior 
ray the longest ; adipose dorsal opposite to the posterior part of the anal base ; 
pectoral moderate, tip reaching midway to origin of ventral ; ventral rather short, 
provided with narrow pointed flap ; anal tiangular, posterior border nearly straight; 
caudal broad, posterior border slightly lunate, tip of each lobe obtusely pointed.

Body in life bluish gray above, paler and whitish below ; head uniformly fuscus 
with no markings; back indistintly maculated with dusky g ra y ; a few minute dusky 
white spots scattered irregularly on the back below distinct reddish yellow spots 
scattered along the sides above and below the lateral line ; dorsal uniformly gray ; 
paired fins and anal margined anteriorly with milky white ; pectoral and ventlra 
pale gray, external one-third of each tinged with reddish orange ; caudal fuscus, 
margined with reddish orange.

Total length 182 mm.

Described from a male specimen of 2 years old, obtained in Yamanokuchi R. 
in Gifu Prefecture on July 29, 1959.’
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Parallelism on the geographical distributions between the 
ladybird beetles, Epilachnapustuloso .Kono (Coccinellidae, 
Insecta)and the land-locked Japanese chars, Genus 
(Salmonidae, Pisces) in the south-western region of Honshu. 
Reprinted from the ODOKON-CHUGOKU, No. 8,19-22 (1966).

Y. Yasue
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A Growth Pattern of "Scales of Juvenile M asu  Salmon (Oncorbynchus 
masou) during Smolt Metamorphosis^

Tatsuro K ubo

' (Faculty of Fisheries,"Hokkaido University): “

Some observations were made on the growth of scales of juvenile Masu salmon during smolt metamor­
phosis in relatiori to the period of seaward migration.

Usually, a.slight silverization of the ¡body colour as an external sign of smolt metamorphosis begins to 
occur in the fish taken from natural streams in|®ate October. Remarkably, this! is accompanied by the 
formation of rather broad circuli abruptly added on the outside of the narrow ones. These broad circuli 
are not easily distinguishable from the widely spaced circuli formed during their sea-water life.

However, the increase in their numbers is very slow in contrast to that in the parr life, and by early 
May only three to five circuli are manifested. When the fish reach the post-smolt phase, this action be­
comes suddenly rapid: by mid-May five to seven circuli can be counted.

It is very likely that the marked features in this growth pattern of the scales are associated with the 
occurrence and progress of smolt metamorphosis. Further, it is interesting to note: that the. serum phosphor­
us concentration tends to increase, this-being shown at the time of formation of the broad circuli.

i, ^  JrI 22 <£> £  MU t  Iptz

$> 9,,, * g p ^ i

ym om t LXfttephtzo/r | B B p
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Fig. I Diagram of a juvenilè Masu salmon scale
GNp : Number of circuli formed during parr 

life
CNs : Number of circuli formed during smolt 

period
SR : Scale radius
SRp : Scale radius at the end of parr life

ÿjfàW *  ;
CNp : #
CNs: 7s*tv
s r  : ^ p ^ 0 # ^   ̂ .
SRp 5

p p o i f p b t S  i ® ^ < D m M  
ifco m'h f̂DicÈ è

frfïli-L'TH,
p p © ¥ #  (s r ) ¿ s 5

S R  ,-i i~©ic%>
i v ':i l l ! 4 * M

L t it le s  £ 0 * p p © 
^  è S i5 fe © ^ S 4 t ;'^ lt o fc 0

W> 5  T s ilv e r y  pari^J* { C O b ' T
' g  ̂ ©?Wiii b frié ^ © ^ © « ^ ' 

tcfrlO^I ©Cf31®, A©frfiA>É?:âlÉ-''(© 
’É ib o i fe ^ p t ,  * p = a î * - m f r <&<'${•>','

O.Æ © i  5 Jtërâl&raHiC 9 cm ifeLk

(i Atlantic salmon ©^'ê'fe Houston (1964) * * *  ,
fsilvery parrj >b]Ê5 ^  W '& -& k_,

Fontaine ( 1954) iï> Tparr-smoltJ
rsrîFj © **:**

¥  V Ÿ  05>6<D:£ < g'ft-C t % #  £
’,iVi-:H&j!fc, £ .£ “£'{£ Houston fe® o T fsilvery 

parr l ' f ë ï | |
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T a b le  I Growth of scales of juvenile Mas salmon taken from the Chihase River
in mid-October, 1965 
1965^10^+^1,

Sample
No.

Total
length
(cm)

Body
length
(cmSH

SR
(mm)

SRp
(mm)

CNp CNs

6 11.0 9.7 0.46 12
7 12. 5 10.9 0.60 17
8 12.8 11.1 0.50 14
9 11.9 10.3 0.50 , 13

10. 12.8 10.3 0.49 0.43 13 2
11 - 12.9 11.5 0.56 0.48 14 3
13 11.9 10.3 H  5 g 16
\A 12.3 10.7 0.55 0.48 12 3
15 10.3 8.9 0.46 14
18 TO. 4 9.0 0.48 0.40 12 4

'20 11.7 10.2 0.43 14
^ p 4 11.0 9.7 0.50 16
Mean 11.8 ^10.1 0.50 13.9

T a b le  2 Growth of scales of juvenile Masu salmon taken from the Shiodomari River
in late October, 1962
1 9 6 2 + 1 0 J ! ^  *  p

Sample
No'

Total
length
( c m |

Body
length
(cm)

SR
(mm)

SRp
(mm)

CNp CNs

1 11.5 10.0 0. 52 0.43 g|15 3
. 2 12.8 11.3 0. 56 0.48 11 2

3 12.3 10.8 0. 58 0.52 14 2
4 11.8 A 1 0. 50 0.43 14 3
5 10.7 9.2 0. 54 0.44 12 3
6 10.3 8.8 0.42 ■ 0.%-'v 12 3
7 11.0 8.7 0.51 0.44 16 3
8 10.4 9.0 0.39 p̂3. 11 2
9 9.2 8.1 0.39 0.32y - ■ ■ XlO ■ 3

10 9.5 8.3 0.44 0.34 13 4
11 9.8 8.4 0.49 0.44 14 2
12 10.0 8.9 0.37 :® 4 15 2
13 12.4 10.7 0.47 0.42 15 3
14 13.5 11.6 0.54," -0.49 15 3

Mean H l . l 9.6 0.48 0.41 13.4 2.7

p I  ©S5SB+® (SR SRp)* m>t£ m&$t (CNp 3£D?fc CNs)**
- o M ^ V a  r r a  ^tt++JII© fet^ ' « | i l© + j^ f c h h ^ ? c ^ © ± t g M ff t c  SR & K .+ +  ;*: £  
V MRra».S K. 4 ft fc-f, f^g^ttojKV'IMs»** ©&*rCt,' *  c - t  U *  So. U*»L^r
© ^ ib iS B ii 2 ~  4 M i l l i ^ - i  2> o I M H H w B I i 7 p  3 © 9 X ^ 8 i 2 0 ii f e + o

* jilT*3S:+

* * *  «T 5 C +  P.B.C. ¿«§W-2>
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Fig. 2 A scale of a Masu salmon parr taken from the Shiodomari RiHr on 
October 25, 19B|8 10.0 cm in body length

' 1962^10 J! 25 B , p  = ; ifcfe,
10.0 cm; x 100

Fig. 3 A scale of a Masu salmon smolt taken from the Shiodomari River 
on May 1, 1964; 12.1 cm in body length
1964^5 J1 1 .0, 'S4r + - r 1

12.1 cm; x  100

14



T a b le  3  Growth of scales of jevenile Masu salmon taken from the 
Shiodomari River in April and May, 1963 
1963#4 M UXiS M , ¥ v > r Jr-*' «ot/ p =

Date Sampl
No.

Body
length
(cm)

CNp CNs

2 12.1 3
3 13.9 4
4 13.5 3
5 12.4 5

April 18
. .6 11.1 2

7 12.5 3
8 10.7 4

Mean 12.3 3.4
2 * 12.7 13 5
3 9.9 12 5

May 8
4 10.9 16 ' 3

Mean 11.2 4.3
1 12.3 6
3 13.2 7

May 24 ( 4 13.2 5
5 14.6 5

Mean 13.3 5.7

* < &  g m o l f l  ( C - p h ' T
4 R h t  i f o ^ W ' S e i  & 9.  — t- a  f

B H i t 'd l  CNs S^ 3 , 4 # ^ f c | l j | l0f3 < Q & U i  9 % ^ L g i i i P L ^ K 5  5 B 8 0 le f t  CNs
3 * 5 * .  5 * 2 4 0  i n o < g | 6 j ^ m . t l ' ^  5 B_b^J<t 9 T t f  ̂ t t ^ t * * » » * *P-RC. ;W * * L T * :&  i o . t & f c S i t S «

H©f f i l " l f c ^- f  r ® t  % |f|
5 M ± f c } h - d j l  p

P .B .C .  < E > i i * © S J £# S © l& i£ iK 'd ||  C:H K  i .9 ifex-ti p ^ o ^ f t o i^ ^ o S j l^ ^ r f t S t L 'C ^ f c BlO B 'W '^ J: 9 5 2»fci03£.. ^200 £©IKI© CNs l i l i i f  3 ^J: 9 1.6 4 p ^ 9 ; r * i i t * » c 2 # i l , f e U ^ ; - .%  P.B.C. 1 *< ^ )K ic S n O O  H -fc g -f*  j l ^ t c / t a l  P.b .c . ^ m m - t - A .t n c D U - .» y i ^ t g i # c ^ B i ^ g ^ ^ M . l : - * ? ? - * *  = i t ^ - c i M e © »  
:im 4>tt5 -B T io a a . 6 b ± U iB ib -c ^ ! ) .B kft, 5 f e n J B 3 t  p .b .c . ' ^ ^ o ' s m m o n ^ t n m b  h  13 # o  c n p  i o h m i c » i * © # *
Rffl3fc£j*BL:fc2>o Jtp-BlO^'i|iBco(fe^*^^^fe.i':i^uVr^rO^;fr3:ifiMjrKcof^^d%>.^wb 
Wffhiiz  ¿ H

1 .AG . 6 a PtlQcUlflT.^/t' Y t4 fl##©ilfilfl7.-Mk | M cNs «afe&lfctH'fttf (if 2 , 3 ^ i^ S # d 2 0  0 |B]}C 0.6 * c D S J-a -i? ftS n l||:3 B  ® E :5 l ± f t  i  9 “p f iR C ;W m iM  K  2 | |  3 *<Dm n&M .bb  % f c
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F ig . 4  A  scale  o f a M d K B B a k n o n ' sm o lt ta k è li o ff K u s h ir o  on j j j B ' S l ,  1965; 14*70 c m , in  body le n g th
6 n 21 f| 1 ^ ^  P 3 ;

14.0cm ;

F ig . 5 A. a Mas-« salmon smolt taken off Kushiro | l i  June 25̂  71 9 6 3 ;,^ ^ 7 2 1 cm  in  b o d y  , le n g th
1963^ 6  R 2 5 R ,  ® m ^ k ) r i f d à 1 $ k  m i f f  2 ^  ^  P I ;■- '22. 2 cm ; fn^-, x 100
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F ig . 6  A scale of a Masu salmon adult taken off Todohokke on March 
1965; 43.5 cm in body length

1965*P3J323B, d v f c . i 6 *
43.5 cm ¡ S g ^ ,  x80



stf- • *■ - t • Mtm: » 2 0  -t

P . B . C .  O  l|i§
9

P.B.C. 1 * 0 ( 6 0 ^  (W) 5 0
SR—SRpW (mm) f || CNs

41962^10^ 25 0 0 ^ ® J i | 0 # ^ r o i - r  W ^ ^ ^  ¿ T f a 0 ® 9 ^ t ) '^ J
H  0.48-0.41 W =jBgT „ „— 2.7 HO. 025 (mm)

— ( © ^ ) U X 1 9 6 4 ^ ^ f m ^ ® ^ ' t : i ® - < e > ^ c ^ ^  7 ^ ^ 0 ^ * 0 ##J: D 
10 «£0 *  p p r o ^ T ^ f r l h ^ 0 ^ i l U 0  20 * 0 $ ii^ 0 ? n ^ f+ M U  **L  £ 5'1 * 0 ^ 0 f l 0

0.0235 0.0185 0.0220 0.0300 0.0245
0.0260 1 0265 0.0250 0.0275 0.0255

• 0.025
o, * b i$ $ ^ | p .b .c .

b<D^mx * p ^|)®;ft0^0-*^it^0fc^>Piis60a^0^, 9^0
I) 0 ^iffiO -7  m K B K O i fg 5 ® l||§ c § l 6 f e f c ' t B

WRl©35&WII©:0!rti© 9  ** = K;.4|v^pflt(li(S^ftii:. # & *  © $ ^ * lf f ip *  t-y ? ie||--f*.i © £ <R5E- i'S£®rff-f-S^ttBilT?;&So #5£©ff©&fi*jM»i£:KS§fiaWLT&.£
&®ttW k L X  1964^10% 9

Jll© % © t l^ ^ fC ftfeO igfeftL fcT silvery parrH©fSp{iiC.X-o "CC' <5 % ©^jfcjg fc0 _

* • © » * 3 © * * * g J f t w # 4 ^ | .ir - t a 9-efc&  ~
SR, SRp t t i # K .M H 5 © i i 3 |^ ^ S  ¿ f a M » , ' # ,  CNp 51, P.B.C. ©Rib't»
Jtft:»/ vi <D$m fflb 2> ♦ttft A § ¡fates Jf§|!> ftu

E © ff fr £ © f  £ jg j^ g r ffy c  1965 ^ 5 M Ŵc<Q»  p => 5 § k > a  9 ‘fr& S . CNs © ^
E M M P 1 M IH I

T a b le  U  Growth of scales of juvenile salmon reared in a pond, and
examined on October 9, 1964 1 9 6 4 ^ 1 0  J 3  f c 4 S  5o V ?  £  4 r  ^ % h  f7  p

Sample
No.

Body
length

H im )
SR

(mm)
SRp
(mm)

CNp CNs

1 12.3 0.55 19
2 12.6 0.56 18
3 11.7 0.59 0.55 16 2
4 10.9 0.51 0.45 13 ’ 2
5 12.2 0.56 0.53 16 1
6 11. lH 0.51 17

Mean 11.8 0.55 16.5

25
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T a b le  5  Growth of scales of juvenile Masu salmon reared in a pond, and
examined in mid-May, 1965, 
1965^5

Date Sample
No.

Body
length

(cm)
SR

(mm)
SRp
(mm)

CNp. CNs

1 12.5 0.55 0.47 17 3
2 12.5 0.67 . 0.60 19 2

May 10 | 3 11.8 • 0.57 ‘ 0.40 11 6
4 12.7 0.59 0.50 19 3
5 12.5 0.55 0.47 18 2

1 1 14.1 0.71 0.61 17 4
2 13.6 0.60 0.53 15 3 ;■ 3 12.2 0.48 0.42 16 2
4 13.9 0.68 0.56 17 4
5 13.6 0.60 0.38 ... 14 6

1 13.5,i'. 0.55 0.43 13 . 5
2 14.2 0.64 0.58 20 3

14 < 3 v n . 5 0.52 0.44 15 3 .
4 12.5 " 0.52 ’ 0.44 n 3
,5 14.3 0.75 0.62 20 3

■ ■ 13.9 0.54 0.45 19 3 ,

18 ( 2 13.7 0.60 1 1 0.46 15 4

m m 14.1 0.52 0.45 14 ■

\ 4 13.1 0.54 ‘ 0.34 12 6

j f  1 14. f - 0.6L 0.54 18 31'11 2 12.6 0.47 0.31 12 6
3 13.2 0.62 0.35 12 8I 4 13.7 0.63 0.46 18 6

Mean 13.2 1 0.59 ... 0.47 wtm w m

T a b le 6  Phosphorus concentration in serum of juvenile Masu salmon 
-Y- v ^  <D

Date Locality Total phosphorus 
| |m g /D L :g

Inorganic phosphorus 
(mg/DL)

Aug. 12, 1965 Ken-ichi River 45 0 $ , - .
Sept. 23, 1965 ■45. ’» ,
Sept. 28, 1965 Chihase River 42. 15
Oct. 16, 1965 * 54 18
Oct. 25, 1963 Shiodomari River 84 23
Apr. 18, 1964 * 68 19
Apr. 8, 1959 ^ „ Naebetsu River 48
Apr. 22, 1959 Moheji River H 68 UV
Apr, 26, 1959 H |  I 60
Apr. 29, 1959 64
May 9, 1959 *  " 60
May 21, 1962 * ,55, x i; ,23 ■

19
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A Reconnaissance o f the Salmon and Trout '* o f Japan * 1966by VJ* j ,  C h ristie
Introduction decline o f various premium .f is h  stocks in the Great Lakes has created a liv e ly  in tere st in  exo tic fish e s  which might serve as su b stitutes* among various fish e ry  agencies* The evidences o f apparently irre v e rsib le  change in  the environment with advancing eutrophication (Beeton 1965) and invasions or introductions o f many new and often undesirable species* have freed the management agencies from the re stra in ts  Which are normally in e ffe c t  to  maintain natural balance in the fauna* I t  is  now pos­s ib le  therefore to  consider new species which have char­a c te r is tic s  which make them b etter suited to  the new envi­ronmental circumstances* or in seme p a rticu la r way* superior to  the h is to r ic a l species* These were the considerations which led in  1966 to  the authorization by the Ontario department o f Lands and Forests* o f surveys o f the fish e s  o f eastern Europe and Japan* The present account deals with the Japanese tour*The species examined* and described here* were mainly the cold-w ater tro u t-lik e  forms* The f ir s t  require­ment o f a new fis h  is  o f course* that i t  be desirable from the points o f view o f anglers and/or commercial fishermen* There are a number o f largo members o f the minnow fam ily (■MbaAilsa sp , Carasslus sp) which are held in high esteem



In Japan» but which can be scarcely considered good risk s fo r  introduction» on the b asis o f past experience* Among the salccnido» on the other hand» even very small repre- sent at Ives lik e  the kokanee (Qnco_rn vnena^ kennerlvlhave not become nuisances» in  cases where th e ir  p o ten tia l usefulness has not been realized*
occur there* These and the sockets are the only species among the seven P a c ific  salmons» which n atu rally  form land­locked populations* In sp ite  o f the Icng-standing in terest in  P a c ific  salmons in  general» these species have been la rg e ly  overlooked in  the North American literatu re#  I t  was a major o b jective  o f the t r ip  therefore to  obtain in ­formation about the ecology and a v a ila b ility  o f these fish *
the Ayu 4 Schlogel)* I tis  a salmonoid and i s  the only representative o f the fam ily Placoglosaidaa• Again l i t t l e  has been published on the species in the ¿nglieh lite ra tu re »  but i t s  algae-feedlng habit recommended i t  fo r  possible introduction at the primary conversion le v e l in  the Great Lakes where eutrophi­cation has encouraged s e s s ile  shoreline algae*The survey was made during September and early  October o f  1966* The itin e ra ry  included v is it s  to

C

Another species which had aroused in terest was

c lab oratories and points o f e co lo g ica l in tere st in  south-



3 .
eastern Hokkaido (see Fig« 1) and in  Honshu between Lake Chuzenji in the north and Kyoto t (Lake Biwa) in the south.This report i s  organized in  three sections* The f ir s t  deals with the clim ate , geography, and other fa cto rs in fluen cin g fis h  d istribu tion « The second section provides a b r ie f general review o f the Japanese salmonoid fis h e s .The la s t section deals s p e c ific a lly  with the three species o f In terest and attempts to  evaluate th e ir  p o ten tia ls fo r  introduction into Ontario«

The author is  deeply indebted to  the Department o f Lands and Forests fo r  the opportunity to  sake th is  exceptionally In terestin g and stim ulating in vestigation *The t r ip  would have been unproductive i f  not im possible e n tire ly  without the en th u siastic cooperation and h o sp ita lity  o f my Japanese colleagues« They are too numerous to  acknowledge in d iv id u a lly , but i t  i s  necessary to  sin gle  out one s c ie n tis t whose contribution was out* standing« This was Dr« Toshinobu Tokui o f the Hokkaido Salmon Hatchery« Dr« Tokui was invaluable in working out the itin era ry  d e ta ils , and making the various laboratory contacts fo r  me«A , Geography and Fish D istrib u tionThe Japanese archipelago co n sists o f four main islan d s ly in g  p a ra lle l to  the A sia tic  coast between 24°N and 46°Ii la titu d e . The largest is la n d , Honshu i s  about



4 *

the size  (67*000 sq . mi*) o f Great B ritain * The southerly islands* Kyushu (16*000 sq . m i.) and Shikoku (7*000 sq . m i,) complete what is  known as Japan proper. The northern island* Hokkaido (30,000 sq* mi*) is  h is to r ic a lly  regarded as d iscrete  by the Japanese* and also  has some d istin c tiv e  clim atic and e co lo g ica l features*The clim ate i s  influenced by the adjacent continent.* by the cold Oyashio current which bathes the north coast and the warm Kuroshio current washing the south shores* The mountainous terrain  m odifies these primary factors* In general Hokkaido has a cool temperate clim ate (raicrothermal* humid continental with cool suzm&era* in  the c la s s ific a tio n  o f Finch and Trewartha* 1949) lik e  th at o f Ontario south o f Horth Bay* Forests range from mixed deciduous and co n ifers in  the south to  co n ifers in  the north* The upper th ird  o f Honshu and the cen tral highlands correspond c lim a tic a lly  to  the cen tral t ie r  o f sta te s -  Ohio* I llin o is *  Nebraska etc* (raicrothermal humid continental with warn summers in the Pinch and Trewartha c la s s ific a t io n ) . The rest o f Japan is  warmer* (rae sot h e m a l, humid su b -trop ical with warm summers) corresponding in general to  the American south* and varying widely according to  a ltitu d e  and geographical p o sitio n .Japan has r e la tiv e ly  few lakes* The country has a narrow* high p ro file  and volcanic a c tiv ity  was the most important agent in  lake formation* There are only 20 lakes la rg er than 2,500 acres (10 kn^} and the to ta l natural fresh­water lake area amounts to  only 700 square m iles (1,730 km^).



The lakes r e p r e s e n t o f t m  la~*d area and th is  can ho contrasted with Ontario where 1G> c f  the land is  taken up by lakes (17/* It the p rovin cial waters o f the Great Lake« are in cluded).ino la k e s , i f  few innumber are' in terestin g aft4 highly varied .  Lake Biwa (F ig . 1) i© cot only the largest (at 674*4 km? ) but i s  considered the th ird  oldest lake in  the world {B o ris , 1962). Because o f recent volcanic a c t i­v ity  many lakes are acid©trophic and not su itab le fo r  fis h  at a l l .  For the saute reason 3 7 $ o f the 626 lakes (and ponds) lis te d  hy Boris are closed lakes* Thereare m a y  other unusual H cm ological fe a tu re s , but no gen­eralised  conditions o f water chemistry or  trophic statue to  d istin g u ish  them fro® lak es anywhere. Thexrutl structure likew ise i s  normal fo r  the circumstances o f geography and 
climate• By co n tra st, the riv e rs are numerous in  keeping with the gen erally high p recip itatio n  le v e ls  in  the country. They tend to  be short and steep .The fis h  fauna o f Japan shows the influence o f the above fa cto rs and o f the in su la r situ atio n  o f the country.The number o f exclu siv ely  freshwater fis h  species i s  rather sm all, re fle c tin g  tho long separation o f the archipelago from the mainland* Included are about fo rty  w e ll-d iv e rsifie d  cyprinoids and 3 c a tfis h e s . In to ta l there are 126 species and sub-species representing 32 fa m ilie s . On the other hand
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the numerous rlvara and cco l clim ate o f the north and the highlands has produced a good array o f tho migratory and euryb alin e salmonida» and thoee are the dominant carnivores In tho fis h  fauna*E co lo gica l obeorvationa in Japan today are seriou sly hampered by changes in the fis h  stocks and in  the environment• Transplantations o f the more important salraonids have been so extensive th at tho o rig in al rang**«' and ra c ia l typos are often obscure*The onrush o f in d u stria l progress has had serious e ffe c ts  cn the fish es* The seme short iteep  riv ers which have been so productive c f  migratory salmoaa are o f course also  id e al fo r  the production c f  h yd ro-electric power close to  the in d u stria l centres« and dame now obstruct many* i f  not most o f the major snlmcn r iv e r s . Gravel la  lin ed  wholesale from the riv ers fo r  construction purposes and th is  wreaks havoc with the spawning and juvenile h ab itats o f  many fis h e s . The quick flu sh in g rates o f the rivers have minimised inland (but not seashore) p ollu tion  u n til recently but they are be­coming more worrisoaa* p a rticu la rly  whera lakes receive the riv e r  flow n. The o f f ic ia l  «-approach Is  to attempt to  replace natural ratroductiau with fis h  culture at enormous scalo* Whether i t  w ill succeed raisa*ns to  to seen* but the m atter has considerable pertinence to  the questions to  be discussed here. As w ill be seen* the endemic salmons are in danger and i f  introduction o f these species i s  to  bo attempted i t  w ill be necessary to  begin soon* while eggs may s t i l l  be obtained.
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B . The Japanese Salmcnoid FishesIn the fresh waters c f  Japan the sub-order Salmonoidea (a fte r  Berg) is  represented by the fa m ilie s Salmcnidae,  Plecoglossidae ,  Osmeridao, and Salangidae. Only the sub-fam ily Salmoninae is  represented w ithin Salmonidae, and there is  only one species in  the fam ily P lecoglossidae. These two fam ilie s contain a l l  the species o f in te re st here. The follow ing i s  the species l i s t  generally in  use by Japanese workers fo rthese formasFamily -  Salmcnidae (Salmons, tr o u t, w h ite fish , graylings)Sub-fam ily -  SalmoninaaGenus — On corhvn chua0 , tachawvscha (^albaum) -  Chinook salmon, maaunosuke j .  morhuschaiValbaura) -  pink salmon, karafutomasu 0 . kata (Walbaum) -  chum salmon, sake§• kisufcch (Walbaum) -  coho salmon,  ginmasu • nerka (walbaum) -  socksye, kokanee, hiaemasu§• sou Brevoort -  cherry salmon, sakuramasu, y&mabe «.* rhodurua Jordan et McGregor -  biwa-masuGenus -  ffalmo (Parasalao. o f Vladykov 1963)&. gairdneri Richardson -  rainbow trout ( in t r o .) , aigimasuGenus -&

&&
&

_______  (Walbaum) -  d o lly  varden, oshorekomaPiiti&Ua (Hilgondorf) -  iwanalencciaaenia (P a llas J -  amemasuinhricus -  Jordan et McGregor -  gogifontina lia  (M itch ill) -  American brook trou t ( in tr o .} ,kawamasu .Genua -  M s .M  .£* nerryi Brevoort -  ito-uwoFamily -  PlecoglossidaeGenus -  &aj&gl&afiag ,  . . .P . a lt ig e lia  Temainck & Schlegel AyuThe follow ing review deals b r ie fly  with the above sp e cies , leaving £ . aaasu.  2* *fl9.3MEMa and £ . atalffitU fl to  be d ealt with in  a more d etailed  way, in the next se ctio n .
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1) Genus Cncorhynchua -  P a c ific  Salmons*As the above l i s t  shows, a l l  fiv e  o f the North American P a c ific  salmons are also  to  be found on the A s ia tic  side o f the P a c ific  Ocean* The remaining two, (j). masou and' £• rh ad u ru a  are confined to  Asia*The number o f species o f fa r  ©astern salmons is  by no means unanimously agreed upon* Moat present-day Japanese workers accept the two mentioned, and Vladykov (1963) concurs with them* H ik ita  (1962) recognises on# more, 0 . icawamurae* a species close to  the cockeye* and now apparently e xtin ct* Jordan and McGregor (1925) recorded another, £• JLfifrtowaft which was subsequently recognised as land-locked Q . mason and given su b -sp e cific  rank as £ . &* by some authors (Tsuyuki and Roberts, 1966),S t i l l  another species (£• lwaroe Kimura and Nakamura) o f lo ca lise d  d istrib u tio n  was added to  the l i s t  as recen tly as 1961* At the opposite extreme Behnke, Kch and Needham (1962) suggest th at there is  only one sp e cies , which ha3  three sub­species J2U El* aaS£M» Q*a* rhodurna and an unnamed Formosan su b -sp ecies. Because o f the e ffe c ts  o f transplantation and stock d e c lin e , th is  debate may never be fu lly  resolved, but since i t  does not a ffe c t  discussion o f the ecology o f the f is h , the l i s t  o f seven species w ill be used*That the P a c ific  Salmons had th e ir  o rig in s in the freshwater# o f the Far East (Heave 1956) is  rather generally accepted, as i s  the apparent c lin e  between the more tro u t—lik e  m a m  to  the more highly sp ecialised  pink and sockeye



9.
types* H ik ita  (op c l t .)  segregates a B stem in  the p h yletic tree (Fig* 2) co n sistin g o f the echo, Chinook# rhodurua and mason. from an A stem containing the chums# pinks and socles y e . The B stem fis h  are the clo sest to  the Salmo types and a l l  have short deep bodies as fin gerlin gs«  The A stem fis h  a l l  have elongate bodies as fin gerlin gs#  and are the more elab­o rately  modified fis h  In breeding con d ition . Table 1 sum­marizes some o f H ikita* s me r io t ic  determ inations to  illu s tr a te  the morphological c lin e . S im ilar counts fo r  the rainbow trou t are included in  the tab le  fo r  comparison. The B stem fis h  have low g illr a k e r  counts# and with the exception o f the Chinook salmon# low p y lo ric caeca count3 .  The a ff in it ie s  and evolutionary sequence suggested by F ig . 2 i s  sim ila r to  the outlin e given by Hoar (1958) fo r  behavioural patterns in  Juven ile salmon in  relatio n  to  the downstream migration# and by Tsuyuki and Roberts (o p  c l t .)  fo r  the proteins o f the muscle t is s u e . The degree o f dependence on freshw ater h ab itat also  shows the p h yletlc c lin e . H h -o d u rtra  and mason spend at le a st one year in  freshw ater and land-lock re a d ily . Chinook and coho salmons a lso  spend sometime in  freshw ater but are seldom found ocurring n atu rally  in  land-locked s itu a tio n s .Fink and chum salmons spawn in  freshwater but the fr y  go to  sea soon a fte r  emergence. The sockeye i s  a h igh ly  sp ecialized  fish#  and i t s  long freshwater l i f e  h isto ry  i s  considered (Hear o p  c i t . )  a secondary adaptation. Hounsefell (1962) considered the sockeye and coho salmons to  be "adaptively



Table 1Some Ju r is t ic  Determinations Within the Genus Qncorhvncbua from H ik ita  (1952) (Numbers In Parentheses are averages)Species A* B . P .C . v . G . L a t. L .ifog?.ums 13-17(16) 11-13(13) 45-70 65-66 17-20(20) 119-137B m m 13-18(16) 11-14(13) 35-68(50) 63-69 16-22 120-140(123)Stem ■kitsutch 15-18(18) 12-14(13) 40-80(63) 67- 68(67) 19-23 137-146kscharatacha 17-20(19) 16-19U7) 127-170(153) 71-72 20-23(24) 129-152(147)
i M i 14-18(17) 11-15(13) 125-215 62-69 21-25(23) 132-146AStem gftrttuacha 16-19(18) 11-14(12) 91-188(126) 67-70(68) 26-33(31) 127-204(178)B ftfla 15-19(18) 11-15 80-117(91) 66- 69(67) 33-39 120-140(133)

S a Jm  italrdn eri * 12 42 58 20 120A* -  Anal Fin Rays *from Jordan and Svartnann (IS 96)5* -  Branchiest P .C . -  P ylo ric caecae Y* -  Vertebrae G* -  G i l l  rakers Lab* L . —. L ateral Line Scales
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anadromous* while the chums, pinks and Chinooks were "obligatory
I anadroraoua” • His an alysis was carried out without reference to  the Far Eastern salmons and i t  i s  f e lt  that in  view o f the fa c t  that one o f the two examples o f land-locked coho given  ̂ has la te r  proven to  be mason (the ishlkawae o f Jordan andMacGregor) and th at other w ell-authenticated examples are not known, i t  would be more appropriate to  consider masou* rhodnrn  ̂and norka "adaptively anadromous", with coho added to  the l i s t  o f "ob ligatory anadrciaous" salmons#Kona o f the fiv e  salmons common to  both Japan and . . .  ■North America appeared to  have only d istin c tiv e  features with respect to  p o ten tia l fo r  introduction in  inland North America# B rie f descrip tion s o f each are included however, to  help provide / understanding o f the e co lo g ica l ch a ra cte ristics  o f the FarEastern salmons#Chum SalmonThe chum salmon I s  by fa r  the most important salmon in Japan* Annual near-shore catches have averaged close to13,000 m etric tons in  recent y e ars, and much higher in  e a r lie r  times# The species also  figu res prominently in the offshore catches# The spawning in d ivid u als comprise B5% o f a l l  salmon running in  the Japanese Elvers (San© 1966a)#Spawning runs are found in riv e rs along the entire coast o f Hokkaido. In Honshu, spawning stocks are found along the east coast northward from Cape Inubo (see Fig# 2) and on the west coast mainly from the Noto Penninusula northward#



The southern lim it roughly corresponds to  40°N latitu d e«The Hokkaido runs evidently co n stitu te  about 80£ o f the to ta l«The Japanese fis h  fo r  summer chums which evidently spawn fu rth er north« Spawning runs in  Japan are c h ie fly  age IV autumn fish «  The oceanic m igrations are extensive and apparently most o f the chums taken in  the offshore grounds o f the Ilorth P a c ific  are o f Asian o rig in  (Sano 1966b)«The extensive hatchery program» referred to e a r lie r  Is  mainly concerned with the propagation o f chum salmon*San© (1966a) points out th at o f 160 Hokkaido riv e rs with any chum spawning# 73 major riv e rs contain a to ta l o f 176 ob­structions# and o f these 100 are serious hazards to  salmon reproduction. The Japanese workers fe e l th at Increases in recent years in  the chum catches are attrib u tab le  to  the stocking program* The 144 hatcheries now produce in the order o f 600 m illion  fry  annually and i t  is  hoped to  in ­crease the output to  1#000 m illion  in  the near future«Pink SalmonThe pink i s  the second most important salmon o f Japan# contributing 10,t o f the to ta l salmon run each year« . Spawning streams# are la rg ely  confined to  the north and west (Japan Sea) coasts o f Hokkaido« The lim its  o f the pink d istrib u tio n  are fu rth er north than those fo r  the chum salmon also# and i t  seems possible th at clim atic facto rs lim it the abundance o f these salmon in Japan*
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Scekeye SalmonBecause o f the sm all number o f lakes o f any s iz e , and the re la tiv e ly  high percentage o f these which lack  con­nection with the sea» there are no sockeys runs o f any great importance. There are apparently some riv e r  sockeye runs whose fry  e x it d ire c tly  to  the sea in north-eastern Hokkaido (Shimadzu» pars, comm,}.By contrast» the kekanee (Plate 7) occupies a very important position as both a game and commercial f is h . Ac­cording to  Tokui (1959) there were two o rig in a l lake pop­u latio n s (Lake Chimikepp and Lake Akan) which have been used in the successful establishm ent o f stocks in many mors lakes throughout the archipelago. F ailu res were associated by Tokui (1964) with the presence or suparimposition o f pond

Ql l dua) t h e  la k e s . They have no data in  support o f the contention» but the Japanese also  fe e l th at rainbow trout and kokanee are best maintained in  separate lakes* The kokanee is  a very popular and highly regarded fish »  and th is  in tere st i s  reflected  in  a vigorous program o f support by fry  p lan tin g . Certain runs are considered e n tire ly  hatchery supported» but some questions have been raised by Tokui (1961) in connection with the Lake Shikotsu program (Plate 6) at le a s t . I t  i s  in terestin g  that the black n u p tia l colouring o f the kokanee in P late B i s  rather common in  the Japanese wild stocks» and pond-raised fis h  never show the conventional red (Plate 9 ) ,
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Commercial production o f adult kokanee from pond culture i s  a comparatively new enterprise in  Hokkaido and i t  apparently is  expected to  grow to  great importance. The fis h  are held in  broad shallow ponds# and with ca re fu l d ie t adjust­ments# show very fa s t  growth.Coho and Chinook SalmonThese salmons are o f lim ited  occurrence in Japan. Small Chinook runs are observed in  the north-eastern t ip  o f Hokkaido. Coho sigh tin gs appear to  be even rarer and occur in various Hokkaido stream s.I t  i s  tempting to  speculate th a t these salmons with th e ir  longer stream l i f e  h isto rie s  are more su ccessful on the North American side because o f the greater length o f the stream systems# and that the short steep riv ers o f Japan have favoured chum salmon which go to  sea as fr y . However# th is  argument requires th at 0« masou which also  has a one year riv e r l i f e  or longer# has some sp ecia l adaptations to  the Japanese riv e rs which confer advantage over the cohos and Chinooks*Genus -  Salmo.The only representative o f the genua is  the rainbow trou t which was apparently introduced to  Japan in  1877 (Okada I9 6 0 ). I t  occurs in  some lakes and streams whore i t  receives hatchery support# but i t s  ch ie f importance i s  in  pond culture* I t  ranks as the th ird  greatest pond product# c h ie fly  (60^) in Kagaro and Shizuoka Prefectures in  Honshu* The 1964 to ta l pro­duction reached nearly 6#OO0 m etric tons and th is  has been



14.a ste ad ily  growing industry which is  now reaching out to  the North American markets.The albino shown in P late 5 was part o f a stock being developed at Nlkko, to  please aesth etic as w ell as culinary ta s te s .G©nus -  Salvelinua( The system atic statu s o f the chars i s  even moreconfused than th at o f the salmons. Okada (on c l t , ) recognizes the four species lis te d  above but various deletion s and additions have been suggested by o th ers. Several authors, fo r  example, have suggested th at £ . M uvius i s  referable to  Bates» and Oshima (l$ 6 l) discards £ . imbricua and adds jS* i32sal,c,tta end £ , ravafcei. ̂ There i s  agreement however, th at there are twochar typ es. One i s  the j£. malms type with red sp o ts. Okada (££ itllfc.) d istin gu ish es Eluvtua from malms on the b asis o f a longer head and fewer g illr a k e r s . P late 3 unfortunately does not show the red sp o ts. The other type is  the £ . ■te&S&Maia type (Plate l)w .ith no rad sp o ts. £• imbricua is  distinguished from £• leucomaenia by i t s  la rg e r head and several m eristic d iffe re n ce s. <According to  several inform ants in Japan, the d is t r i­butions o f £ . &atea and lo .ucoiaaenla both cover the northern t ip  o f Honshu and a l l  o f Hokkaido, with both species found in both land-locked and sea-run form s. rluviu.q i s  found throughout Honshu while &• Ixabrfcqs i s  confined to  the westerly one-third o f that is la n d .



15.In general £ . malma i s  sim ila r to  the North American D olly  Vardan» reaching large size s and often including other f is h  and fis h  eggs in i t s  d ie t . The other species are a l l  small» and apparently prim arily invertebrate feed ers. They are a l l  fish e s  o f the very cold waters» and-in Honshu are restricte d  la rg e ly  to  the mountain heights* I t  was noted by some Japanese b io lo g is ts  th at in the cen tral section o f the Japanese Alps where fo n tin a lis  (Plate 4) was introduced» i t  quickly took the place o f £• rlu v iu a .  For these various reasons» none o f the chars appeared to  be su itab le  fo r  in ­troduction to  the Great Lakes.Genus -  gas&&The one Japanese species o f th is  genus was formerly abundant in  northern Honshu and a l l  o f Hokkaido but I s  now a l l  but e x tin c t . I t  was known to  a tta in  large size» but was held in  rather low esteem as a food fish »  by the Japanese.C . Species o f Sp ecia l In terest a) Oncortivnchaa m s m  and <k i l a t oDiscussion o f these species i s  combined in  the f o l­lowing account because v ir tu a lly  no important e co lo g ica l d i f -
4ferences between them were located e ith e r in  the availab le  lite ra tu re »  or the interview s conducted in  Japan.The morphological s im ila rity  can be seen in  Table 1 . There are minor d ifferen ces in form (see below) and M ikita (1962) in d icates that in  h is  m aterials the ven tral f in  ray counts fo r  St. mason are rather fixed  at 10» while &• rhcduma i s  more variab le around a mean o f 11. Oshima (1957) demon­strated  in  hybridization experiments th a t the red spots o f



rhoduras are genotypic, and recessive to  the naao.u coloration*The taxonomy o f these salmons has been no doubt complicated by the fa c t that each occurs in riv e r  resident# lake resident and soa-run types and w ithin types there is  considerable v a r ia b ility  in  form and markings* A ll j u v e n i l e s  have deep bodies# large d is tin c t parr marks and s n a il black spots d o rsally  (Plate 13)* Smelts become long# and silv e ry  with a black-tipped dorsal fin *  Sea-run adults are terete  with blue back and s ilv e r  under-body* At spawning# anadromous fis h  have a red-te-pink under-belly with a se rie s o f v e rtic a l bars o f the same colour on an olivaceou s-to-black background (Plate 11}* Males are more v iv id ly  coloured than females and the head i s  often pure black* The male head i s  elongated but the hook is  not as pronounced as with some o f the other members o f the genus*A considerable fractio n  o f the ju ven iles remain as r iv e r  residents# ca lle d  *’Yamab9w* In fry  rearing experiments reported in the lite ra tu re  (Fujlta# 1933$ Saguri# 1936) from 40 to  6 0$o f fr y  from anadromous mascu runs became Yamaha* -  th a t is# they fa ile d  to  smolt* Females are predominant among the smolta and ocean-caught masou* and males (to 75,*) predominate in  the Yamabe# where a sea-run occurs*There are sea-run populations o f 0 , rhcdurua ( c f * Shiraishl#  Suzuki and Tamoda 1957) but the species appears to  be more commonly found as r iv e r  and lake resident stocks*The riv e r  resident fora i s  known as f,Amago*>* Yamabe



17.and Amago retain  parr narks and black sects through li f e *  with the rhodurua red spots also  p ersistin g in  Amago (Plate 12), The background colouring deepens in  both Amago and Yamabe and the deep body in  retained (Plate 1 4). Spawning liv e ry  adds rusty and brownish hues to  the* o v era ll pattern*Lake-dw elling saasou and rhodurua show considerable variation  in  appearance from lake to  lake* A ll apparently smolt and lose the parr marks (and the rhodurua red spots)*At spawning they are not as b rig h tly  coloured as the anadromous ferns* apparently having white b e llie s  with brown to  reddish barring on the sid es on a dusky or s la ty  background*
D is tr ib u t io nThe range o f 0 . mason l ie s  between 24° H L a t. and 55° N Lat* The 24° extreme is  the high mountain (over 2,000 su)r e lic t  in  northern Taiwan (Behnks* Koh and Needham 1962)*The main area o f concentration is  the Japan Sea as illu s tra te d  in Pig* 2* Stocks are known on the east side o f Korea* and northward to  Vladivostok* Tanaka (1962) suggests the d is tr i­bution i s  continuous along the coast o f Primorskaia to  the Amur River but no lo c a lit ie s  other than the Amur River i t s e l f  have been found in  the lite ra tu re *  Runs have been reported on the west side o f the Kamchatka Penninsula but no references to  runs on the north shores o f the Sea o f Okhotsk wars lo cated . In Japan spawning runs are found northwards from Cape Inubo on the P a c ific  side o f Honshu* and north from Shimane Pre­fecture on the Japan Sea side* The salmon are most abundant



Id.
in  Hokkaido,  and to  the south in Honshu they are progressively more confined to riv e rs and lakes at higher a ltitu d e . They are absent from Shikoku* the K u ril Islands (north-east from Hokkaido) and the khyuku chain (south-westward from Kyushu).The d istrib u tio n  o f £ . rhodurua i s  Shikoku and the P a c ific  ^  s id e ,c f  Honshu from the Tokyo Bay area south-westward to  and including the northern t ip  o f  Kyushu (Oshima 1957).The general impression given by the b io lo g is ts  questioned about the d istrib u tio n s was that the rhodurua range is  somewhat warmer than most o f the cm sou range and th is  may r e fle c t  a b e tte r a b ility  to  to le ra te  warm w ater. There is  however* no known d ifferen ce in type o f h ab itat preferred* In terestin gly * Gahima (£ £ £ & *) in d icates th at where the d istrib u tio n s overlap* the two species may be found in  the game stream system* but they are never captured together*Hiasou introduced in to  Lake Biwa are said to  be d is tin c t from the native rhoduras.
cp jsJi u n i Abaadflasa.The runs o f aw sou contribute only 5$ to  the annual ascent o f salmon in  Japan. The annual catch to ta ls  amount to  a few thousand (¿a 2,000 -  5,000) m etric to n s. The Hussians take in  the order o f 1*000 m etric tons each year. The fish in g  is  prim arily conducted by traps and lin e  fish in g  near shore along both the P a c ific  and Japan sea coasts with lig h te r  catches taken by g illn e ts  in the open sea* The fish in g  generally takes place between January and June. The peak o f the fish in g  season



* f i•*> 9
is  in  Tlarch in the scu t hart a r e a s *  and in A p ril or Kay* to  the north . In the fresh-w aters the a d u lts , Yaimabe* Amago and the lake-locked fis h  are a l l  talren by an glin g . A ll are highly passed food fis h  and apparently provide excellen t 3pcrt.There are strong and weak production years but no ^  information was obtained on c y c lic  tendencies. This la  mainlybecause the catch s t a t is t ic s  fo r  pink and masou salmon are often combined.There is  soma evidence that mason production has declined from e a r lie r  times (Tanaka 1966)« The extent o f the declin e i s  not known* but i t  can be noted th at chum salmon catches dropped by tw o-thirds between the turn o f the century ^  and the n in e te e n -fiftie s  (Sano 1966a) and since i f  anythingraaaou would bo more profoundly a ffected  by dam construction* th e ir  decline was not lik e ly  le as than t h is .There seem to  be few data on lake productivity but in general fo r  Introductions the Japanese look on kckanoo as the most productive* riascu second and rainbow trout th ir d .For example* in L* Towada annual catches approximate 1000*000 kokanet* 100*000 nsasou. and 200 rainbow tro u t.

Spawning jand . J5aglYLXJIk.HlfltanLSakura-masou means Mcherry trout”  in Japanese and th is  refers to  the coincidence o f the return o f the adults with the cherry blossoms in  May. They spend the summer in the riv e r and move to  the headwaters fo r  spawning in  September



20 *

/ or October* The fis h  feed a ctiv e ly  in  the r iv e r  arid mosto f the gonad development takes place there* Tanaka (1966) describes a sample o f r,msou from the Shin sha River on the / wee  ̂ coast o f Hokkaido * in «June t in which the gonads averaged1.7^ o f body weight in  females and 0.5$ fo r  m ales. At the time o f spawning the ovaries make up 20$ o f body weight and ✓ th e  te s te s  5$ or more*Fecundity varies with the geographic lo catio n  as w ell as with fis h  sise* la  general however* the Hokkaido anadromous m s m  average about 2*500 eggs fo r  2*5 kg fem ales. Yamabe* which are much sm aller* spawn from 200-400 eggs. The eggs are moderately large* averaging about 5 ram.The spawning o f siasou takes place fu rth er upstream j |  tilan 0 ith er kokanee or chum salmon. In a rhodurua stock studiedby S h ira ish l*  Suzuki and Tomada (1957) current v e lo c itie s  ranged between 0 and 30 cm/sac and averaged 13.9 cm/sec (0.5 ft/ s e c ) .Chum salmon us® flow s between Í5 and 35 ca/eec (av. 20.0) (S h ira ish l p ers. c o m í . )  hence gradient would not appear to  be the only fa c to r  involved in  the upstream spawning o f rhoduni^.  Spawn­ing behaviour i s  lik e  th at o f other members o f the genus. In the stock described by Sh iraiah i redds averaged 1,400 cm2 and were more elongate in  heavier flow . The males guarded and the fem ales dug the nests in  depths between 10 and 30 era (av. 22 cm)« Again in  S h ira ish l * s example eggs were buried under about B cm o f gravel when 50$ o f the stones measured le s s  than 4 ms. in  diam eter, inhere the substrate consisted ©f predominantly fin e  m aterials* there was l i t t l e  excavation



21.
and the neat tended to  be more mounded. Gravels in the ch ie f spawning area# had the follow ing make-up:pebble diara. (mm) %730 330-20 * 720-10 2310-6 66—6 96—4 44—2 132 33X 5 (JYamabe and sea-run fis h  have been observed spawning togeth er. A ll spawn©rs die in the sea-run sto ck s, but Yamabe males are known to  spawn several tim es. In ponds both sexes can ripen repeatedly. This i s  considered a fu rth er evidence o f the prim itive p h yletic position o f these fis h  w ithin th e ir  genus. The range o f temperatures at which spawning takes place appears highly v a ria b le . In the Sh irib etsu  Hiver peak ms&tt spawning a c t iv it ie s  occur at 15° C , but elsewhere temper­atures required fo r  spawning were generally thought to  be be­tween 5 and 12° C .The incubation period fo r  masou foroim ilar to  that o f the kokanee, with 430—460 Centigrade degree—days required fo r  the hatch . The Japanese generally reckon on $5 to  60 days to  hatch at 6® C , At the Shiribetsu  raaaoq hatchery where spawning occurs in  mid-September an average temperature o f 7°C brings the eggs to  the "eyed" stage by mid-October and to the hatch by mid—November. The emergence from the fry  channels (Plate 6) and discharge in to  the riv e r takes place in . January
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In th is  case« The Shiribetsu  hatchery receives a spring water supply« In waters th at are colder in  w inter i t  was thought th at the wild sac fry  are normally in  the gravel u n til A p ril as Is  the case with other members o f the genus«In the riv e r  the juven ile nrnsou behavo lik e  young echo salmon« They are aggressive and te r r ito r ia l*They are active  at reduced lig h t  le v e ls  but not tru ly  photo-negative. In lake stocks fry  descend to  the lake in  the spring ,  and liv e  below the therraocline during summer« Sea-run mason usually smelt a fte r  one year in the river* The sm o ltifica tio n  process has been shown by Kubo (1959) to  be s iz e -s p e c ific , and related to  r is in g  water temperatures and photoperiod (low lig h t  accelerates)«Food and Feedingla  general masou and rhoduraa fry  eat m icrocrustaceans, and change to  aquatic in se cts  and invertebrates and then email f is h  as they grow« Smolts do not feed* the sea ju ven iles f ir s t  eat the la rg er planktonic crustaceans and la te r  fish « Returning to  the streams the d ie t u su ally  co n sists e n tire ly  o f fish *  Of lakes stocked with ma^ou those which o rig in a lly  had stocks o f pond smelt (Hvoomeaus o lid u s) or in to  which these f is h  were introduced, were most frequently successful« Osanai



23.
(1964) found scarcely anything e lse  but the smelt In stomachs o f masou In Uryu Reservoir# la  Lake Biwa, the rhodurua sub­s is t  on planktonic crustaceans and ganunarlds as young, and on the goby Iza za , (ChaonoroMus Tanaka) and Ayu asla rg e r fis h  (/7i*v3. 1966)« Masou are known to  eat kckaneo fry  also  and since kokanoo are considered more productive, the two fis h  are not planted together in  the same la k e s .
EVrcamaftam L  iiacAasThere are few tagging d a ta , but in general Japanese workers fe e l that the oceanic movements o f masou are the most re stricte d  o f a l l  the salmons. As pointed out e a r lie r  catches are made fa ir ly  close to  the co a sts . Tanaka (1966) shows the seasonal southward pattern o f catches o f mason in  the Sea o f Japan corresponding with the southward movement o f the Polar Front. The southward extension o f th is  pattern almost takes the fis h  out o f the Japan Sea altogether« This movement was shown to  coincide with the 10° C surface isotherm« The re­turn northward in  the spring sim ila rly  follow s the warming o f the ocean progressively fu rth er northward. The northwardmovement o f the 10° isotherm seems also  to  be the fa c to r

;  * r ,c .determining the tim ing o f the a rr iv a l o f the various masou runs at th e ir  streams«In Hokkaido streams masou are found in  15° to  20°C in  la te  summer, but the role o f temperature in the upstream movement i s  not known« A ll masou have le f t  the lower reaches by the time the chum salmon enter the riv ers in September«



In Lake Biwa both fr y  and older fis h  inhabit thehypolimnion in  summer and are found at a l l  depths at othertim es (Miura ojj c l t . ) .  The adults do not leave the lakeu n til the spawning migration i s  in  progress* Shoal spawning
*i s  unknown in masou*In both sea-run and lake stocks,  the f is h  have been observed in  numerous sm all spawning aggregations fa r  up in trib u ta rie s*  The Japanese fe e l th at because o f such behaviour the lake mason arc le s s  read ily  overfished than kckanea which tend to  concentrate, in  fewer spawning location s* I t  i s  as­sumed that horsing plays an important role in  m aintaining these sm all masou stock u n its , but S h ira ish i (pars* comm) suggests th at mason exh ib it more strayin g than kokanee, and w ill d ivert to  favourable spawning hab itat i f  stocked in  a le s s  favourable situ ation *

te&  m l  flnats.liAmong the anadromous masou o f Hokkaido, 90,5 spam as three-year olds (on© freshw ater w inter, one ocean w inter)* The remainder spend two w inters in  freshw ater before sm elting*The lamabo usu ally  mature one year younger, but lake fis h  are often older* Although data are scanty Miura (on c l t * ) indicated that the Lake Biwa rhodurus males spawn as 2+ or 3* fis h  and the females as 3*»* and 4+* These ages re fe r  to  the number o f completed annuli* In the usual convention used by salmon b io lo g is ts , the ages would be given as 3 and 4 or 4 and 5 years from the deposition
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(
o f the eggs*Mason grow rapidly* The smolts are 11 or 12 cm long when descending Hokkaido streams a fte r  two w inters and one summer in  freshwater* When captured as adults in  riv ers in  summer a fte r  one year o f marine life #  ranpou have been found to  be 36-71 cm in  length (Table I I) *  In the lakes roancu never a tta in  the large size  o f aaadromous fish »  but th e ir  size  i s  respectable nonetheless* U ik ita  ( o p  c i t «) l i s t s  the range o f to ta l lengths fo r  land-locked rhodurua as 16*2 -  36*6 cm* Amago f a l l  in  the lower end o f th is  range and he l i s t s  the size  o f lake Biwa spawning adu lts as 44*9 *  46*2 cm t o t a l length* M ura (pp c i t * ) estim ated by b ack-calcu lation  from the scales» th a t the take Biwa rhodurua a tta in  24*0 cm by the sta rt o f the second year»36*5 cm by the th ird  year and 42*0 cm by the fourth*r.a,rasta.e,3. m iV irtu a lly  no inform ation on these su bjects was
forthcoming*Hatchery Culture4 maaeu propagation program has been underway fo r  many years with the objective o f countering the e ffe c ts  o f the dams by taking eggs from as many o f the upstream mi­grants as possible* Plate 10 shows a ty p ic a l w eir and trap  o f bamboo construction used fo r  th is  purpose* The eggs are ty p ic a lly  hatched and the sac fr y  released in to  fr y  channels lik e  that shown in  Plate 6* The fry  bury themselves in the
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p gravel u n til the springtime when they emerge aid e x it in to  theriver* In Lake Biwa the Aodurus eggs are co llected  from com­m ercially-netted f is h , rather than from spaw n-collecting sta tio n s , 
r  and the fry  are released d ire c tly  in to  the la k e . I t  was in te re st­ing to  note that the propagation co sts in ‘th is  case amount to 20$ o f the annual value o f the rhodurua y ie ld . N either o f p these programs i s  su cce ssfu l, however, because the y ie ld s  arecontinuing to  f a l l .  With the mapo.u. the extensive mining o f r iv e r  gravels i s  biased fo r  poor su rvival o f the p la ite d  fr y . C urren tly , a rearing program i s  underway at le a s t at one hatchery to  produce year-old sm elts fo r  release in to  the r iv e r s . This reduces the o v era ll dependence on the riv e r  h a b ita t, but the success o f the program would seem to  now depend on the ©urvi- (  v a l o f Yamaha. River hab itat around Lake Biwa has a lso  beenserio u sly  depreciated and i t  i s  possible in  th is  case th at plant­ing fr y  in to  the lake imposes low su rv iv a l.

gragtifia l^C gim id e jation s.. involved  in  In troduction  to North America The two questions which arise  in th is  connection are  1) Can the eggs be su ccessfu lly  shipped over such a d istan ce , and p *•) they be readily  obtained in  quantity from the Japanese.Hie f i r s t  question can be ca te g o rica lly  answered in the a ffirm a tiv e . In the autumn o f 1<?65 a shipment o f 50,000 eyed msmeggs was received in O ntario. Of these only 25,000 had survived the t r ip . The high m ortality was caused by a packaging arrangement which, while economical fo r  short shipments, was unsuitable fo r  such a d istan ce. I t  could be corrected fo r  subsequent tra n sfe rs . Another sm all shipment was received in
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December 1966. These eggs had been ca re fu lly  packed, and had been subjected to  the same shipping conditions (except fo r  cooler weather) and showed almost complete su rv iv a l. W hitofish and lake trout eggs from Ontario at the same time wen» sim ila rly  received with l i t t l e  lo ss  in  Japan. Subsequent cu ltu rin g con­sideration s present no sp e cia l problems.On the second question i t  i s  probable th at annual ship» moots much in  excess o f 100,000 eggs would not be p o ssib le , '¿he in te n sity  o f the fis h  culture program suggests that the Japanese workers would not be able to  spare much more than th is  from the anadrosxms spawn-take* However, i t  i s  possible that the expected trend towards rearing the aasott in  Japan may make more eggs availab le*The hatcheries are now v ir tu a lly  a l l  fr y  production operations, and as the change-over proceeds, the spawn supply may exceed the rearing capacity fo r  soma y ears. Eggs from anadroaous mascu would lik e ly  have to  be purchased.Several thousands o f lake stock eggs would lik e ly  continue to  be availab le  each year from Lake Chuzenjl in exchange fo r  whifcefish and lake trou t eggs. V?ith ca re fu l rearing these few eggs could provide smolt stocking to  e sta b lish  a lim ited pop­u latio n  in  a sm all la k e .As indicated e a r lie r , the runs o f Lake Biwa rhodurus are in  serious d e clin e . With the riv ers so badly depredated the Shiga P refectu ral F ish eries Experiment S ta tio n , which is  charged w ith the management o f Lake Blvm, i s  in terested  in  sub­s titu tin g  a shoal spawner fo r  the salmon* They have expressed in tere st in experimenting with lake w hitefish  fo r  th is  purpose



Tabi* 2 *
T otal length1) and body weight o f  adult masu saloon in  the streamso f Hokkaido

T otal length Body veightStream Sex Saiga Maaa Range He an Sourcecm cm iîg kgShiribetsu  H. Festal© 39*6-64.4 55.4 1.913-3.553 2.550 Handa (1932)Male 36*3-57.6 46*0 1.530-3.131 2.325 Handa (1932)Hishibetsu E* 46*2-74.3 57.1 1.200-4.1^3 • 2.130 Handa (1932)d ii to sc F.. 50.0-71*0 62.7 1.5  -5*1 3 .4 Aklba (1936)
1) In the data given by Handa > length i s  desinated as body length* However* i t  la  assumed that th is  Keans to ta l length* In. the case o f toasu salmon* there i s  ne t much d ifferen ce  between fork  length and to ta l length**Table 3 o f Tanaka (1966)



and an ax change program could lik e ly  >>0 arranged* With the rapidly decreasing spawn-take they ¡sight spare a aasdUsu® o f100,000 eggs per year new, hut could not ha expected to  he committed to  such a number«Aside fit?® the p ra c tic a l problem o f the longer ship­ping time necessary i f  eggs are Imported frost Hokkaido, where too at o f the la rg e r anadromous stocks are found, there is  the question o f the re la tiv e  m erits o f using eggs from anadromous 
maaou or lake-locked rhodunm.  Japanese b io lo g is ts  have no comparative su rv iv al data but they view the question in  much the same way as we regard the choice between kokanee and ansd- romoua sockeys salmon fo r  introduction to  freshw ater la k e s.The thought i s  th at the h is to r ic a lly  land-locked f is h  may have been selected over a long period fo r  su rvival in  la k e s , and they should fare  b e tte r . However, there are many examples o f suc­ce ssfu l transplantation o f anadreraous masou in to  lakes in  Japan, and the mason i s  known to  maintain a much stronger freshwater attachment than does the sockeye in the f i r s t  p la ce . Given the same egg a v a ila b ility  (a question which requires fu rth er stu d y), the lower cost (only shipping charges), shorter shipment period and freshw ater o rig in  argue in  favour o f the Lake Biwa rhedurtia.  Both species should however be availab le  in experimental q u an tities so that d etailed  comparisons o f th e ir  ch a ra cte ristics  w ill be possible in O ntario.



E co lo gica l Considerations Involved in  the Introduction o f the Far Eastern Salom e to  the Great Lakes
From the foregoing section s i t  w ill have been seen th at the saloons £ . msmand 0 . rhodurua have a number o f out­standing ch a ra cte ristics  which favour attem pting to  introduce them in  th is  country. P a c ific  saloons in  general have been the subject o f numerous attempts to  acclim atise them to  fre sh - waters because o f th e ir  large size  and generally high producti- v ity # but these fis h  occupy a sp ecia l position as the only members o f the group which are both n a tu ra lly  lan d -lo ck in g , and p iscivo rou s. They are moreover, handsome fis h  with ex­ce lle n t p o ten tia l fo r  e ith e r  sport or commercial fis h in g .A fu rth e r possible advantage i s  th at they appear to  be at le a s t as to leran t o f warmwater conditions as the rainbow trou t and th is  could make them av a ila b le  to  fishermen fo r  longer periods, than i s  the case with the more s t r ic t ly  co ld - water salmon id a . In sh o rt, the f is h  would seem to  hold con­siderable promise, i f  the Great Lakes can s a tis fy  th e ir  en­vironmental requirements.The foregoing observations on the ecology o f masou had iticdurua suggest several possible adaptive advantages which would serve these f is h  w ell under the Japanese con­d itio n s . One can speculate f i r s t  o f a l l ,  th at an e arly  ascent o f the riv e rs might permit masou to  take possession o f the spawning beds to  the exclusion o f other sp e cies , and the a b ility  to  to le ra te  the warm stream temperatures could be the mechanism which makes th is  p o ssib le . I t  is  also
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possible th at the f le x ib i l it y  in  the l i f e  h isto ry  pattern o f maaan would act in  i t s  favour« In the Japanese situ atio n  where many lakes have no doubt been closed and opened by / volcanic a c tiv ity  in the long course o f time* i t  might beargued th at being clo se r to  th e ir  freshw ater evolutionary o rig in s ,  mason war® not unduly stressed when re stric tio n   ̂ occurred and thus p e rsiste d , while other salmons were nolonger as adaptable# Mascq also  seem to  be w ell adjusted to  the often disastrous monsoon rain s and severe tro p ica l storms which must almost flu sh  the Short and steep riv ers c le a r  o f fis h  from time to  time« M aintaining a resid ual r iv e r  population, p a rticu la rly  one with some capacity fo r  re p e titiv e  spawning, would provide a mechanism fo r  some ( spawning every year in  sp ite  o f the lo ss  o f a l l  the ju ven ilesfrom one year class« This o f course is  h igh ly  sp ecu lativ e , but the persistent e ffe c t  o f year c la s s  v ariatio n s i s  w ell- known in  P a c ific  salmons, and ce rta in ly  the Japanese stream h a b ita ts would be extremely uncertain fo r  salmons with more r ig id  l i f e  cycles« I t  can sim ila rly  be argued th at the chum salmon i s  the most productive species because i t s  dependence on the Japanese riv e rs both fo r  n u tritio n  and s h e lte r , Is  at a minimum«The close phylogenetic re la tio n sh ip , and sim i­la r ity  in  l i f e  h isto ry  pattern and h ab its between mason and the echo salmon are s tr ik in g . I t  i s  suggested that isaaou is  lik e ly  the dominant form in Japan because c f  high temperature tolerance and the f le x ib i l it y  in  i t s  l i f e



h isto ry pattern as discussed above. There are no data av ailab le  fo r  comparison o f le th a l and preferred temp­eratures between the species# but i t  i s  believed th at
even though the coho and Chinook salmons have the best*resistan ce to  warawater o f the North American species# they would not normally frequent the waters in which Etaaou are found in  the summer, The postulated in t o l­erance fo r  freshw ater in  coho is  based s t r ic t ly  on the fa c t that natural freshwater populations o f coho are unknown • la r ly  reports Indicate excellen t su rvival and gi-owth o f the cohoes recen tly planted in the Great lakes by the State o f i&ehigan# however and th is  suggests th at the lim ita tio n  may l ie  with the reproductive or early  l i f e  history’ requirements o f the fifth* rather than with any p hysiological need fo r  a period at sea . This i s  also  indicated by the fa ilu r e  o f coho tran splan ts in many parts o f the world# ns detailed  by Davidson and Hutchinson {1913}, How such a lim ita tio n  would operate Is  not c le a r . The Groat hakes program is  based on a r t i­f i c i a l  propagation exclusively# and could shed considerable lig h t  on th is  in tere stin g  question,Chinook salmon also  appear to  be at some d is­advantage la  tha f  rash waters o f Japan* although the Japanese are o p tim istic about a current introduction program in some western Hokkaido streams* based on stock imported from North America, Their l i f e  h isto ry  pattern i s  much more fle x ib le  than that o f the coho and they
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( fu rth er have the advantage o f very large size  at m aturity.This might make them good competitors for stream habitat with rnasoy.« ah North America however* the best Chinook( abundance i s  achieved in  the large r iv e r  systems* and \\ \whatever the reasons fo r  th is*  the Japanese riv ers are quite unlike th ese .( Whether the sp e cia lizatio n  o f these f is h  wouldbe lim itin g  to  th e ir  success in the Great Lakes can f in a lly  only be answered by te s t p lan tin g . On the b asis o f present knowledge however* i t  might be predicted th at any environ­mental d eficien cy would be more lik e ly  to  e x is t in the riv e rs then in  the la k e s . In the lakes temperatures would be almost ce rta in ly  favourable. In the laboratory the acclim ation o f maaou to  progressively lower temperatures was slower than fo r  kokanee* and some fis h  died in  the la te  f a l l  when surface water temperatures dropped from2°C to  l.$ ° C  during a period o f several weeks* In the w ild however* they would avacid such p recip itate  cooling by descending to  greater depths. Once acclim ated* the fis h  liv e d  quite happily at l.S ° C  fo r  the rest o f the w inter.Food would probably also present no problem* with the large stocks o f forage fis h  a v a ila b le . The smelt (Osme.rua mordax) in  p a rticu la r would seem to  be a lik e ly  food item .In the streams on the other hand* there are at le a st two possible problems. In the f ir s t  place* the riv ers feeding the Great Lakes tend to  be sm all and sparse* or polluted and obstructed. Whether or not s u ffic ie n t stream



area with adequate gradient could be found to  support largo populations o f mason or rhodurua i s  in question* Whether the salmon would retain  the habit o f descending to  the lake as fry  under our p a rticu la r stream conditions i s  a p a rticu la rly  c r it ic a l  consideration« I f  growth and productivity ju s tifie d  i t ,  a r t i f ic ia l  propagation could circumvent those d if f ic u lt ie s  and perhaps any other lim i­ta tio n s imposed by the streams* and again i t  i s  c le a r only a f ie ld  te a t w ill give the f in a l answers*Mason and rhodurua might be expected to  liv e  in  rather deep water in  w inter to  frequent the l i t t o r a l  in  spring and fa ll#  and to  descent to  the upper theraoclin s le v e l in the summer* In these respects they could compote with many piscivorous fis h  in  the lake* but the one species they most resemble however* and with which the competition might bo keenest* is  the rainbow trout* The rainbow trou t can be said to  be the only one amongst the many previously introduced species* which is  u n iversally  enjoyed* and i t  represents a very important resource.¿he trout also  to le ra te  high water temperatures as indicated by the fa c t th a t they have persisted in  Lake Ontario streams which w ill no longer support A tla n tic  salmon during the warn summer months (KcCrimmcn 1954)* Residence in the streams fo r  one or more years a fte r  the hatch seems an obligator}' feature* however* and th is  was not the case with the salmons* Japanese workers noted that one year or more o f stream residence was the rule in  th at country also*
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( and f e lt  th at the low lake productivity o f the trout» asin  the Lake Towada case» was a ttrib u tab le  to  the re la tiv e ly  lower carrying ca p a citie s o f the streams which produced them,( Both the salmons and the trout are capable o f fa s t growth innlakes» and a l l  are e xcellen t fo r  both game and commercial Pttrposes* EaS2ü and rhodurua are fall-spaw ning f is h , and ( the long incubation period fo r  the eggs can be a disadvantagewhere s i l t  and ice-scou rin g are problems* These are le s s  lik e ly  obstacles to  the success o f the spring-spawning rainbow trout* These are common ch a ra cte ristics  o f streams in  the lower Great Lakes watershed, so the choice between the salmons and rainbow trout could come to  th a t between n atu rally  reproducing stocks and a p o te n tia lly  higher production ( p o te n tia l with assisted  reproduction. Once again the onlyway to  determine the e ffe c t  o f these species on each o th er, and to  assess the re la tiv e  m erits o f each , i s  to introduce aagg.U or  xhedurua. I t  i s  by no means a minor consideration th at both the salmons and the trout are stream spawn era which can be e ith e r removed or reintroduced without great d iffic u lty *
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( b) to - £i§.casp.aaM alktoliaIn a nation o f fis h  enthusiasts the position o f th is  fis h  is  so important as to  almost make i t  the n ation al fis h  o f Japan. As a tab le  d elicacy  i t  ha§ no r iv a l in  that country# The sport o f Ayu fish in g  i s  lessen so ly  popular and highly te c h n ic a l. The fo lk -lo re  and art o f the Japanese is  ( larded with reference to  the fish in g  and the f is h . Thee co lo g ica l data av ailab le  are much more complete than were those fo r  the other f is h , discussed#also#Very l i t t l e  has been published concerning Ayu in  North America and th is  i s  tru ly  unfortunate because i t  i s  a unique and very in tere stin g  f is h . An attempt has been made to  introduce i t  to  C a lifo rn ia  re ce n tly , but nothing about v . the program has appeared in  fish ery  journals to  the date o fth is  writing# There are very few herbivorous fis h  and one which is  a premium food fis h  as w ell indeed must be a r a r ity , and i s  ce rta in ly  deserving o f carefu l study#Ayu are sm all and sm elt-lik e  in  general appearance# The specimens shown in  P late  15 are mature adult pond-reared ayu and p a rticu la rly  sm all on th is  account# In the wild they seldom exceed 25 cm# in  length# The colour i s  a lso  sm elt-

/ C , ^like# lrlke==smelfc, colour o f the back i s  o livaceou s, and the sid es and b e lly  are s ilv e r*  A yellow  bar or b lotch is  ty p ic a lly  seen behind the pectoral fins# Spawning colour is  a dusky red. The fis h  in  P late 15 show the ty p ic a l black colouration o f pond-matured f is h . Hales bear pearl organs on the scales and fin s  at spawning. Spawning males are also
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distinguished by a considerable lengthening o f the base o f the anal f i n .The ch ie f p e cu lia rity  o f the ayu is  the m odifi­cation o f the mouth p a rts . In riv ers the teeth  become modified as serrated p late s (cardiform) cm both Jaw s,Id e a lly  suited fo r  scraping. The tongue i s  a lso  curiously modified as a scoop-shaped organ.L it t le  can be said concerning r a c ia l or stock d ifferen ces in  the anadromous runs. Fry are transported from one end o f Japan to  the other each y e a r, fo r  p la n tin g , and any genetic d ifferen ces which may have existed  have no doubt long since disappeared. Perhaps because Lake Biwa is  a source rather than a recip ien t o f f r y , two stocks are id e n tifie d  th e re . These w ill be described in a la te r  se ctio n .
JPjLsSJZ&hii&jLfiQiThe ayu i s  s t r ic t ly  a f is h  o f the Chinaand Japan Sea areas. I t  is  found in  southern Hokkaido and throughout the other three main is la n d s . I t  is  found on the fiv e  larger islan ds o f the Rhyuku chain southwestwards to  Taiwan whore i t  occurs in the north h a lf . The d istrib u tio n  extends northward from th is  southerly lim it o f 24° N la t  along the mainland coasts o f the East China and Yellow Seas to  Korea, where the f is h  are found a l l  along the west co a st. Since ayu are lim ited to  c le a r  stream s, the d istrib u tio n  is  broken, p a rti*  cu la rly  in certain  areas o f the Chinese mainland co a st.The explanation given fo r  the pattern o f d istrib u tio n
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( i s  that water temp®raturas are lim iting« The Japan Sea

surface temperatures reach th e ir  minimum in March and the 
3°C isofchem d e f i e s  the northern extension o f the ayu 

{  range. The southern lim it coincides with areas where the

peak (Ju ly) stream temperatures exceed 27c C*

Ayu were known to  inhabit Lakes Biwa and Ikeda
H  % I

(  in ancient times* They have been introduced to  lakes a l l

ever the archipelago* Success has varied , but in general, 
the f is h  have persisted only in  the more southern lakes«

Table 3 contains data provided by f*  Tokul to  illu s tr a te  
the general preference o f ayu fo r  warmer waters* Japanese 
b io lo g is ts  consider the 5° winter minimum to be the lim it  
fo r  land-locked ayu« There was some disagreement on th is  
point however« Shiuadsu (pera ccotn) f e l t  that ayu could 
to lerate  winter temperatures down to  3°C in lakes« Ho 
gave a number o f examples o f good su rvival o f ayu in deep 
lakes which do not fre e2« over, which H e  beside shallow  
lakes which do frees*» and where introductions have fa i le d ,  
Chimadsu indicated that th is  was the fin d in g o f  the rather 
eminent Prof« Inaba, and several other b io lo g ists  interviewed 
ale c accepted the 3° l im it . *

u r n
The t o t a l  catch o f ayu in streams amounted to  0,100 

metric tons in 1964* This value i s  ty p ic a l fo r  recent years 
but there has been a serious longterm decline in production« 
This fis h  has possibly suffered most through dam construction



becau.su i t s  o rig in a l stream d istrib u tio n  wa3 the most southerly o f the aalmouolds, p lacin g i t  in the areas o f heaviest population and e a r lie s t in d u stria l development,¿he fis h e r ie s  fo r  ayu are h igh ly  v aried , fie arts used vary from sein es, g illn e ts  and weirs to  hook-and-line an glin g . The famous and ancient cormorant fish ery  i s  s t i l l  devoted to  the capture o f these fish *  An in terestin g  angling technique called  Toisozuyi or »friend fis h in g * ,«takes use o f the t e r r ito r ia l behaviour o f ayu. A sin g le  ayu i s  caught cr  hold over free  the previous day* a fish in g  and fish ed  on a b rid le  tilth  a number o f hooka tr a ilin g  along i t s  sides* The b a it is  d rifte d  downstream and when defending fis h  snap at the in tru d er, they are caught,
L ife  H istoryThe ayu has a one year l i f e  h is to ry . Spawning areas am  in lower or middle reaches o f streams where s u it­able gravel is  found. The areas preferred are r i f f l e s  above p o o ls. The better* ie  cleaned and a shallow depression made to  received the eggs* On© female can be attended by from 5 to  10 m ales. The spawning takes place at night in  the autumn when water temperatures drop to  13«14cC. Spawning can taka place at temperatures as high as 16°C in ponds, however, S h ira ish i (19 6 5) has shown the influence o f photo- perlcd during the spring gonad saturation suggesting th is  is  an important fa c to r  in  the e a r lie r  spawning o f land­locked ayu which presumably receive more lig h t  exposure



than those fis h  which return free* the sea* Tho eggs (20-30,000 par 20 cb female) are about 1 mo in diameter and equipped with a pedicel by which they become attached to  ©tones. Eggs hatch et night a fte r  210 Centigrade degree- days# The fry  are about 5 ma long at hatching and they descend to  the sea or lake scon a fte r  hatching* They are out o f the riv ers before reaching 25 mm# T y p ica lly , the follow ing spring the fis h  ascend the riv e rs having meta­morphosed with respect to  the mouth parts# They assume a te r r ito r ia l behaviour as noted e a r lie r , occupying about 1 ur per fish# A lte r spawning a l l  die# F in al s ize s donot exceed 30 cm fo r  anadromeus ayu and 10 cm fo r  lake fish# As indicated e a r lie r  i t  has been determined (Kawanabe, 1958) th at in  Lake Blwa ayu fo ra  two stocks#One remains in  the lake without lo sin g  the Juven ile den ti­tio n  throughout summer. These sm aller f is h  are ca lle d  ko-ayu. The la rg e r o-ayu transform and inhabit the trib u tary  streams#M ura (1965) has shown the d ra stic  e ffe c t  o f monsoon ra in s on the success o f ayu reproduction* He found that numbers o f fry  were lin e a rly  related to  spawner abundance# During the overwinter phase, however, m ortality and growth rates were inversely related to  fis h  density in Lake Blwa, and food a v a ila b ility  was thought to  be the moat s ig n ific a n t fa c to r  involved in  the relation sh ip
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^ The strengths of annual at roam rung were held

to be correlated with, winter temperature conditions in 
the ocean in the north part o f the range, but no d e ta il  

 ̂ was forthcoming on the nature o f th is  o f fs e t .

Food and Feeding

As pointed out e a r lie r  t h is  i s  the point of >

( greatest in terest in these fish * The m odification o f

the teoth permits the ayu to  scrape the scum from rocks 
in riv e rs . Before transformation o f the f r y , the food 
con sists mainly o f r o t ife r s , and in lakes the juveniles  
change to  Copepoda and Ciadocerans as they gain in  s iz e .

The ko-ayu do not lose the planet©n-fceding h a b it. Feed»

■ ing h ab it8 in the sea have not been studied*

Kaw&fiate (pars ccism) has found that o-ayu show 
more carfechydrase a c t iv it y , and ko-ayu more amylase 
a c t iv it y , suggested a physiological adaptation to  utili**  
nation o f diatoms, which are thoughtto be the main food 
constituent in the streams. In experiments currently  
underway Hose (pers ccm ) advised he was find ing that ayu 
were able to digest diatoms with good e ffic ie n c y , but not 
green algae (C h lc r e lla ) . He suggested the permeability 
o f the c e ll  wall is  the lik e ly  fa c to r  involved.

It  was repeatedly stressed by the Japanese workers 
that the ayu is  a strongly visu a l feeder in the streams and 
requires cle a r water. The feeding behaviour consisted o f  
a rather long lunge from w ell above the bottom to clash at 
a stone with the side o f the mouth, and gauging t h is  distance



i s  no doubt an e sse n tia l consideration*Movement's and Homing,
The movements* and behaviour o f the ayu during the oceanic period are not w ell known &lthou$i there is  acme 

indication they may inhabit the upper zones o f  the near­

shore waters# Kiura (19o6) has shown a diurnal rhythm in 
the movement© o f the lake-locked ayu, 2h winter the fis h  feed in the deeper o ffs h o r e waters during the daytime and 
migrate inshore where they do not feed* at night# I& 
spring the pattern is  reversed* with the Inshore migration 
taking place in  daytime| feeding s t i l l  takes place in the 
deep waters but a n ig h t. The fis h  apparently school during 
the la t t e r  period# Iliura further points out that ko-ayu 
liv e  p a la g ica lly  in the adddle-to upper-waters in summer, 
where they feed on zooplankton# Most b io lo g is ts  f e l t  that 
riv e r stocks wore fa ir ly  discrete* hut that ayu stray to  a considerable extent#Propagation

Ayasae co llected  as fr y  in  springtime and d istrib u ted  to -»aiioas stream areas which are lcn gar accessib le  to  the fish# Lake damans and Lake Biwa are the two p rin cip le  sources o f supply. Lake Biwa produces an average o f about 400 tons and has produced as high as 1*000 tons o f fry  fo r  d istrib u tio n * P lantings are made ca re fu lly  with tho te r r ito r ia l requirements c f  the f is h  in  mind* and the returns average about 50/j o f the fry  released» V irtu a lly
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(
a l l  o f the catch mentioned e a rlie r*  plus another 1*000 tons produced in pond culture* i s  obtained from these fr y  co llectio n s«( The increasing requirements o f the pond cu ltu riste *and concern about the future o f various ayu stocks has stimu­lated  a great deal o f in tere st In cu ltu rin g ayu from the egg«/ \ - Such culture: formerly im possible because o f the extremelysm all size  o f the hatchlings« Serious d if f ic u lty  has been associated with the attempt to  introduce ayu to  C a lifo rn ia  (referred to  e a rlie r)  because o f the problems in  rearing ayu from the egg (DeWitt pers comm)« Experiments underway at the U niversity o f Mis* however* have shown considerable promise« The r o t ife r  Braehvurua i s  cultured and fed to  the ( fr y  under low lig h t  in te n sity  on a more or le s s  continuousbasis« The feeding rate i s  ca re fu lly  adjusted to  the e lse  o f the fry* A fte r several weeks the invertebrate cu ltu rin g pends convert to  crustacean culture and feeding i s  continued with the la rg e r organisms« Good su rvival has been demon­stra te d , but considerable v a r ia b ility  remains«

u u

Ayu eggs can be shipped readily* The newly de­posited eggs are swept onto palm fib re  mats to  which they adhere* The mats are then simply kept moist and cool (not le s s  than 10°C) during transport« Large numbers o f eggs would lik e ly  be av ailab le  from Japan because o f the high fecundity o f the in d ivid u al fish «

i;,r , ,|.I



P o ten tial fo r  Introduction to  the Croat LakesThe fa cto rs which appear to  have favoured ayu In Japan, at le a s t before so many dams were constructed, are warm temperatures and abundance o f short c le a r  rivers* I t  I s  doubtful th at e ith e r o f these requirements could be met In O ntario. I t  is  possible th at ayu might p ersist in  the lower lakes in face o f the severe w inter co n d itio n s, but i t  would be at best a marginal s itu a tio n . With the combination o f large streams which are tu rb id , and rather lim ited  numbers o f sm all c le a r  stream s, the prospects fo r  gaining an important food and game fis h  would not appear sanguine. Added to  th is  are the disadvantages th at ayu are sm all, and would not lik e ly  subsist on the shoreline algae h ere, as we might w ish. In sum there seems l i t t l e  m erit in  attem pting to  bring th is  fis h  to  Ontario* The work in  C a lifo rn ia  w ill bear ca re fu l watch* in g , however, because i f  the fis h  are estab lished there and tested  in many varying s itu a tio n s , some o f the u n certain ties could be cleared up, and some o f the foregoing comments might bear reap p raisal.



Table 3R esults o f p lan tin g ®Ayun and other saloons concerning the minimum temperature o f surface w ater.
Rase o f lake Minimum temperature o f surface water ° C . Maximumdepth

m

Type o f lake Lakelccked ? (Q.«01igotrophic) form o f ttAyu" Kckaneesaln:on Masusalmon Biwa-oasusalmon
fIkeda-ko 10.5 233.0 0 . + «■ * 7 7Southern ( Unagi-ike 9 56.0 7 4 «* 7 7Japan \̂ Mi~ike 9 93.5 7 4 . an. 7 7

1f  Biwa-ko 7-6 96.0 0 . 4 am» 4 4Sai-ko 5.23 66.5 0 . 4 4Central JJapan ) Mctosu-ko 5 126.0 0 . 4 4 7 7■Ashiao-ko 5 .5 -3 .5 42.0 0 . - 4 4 4\s^Aoki—ko 4 .1 53.0 0 . mm- 4 7 7A ’oya-ko 3 .7 179.2 0 . 4 4 0mNorthern 2 .9 363.0' Shikotsu-k© 0 . «» 4  . - mmJapan Tcwada-ko ■  2.34 334.0 0 . ew» 4 4 mm^Chuzanji-ko 1.3 161.5 0 . - 4 4 4  .

Data kihdly provided by T . Tokui*
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RecommendationsIt  la  recommended th at a program bo undertaken to  bring about the Worth American introduction o f the two Far Eastern salmons, gflfigaand Q . rfrodurus.An arrangement should be established with the Government o f Japan whereby a supply o f the eggs o f anadromouo 0 , ran sou from Hokkaido or o f land-locked Q . rhcduma from Lake Biwa w ill be shipped to  Ontario an­n u ally  fo r  a period o f four or fiv e  years«- This should be done as soon as possible«The question o f the q u an tities o f eggs availab le  should be explored in  further depth« A bartering or pur­chase arrangement fo r  q u an tities in  the order o f one m il­lio n  eggs per year from anadromous maaou, should be d is­cussed« As second a lte rn a tiv e , i t  i s  recommended th at the arrangement be an exchan go , to  involve 100,000 r h o d u r u a  eggs, and lik e  numbers o f Ontario f is h  eggs«I f  the program can be in stitu te d  with a large number o f mascu eggs, i t  i s  recommended that the stocking at le a st i n i t i a l l y , be confined to  Lake Ontario and another, sm aller lake to  act as stock reservoir« I f  the sm aller number o f rhodurus i s  obtained the work at the outset should be confined to  estab lish in g  populations in one or more sm all lakes with su itab le  spawning fa c i l i t ie s *  A certain  number should also  be retained and matured in  hatchery ponds, to  provide brood stock«Small q u an tities o f both and jftcstoaashould be obtained as often as necessary to  provide fo rlaboratory stu d ies on the ecology o f both fis h e s .
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Plate 5Salmo gaird n eri.  Albino Adult« Nikko ponds«

Plate 6Lake Shikotsu Kokanee Hatchery. Raceways and entrance channel«
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Plate 7

Oncorhvnchus nerka var. adonis 
Immature adult kokanee 

lake Shikotsu

Plate 8
Oncorhvnchus nerka var. 
adonis. Mature male 
kokanee. Lake Shikotsu



Plate

Oncorhvnchus nerka var# adonis 
Mature male pond-reared 
kokanee. Nikko ponds

Plate 10
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fence. Note bamboo 
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Plate 12
Oncorhvnchus rhodurus. Lake 

Biwa one-year old.

Plate 11
Oncorhvnchus masou 

Mature male, Maena River 
spawning run. Colours are 

pink ventrally, olive dorsally, 
with alternate pink and olive 
vertical barring on the sides.



Plate 14

Pond-reared Chuzenji 
hybrid. Half-grown. Nikko

Plate 13
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^ 3 0 3 7  Salvelinus mal ma

*  * ^ fit m gp(« £ *#  • *JÈ#8I0
Ecological and Physiological Studies on the D o lly  Varden Char 
{ S a lv e l in u s  malma) in Lake Shikaribetsu, Hokkaido

Tatsuro K u b o(Faculty of Fisheries, Hokkaido University)
Some investigations and experimental observations were made on the char; or Miydbe-iivana, usualy 

regarded as a form of Dolly Varden char living in Lake Shikaribetsu and a stream entering it.The juveniles dwell in the stream at the stages of fry and parr, but the majority of these fish tend to leave the stream in the second winter of their life. In the lake, from spring to summer, two groups of fish, the pelagic or off-shore migrating group and the benthic or in shore colonized group are found.
There is noticeable difference in the behaviour pattern between the two groups. The off-shore 

migrating fish in which the smolts are included swim upwards of the thermocline forming dence shoals, 
and for the most part feed on zoo-plankton. On the other hand, in-shore colonized fish dwell at the 
shallow bank between the shore near the river mouth and the edge of the land shelf, and feed mainly 
on benthic insects and worms.

Further, there are striking differences in the external and internal characteristics of the two groups.
The body color of the off-shore migrating fish is quite silvery, while that of the in shore colonizedfish is duller and brownish, with the red spots on the sides of the body and the orange color of the belly conspicuous.The osmoconcentration and the chloride content of the blood of the former are higher than those of the latter; inversly the density of the blood of the former tends to be lower.In fish cultured m the pond under the usual conditions, the smolt transformation does not occur, but among the juveniles reared under blue light (semi-transparent blue plastic glass covers were used) many silvery smolts appear in the third spring of their life. These smolts can live without any adverse effect in full sea water (salinity 34 %) for a long time after the artificial transfer from fresh water, but in the parr type fish the degree of salinity tolerance is slightly lower than in the smolts.
The smolt transformation of this char most probably occurs after entering the lake as 2 year-old fish 

and not in the stream. The most numerous of the adults in the lake are in the 4 th year of their life, 
and they ascend the stream to spawn in the autumn of this year.

It is presumed that the char population living in this lake and stream entering it must be regarded 
as a stock of typical anadromous Salvelinus malma.S frf • t  202
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Fig. 3 Scales of parr in stream : A. October 1965, TL, 5.3 cm ; 100 x
B. June 1966, TL, 9.9 cm ; 100 x
C. August 1966, TL, 13.3 cm ; 100 x
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—^§^2|sg<OfcA I- X y J]T '9cm ^-t- K£ -t2>A>ft93?^©li
© E l '^<DX&Z>i>\ %<Oft%8)tSW,lift 9.9cm© «1©-7 p 3 3 ( * ] - Be>i;-f, l!|Hb't'-lL' J: 9 6 * 1 0 1 1

( * S f i l + )  T '*  -5 ’ >  t i f f  y,M j f  jflij ¡1! % 2>o &*>\ * S i i¥ © « # £ < | } C i  5rr-^>t2. 13cm©<>*»;*:£ t > WfrOr'i A *  $>f|i©|UA'»* 9, '“ f t L t i ' i —*
¥ » © * 1 ' * « ; # & - * - « o-eitfct,»*«£ n *»  h 5 At, - e ii i? © *  a 3 4 - w « + ju f * » a - A '.« i e i s 3 h - b ©%
o  £ £'[B|—© itftilsS’lrlrc L, Tils 2 + © i  © £ ii  H/jr* c  £ li» ; L v -8 M © H *K iJ lo t f f  h h t z 3  9 Aos;-fBt 9 *et 1 + © «© «*& ;*&  91«*-e .*/x t s

10.3cm ©i© © >7 p  3 ^ ^ 3 1 3 —Cl^/i;-f; Cjxi> 6 JJ© W *£  < *BtIS 1 + © i© "C *2>  £ £
A'*J2>o 9 J3 K:%Hi£gg2Krt©ftHM*£*MA*l-lfL < '>& £ ic 9, SHift© )§&#!
L l o t t  MM ffi *£>&K:{I '> ttih

M C O l 'T
6 F hcfflfcm x& im zh zm ^ zh%«3’/ia.%« i©,t %^ # 4 ’x iz  -m l -c uti <* t 4 ¿ ¡-t®  * f c^©liS51 HxtbZ>>^ifcK--t 9 £'>© &W :t* S f c  L-Cw*^ JiE?ii i it  SrfiM-j- 2> 'I'M I^ li^ /L  E
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A'»* -t/ i-i- m&&t i i ic 6 i  <n T ab le . 1 F requeney distribution of total length of
X'&Z ¿¿¡tfH-m±mtiX£>Z> -J- adults in the lake
$ l ' Î> <01i 12cm 1 i  iO i,

Year Total length in cm
9, ^:itl8cm ir|ÿi-t<0i,#)o. * 13 14 15 16 17 18 19 20 21 22 23 24
— Klil7cmlc4?><&7S'\ 1959 1 1 1 2 2 2 1

(15~16cm> HBf 1961 7 2 7 4 5 2 3
±Ast/i, h ¿ LXcOft&irlS. < -i;L 1962 3 5 6 8 7 8 9 13 6 4 1

1964 1 2 6 3 6 7 5
— Jj, f̂l|!0Â-^ü21cm <rH> 1965 2 2 1 2 3 4 1 1

■ *“  24cm 1966 1 2 4 2 5 4 1
* m l x i ' Z 0 m ^ ^ m w t i x » Total 3 1 5 10 19 Il 16 28 31 24 17 10
^©Îi|al;ô>18cin<DflîlC.£> î> T klcm ) 19 20 21 22

Ä . 1965ipâÉO-'IC 1966'T-cO WÎfarlfl 1•ÈWitâi*» Mimni x iS t -1 8

Ît lÉ fe i 0 tr£>£0 «  h eï 5 2 5 2
*t*4©fb!>'>£ < H' n l! i 1 3 4 3

¿¿ammx'&z 
A'. û i# k  ws?©ws;#tA> SScÄgÔ ÄItU8^*ao±#«**»*<*:*«
fatf'#)1), H+Ii
mwmmxâbz,¿H 1960^8 fl <D -V.v-rî »)nnS»‘ö 19, 1966ip8fl<D ü*^©«rwci o - C Î » Ç > * lfc ^  ©tfe a-t •*•!•$: 8fc< ionSoft: ® :ft;i^ fti9 .4 ~  26.6cm"C^> 9, ië Ä-CffiÄ'-CÜt)?) 

d*>ÄS©ii*A'* 5 
¿ ‘¡4>;h>.H?>o LÆ> % i#LÇ)iti ïX
mm&icçLmtéfc
i'tcVZè'ÆLXis
o, gmaxsufr
<0 >(> <Oi)' 2 mm (fl 
9\-kts.r,X '̂XZ.

Fî9- ♦  Scales of smolts in lake: A. .lune i‘Kü. Tl,. l'_\9cm : 100x
B. .lune 19(i2. TL. K.7cm : 100 x
C. August 1900. TL. 15.2cm ; 100 x
A. 1962*1 6B, le M12.9cm v'> 4, «/> ;; 100 x
B. 19620 611. 1c 1<14. 7cm̂ > <> </) ;; 100 x
C . 19660 8Jlv 1c U 15. 2em</> i  </) ;; 100 x
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=uc U h m V l-i/ iift  3 *) x &  0 , ‘ 1966

¿OQj n  ^ ^ v'X 0 %f& *>, 6 / 1 X 2 .34^0'lw fc/}'& & iCj$k£f fj(i\lt+ L # *L  ‘Lifti 2 ^ -O ^ -t/t- h 0,%}^ĉiick̂ -fo io > jtfipj£.ho ‘K.ltfM l*i--COx-£/u h o*> p p, 5 PS ~ Bo 8 /Jô t&o#p =* 04} fra. b W% $h h'
a

| p 3 -

$ 2.RMS
mm

F*g. 5 Scales of adults in lake : A. June 1966. T L , 21.2cm ; l(K)x
B. August 1966, T L  21.8cm ; ltK)x
A . 1966 T 6 U .  ¥ M 2 L  2cmO i> %  ; 100 x
B . 1966*1- 8)1,  ^M 2L_8cm O i> O  ; 100 x^.io.o.>« »¡tiiuoAnmazx tWc 2 * 11o*»t«S«&SM** WiK'fci«i « * *

v•*.. —  * £ * « Lrflr-iii-ii¡¿' .  ^ & , « # o < , 6 u 3 4>
« ¿ i i f x i . i l ,  f i£ o -c * is ;r | :ii-o ii4 { r .,l ii* s  j  ¿ i - i f x S ,  ® 5 M i c * p : 1 * , l;-L fc < n j. 8 « « « « l i t * »

* ’ * ' * * § ? # ? #  3 {|M|C;£*.fc 9 W $ m k * W X % '$ * .ibfica-t?, 4 if-H 
(CitiicM *'> < £ *>*«•> » ^ rtro iiiiw , _  t i i i i i l S * * » f t - * S .3l;Ŝ ±$8<D/i&{C"2l*r i« u 8 u rtijtcmmc i-.♦>*&*>*, -

0 iifxiii,« i WWM* « 0«=*«1Wiofcy>KitHJ(,.*< *5.,
10H* . * { + $  1960. 1961 ¿«Djfi

i!|ii>i96riiiOii5^io»!oiKi«ir««,i;-r,®i) -to c*** .*^  ¿ 4«$p % S *$ h im ^ ftv k & k x/7
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F ig . 6 Scales of adults of oceanic type :
A. from the Bering Sea, July 28. 1966. T L , 48.0 cm ; 75 x
B. from the Shari River, June 26. 1959, T L , 58.5cm; 75 xMi f- *s i *7 p p :
A . 1966T 7 112811, $ & 4 & 0 c a & 4 « % ; 75x
B . f i  HUfi, 1959-1 6 112611, 1U458.5cm<oi<o ; 75x

Fig. 7 Average growth curve : the bars represent the ranges in the total 
lengths, the broken line indicates the growth of pond cultured fish1 ■ (if ( 1. h f7> ffc ; t. 'Qc ft v*> %i fitj, f3»i {.t. Hfe * i1 JMi rî £.{t. fc (ft.in $ jfâ ^  >j-* -}~
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T ab le . 2 Frequency distribution of total length of 

mature adults ascending the stream for 
spawning in October

Year Sex Total length in cm
Total

20 21 22 23 24 25 26 27

1960 2 6 11 3 9 2

1961 0 1 4 16 16 9
\ c 1 2 3 8 3 1

Total 3 10 28 21 21 10 3 1 97

¿>'*,̂ .¿6 b i t  b~» «* /̂>W8l.-Ci8i££S&’ 0 ooèi t<o, îÉO'tc-îrCî îsniUc -t-hL-t̂ fcit©©? o 3<Ô Ä̂ rltg?iDfcßiHb, issijfis
**m*X&9. dîB»Ml-të(|fijS£Î>2>„

Ê t± Æ -<  *  o  fcfc. -% o M t c W  ?, t ö Ä O g lf*  f r -  H -CM  5 f c * t c  J: 2> tö Ä  *  -  X  £  ft  - ,  x m  4 ©
¿*‘* 7 m -c * 5 o

4fc, ç©0tCiii)!irf.t'^Wÿi-ii;.m<OÆÂ*- ^Sröf-är'CffittV^ ffigfcifcß-fnit-HBhftScite+gmtct 
££ut3Ç£*©4©t 0 4töÄ*i&#f-C&,>. ftfcäigcomtKsciii--c2:ti/)>Sft'li-Ci>2>t>
^©t 5 Äctöß<OISîRi t-c4ë©S 2 ̂UK.gESP.LT̂ -t̂  h > !t2> 4 ©*'»;>>& 2> ; ¿st

ô o l O C è ' ) ,  X, •£&<£» 4 *?< tczmiiW'&o. %BscstÄ>)i:0^<©4©*;töm-f-So $]* 41 o o ffHul2©ii')iK̂ crtŝ â:..i.-f"5.#.st̂ :t'?:_-Siiĉ :giJÿn, v . ? > < & ■

F19- 8 Distributions of the fish in the lake observed using fish-finders &fM£ *»!*©£&
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Table. 3 Some characteristics of fish of each group in June

Item Year Off-shore migrating 
group

In-shore colonized 
group

1960 0.66 0.63
1961 0.66 0.63

Freezing point (a-°C ) 1964 0.65 0.63
1965 0.65 0.65
1966 0.62 0.61

1964 1.0368 1.0392

Density (sp. gr.) 1965 1.0372 1.0410
1966 1.0339 1.0415

1961 85.6
84.5 83.9

Water content (%) 1964 85.7 85.7
1966 90.0 88.5

1964 370 367

Cl content (mg/dl) 1965 388 367
1966 388 357

Total N content (mg/dl) 1966 1600 1800

Serum N content (mg/dl) 1966 525 430

Non-protein N content (mg/dl) 1966 65 65

F ig .  11 Difference of electrophoretic pattern of serum protein between the two groups: 
upper, off-shore migrating group 
lower, in-shore colonized group
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So^h î .*:RSIk.& fi5.-S-tS *>©¿.16*16 #5-̂ l:K.-oV'-CfUx if, i f̂tx-it̂ fli© Fig. 12 Changes in biood concentration after transfer 
from fresh water to sea water« * ¡81C © 1% © rti ® * * ftJ£r©i£©1£®A'« JI6 * t6 „  h L-CV'ici'A*., L A »LV '-f*u cL X  4* © l « © i l © i l f e * t * i A » f c o - e H S t c - f  6 @© f> ©X*ic < , trL6 JSfafc.it Lfd&fcitl®©% © © * LV 'ffi# # ,^ -S 2 i'jfe 'C ii7 !K jS P IT ® © # '& illC < ltH © g ii© ^ :f>f£iS, LtUtititfEpfiiii'Pffl© ^DS©i;0X-&60r©&i5-#m®!lB©fe&, ®m<op?ffi**-r*>©X'&6 5 .# $ £ tt^ * i-fc X 'X tt# tc 1 s it lft fr & ‘i iA ;i6 H ft » - '© X 'i^ t t * * / i '  h ©#^-©^.KUL*fCol©j: *> bm'&wi« ¿ 6 % ©̂ tt»f,  as*^©S i L » ;t f c l f  L X « » X ; S j l K & S & ^ i t © : R & i £ » - * 6 C 9,  fto X L © -*  ^XliHUHW) C C ( i ^ t j : i S ^ 4 > © 4 g ^ * © ^ f !t:i:-t6 .-tt:'t)6  ¿ « 5 S ' 5» L A « L ^ tu c %ft L X '- L © ^ ., # IW ® V 'tt® W © ^ ffA «Jai-"< ti© t't£ i'N ficti, &ftM:-;f:©fl-«©±X'% , 4 fc& ft® © fLS'W jfltm c

4-ISliifi: ofci&4im W © # # © W '.'«Sic J; o-c-^-x. b fttcfeffltH g © P !8 H i. & ©S®f-iS '- '^ ^ .'fe tc ^ x .-C itV 'C A s  C© L ¿©^A'«®?#©-**.*' f  i  LX©3:JI©fc£>(c..&igfr,^ ftX 'ftV 'C  k ltin m x'i , 9 , C h  6 ftS © ^ m c-o (,« x  * > <  1& lt *  6 6 ^  X -*
6 5 .

¿ © 'f7 X © g 5 P M tic .o \ ,« X i i ,  - f  X'KC*S§ • feU  (1943) A'«A'fr9I¥*0rc.*8£LXi.'6A'«, L © - a © P f
X̂M<o£.M.$t.m., 3S£l:©«ll!J£®©#A«A«J; 5 ¿ - f  6 S A ^ 6 X X « 6 .;£ga • feI§©lfl£iX«;-?;±©i&f 9MO:iCjiSP©l?-3Slt9^±'ftJ X  9 11)3 " R p c S  6 A«*c 9 ♦H£Li>©X'& 6. lOBTipJ: 9 UJ1 Ĵ tcA»frXX v^’2flltc:tei«XilP©j*i®l©—
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F ig . 14 Photograph of fry shoal ling in shallow water in the Yambetsu River : 
the white arrow shows the direction of current, elipses have been 
inserted to help locate the4sikr. # 
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X fc* V Ĵ cD Taranetz 0937 > Sal veil n us malma 1C £  < Offe 7/lYj 4&$| £ : ^  t  ~Cl »-6 a 5L̂ t<D
'$k'J a&feSft 0949), Shmidt (1950 * MtOc ^ndny^shev <1954 Oft Cl CQ -Y *7 i~(0^<— x) v  7'$j.jfcnlj t  9 , 7H |̂ ?nfTjcĴ ylRjsci&i t&c&SStfii
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EXPLANATION OF PLATEFish in various phases and stages
A. Parr in OctoberB. Smolt in June
C. Off-shore migrating fish, in June
D. In shore colonized fish in June
E. Pond cultured smolt in May
F. Pond cultured parr in May
G. Mature male in October
H. Mature female in October

m sg n m

A. (lOfl)B. (6/1)
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GENERAL AND COMPARATIVE ENDOCRINOLOGY 9, 1-9 (1967)

Studies on Japanese Chars of the Genus SalvelinusIV. The Caudal Neurosecretory System of the Nikko-iwana, 
Salvelinus leucomaenis pluvius (Hilgendorf)Y O S H IH A R U  H O N M A  a n d  E IM IT S U  T A M U R A

Department of B iology, Facu lty of $cien6e, Niigata XJnive/sity, Niigata, Japan

Re E yed  October 26, 1966

Dutipg a one-B|^S#iod, seasonal changes in histology of thifycaudal neuro- 
se^letcry system in a. Japanese char, the‘Nikko-iwana, B alv^r^^^^ fn aen is pluvius, 
from mountain' tributaries» Wre examined to possibly elucidaljji its function. The 
>y^Culai|^S)ply to this was ̂  algo traced after injection of Chinese fink. The
urophysB (aftiroph;f f sLsninalis caudalis — neurohema-liprgan) of the* Nikko-iwana is 
elongated and|jp),f)rly differentiated. The neurosecretory material Sjstained principally 
by^acidic fd^§§i^but nJBBh- GomoriV chromalum ifernatoxvlin or paraldehyde fuchsin. 
Ther^ a%e' no clearcut Basonal changes in the apparent ^Itiyity of the S f  reto^Mcells 
or in the amount ojfiMHferv material sfom i in the neurohemal £mg?inr adult fish. 
In larval fishBmmediaMy\af|M hatching th^&udal neurosecretory Is^Sem is not 
developed (thsHHneither a differentiated neurosecretory Hll or a vai^hlar plexus in 
the presumpti^^mrea :!fi#|he urophysis). On • t^wiontraryfuchsinophilic material is 
already Risible in the hypothalamo-hym i^ B M  neurosecretbr^%fApm ofpgPJriine' 
specimens. An e|g:ly indication of formation of the caudal neurosMretorvi^ B r^n is 
fbund in parr-^t|tge fish, whi j |  begin active swimming about 6 months afteri^m ina- 
tion. A possible idle of th^RrophyRl system, which is Rculiar[fe|itMl^ctin6pterygian 
fishS with- a homo<8?®^’.tail, is discussed from phylogen4||P ontB$nefK and eco- loginiasî ^̂ HA  remarkable vascularized swelling of the terminal S p in a l cord and large secretory cells (theJso-called Dahlgren cells) in tele- ostean. ;and cartilaginous fishes were de­scribed as forming a caudal neurosecretory system by Enami (1955), although both of thesà; features^ had been dif covered and described much earlier.,. M any workers; re­cently have studied the caudal neurosecre­tory system of fishes, and much information has accu m u lated î|Enami et a l , 1956 ; Enami, 1959; Sano, 1961; Fridberg, 1962a, b; Hamana, 1962; Bern and Takasugi, 1962; JVIaetz et a l , 1964; Yagi and Bern, t>5; Fridberg et a l ,  1966).The secretory morphology and cytology of th^neural cells, the. coursé of the axons from the neural célls^and the structure of the terminal neurohemal organ.p(neurophy-

© 1967 by A c|demic-Tress;:Inc^B

sis spinalis caudalis) have,; been well char­acterized in many species of fishes, but no agreement exists concerning the Junction of thiiÇelaborate System. A  possible function of this system in salt loading in the Jap a­nese mud-loach, Misgitrrms  ̂ anguillicau- 
datushwas first proposed by Enami (1956). An apparent illation to sodium regulation in thé Japane® 1 cyprinodont, Oryzias 
laftivmÊ adapted to solution!^ of different Salinity, ' also was investigated by means of surgical operations (Enami et a£ML956; Enami, 1957). Further, Enami (1958) ob­served that experimentally Tailless goldfish, 

'%xmf^&^auratt^}QBé buoyancy, while the intraperitoneal injection of a crud|^extract made from caudal spinal, cord of the eel results in a for|ed floating of the tailless fish. Exploiting the fact that the caudal



2 H O N M A  A N D  TA M TJR Aneurosecretory neurons can conduct action potentials (M o rita^ i al., 1961; Ishibashi, 1962), Yagi and Bern (1963, 1965) have' analyzed the electrophysiologic responses of this system to various osmotic and ionic changes. The experiments of Yagi and Bern indicated clearly that the caudal neuro­secretory system in the mouth-breeding cichlid, Tilapia mossambica, was, responsive to the concentration ofBodium, regardless of the accompanying anion,* and not to osmotic pressure B B elf. However;^ Imai (1964) and Im ai et al. (1965) have recently collated and summarized various experi­mental resulfl opposed to this evidence. Accordingly, theiie ip a s  yet no clear con­clusion concerning the functional rolq|gof the caudal neuro||fcretory system of the fish.T he osm oregulatory hypothesis ha$| proved a useful if  inconclusive vector for research on urophysial physiology. P a rtly  for this reason, a second hypothesis to orient such research was proposed recently B H o n m a j 1964). O n the b a ®  of correlation of degree of development of the urophysis w ith swimming behavior in different species of fish, and on R e la te d  considerations^ of phylogeny and ontogeny, it  was proposed th a t the caudal neurofqcretory system  is in s o m J|w a y  related to locomotor "activity H H o n i d |  1966)".One of the ways to put.this interpretation to test appeared to be an inv^|igation cor­relating annual ¿ycles of activity with sea­sonal changes in theftecretory activity and development of the caudal neurgslgretory system of the Japanese qhar (the Nikko- iwana), Salve]£0®:’idmcomaen^ pluyius. Simultaneously, th e ^ g a il oi v»u lar^ su p ­ply of this system was traced.
MATERIALS AND METHODS

The same pfecimeiiŝ  ;usjd in a previSs investi­
gation of the vascular ®pply to the hypothalamic 

i Region (Honma and TamuS, 1967}Jw%e used in 
this obtained through||p 1964,

midwinter,,bj|f angling in .¿h  ̂ mountain 
tribuim flj of thv / SeJIJ-gawa Riv|| near^H foot 
of Mt. M yokoB part of tffi; Jo-Shinetsu Plateau 
National Park. About 150 specimens of the Nikko- 
iwana were examined; they? wer|-,i 2-20 cm in

length, of both sexes, , and in Jyarious ̂ tafges oi ^̂ elopment.
AftH immersion in Bounds fixative,' with or 

Without 10 3  hydrochloric -acid, the caudal ;pe- 
dunClHof the fish were dehydrated, embedded in 
paraffin, cutiierially ht 5-12 fi thickness in sagittal 
or transverse dirémions, and stained with Dela- 
field’s hematoxylin-eosiii;' Heidenhain’s hematox­
ylin-light green, chromalum Hematoxylin (CH)- 
acid fuchsin, paraldehydáfi fuchsin (AF)-azan 
trichrome, azan, or Massoi® trichrome methods. 
In Secimens in which injection of Chinese ink 
into the  ̂main caudal Vein the livWfish was 
tSáfe^sful, a block of tissfie including the?jl|íudal 
í-^guncle was removed and preserved in 10% 
commercial formol. As in tfie^pievious paf)ér, for 
dehydration and transparen« of the material, 
Spalteholz’s procedure.. (1922) with benzene and 
wintergreen oil (methyl^sálXeylate) was adopted. 
The finé vascularÉ^|:ém of -tip‘caudal region was 
fthén traceable? under the binocular stereoscopic 
microscope! and reconstruction of the system was 

Ipfssible. For routine histologic observation, some 
of the injected specimens were fixed with Bonin’s 
solution and stained chiefly with azan trichrome.

In addition to theBwilcf-caught^slecimhns, we 
feed  larval fish of th®ame^^Res reared in tubs 
of a hatchery,1 fixed befoB and after hatching. It 
was very difficult to catch theory in th r̂anountain 
tributarieSof this locahtll bpcSH of the hB vy 
snow.

RESULTS

General Morphology. The caudafiieüro- Becretory. cells of th B  adult Nikko-iwana are polygonal in shañ| and distributed from the popferior portion of neurophysis spinalis caudalis (urophysis) just anterior to the second-to-l^Bvertebra to the region just anterior to the fifth -S-last vertebra. The urophjjlisB l l  an e lo n S h ™  somewhat bow­shaped swelling of the ventral spinal cord and extendsjbetwSn the second- and the thircBto-last p^embrae. This ||3:; thei;efoi not as d ili^ fe  an organ as it is in other teledi® ConBqueBly, theSpons from the MRretory f t í ls  run along the Rentral sirV the spinal cord, somewhat obliquely in rection, iSnd twentualíy reach the.jbe^ neurohemal or^an. These relationship ! illustrated diagrammfflcally in Fig. 1.
1 Koide Branch, Inland Water FiMarteafexperi- 

ment Staffon of N iig »  Preffiure, Kitauwonuma- 
gun, NiigátaHTrefflttre, Japan.
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