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Starch-gel Electrophoresis of Hemoglobins of Freshwater 
Salmonid Fishes in Southwest Japan—I.
Genus Salvelinus (Char)*

Katsuhiko Yoshiyasu** and Yosiyasu Humoto***
(Received May 1,1972)

The hemoglobins (Hb’s) of Salvelinus fishes (chars), including “iwana”, “kirikuchi”, 
“gogi”, etc., which inhabit mainly the southwestern part Of Japan, were analyzed by means of 
a vertical starch-gel electrophoresis. Results obtained were as follows:

xv Their Hb patterns were almóst indistinguishable from one another, and were similar 
to that of “amemasu” as reported by other authors.

2. The previous proposal that Salvelinus fishes in Japan excepting “oshorokoma” can be 
classified as one species on the basis of the geographical continuous variation (cline) in the 
number of pyloric caecums or gill-rakers was strongly supported by the present data.

Since Oshima1} classified all the Salvelinus fishes (chars) indigenous to Japan into five 
species, several proposals have been presented on the classification of the fishes.2“4) In 
spite of the effort of those taxonomists, however, the classification of Japanese Salvelinus 
fishes is still confusing. In this connection, one of the present authors (K.Y.)5) has sug
gested recently that all of those fishes except “oshorokoma”, Dolly Varden, Salvelinus 
malma, which is distributing in Hokkaido, may be classified into one and the same species, 
Salvelinus leucomaenis, on the basis of a continuous geographical variation (cline) in the 
number of pyloric caecums or gill-rakers, supporting Imanishi’s theory .3) In order to clas
sify them more reasonably, it seemed necessary to compare those fishes in terms of some 
characters other than morphological or ecological ones.

The usefulness of starch-gel electrophoretic pattern of hemoglobin (Hb) in the classi
fication of fish has been indicated by several authors.6̂ 9* Among them, Yamanaka et 
al.9) analyzed some salmonid fishes mainly caught in Hokkaido and the northeastern part 
of “Honshu”, the mainland of Japan, and noticed that the Hb patterns of “amemasu” 
and Dolly Varden were easily distinguishable from each other.

The above situation aroused the authors to examine electrophoretically the Hb’s of 
Salvelinus fishes inhabiting mainly in the southwestern part of “Honshu”, and the present 
investigation was undertaken.

* An outline of this article was presented to the Ann. Meetg. of Japan. Soc. Sci. Fish., Mie, Oct. 14, 
1970.

** Dept, of Otolaryngology, Faculty of Medicine, Osaka University, Osaka, Japan j z

*** Laboratory of Fishery, Faculty of Education, Kobe University, Kobe, Japan (M §S§¡S
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Materials and Methods

Materials: Specification of the Salvelinus fishes analyzed here are given in Table 1. 
Fig. 1 shows the distribution map of Salvelinus fishes in the southwestern part of Japan,

Table 1. Specificationsof the Salvelinus fishes analyzed.

Local or 
dialectal 

name

Place
of

catch
No. of specimens*

Sodezawa,
“Iwana” River Tadami, 

Fukushima Pref.
5 (At-1, At-2, At-3, At-4, and At-5)

“Imoyu” Kashio Valley,
or River Hino, 6 (Kh-1, Kh-2, Kh-3, Kh-4, Kh-5, and Kh-6)
“Imouo” Fukui Pref. 

Kotsubo Valley,
“Kirikuchi’’ River Kohse,

Nara Pref. 
Kamisuisho Valley,

3 (Tk-1, Tk-2, and Tk-3)

“Imona” River Kanzaki, 
Shiga Pref.

5 (Ek-1, Ek-2, Ek-3, Ekm-4, and Ekm-5)

“Gogi” Kijiyama Valley,
or River Kannose, 5 (Gk-1, Gk-2, Gk-3, Gk-4, and Gk-5)
“Kogi” Hiroshima Pref.
“Iwana” River Nishidani, 

Gifu Pref.
2 (In-1, and In-2)

“Tanburi” River Yoshino, 
Okayama Pref.

3 (Yy-1, Yy-2, and Yy-3) i

* Numbers in parentheses give a serial numbers of specimens at each place of catch.

Fig. 1. Natural distribution of Genus Salvelinus fishes in the southwestern part of Japan (shaded 
areas). Numbers (D-® show the places of catch of Salvelinus fishes analyzed in the 
present research.
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which was drawn up on the basis of the observations by the present authors as well as 
other investigators,2 ’10) together with the rivers where the specimens were caught this time. 
Since thq Salvelnius fishes in these areas are called differently place by place, their local or 
dialectal names at the places of catch are cited in the table. All the Salvelinus specimens 
were of freshwater form and caught Nov., 1969 through Oct., 1970. Among those fishes, 
“gogi” or “kogi” has been classified as an independent species by some taxonomists.2)

Preparation of Hb solutions: The live fish or the one within several hr after death 
was opened with a surgical knife at the abdominal side to expose the heart, from which 
the blood was taken individually with a disposable hypodermic syringe using sodium 
citrate as anticoagulant. The blood samples collected were preserved in an icebox at 
about 5°C. The blood corpuscles were separated by centrifugation (2000 rpm, 5 min), 
washed twice with physiological saline, and to that was added about five-fold volumes of 
the “Aculute” diluent pellet*** solution which was prepared by dissolving one tablet in 
40 ml distilled water. The mixture was shaken to derive the ferrous Hb into cyanmet form 
and centrifuged. The supernatant cyanmet Hb (HiCN) solutions were used for the 
following electrophoretic analysis. The HiCN solutions were able to be preserved for a 
period up to two weeks in a refrigerator without any change in the electrophoretic pattern.

Starch-gel electrophoresis: This was performed essentially according to Smithies’ 

method.11»120 The equipments used were a vertical VW type starch-gel electrophoresis 
apparatus (Toyo Kagaku Sangyo) and D.C. generating deivce model III (Toyo Kagaku 
Sangyo). Starch-gel was prepared by heating the mixture containing one tablet of “Acu
lute”, boric acid 0.9 g, caustic soda 0.105 g, “ Starch-Hydrolysed” (Connaught)**** 
65 g, and distilled water 500 ml in a one-liter round-bottom flask.

For the electrode solution, the borate buffer pH 8.5 was used which contained boric 
acid 9.25 g, sodium borate 0.3 g and caustic soda 1.7 g in 500 ml. Small pieces of Toyo 
filter papr No. 50 (5>< 6 mm, or 10 x6  mm) were dipped in the HiCN solutions and inserted 
into the gel at 10 cm from the cathode, and electrophoresis was started under a constant 
voltage of 250 v and at 7°C. The duration was 17 hr. In this manner up to six Hb sam
ples were analyzed simultaneously.

After the run, the gel was cut vertically into two halves, one being used for Hb 
detection by benzidine reaction and another for protein staining with amido black 10 B 
as usual. Benzidine-stained gels were washed several times with water, and dipped into 
the glycerin containing 1 g of thymol per 100 ml. The gels thus treated were made more 
transparent and able to be kept for much longer time, compared to the non-treated ones.

The benzidine- or amido black-stained gels were then placed on a sheet of white
*** A product of Ortho Diagnostics, New Jersey, U.S.A. One tablet (350 mg) contains sodium 

bicarbonate 250 mg, potassium ferricyanide 50 mg, potassium cyanide 10.2 mg, and starch 
39.8 mg.

**** Purchased from Connaught Medical Research Laboratories, University of Toronto, Canada.
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papr and photographed by use of Fuji Neopann SS 35 mm film under the natural light or 
a tungsten lamp. In the latter case, a red filter was helpful. If there were both major and 
faint components in a pattern, the film was developed with a soft-tone solution (for example, 
D-23 of Fuji Film Co., Ltd.) and printed on a soft-tone photographic paper.

Results and Discussion

In Fig. 2A is shown the pattern of “kirikuchi” Hb when electrophoresis was carried 
out without adding “Aculute” diluent pellet to the gel. On the other hand, the same Hb 
sample together with Hb’s from several other sources exhibited much more clearcut pat
terns when electrophoresed in the presence of “Aculture”, as seen in Fig. 2B. Necessity 
of the addition of cyanide to the gel has already been indicated by Y amanaka et alP 
In this connection, the pattern of human Hb agreed well with that reported by other 
authors.125

(A).

m

i

ïïfcAj:

“Kirikuchi”

“Kirikuchi”

Plecoglossus altivelis, 
“ayu” ^

Opsariichthys unciros tris, 
“ketabasu”

Moroco steinclachneri, 
“aburahaya”

Homo sapiens, human

(—)  ̂  ̂ : Origin (+ )
Fig. 2. A : Electrophoretic pattern of “kirikuchi” Hb when no “Aculture” diluent pellet was added 

to the gel.
B : Electrophoretic patterns of HiCN of several fishes including “kirikuchi” and human 

for reference, when “Aculute” diluent pellet was added to the gel.

The Hb patterns of the Salvelinus fishes are presented for each of the places of catch 
in Figs. 3-8. In Fig. 9 are given some examples of densitométrie tracings of Hb patterns. 
Fig. 10 shows two types of Hb patterns of Salvelinus fishes as schematized on the basis of 
the present data.

As seen in those figures, the fishes analyzed here all showed almost indistinguishable 
Hb patterns, both in the number of components detected and in the relative proportions 
of those components. Irrespective of species. Salvelinus Hb is roughly composed of 
two groups, one group migrating to cathode which is composed of six components, and
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Fig. 3. Hb patterns of “iwana” caught at Sodezawa of River Tadami, Fukushima Pref.
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Fig. 5. Hb pattarns of “kirikuchi” caught at Kotsubo Valley of River Kouse, Nara Pref.
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Fig. 7. Hb Patterns of “gogi” or “kogi” caught at Kijiyama Valley of River Kannose, Hiroshima 

Pref.

another to the anode which is composed of four components. With some Hb samples, 
there appeared an additional trace component migrating faster than any of the four com
ponents (refer to Fig. 10). The occurrence of the fishes of such a Hb pattern seems not 
related to their places of catch. Generally, the anodal components are closer to each 
other in migration velocity than are the cathodal components.

Y amanaka et al.9) reported the electrophoretic patterns of Hb’s of several Salvelinus 
fishes. The Hb patterns in the present study resemble that of “amemasu”, Salvelinus 
leucomaenis, among various Hb patterns given by them.

Y oshiyasu, one of the present authors, examined many Salvelinus fishes distributing
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Yy-2

Yy-3

 ̂ ) (+)
Fig. 8. Hb patterns of “iwana” caught in River Nishidani, Gifu Pref. and of “tanburi” caught in 

River Yoshino, Okayama Pref.
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Sample No. 
In-1

m

In-2

Fig. 9. Examples of densitométrie record of starch-gel electropherograms.

in various places in the southwestern “Honshu” for the numbers of pyloric caecums 
and gill-rakers, and found the presence of a continuous geographical variation (cline), in 
each of both characters. He pointed out that the results seemed to support the theory 
of Imanishi3* who regards, on the basis of some morphological and ecological observations, 
“Hokkaido-oshorokoma” and “Karafuto-iwana” as malma and all of the rest as 
Salv. leucomaenis in the classification of Sa fihses in Japan. It might not be 
reasonable to conclude only from the close resemblance of their Hb patterns as described 
above that the latter Salvelinus fishes should be classified as one and the same species. 
However, the present results also seem to support Imanishi’s theory.
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Fig. 10. Two Types of Salvelinus Hb patterns as schematized on the basis of the present data.

In passing, as Y oshiyasu5) indicated previously from the observation of eccentric coef
ficients of scales that “gogi” and “kirikuchi” appear to be evolving in direct oppositions. 
The extents of evolution of both fishes, however, seem still too small to treat them as 
different species.

Among “imona” specimens, Ekm-4 and Ekm-5 individuals may deserve a special 
comment. Those two had neither spot nor parr-mark unlike the other specimens caught 
there. The sporadic coccurrence of such individuals has already been pointed out by 
Takeda.13,14) They are said to inhabit over 2 km along Kamisuisho Valley and its vicinity 
of River Kanzaki, with an approximate living ratio of the ordinary “imona” or “iwana” 
to the special type of “imona”, 10: 1. In the authors’ sampling, two out of twenty were 
the latter type of “imona” . Since any name has not been given it the present authors would 
name it “muhan-iwana” (“iwana” having neither spot nor parr-mark). As is shown 
in Photo 1, the paar-marks, white spots from back to side, or yellow, orange and cinnabar 
spots lying from side to abdomen, both of which ordinary “iwana” have, are not observed 
with “muhan-iwana” at any growth stage. Only small, vague, dark-brown, branch-like 
or zigzag stripes are present. The relation between this fish and ordinary “iwana”, seems 
to be similar to that between “iwame” and “ amago” in the genus Oncorhynchus.15)

As seen in Fig. 6, the Hb pattern of “muhan-iwana” was indistinguishable from that 
of “imona” or ordinary “iwana” . It is interesting that “muhan-iwana” lives in the 
environs of the main “iwana” distributing area covering the northeastern to southwestern 
part of Japan as shown in Fig. 1. Considering also the coincidence in Hb pattern, “ muhan- 
iwana” might be supposed to be a variant of ordinary “iwana” . As will be published in 
detail elsewhere, the authors performed some microscopic observations on the scales of 
these two fishes. Both of them were found to have a core in the centre and indistinguisha
ble from each other again. Further study seems to be needed to elucidate whether 
“muhan-iwana” should be classified as a subspecies of Salvelinus leucomaenis.
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Photo 1. a: “Muhan-iwana” (char haymg neither spot nor parr-mark) specimens as 
compared to the ordinaryW^iwanaB char (middle).

b: “Muhan-iwana”. Zigzag stripes can be seen on the dorsal side.
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Salmonid Fishes in Southwest Japan—II.

Genas Oncorhynchus (Salmon)*

Katsuhiko Y oshiyasu**
(Received September 18, 1972)

The hemoglobins (Hb’s) of the river and lacustrine forms of salmonid fishes -such as 
“biwamasu”, “amago”, “yamame”, etc., distributed in the southwestern part of Japan 
were analyzed electrophoretically by Smithies’ starch-gel method.

The fishes living in areas supposedly isolated for a long time showed a close uniformity 
in Hb pattern with few individual differences, while those living in areas where hybridiza
tion was suspected by reason of geography or the stocking of closely related fishes showed 
remarkable individual differences. There were some individuals with Hb components 
regarded as abnormal.

The results obtained here seem not to conflict with the taxonomy previously proposed 
by the author on the basis of morphological and ecological observations.

In the previous paper,1} the author et a l reported the electrophoretic patterns of 
the hemoglobins (Hb’s) of several Salvelinus fishes inhabiting in the southwestern part of 
Japan, suggesting that the electrophoretic patterns of Hb generally are as useful to the 
classification of closely related fishes as the morphological characters employed usually.

Many kinds of Oncorhynchus fishes also inhabit in the rivers and lakes in the above 
area, and some of them are taxonomically unsettled. For example, “biwamasu” which 
is well known as one of the representative fishes living in Lake Biwa, is considered simply 
as a lacustrine form of “amago” O. rhodurus by some taxonomist.2) However, some 
proposed to treat both fishes as quite different species (personal communication from 
T. K amada, Samegai Hatchery, 1968). As another example, "“amago” and “yamame” 
which is demonstrated as a river form of “sakuramasu,” cherry salmon O. masou, are 
usually classified as different species, but some taxonomists do not agree with it.3> “ The 
present author4) also pointed out previously the difficulty in identification of both fishes 
on the basis of morphological characters such as the aspect of scale, etc.

Taking the above situation into consideration, the author undertook this time the ex
amination of those taxonomically unsettled fishes by the electrophoretic analysis of Hb.

Materials and methods

Materials: Fishes of genus Oncorhynchus. “Amago” and biwamasu”, to both of

* An outline of this article was presented to the Ann. Meetg. of Japan. Soc. Sci. Fish., Tokyo, April 3 
1971

** Dept, of Otolaryngology, Faculty of Medicine, Osaka University, Osaka, Japan. (iif$j& # :
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which a scientific name, O. rhodurus is usually given; “yamame” to which is given a 
scientific name, 0. masou; “iwame” which is living in a limited area in Oita Pref., and is 
given a scientific name, 0. iwame.

Salmonid fishes of other genera. “Nijimasu”, rainbow trout Salmo gairdnerii, and 
“iwana”, char Salvelinus leucomaenis, were also analyzed for comparison.

Details of those specimens such as the place of catch, age, sex, the presence or absence 
of cinnabar sports, etc., are given in Table 1.

Table 1. List of Salmonid Fish Specimens.

Place of catch Common name Specimen
No.*

Age
(years) Sex Cinnabar or 

red spot

“Nijimasu” (NS-l) 3 Male m  i

Samegai Hatchery, “Biwamasu” • BS-1 3 Female ■ + 1
Shiga Pref. BS-2 3 M. + '  ■

BS-3 3 F.
BS-4 3 F.
BS-5 3 M. +
BB-1 1 M. ' ^  |  j

Lake Biwa, BB-2 2 M.
Shiga Pref. BB-3 2 F. —
Offiing of Imazu BB-4 F. rry.-:<;

BB-5 1 M. — •

BB-6 1 2 F.
Lake Biwa, BB-7 2 M.
Shiga Pref. BB-8 2 F,
Offing of Chikubu Is. BB-9 2 F. —

BB-10 .2 M. —
BB-11 2 F.

AOi-1 1 M. -
“Iwame” AOi-2 2 F.

River Ono, AOi-3 2 F.
Oita Pref.

AO-4 2 M. +  :
“Amago” AO-5 2 F. +

AO-6 2 F. '-yjMBi
AY2r-l 2 F. — +

River Yoshii, AY2-2 2 —M. +
Okayama Pref. AY2-3 2 F.

AY2-4 2 F. +
AY2-5 2 M. I  m t
AY2-6 2 M, +  %
AY2-7 2 M. +
AY2-8 1 M. +
AY2-9 2 F. +
AY2-10 2 F. +
AY2-11 3 M.

(Continued)
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Place of catch Common name Specimen
No.*

Age
(years) Sex Cinnabar or 

red spot
“Amago” AT-1 2 F.

AT-2 3 F. +.
AT-3 2 M. +

River Totsu, AT-4 2 F.
Nara Pref. AT-5 2 M. 1

AT-6 2 F. -F
AT-7 4 M. +
AT-8 4 F. -F
AT-9 2 F.
AK-1 1 M. -F i

River Kitayama, AK-2 2 F. \ +
Nara Pref. AK-3 2 M. 1 -F- I

AK-4 2 F. *F
AK-5 2 F.

River Yoshino, 
Nara Pref.

AYl-8 2 F. 4

AIs-1** 2 F. I ; +
River Ibi, AIs-2** 1 m 4-
Gifu Pref. AIs-3** 2 F. m

AI-4 2 M.
AI-5 2 M. ' 4
AH-1 2 F. 4-
AH-2 2 M. É B
AH-3 2 M. 4

River Hiki, AH-4 1 F. 4  *
Wakayama Pref. AH-5 2 M. 4

AH-6 2 M.
AH-7 2 M.
AH-8 2 F. +
AYS-1 1 F. 4

River Saji, “Amago” AYS-2 2 M.
Hyogo Pref. (Hybrid?) AYS-3 1 F. v

AYS-4 2 F.
AYS-5 2 M. 4
AYS-6 3 F. 4
AYS-7 1 M. 4
AYS-8 2 F. 4
AYS-9 2 M. 4
AYS-10 2 M. -:4,.. .
AYS-11 1 F. 4
AYS-12 2 F.
AYS-13 2 M. 4
AYS-14 1 M.
AYS-15 2 F. 4 4 ' ;/
AYS-16 2 M. 4
AYS-17 2 F. 4
AYS-18 2 M. 4
AYS-19 2 M. 4
AYS-20 2 F.

(Continued)
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Place of catch Common name Specimen
No.*

Age
(years) Sex Cinnabar oi 

red spot
River Saji, “Amago” AYS-21 2 M.
Hyogo Pref. (Hybrid?) AYS-22 2 M. +

AYS-23 2 F. |  ¡¡1
AYS-24 1 F.
AYS-25 2 M. +
AYS-26 2 F. I H I
AYS-27 2 F. +
AYS-28 2 M. +
AYS-29 2 M. +
AYS-30 2 M. • +
ABA-1 3 F. -K I

River Ado, ABA-2 3 M. +
Shiga Pref. ABA-3 3 M.
Shiga Pref. ABA-3 3 M. +

ABA-4 2 M. , .'±;>v
ABA-5 2 F. j  '+
ABA-6 2 M. +
ABA-7 3 F.
ABB-1 1 M. +

River Hattori, ABB-2 2 F.
Mie Pref. ABB-3 2 M. +

ABB-4 2 M. +
ABB-5 2 M. ±
ABB-6 1 F. +
ABB-7 2 M. | ¡m m
ABN-1 2 F. +

River Nagata, ABN-2 2 M.
Mie Pref. ABN-3 2 M. +

ABN-4 1 M. +
ABN-5 * 2 F. +
ABN-6 1 F. . +
ABN-7 2 M.
ABN-8 2 F. n i p
ANB-9 2 F. '-f
ABN-10 1 M. +  '
ABN-11 2 M. +
ABN-12 2 F. +
ABN-13 2 M. +  :
ABN-14 2 F.

“Yamame” X Fi (YNM-1) 2 M. -
River Mimi, “Nijimasu”
Fukui Pref. Artificial

hybrid
YM-2 2 F. 1 H |

“Yamame’’ YM-3 2 M. -
YM -4 2 F. ■
YM-5 2 M. —
YM-6 2 M. —

(Continued)
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Place of catch Common name Specimen
No.*

Age
(years) Sex Cinnbar or 

red spot
River Kita, “Yamame” YK-1 2 M.
Fukui Pref. YK-2 1 M. —

YK-3 2 M. S 1-
YK-4 3 M. —.
YK-5 2 M.
YK-6 1 7
YK-7 2 M. ■;' — ''
YI-1 1 F. 1**

River Maruyama, YI-2 1 F.
Hyogo Pref. YI-3 1 F.

YI-4 1 ? 1 — HtJ
YI-5 1 M.
YAK-1 2 F.

River Kuroko, “Yamame” YAK-2 1 M. “  1
Fukui Pref. (Hybrid?) YAK-3 3 F. \ +

YAK-4 2 M. +
YAK-5 2 F. f  w
YAK-6 2 M. i) I
YAK-7 2 M.

“Nijimasu” (NK-1) 2 M. -
River Kita, “Yamame’9 (NYK-2) 1 ¡1 7 —
Fukui Pref. X Fi (NYK-3) 1 : IH  | —

“Nijimasu” (NYK-4) 1 7 —
River Ibi, “Iwana” (Yy-l) 2 F. +
Gifu Pref. (Yy-3) 2 F. I  ■

* Mark of ( ) indicates salmonid fishes except genus Oncorhynchus.
** A smoltified “amago”.

All the specimens except “biwamasu” were caught by the present author with rod 
and line in the rivers from Nov., 1969 through June, 1971.

A part of “biwamasu” specimens were kindly given by Samegai Hatchery, Shiga 
Pref., and the remaining ones were caught at two locations in Lake Biwa. As seen in 
the table, the number of specimens was 42 for “amago”, 16 for “biwamasu”, 17 for 
“yamame”, 3 for “iwame”, 2 for “nijimasu”, 2 for “iwana”, 65 for the suspected hybrids 
between “amago” and “yamame” or “amago” and “biwamasu”, and 4 for those be
tween “yamame” and nijimasu”.

Methods of analysis: The blood samples from those 151 sahnonid specimens were 
treated in the same way as described previouslyV to prepare the cyanmet Hb solutions. 
The Hb solutions thus prepared were analyzed by Smithies’ starch-gel electrophoretic 
technique as reported previously.6“7* m

For densitometry of the electropherograms, was used a universal selfrecording 
densitometer FUJIOX model FD-AIV (Fuji Riken Co. Ltd., Osaka) with an inter
ference filter (wavelength of 600 mpt) and a slit, 0.5 x 4  mm.
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Results and Discussion

The results obtained are shown in Figs. 1-23. Typical Hb patterns of the respective 
kinds of fishes as deduced from those results are presented schematically in Fig. 24. An 
atypical pattern of “amago” Hb is also included for reference. In each kind of fish, 
there seemed no differences in the Hb pattern between both sexes. For convenience’ 
sake, those results are discussed for each of those kinds of fishes.

1) On “biwamasu” : In the simultaneous raising tests of “sakuramasu” and “biwa- 
masu”, Oshima2’ observed that “biwamasu” is lower in body depth than “sakuramasu”, 
and that the female of “biwamasu” generally matures in more than 3 years, while that of 
“sakuramasu” do in less than 3 years, and hence he concluded that both fishes are differ

ent species.
Oshima2’ reported on “biwamasu” that its scale has concentric circles around its 

focus and also has a much larger number of annular lines with narrower spacings than 
that of “amago”, and that almost all of its females which come to lay eggs are 3-year-old, 
slightly but clearly differing from “amago” females. In spite of the above observations, 
however, Oshima assumed that both fishes are the same species.

According to the theory of M izuno8’, the lacustrine landlocked fishes have stronger 
tendency to differentiation than the river form ones, resulting in their being on the process 
to new species or subspecies such as “biwamasu” in Lake Biwa.

The present author4’, while raising both fishes simultaneously in Samegai Hatchery, 
observed that “biwamasu” is lower in body depth, and needs longer time for maturation, 
compared to “amago”, in accordance with Oshima’s data. Besides, the author noticed 
that “biwamasu” in nimbler than “amago”, and that the former is raised more uniformly 
than the latter, the growth rate of which is widely different among individuals.

In respect of the aspect of scale, both the “biwamasu” specimens caught in Lake 
Biwa and the artificially bred ones in Samegai Hatchery, had a scale the focus of which 
is nearly in the centre and the annular lines of which get into the posterior densely, in 
contrast to the scale of “amago” whose focus lines only at the anterior, and whose pro
tuberant lines mostly get into the posterior. All those results seem to support the above 
M izuno’s theory, denying the rather widely accepted Oshima’s theory that “biwamasu” 
is a lacustrine form of “amago” and vice versa.

What makes the problem more complicated is that since 1922 the fry of “sakura
masu” produced in Shiribetsu River in Hokkaido, have been stocked several times in Lake 
Biwa, causing a possible hybridization between “biwamasu” and “sakuramasu”. 
Oshima2’ says that it is possible to distinguish easily “sakuramasu” produced in Lake 
Biwa from “biwamasu” which is the native species, since both fishes are remarkably 
different from each other morphologically.
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Figs. 1-6. Starch-gel electrophoretic patterns of Hb’s of salmonid fishes.

AY1, AH, AO, AY2, and AT, “amago”; NS, “nijimasu” ; BS, and BB, “biwamasu” ; 
AOi, “iwame”. Refer to Table 1 for further details of those specimens.
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Fig.s 7-12. Starch-gel electrophoretic patterns of Hb’s of salmonid fishes.
AT, AK, AIs, AI, AH, and AYS, “amagof;t YAK, “yamame”; BS, “biwamasu”; Yy, “iwama”. 
Refer to Table 1 for further details of those specimens.
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The “biwamasu” specimens used in the present study retained the typical outward 
appearance as described by Oshima. Nevertheless, the Hb patterns of “biwamasu” dif
fered from the Hb pattern typical to “amago” . (Refer to Figs. 1, 3, and 24.) Instead, 
their patterns, as a whole, resembled that of “yamame”, and this created a doubt. Apart 
from the analytical technique employed in this experiment, which may not have been 
perfect, it is necessary to take into consideration the possibility of hybridization between 
“biwamasu” and “sakuramasu” and to examine thoroughly in this respect. However, 
it must be noted that “biwamasu” from 1 year to 3 years old caught off the coasts of 
Imazu and Chikubushima in the north of Lake Biwa, and 3-year-old “biwamasu” reared 
at Samegai Hatchery showed almost one and same pattern. (Refer to Figs. 1-3.)

As detailed later, the hybrids between two fishes are generally diversified and un
settled in the Hb pattern. Hence, if the Hb pattern of “biwamasu” was identical with 
that of “amago” (refer to Fig. 24) before the stocking of “sakuramasu” or “yamame” 
in the Lake, it is difficult to explain the above-mentioned results that the “biwamasu” 
specimens gave almost the same Hb pattern. That is, it would be more reasonable to 
consider that the original species of “amago” evolved into “biwamasu” in Lake Biwa.

According to the results of rearing experiments carried out at the Fish. Exp. Sta. 
of Gifu Pref., it is easy to rear “amago” and “yamame”, while it is extremely difficult to 
rear “biwamasu” : “biwamasu” grows well for the first 2 or 3 months after hatching, but 
in summer after 6 months of hatching, the percentage of mortality becomes high. They 
say that “himemasu”* is rather easier to rear than “biwamasu”.

From the above-mentioned results, it is impossible at present to conclude that “biwa
masu” and “amago” are different species.

Both fishes could be cryptic species (sibling species), as called so with some other 
vertebrates. It would be safer to give the same judgement as given previously4) mainly 
based on some morphological characters that both fishes should be classified as different 
subspecies.

2) On “amago” and “yamame” : As for the classification of “amago” and 
“yamame”, Oshima2) proposed a theory that they should be treated as different species 
since they differ from each other in some morphological characters such as cinnabar spots 
on the flank: “amago” has the spots, while “yamame” does not. The fact that the dis
tributions of both fishes are geographically different from each other seems to be in favor 
of Oshima’s theory. However, Tanaka9) raised an objection to it, stating that the cin
nabar spots are not so reliable character in their discrimination. Imanishi3), supporting 
Tanaka’s view, insisted on that “amago” and “yamame” cannot be classified as different 
species on the basis of his observations: e.g., that both fishes often live mixedly.

Later, Oshima2) said on the basis of the aspect of scale as well as the cinnabar spot
* Kokanee Oncorhynchus nerka var. adonis.
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that “sakuramasu” is the migrating form of O. masou, and “yamame” is its river form 
which spends all the life in a river, retaining unchanged the body color and the spots on 
the flank ever since its fry stage. He also wrote that there are two types of O. rhodurus: 
one which prefers colder waters of considerable depths where animal foods are rich, ir
respective of freshwater or salt water, is “amenouo”, and the other which lives chiefly 
in a river, retaining through the life the body color and the cinnabar spots, is “amago”. 
In this connection, from the results of the hybridization tests between “sakuramasu” and 
“amago”, he found that the cinnabar spot characteristic of the latter is a recessive character 
while the specific aspect of scale in the latter is dominant.

By comparing Hb patterns of “yamame” in Figs. 19-21 and those of “amago” in 
Figs. 5-10, one will easily notice that, as a whole, each of both fishes is specific in the Hb 
pattern, although there are slight individual differences in the pattern of each fish.

In Fig. 24, the typical patterns of “yamame” and “amago” are presented schematically.
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Fig. 24. Schematic Hb patterns of some Oncorhynchus fishes and “nijimasu”, rainbow trout 
Salmo gairdnerii.

“Amago” having cinnabar spots is distributed in the “amago” area roughly enclosed 
by Oshima’s Line (see Fig. 25).

Outside Oshima’s Line are naturally distributed “yamame” without cinnabar spots.
. As indicated by the densitométrie curves in Fig. 26, relative proportions of Hb 

components j and k are higher in “amago” than “yamame”, and in the former an additional 
component Hb 1 is observed.

Among the Hb patterns of “amago”, the pattern of the specimen AK-4 in Fig. 8
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(KYUSHU)

Fig. 25. Distribution of “amago” in the southwestern part of Japan.4»10-17*
Oshima’s Line separating the “amago” (inside the line) and the “yamame” (outside the 
line) areas.

•  Native habitat of “amago”.
•  Habitat of “amago”, native or resulting form the artificial stocking of the fry of 

“amago”, in the “yamame” area.

Origin
4

“Nijimasu”

“Yamame”

“Biwamasu”

“Amago”
Hb a b c d e f g h t&j k 1

Fig. 26. Densitograms of the Hb patterns of some Oncorhynchus fishes and “nijimasu”.

deserves special reference. In it, Hb z \  a unique Hb component* occurred and in ad
dition, the mobility of Hb b was slightly, but clearly, different from that with the other 
individuals. Hence the component was numbered Hb b \ Hb z’ and Hb b’ could be 
regarded as abnormal, and the author tentatively name Hb z’ and Hb b’ respectively 
Hb z Kitayama and Hb b Kitayama after the river where the fish was caught. M atsuura 

et al * also have reported already the occurrence of similar Hb component in some 
related fish.

It must be noted that 4-year-old “amago” specimens, AT-7 and AT-8 in Fig. 6 
whose body lengths exceeded 30 cm ,showed “yamame” type pattern. Comparable 
ontogenetic changes of Hb pattern have been indicated for some other salmonid fishes7). 
Further discussion in this respect is omitted here because the present study is focused on

* The Arm. Meltg. of Japan. Soc. Sei. Fish., Sendai (1969)
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1-3 year-old fish for convenience. Fig. 9 shows the differences in mobility of “iwana” 
and “amago” Hb’s for a comparison purpose. In this connection, close resemblance 
between “amago” and “nijimasu” can be indicated, as already reported by M atsuura et 
alP

3) On “iwame” : Regarding “iwame” that lives together with “amago” in Menno- 
tsura Valley of Kobaru River, a tributary of Ono River in Oita Pref., K imura10,11) states 
that the body color is bluish yellow-brown at the time of its birth, and that, unlike “amago” 
it has neither parr mark nor cinnabar spot, and while a fry, has speckles like sesame 
seeds on its flanks as if they were sprayed. Based on those remarkable differences between 
this fish and “amago”, as well as from the fact that, although “amago” lives in the area 
where “iwame” lives, there is nothing that shows the intermediate character between the 
two, “iwame” has been given in 1959 a scientific name, O. iwame K imura et N akamura. 

According to N akamura,12) “iwame” could be a mutant of “amago” or its original species.
There is still divergence of opinions as to whether it should be recognized as a new 

species or not. The author caught 7 specimens of “iwame” at Mennotsura Valley on 
July 19, 1970. The aspects of their scales, were similar to those of “amago” : the focus 
was located a exclusively in the anterior and nearly all of the annular lines ran in the 
perfect condition.

As shown in Fig. 4, “iwame” specimens AOi-1, AOi-2 and AOi-3, and “amago” 
specimens AO-4, AO-5 and AO-6 which were caught also at Mennotsura Valley, presented 
indistinguishable patterns. The relationship of both fishes is similar to that between 
“muhan-iwana” (non-spotted “iwana”) and normal “iwana!/ in genus Sahelinusx\

Some years ago, in this connection, N akamura13’14) reported that “ iwame” lives in 
Sakawa River in Shizuoka Pref*, Niyodo River in Ehime Pref., etc. as well. In June, 1971, 
M imori16) reported that “iwame” is also found near Minami Valley of Mikunitani River, 
the upper stream of Inabe River, a tributary of Machiya River which flows into Ise Bay. 
Therefore, the present author personally visited the place and caught 2 fishes* Though 
the detail is omitted in this paper, those “iwame” specimens also showed the typical Hb 
pattern of “ amago” .

4) On suspected specimens of hybrid: Before discussing the fishes suspected as 
hybrids, let us examine papers dealing with the hybrid of “yamame” and “amago” . 
The only report on the hybrid of both fishes in the “amago” area is K ato’s one16), in which 
he reports the morphology of the hybrid fishes caught at Chinai River in the north of Lake 
Biwa. Concerning the hybrid of both fishes in the “yamame” area, there are many reports 
and in addition, a morphological study has been published recently by Toshishige17). 

According to those studies, the hybrid specimens with cinnabar spots have been caught 
at various places in the “yamame” area, as indicated in the distribution diagram (see 
Fig. 25). Of those specimens, the majority seem to have been produced by artificial
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naturalization of the originally absent salmonid fish, the remaining being natural hybrids. 
It is conjectured that the probable cause of the predominance of “amago” in the “yamame” 
area observed is the decrease in the number of “sakuramasu”, the migrating form of 
“yamame”, which goes up the river and that “amago” rarely turns out into the migrating 
form, unlike “yamame”, many of whose females do.

Several investigators7’18) analyzed electrophoretically the piscine Hb, avian serum, 
etc., finding that the hybrids show the proteinic patterns of their parents. The present 
results corroborate it (refer to Figs. 22 and 23). More than about 30 years ago, “amago” 
fry were naturalized in Kuroko River, Fukui Pref. which is in the “yamame” area. All 
of the fish which the author caught in that river were of “amago” form with cinnabar 
spots. Their Hb’s showed conspicuous individual differences: Some specimens pre
sented the “yamame” type pattern, some the “amago” type one.

In the next place, natural hybridization of “amago” and “yamame” is referred to. 
There are the two rivers, Saji and Takeda, in Hyogo Pref. Both rivers are separated by 
Oshima’s Line, and Saji River is in the “amago” area, while Takeda River in the “yamame” 
area. Both rivers rise from the same basin at about 90 m above the sea level.

The geographical feature of both rivers is easily understood by referring to a map 
or the topographical chart of Sasayama and Fukuchiyama. The local people affiirm 
that “yamame” and “amago” live mixedly together since many years ago19 \  K oide20) 

says that since old times flood disasters have frequently attacked the basin. Therefore, 
it is conjectured that natural hybridization was made possible between “yamame” and 
“amago”, resulting in the occurrence of their hybrids as observed till now.

Fig. 11 shows the Hb patterns of the specimens caught at Ishiburo Valley of Saji 
River, Fig. 12 those at Kuramachi Valley, Fig. 13 those at Banshuzaka Valley, Fig. 14 
those at Imade Valley, and Fig. 21 those at Ichinose Valley.

As seen in those figures, some specimens gave the typical pattern of “amago”, some 
that of “yamame”, and some the intermediary transitional pattern between both. At 
any rate, there were noted wide individual differences in those specimens. Although 
essentially different from the theory of Imanishi3) and others that “yamame” and “amago” 
cannot be distinguished merely by cinnaber spot, there were found many specimens which 
were of “amago” form morphologically but suspected to be the hybrids of both fishes 
based on the Hb patterns. Thus, it should be noted that “amago” cannot always be 
differentiated from “yamame” merely by cinnabar spot.

Further, the results with the specimens obtained from Kita River, (Fig. 15), Bano 
River, (Fig. 16), Kiryu River, (Fig. 17), and Maefukase River (Fig. 18), all made us sus
pect the occurrence of hybrids, this time the hybrids of “amago” with “biwamasu” not 
with “yamame”, from the geographical point of view as well.

The scale of “amago” from Bano River was not the typical “amago” type in which



112

the focus is located exclusively at the anterior and nearly all the annular lines get into 
the posterior: the focus was located in the center and the annular lines got into the 
posterior densely. It closely resembled that of “biwamasu”. There is no record of 
artificial naturalization of “amago” in Bano River in the past. These facts also support 
the above supposition that the fish could be the hybrid of “amago” and “biwamasu”. 
It is difficult to trace the time of their hybridization to the Period of Old Lake Biwa which 
had extended over to Iga Basin. Instead, it would be more reasonable to surmise that 
about hundreds or thousands of years ago, “biwamasu”, which might have evolved from 
its original species, “amago”, in Lake Biwa, came down through Uji River to the vicinity 
of its confluence with Katsura and Kizu Rivers, and later went up to Bano River through 
Kizu River, to hybridize there with the native “amago”.

In the specimens, AYS-1, -2, -3, and -7 in Fig. 11 and AYS-29 in Fig. 21, there 
appeared a Hb component which migrate to the cathode faster than any component with 
other specimens. The component was similar, though not identical, in migration velocity 
to Hb z’ in the specimen, AK-4 in Fig. 8. In those specimens, the migration velocity 
of Hb b was slightly different from that of other specimens or from that of AK-4, and 
hence named Hb b”. It is interesting to note that Hb z and Hb b” migrate correctively, 
as do Hb z’ and Hb b’ (refer to Fig. 24).

Hb z and Hb b” are tentatively named by the author respectively Hb z Saji and Hb b 
Saji after the name of the river where the specimens were caught.

Hb y which appeared between Hb f and Hb g, and Hb x and Hb w both of which 
migrated quickly toward the anode were all observed in the specimen AYS-6 and, partially 
in AYS-7 in Fig. 11. Those Hb components were not observed in other specimens.

Regarding those “abnormal” Hb components, further investigation is needed to 
determine whether they are morbid ones such as Hb S, Hb M in human, or not.

Lastly, the results of Fig. 23 seem to indicate an important and interesting fact from 
the standpoint of Hb evolution. The Hb pattern of the specimen NK-1 that typical to 
“nijimasu”. In the intergenerically artificial hybrids Fx of “yamame” (female) and 
“nijimasu” (male) which were caught at Kochi Valley of Kita River in Fukui Pref., 
Hb i of each of the specimens, NYK-2, -3, and -4 showed the feature of “yamame” .

Recently, many rivers in Japan have been artificially stocked with the fry of “amago” 
and “yamame”. Therefore, it is desired that the research of this kind be carried out 
exhaustively before the distributions of salmonid fishes in those rivers will have been 
decidely affected by the stocking.

Summary

Hemoglobins of mainly native species of genus Oncorhynchus fishes distributed in
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various rivers and a lake in the southwestern part of Japan were analyzed by starch-gel 
electrophoresis. Results obtained are as follows.

1) The “amago” specimens which were caught in the isolated areas gave an almost 
uniform pattern with little individual differences. So were the cases with “yamame” 
and “biwamasu”. The patterns of both fishes in addition, were indistinguishable from 
each other. On the other hand, the specimens living in the areas where the hybridization 
among those fishes seems possible due to the geographical reason or due to the stocking 
with some of those fishes, showed wide individual differences in Hb pattern.

2) Their Hb patterns inculding that of “nijimasu”, were practically the same in 
respect of six components near the origin, Hb a, Hb b, Hb c, Hb d, Hb e and Hb f. 
However, Hb g, Hb h, and Hb i, all of which migrated faster to the anode than Hb’s a-f, 
were almost common to the Oncorhynchus fishes, but not to “nijimasu”. As for Hb’s 
j—1, Hb 1 was observed in “amago” and “iwame”, but not at all in “yamame” and “biwa
masu”. Furthermore, the relative proportions of Hb j and Hb k in “yamame” and 
“biwamasu” were clearly less, compared to those in “amago” and “nijimasu”.

3) In some specimens of “amago”, Hb components regarded as “abnormal” were 
detected. In such cases another “abnormal” Hb component appeared additionally in 
one and the same specimen: e.g., in a pair of Hb z’ and Hb b‘, or Hb z and Hb b”.

4) The present results agree with the theory that “biwamasu” is not the lacustrine 
form of “amago”, the theory chiefly based on the morphological observations such as the 
aspect of scales. Considering not only the feature of Hb pattern but the ecological ob
servations, “biwamasu” could be the offspring of the original species of “amago” that 
made a peculiar evolution in Lake Biwa. In this connection, it may be suggested that 
“biwamasu” and “amago” be treated as two different subspecies.
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20 th , December, 1972*

Dr* Robert Behnke,
Colorado C ooperative F ish ery  U n it , 

Colorado S ta te  U n iv e r s ity ,
Fort, C o l l in s ,  Colorado 80521, 
USA.

Dear S ir ,
Thank yon  fo r  you r l e t t e r  o f  November 3 0 th , 1972 a g a in .

I am v e r y  g la d  to  inform  to  yon th a t  I  have r e c e n t ly  o b ta in ed  
two sm all specim ens o f  Iwame which was captured a t  th e  ty p e  
l o c a l i t y  o f  M ennotsura stream ,M t.Sobo, O ita  Pref.K yushu and an 
Iwame l i k e  f i s h  which was captured  a t Mikuni stream ,M t.Suzuka,
Mie P r e f  ,  Both o f  them forw arding to  me by co u rtesy  o f  th e  exe
c u t iv e  d ir e c to r *  Mr.EIzo Kimura, The fresh w a te r  F ish  C onservation  
A sso c ia tio n ,O sa k a  C ity .

A fter  ta k in g  th e  photography o f  them, T m i l  send th e se  
two specim ens to  y o u  by th e  a ir  m ail b e fo re  th e  new y e a r . Mr.
E.Kimura t o ld  me th a t  th e  Iwame l i k e  f i s h  o f  Míe P r e f .  was a lrea d y  
id e n t i f i e d  as th e  same s p e c ie s  o f  Oneorhynchus iwame by D r .S e iro  
K im ura,F ishery I n s t i t u t e  o f  Kyushu U n iv e r s ity  (n o t y e t  p u b lish ed )*

As th e  r e s u l t s  o f  our sea rch in g  l i t e r a t u r e s  on ic h th y o 
lo g y , I  have found th e  two Im portant s c i e n t i f i c  r e p o r ts  p reced in g  
two y e a r s  b e fo re  Jordan & 0 sh im a ,I9 I9  y 0sh £m a,I9 l9  f s  f i r s t  des
c r ip t io n  on Salmo formosanus ( Salmo saramao) *

a) Takeo AOKI Nov. fI9 I7 )  : Occurence o f  tr o u ts  in  Taiwan.
(A P re lim in a ry  r e p o r t ) .  Taiwan S m s  an Z assh i (Formosan
F ish ery  Jou rn a l) ,T aihoku, Formosa* No *23, pp. 5 1 -5 4 . Tab*I*

b) Takeo AOKI (D ec*, 1917 ): Occurence o f  ai tr o u t  in  Taiwan
(A P re lim in a ry  R ep o r t). Su isan  Kenkyu Shi (F ish ery  Res
earch B u l l e t i n ) , Tokyo, Y o l .I 2 ,3 0 5 -3 0 6 . F ig*I*

I t  i s  v ery  cu r io u s  and tremendous f a c t  to  me t h a t  none o f  
th e  Japanese ic h t h y o lo g is t s  in c lu d in g  Dr.Oshimai! c i t e d  th e s e  a r t
i c l e s  in  any o th er  s c i e n t i f i c  jo u r n a ls  in  Japan*

( i  >
T E L E P H O N E :  (2$ 5 5  7 0 .  C A B L E  A D D R E S S :  N O K EN  K U R A S H IK t .
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THE OHARA INSTITUTE FOR AGRICULTURAL BIOLOGY 
OKAYAM A UNIVERSITY 

KURASHIKI, JAPAN

Only once a tim e, Dr.Oshima (1919) c i t e d  (a ) in  h is  d es
c r ip t io n  on Salmo saramao. D r.H .T .T en g(l959) ,now d ir e c to r  o f  th e  
F ish er y  Experim ent S ta io n  o f  T aiw an,K ielung a lso  c i t e d  (b) in  h is  
report,"Ecology and morphology of: th e  lan d lock ed  salm onid f i s h e s  
in  th e  c e n tr a l h igh lan d s o f Taiwan", B u l l .  F ish . Exp. S t a. Taiwan, N o .5 
p p . 7 T -8 2 .( in  C h in ese) .

Mr.Aoki (pronouncing " a o u k i " )  a t  th a t  tim e,w as a ju n io r  
i c h t h y o lo g is t  o f  th e  Government R esearch I n s t i t u t e  a t  Taihoku (now 
T a ip e i) .  From March,1917 to  Decem ber,1918, Dr.Oshima went abroad  
to  th e  la b o ra to ry  o f  D r.D .S .Jord an , S tan ford  D h iv e r s ity ,P a lo  A lto ,  
C a lifo r n ia  f o r  th e  study o f Ic h th y o lo g y .

During th e  absence o f  O shim a,in summer o f  1917, Mr.Aoki 
t r a v e l le d  to  th e  c e n tr a l h ig h la n d s o f  Formosa fo r  c o l l e c t in g  fr e sh 
w ater f i s h e s .  In th e  f a l l  o f  th e  same y e a r , a f t e r  re tu rn in g  from  
hxs e x p lo r a tio n , he was^forwarded an a d u lt t r o u t  in. s a lt e d  ones  
from a Jap an ese  policem an o f  th e  c e n tr a l h ig h la n d s . I t  was 18 th ,  
O etover,I9T T . As soon as r e c e iv in g  t h i s  s a lt e d  specim en , h e  p ro -  
m ptely  inform ed th e  b ig  f in d in g  to  Oshima a t  S tan ford  U n iv e r s ity .

Mr.Aoki began to  d e s c r ib e  q p ic k ly  in  d e t a i l s  o f  th e  f i s h  
to  a lo c a l  f is h e r y  b u l l e t i n , Taiwan Su isan  Z a ssh i, N o .23 i s s u e  pub
li s h e d  e a r ly  a t  Taihoku in  November, 1917. H is  d e s c r ip t io n  on th e  
jo u rn a l (re f.m y  com plete E n g lish  t r a n s la t io n )  i s  v ery  a c c u r a te  and 
more d e t a i l s  than th a t  o f  Salmo form osanus,Jordan e t  Oshima,1919.

I t  i s  v ery  im p o rta n t th a t  Mr.Aoki d id n ' t  d e sc r ib e  th e  
p resen ce  o f red sp o ts  on th e  f i s h  such as Amago in  h i s  o r ig in a l  
a r t i c l e .  Although Jordan & Oshima have d escr ib ed  th e  red  sp o ts  
on th e  back o f  th e  same ty p e  specim en, I  am o f  th e  o p in io n  th a t  
t h i s  d e s c r ip t io n  had been w r it te n  by none o f any ev id e n c e , o n ly  
w r i t t e n Oshima* s wrong assum ption in d eed  | .

In la t e r  jea rs ,O sh im a  hare m entioned th a t  owing to  ta k in g  
th e  wrong rep o rt o f  M r.Aoki, he had m is s -d e sc r ib e d  on th e  red spots«  
( M*0shima(T934) ;Some b io lo g ic a l  c o n tr ib u t io n s  on th e  problem s o f  

G la c ia t io n , ( in  Japanese) rShokubutsu o^obi B o b u tsu ,Y o l.2 ,1 6 5 7 -6 4 . 
M *0shiraa(l936) ; E c o lo g ic a l s tu d ie s  on th e  t r o u ts  o f  Taiko Errer*

( in  Japanese) f  ib i d , Yo1 .4 ,3 3 7 -3 4 9 . M.Oshima (1957) ; S tu d ie s
on th e  dim orphic Salmon- -  - .S a p p o r o ,7 9 p p .)

I t  i s  very  r e g r e t ta b le  th a t  h arin g  w r it te n  th e  a ccu ra te  
d e s c r ip t io n ,r  cA aki^didn11  concern thernew  s p e c i f i c  name o f th e  
f i s h  on h is  excellen t a r t ic le s *  tH assume he would gare th e  honor 
o f  th e  nom enclature o f  new s p e c ie s  ft Jordan e t  Oshima.

( 2 )

T E L E P H O N E : (¡22) 5 5  7 O . C A B L E  A D D R E S S :  N O K EN  K U R A S H IK I.
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L a te ly , Mr.Aoki appoin ted  to  th e  d ir e c to r  o f  th e  Govern
ment F ish ery  Experim ent S ta t io n  in  Taiwan, a t  th e  Japanese s o v e r e i g n .

tr o u t  h atch ery  s t a t io n  a t th e  m iddle p a r t o f  th e  Taiko R iv er .
Two y e a r s  ago, I  have v i s i t e d  th e  s ta t io n  and th e  d ir e c t o r  t o ld  me 
th a t  th e  young parr o f  th e  rainbow tr o u ts  was p la n ted  in  th e  upper 
Taiko R iv er .

th a t  th e  source o f  Taiko R iver  i s  th e  southern  most reg io n  o f  Salrao- 
n o id  f i s h e s  on N orthern Hemisphere ( th e  n orth  fa c e  o f  Mt.Gokan o r  
Mt.Hohuan Shan, Gokan Kei ŝ^bream or Ho Huan Chi stream , 121 ° I 7 /,E ,^  
2 4 °II7N ). I  th in k  t h i s  is^-fihe souther:^ most reg io n  on E urasian  
C ontin en t and a d jacen t r e g io n s . T h e /so u th em  most reg io n  o f  s a l -  
monoid f i s h e s  on N orthern Hemisphere i s  now ap p aren tly  th e  r iv erh ea d  
o f  Rio D el P r e s id io ,  n ear Durango in  M exico, 24*00’ ]f. The r e g io n  
have heen a lrea d y  rep orted  by C op e ,E .D .(1886) or F.R.Needham & R.
Gard (1 9 5 9 ) .

B io lo g ic a l  S ta t io n ,F a c u lty  o f  S c ien ce ,K y o to  U n iv e r s ity ,  o tsu  C ity ,  
and examined some specim ens o f  " Saramao T rou ts" of. Formosa w hich was 
captured  by th e  em eritus Prof.Dr.M .U^no in  1935 a t th e  upper Taiko  
R iver,Form osa (R f .e n c lo s in g  co lo u red  photographs taken  by me).

R e c e n tly , The C hinese Government e s ta b lis h e d  a rainbow

Dr.M.Oshima or  some o th er  Japanese ic h t h y o lo g i s t s  b e lie v e d

On th e  e a r ly  on t h i s  December, I v i s i t e d  to  The L a k e -s id e

w ith  b e s t  w ish es

fo u r s  s in c e r e ly ,

P r o f .D r . Y .Tasue
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Starch-gel Electrophoresis of Hemoglobins of Freshwater 
Salmonid Fishes in Northeast Japan

Katsuhiko Y oshjyasu**
(Received January 17, 1973)

Hemoglobins of “suginoko” belonging to genus Oncorhynchus, and of “oshorokoma”, 
“amemasu”, and “miyabe-iwana” belonging to genus Salvelinus, were analyzed by starch-gel 
electrophoresis to examine their classification from the biochemical point of view.

The results obtained seem to corroborate the theory of N akamura et al. that taxono- 
mically “suginoko” is a type of “yamame”, and also the present author’s opinion that genus 
Salvelinus fishes in Japan may be classified into two species on the basis of the geographical 
dines of pyloric caeca and gill rakers.

Based on the present and other data, the phytogeny and specialization of these species 
were discussed with reference to the evolution of their Hb’s.

In the previous papers1!2), the electrophoretic patterns of hemoglobins (Hb’s) of 
salmonid fishes inhabiting in the southwestern part of Japan were analyzed and on the 
basis of the results obtained was discussed the present classification of those fishes based 
on their morphological and ecological characters.

There are several taxonomically unsettled salmonid fishes in northeast Japan as well. 
Hence, it seemed interesting to perform the similar electrophoretic analyses on the Hb’s 
of those fishes and the present study was started. This paper deals with the starch-gel 
electropherograms of Hb’s of “suginoko”, an Oncorhynchus fish, and “oshorokoma”, 
“amemasu”, and “miyabe-iwana”, all of which belong to Salvelinus, together with some 
discussion on their classification.

Materials and Method

Materials: “Suginoko”. The “suginoko” specimens were caught near Akataki in 
the upper stream of River Ohata in Shimokita Peninsula, Aomori Pref.

For comparison, “amago” and “iwame” were also used. Both Oncoykymqkus 

fishes analyzed here were from River Inabe, a tributary of River Machiya in Mie Pref.
“Oshorokoma”, Dolly Varden Salvelinus malma (Walbaum). The specimens analyz

ed were caught in River Mosekarushunai and River Kumadesawa, both of which are bran
ches of River Shokotsu, Hokkaido.

“Amemasu”, white spotted char Salv. leucomaenis (Pallas). The specimens were 
caught in River Mosekarushunai.

“Miyabe-iwana”. The specimens of this kind of Salvelinus fish were caught in Lake
** Dept, of Otolaryngology, Faculty of Medicine, Osaka University, Osaka, Japan {¡iySgtfKL
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Shikaribetsu, Hokkaido.
For comparison with those Salvelinus fishes, some specimens of “kawamasu”, Salv. 

fontinalis (M itchill) caught at Kochi Valley of River Kita, Fukui Pref. were also used.
Details of the sample fishes used in the present study are given in Table 1. The places 

of catch of those fishes are shown in Fig. 1. The specimens were caught in June, 1971 
through July, 1972. Blood samples were collected individually by heart puncture, and 
from them the cyanmet Hb solutions were prepared as reported in the previous paper1 *.

Electrophoresis: Starch-gel electrophoretic analysis was performed in 0.03 m borate 
buffer solution by the vertical system as reported previously1** A constant voltage of 
250 V was applied for 17 hr. Detection of Hb was mainly conducted by use of benzidine 
reaction. When necessary amido black 10B staining was also employed.

Results and Discussion

On “suginoko” : N akamura et al.Z) describe this fish as a type of “yamame” On- 

corhynchus masou (Brevoort), because of their ecological and morphological differences: 
the habitats of “suginoko” are, unlike that of “yamame”, the upper streams of some 
rivers4V resembling genus Salvelinus fishes in this respect. Besides, female adults of 
“suginoko” can often be met with, unlike with “yamame”, in most rivers in Northeast 
Japan. The ecology of “suginoko” was also reported by Fish. Exptl. Sta of Aomori 
P r e f O n  the other hand, K ubo7) indicated some differences in the electrophoretic 
pattern of serum between “suginoko” and “sakuramasu” .

As seen in Figs. 2~4 , the Hb patterns of “Suginoko” clearly differed from those of 
“amago” AM-1 and “iwame” AMi-2 analyzed for comparison. The Hb component 
k in “suginoko” specimen, SO-5, -12, -16, or -19 was somewhat more conspicuous than 
in the rest. As a whole, the Hb pattern of “suginoko”, though less uniform, is similar 
to that of “yamame” reported in the previous paper2). In Fig. 12 are given schematically 
the Hb patterns of “suginoko”, “yamame” , and “amago”. As far as the present results 
are concerned, “suginoko” seems to be a hybrid between unknown salmonid fishes, though 
there are no other evidences for it.

On “oshorokoma” Salv. malma and “amemasu” Salv. leucomaenis: In 1967 Imanishi8*, 

in his position as an ecologist, published an article entitled “Genus Salvelinus fishes and 
their distribution in Japan” , in which he concludes from their distribution, that genus 
Savelinus fishes in Japan are, so far as land-locked ones are concerned, to be classified 
into two species," “oshorokoma” Salv. malma, and “amemasu” Salv. leucomaenis, and 
one subspecies “kogi” or “gogi” Salv. leucomaenis imbrius.

Citing the research works hitherto made by Jordan9*, D ymond et al.10), Oshima11*, 

Inamura e t al.12) and many other ichthylogists, he states on the pedigree of Salvelinus 

fishes in Japan that Salv. leucomaenis could be derived from Salv. malma in the remote
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142°

Fig. 1. Map showing the places of catch of salmonid fishes analyzed in the present research 
and native distribution of Genus Salvelinus fishes in the northeastern part of Japan.131’*

past. Salv. malma is distributed only in the northern part, whereas Salv. leucomaenis 
in the southern part of Japan as well. • Therefore, if genus Salvelinus originated in the 
northern area, it is deduced that Salv. malma is more original and more fundamental than 
Salv. leucomaenis.

In this connection, the present author indicated previously131 that, judging from the 
geocline of the number of pyloric caeca or gill-rakers, genus Salvelinus fishes living in 
Japan are to be divided into two species, Salv. malma and Salv. leucomaenis, and there is 
none that falls under the category of subspecies. The author further stated from the anlya- 
tical results of the eccentricity coefficient of scale, genus Salvelinus fishes are evolving into 
“kogi” and “kirikuchi” forms in the opposite directions.

In the northern Hokkaido, Salv. malma inhabits rivers north of latitude 42°40'N, dis
tinctly differing from Sah\ leucomaenis in this respect.

* Personal communication from T. Miyazaki, Sapporo, 1973.
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Table 1. Details of the Salmonid Fish Specimens
Kind of Specimen Sex Age

fish No. (years)
SO-1 F. 2
SO-2 F. 4
SO-3 F. 3
SO-4 M. 2
SO-5 M. 3

“Suginoko” SO-6 F. 3
SO-7 F. 2
SO-8 M. 2
SO-9 F. 2
SO-10 F. 3
SO-11 F. 4
SO-12 M. 2
SO-13 M. 2
SO-14 F. 2
SO-15 F. 2
SO-16 F. 3
SO-17 F. 3
SO-18 M. 2
SO-19 M. 2

“Amago” AM-1 F. 2
“Iwame” AMi-2 M. 1

OM-1 M. 2
OM-2 M. 3

“Oshorokoma” OM-3 M. 2
OM-4 F. 2
OM-5 M. 3
OM-6 F. 2
OM-7 F. 3
OM-8 F. 2
ÖM-9 M. 2
OM-10 F. 1
OM-11 M. 2
OM-12 M. 1

Kind of Specimen Sex Age
fish No. (years)

OM-13 F. 1
OM-14 F. 1

“Oshorokoma” OM-15 F. 2
OK-1 F. 2
OK-2 F. 1
OK-3 F. 1
OK-4 M. 1
OK-5 F. 1
OK-6 M. 1
OK-7 F. 1

Im-1 M. 2
Im-2 M. 3
Im-3 F. 3

“Amemasu” Im-4 F. 2
Im-5 M. 2
Im-6 M. 2
Im-7 M. 2

OS-1 M. 2
OS-2 M. 3
OS-3 M. 3
OS-4 M. 3

“ Miy abe-iwana” OS-5 F. 3
OS-6 M. 2
OS-7 M. 2
OS-8 F. 3
OS-9 M. 2
OS-10 M. 2
OS-11 M. 1
OS-12 M. 2

KK-1 F. 2
“Kawamasu” KK-2 M. 2

KK-3 Intersex 2

According to the author’s observation at River Mosekarushunai and River Kuma- 
desawa where genus Salvelinus fishes used in the present experiment were caught, “oshoro- 
koma” lives in the area where the river rises, while “amemasu” in its lower streams and 
“yamame” in much lower streams. In the boundary zone they were found to live mixedly.

Migration distance

Cathode -*k---------  Origin ■—------- -----------

|  I  1  f  |  0 I M m
Anode

- — “Yamame”

0  # f  # 0  ' ' 0 ' ' “Suginoko’

$ a 9I  §  o 9 9 # # (f )  “Amago”

Hb a b e d e f 

( ) * ----------  Origin

g h 1| k 1

6 5 ' 4 3 2 1 o 1 2 3 4 5 , 6 7 8 9 10 11 (cm)

Very strong £  ; Strong ^  ; ,Less strong | j j  ;

.Faint ' Very faint :

Fig. 12. Schematic Hb patterns of Oncorhynchus fishes on the basis of the present data.
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In passing, the author found “nijimasu”, rainbow trout Salmo gairdnerii living there 
together with “yamame”.

Figs. 5~8 show the Hbpatterns of “oshorokoma” and“amemasu”, and Fig. 11 shows 
the Hb patterns of “kawamasu” Salv. fontinalis for comparison.

In Fig. 13 are presented schematic diagrams of their Hb patterns. As those figures 
show Hb patterns of “oshorokoma” were almost identical to each other. So was the 
case with “amemasu” analyzed here, and its pattern was indistinguishable from the pattern 
of Salvelinus fishes caught in Japan Proper1'.

The difference between “oshorokoma” and “amemasu” is very clear. In this con
nection, the present results were close to those reported by Y amanaka et a/.14’

On “miyabe-iwana” : “Miyabe-iwana”, which was given a scientific name “ 
miyabei Oshima” by Oshima11' in 1938, is a unique “iwana” which has been land-locked 
in Lake Shikaribetsu at Tokachi in Hokkaido since ancient times. InamuKA and N a
kamura12', considering “miyabe-iwana” as belonging to Type A, included it in Salvelinus 
malma, but later N akamura15’ remarked that it would be necessary to reinvestigate whether 
these two fishes are identical or not.

The present author could catch twelve “miyabe-iwana” specimens, and analyzed them 
for Hb pattern. (See Table 1).

Surely, those specimens were hardly distiguishable from “oshorokoma” in the aspect 
of scale, the number of lateral line scales, etc. However, the Hb pattern of “miyabe- 
iwana” was peculiar as shown in Figs. 9 and 10. That is, in genus Salvelinus fishes such

Origin Anode
Cathode

‘Amemasu”

f  “ Oshorokoma”

‘Miyabe-iwana”

® • # • M e ° ‘Kawamasu”

Origin (+)
(em) 8 7 6 5 4 3 2 1 0 1 2

Migration distance
4 ~G. 7 8 sT"*(cm)

Very strong » StrongI Less strong i
Faint H  : Very faint

Fig. 13. Schematic Hb patterns of Salvelinus fishes on the basis of the present data.
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as oshorokoma”, etc. are commonly seen six Hb components on the cathodal side, one 
component staying nearly at the origin and five components migrating towards the cathode. 
On the other hand, in ten of twelve specimens of “miyabe-iwana”, only two components 
could be observed on the cathodal side, one component staying at the origin and one slowly 
migrating to the cathode. In the specimen OS-4 could be observed four components 
which correspond well to four of the six cathodal components of ‘‘oshorokoma”. The 
specimen OS-7 showed a pattern analogous to that the specimen OM-15 of “oshorokoma”, 
run for comparison on the same gel. Clear differences were also noticed between the 
anodal patterns of both fishes : Their patterns were easily distinguishable from each other 
based on the relative proportions of Hb components separated, as shown schematically 
in Fig. 13. From this it may be conjectured that for some reason or other the Hb of 
“miyabe-iwana” underwent a special evolution as the result of a long geographical isolation 
that apparently the same original species as “oshorokoma” had been forced in such a 
local area as Lake Shikaribetsu.

Imanishi8) hypothesized that the formation of new species takes place at a certain 
kind of peripheral or terminal area of distribution. If  this hypothesis is true, it may be 
surmised that phylogenetically “ oshorokoma” which lives in the north was derived from 
the original species of alpinus group earlier than “amemasu” which lives also in the south. 
From this point of view, the specialization of “miyabe-iwana” | in Lake Shikaribetsu, 
which lies in the extreme south in the peripheral and terminal area of distribution of 
“oshorokoma”* must be more advanced than that of “kogi” and “kirikuchi’ ’living in the 
peripheral area of distribution of Salv. leucomaenis, and it seems that uniformity of the 
foregoing Hb patterns of “miyabe-iwana” substantiates this*.

It is impossible to identify “miyabe-iwana” as “oshorokoma” only by comparing 
their Hb patterns. It would be necessary to investigate further from other angles whether 
“miyabe-iwana” is to be classified as a subspecies close to Salv. malma. On the other 
hand, a possibility could not be denied that the fish may be classified more properly as a 
variety of Salv. malma, since more intraspecies varieties and variations have been reported 
in Salv. malma than in Salv. leucomaenis. In this connection, Y asue16,17), remarked that 
the recent trend of the classification of genus Salvelinus fishes overseas is towards dividing 
roughly by biological statistic procedure with a large number of specimens, local species 
which are being found in various parts of the world, into only two or three groups. This 
remark of Y asue’s, to which the author agrees, gives a suggestion for classification of 
genus Salvelinus fishes in future. For more reasonable classification of Salv, fishes in
cluding “miyabe-iwana”, it is hoped to perform the research of this kind, especially on 
the fishes distributed in peripheral areas, on a world-wide scale.

On evolution of Hb: Regarding the evolution of Hb, it is known that with human 
hemoglobin the evolution exists in individual polypeptide chains18*, but there have been
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as yet very few reports discussing the evolution of Hb in relation to phylogeny and differen
tiation of species. Y amanaka et al.,m  in their report discussing this problem, gave an 
interesting suggestion: “It might be said that fish generally has more Hb components, 
compared with higher vertebrata.”

The author, from the previous reports1,2) dealing with the relative or affinitive species 
of salmonid fishes and from the present data, presumes that the tendency of evolution may 
be toward the decrease in the number of Hb components (see Figs. 12 and 13.). That is, 
with genus Oncorhynchus, in ‘‘biwamasu” into which the original species of “amago” 
seems to have evolved uniquely in Lake Biwa the number of Hb components appearing 
on the anodic side is evidently less, compared with that of “amago”, resulting in a close 
resemblance of Hb patterns of “biwamasu” and “yamame” (refer to the preceding report2)). 
Further, from the morphological and other biological studies, it is presumed that “yama
me” has evolved from “suginoko”, and the tendency of decrease of Hb components on the 
anodic side can be observed.

In the case of genus Salvelinm a more definite result has been given. With Salv. 
leucomaenis which is «considered to have been derived from Salv. malma, the number of 
Hb components on the anodic side has been evidently reduced to one half. Further, to 
one’s great interest, in the case of “miyabe-iwana”, into which the original species of Salv. 
malma seems to have evolved uniquely in Lake Shikaribetsu, the cathodic pattern is clearly 
different from that of the original species. In respect of the anodic pattern, there are 
again clear differences as indicated above (refer to Fig. 13).

In addition, in the case of “kawamasu” Salv. fontinalis which lives in the farthest 
south of all fishes belonging to genus $alvelinus naturally distributed in North America, 
the number of Hb components js evidently fewer than that of Salv. malma which lives farther 
in the north (refer to Fig. 13).

In this connection, however, in some cases where one or more abnormal Hb com
ponents appear,2) or artificial Fi hybrids, e.g., between “himemasu” and chum salmon,14) 
are concerned, this exceptionally does not seem to hold.

In spite of those exceptions, the evolution of salmonid Hb generally seems to be 
related to the decrease in the number of components detected. This may be regarded, 
in turn, as a kind of centralization^?,just as that in nervous, motional system, etc., if one 
considers blood as an organ.

Summary

The Hb’s of some Oncorhynchus and Salvelinus fishes inhabiting in Northeast Japan 
were analyzed by starch-gel electrophoresis with the following results.

1. Hb pattern of “suginoko”, an Oncorhynchus fish, is not so fixed as in ordinary 
“yamame”, and hence it may be said that “suginoko” is less differentiated in Hb evolution,
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compared to ordinary “yamame” as N akamura et al?) have proposed, it is reasonable 
taxonomically to classify “suginko” as one type of “yamame”*

2. The theory that genus Salvelinus fishes in Japan can be broadly divided into 
“oshorokoma”, Dolly Varden Salv. malma and “iwana”, Japanese char Salv. leucomaenis 
including “amemasu”, “kirikuchi”, “kogi” and “tanburi”, the theory initially presented 
by Imanishi8) and later supported by the present author, both on the basis of the dines 
of some biological characters, were substantiated here by the analysis of Hb’s from several 
Salv. fishes. Incidentally, “miyabe-iwana”, a Salvelinus fish showed a unique Hb pattern, 
suggesting the occurrence of a kind of Hb evolution.

3. From analytical results with the Hb’s from the river- and lacustrine-form salmonid 
fish as reported previously1 >2) and here, it could be said that with a few exceptions, there 
is a parallelism between the tendency of decrease in Hb components and the direction of 
evolution.
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Notes on the Phase Differentiation and Smolt Transformation of 
Juvenile Masu Salmon (Oncorhynchus masou)

Tatsuro KUBO

(Faculty of Fisheries, Hokkaido University)

Some pieces of information on the differentiation of phase and smolt transformation of juve
nile Masu salmon during stream life prior to seaward migration have been obtained for the pre
sent study.

From summer to autumn, the changes in the body form and coloration or "differentiation of 
phase” occur on the juvenile, and these phenomena closely associate with the variation of life form.

The body size and growth type might be important factors concerning the differentiation of 
phase and the attainment of smolt transformation.

As a distinctive feature of the progress of smolt transformation, the gradual blackening of the 
dorsal fin tip can be observed with the silverization of body surface.

Such phase differentiation and smolt transformation in the external appearances are accom
panied by notable changes in blood characteristcs and behavior patterns.

The definitions of the terms to be used must be clearly given because of their importance. 
The arrangement of the nomenclature applied to the various phases and stages of the fish can be 
formulated as follows :

alevins
SMOLT

TRANSFORMATION

post-smolts-|^EARWARDN ^  young salmon
MIGRATION

fry
mid-smolts

T
\ pre-smolts

parr t
silvery parr

PHASE
DIFFERENTIATION pseudo-smolts-> > stream resident parr
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(the second time)
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iBP-jPF mm, i62-t
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i#±7í>i>iiííjigiiov'rírá¿4-fflisr^^fflv>í;0 c : r ± i e x ) ì g f t i ; ^ * x ) t ì t ; t ^ ®i ' 4 1
t7)T'fS4„

t^'4-fc <£ c /Æ 'îi

C<7)íf^E£7)^^£^.-0 f:fgy?(7)'̂ (̂.coF'7, É «fc<7)rñIH|X)ft ¡;M "f4 f ,íO ii± £  L X 1959® J: •} 1972
ftaw m i, » » 1 1 , Emm, fm inH j: o i s ^ i i i - i i i t ò o o  iA t /u i s : « iH ä 4
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-fr 9 y-?xi)ifo<r)täfritt

htlti%aW.~Cf>'), £ tz Im ita t  LT1964^*>i>1971iUMI>Fi
(-, < £ b -< ,'r i§ ib h fz tä % :izg < {j<r>x-hZ>,

m i t^ fZ ib iz m ^ 't z & M M i^ M ') T-, S ? 5 m ,  |g&  2 m,. *8=#) 50cm, ffl*<7)iÖ#fi:liffrf>10~15 * X‘h  
'), tfzm .gkA3& liJt<X>&2#]30m, ü ^ l m ,  *8t30~50cm, * ^ * ( ¿ ^ ^ 3 0 « ,  »fEÜÜÄffiT'&f^O- 
30cm, TtetfO*± S * < 7 )% ± liÄ » T ', 0 U tzW lL X h  h „

*  i  L < l i 7 X v i * t J I t ,  f$
I- 8 ^W ffliOiöSÄälcii^iOftfel-^^iOüffKirlfiiii L/L* ic7)^10~20%<7)fi]-g'l;?g'g-Lt: i b 1 ®, $<)£>& 
v L tz„ W&A3&<x>M.lzt$LXli AXmP\-x>t$cJ§-liMtbXii.'Mz±Mz<,

Ä ftli1 " t1 -X i* (l9 5 3 , 1954, 1955)<7)^-&U^Ltz{j<X>£WM£ LX^^tzfr', jgSSfff  
y x'^e/  — ■?— (g  K-f

SS) i'fifflL, i  fz&’i / y c o ' S i M i z l (Schales and Schales£7)££) t t i t x t X (-'y
—? — <4 ¥ ') x ,  xy t> xK )

Atf>

fäMLtzflrlz<fc h ¿-fr 97"5'XWBu)tBfiM&, (alevin, *) (¿^cS l6 ~  7 X)l-isv'T^dfcfä 
^Oe-C'MffiiOSPÄ^i&lRL^-oTiMBItft (fry, 7 7 - f  **) cofSFgizAi-,

Fig. 1 Growth rate represented by the frequency distribution observed on the fish reared 
in a pond.

*B-#-fr x a i  v±m$■? x izo v > -c #  awt; m» > i> 11xv»s &#-. £ -t w i  trfsjg „
JUT**'!’, i]XU§ Tiefr.
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■it&ifisit • : m tm %  »28^

**>sicA'itx jjcaa«uwh t  i-»i{&fe&<;t.t.i§ui**rr*«fc ->
l - $ r ' ) ,  ê « S ^ S T - i i î S ï f i i ' ' ' ^ i > è i * . f .  (p a rr , ' * - *  ) «OßKM;:»**,
i* u  i k m i i x - z m
¡ ¿ m æ - t i> ¿ v ' - j — o c o * 5 S é % - s i t ì < ® w 4 - ± « ^ : ^ ^ - r A f, # i - ü s o ' ± Ä ( i ü Ä ,
L / - . f . í i  IF L V > iK  zmf t .

Z*M e*mtm¡rtbtohU' & Ít-S ^ W ?ílfc l9 6 & ^ & < 7 > iS ílu 7 > 1 9 6 6 ^ 4 fl;f» * £ l9 é7 # 5 J íj|Í f::M & ffl 
% 1 0 t  L XWftz,

5 , 6 ñ (nmM&t/ihÈ.tiahhy ÿ 4 fr bïm<r>'<-<mm\,zfrt'h t<na, fo!kñcr>’$¿g<rtí&i]-'MihxW:
<, ñ*£<r>m££'ñ*zm (egr^j) o,
fr ftc o * -  b%ZLpVXkâ3^Lti £ -ii z t 'b .

9 fl±fy<n^ftmmMzz<r>ttM£7rsti><r>X\ ~'z>Jbó l̂£B-vcr>ñ-o/z±m<o '̂(Xcr>mtm^MÚ- 
t  V ' 7 filtB £ Ò„

- ¿ o  J; ? fr f* £ £ 7 > $ g « ¡j ; ,  c a t  t  J: 7 K j ^ a s a S í T - * » '4 x ,
I^ J K { S # í£ x > íg # < 7 > J & é -u iW fíá íc A 'o fc , •)¡±1 l  J i i A o Xi¿ * ^  L <  &>), t t i z t ì t t
ioajc7>ti]-â-AfgV E oJ: i i z i - è ,  ^-W hIIì —t ë U ig A 'f ÿ iS i '& f c a ' î l - ,  2 g c 9 ^ K ^ c 9 f f 5 Ä i; ( i l l^ < 7 ) t < 7 >

5 f l T i ] i 9 ^ Ä ^ ? : E '& t f e i« < 7 ) 1 4 .0 ,  1 5 .0 c m £ ^ — F t i à ^ W i  H Í L t ,  BflâU fÈ tE ?l]tB ^ I> R lr«9t' 
Í7 ^ i> á f* > " !r - \* -7 " < (s m o lt ,X í;u h * * ) ¡ -J :o t : f fM $ íi 'C v ' |)0 Cc7>i§-ê-, 10 .0 ,
11.0cm iO gB ^ '*5g£7)14.0 , 15.0cm£7)a5^-UJII>C t ,  iO g fâ -A 'if t  L "t 5 g  <7> 10. OcmcOÜJ
t  i-o -et‘4 c t a* *«>¿»-, xîæf ! - * i. jfe^̂ ÄÄigöoiWü* < rn.izM.xh htm as.

7 o
z<r>S 7 ¡1-0-7 7 -?  i  U  SÉ o  r - t io -S M b la ff lA ^ ^ L , —$ < 7 ) ± Ä ^ - 7 ' - c - Ä m i-

2 > c t ü f f l ü . t & £ < ,  ^<7>J;7 4 - ^ í 9 ^ i 7 ) ^ t t ¡ - E * :> l L ¿ f e ^ ^ K S ^ « - * ¡ i S ! í 3 <)FííÍ, feSR -coffi 
'T  t « ± £ 0 g Ü 4  t , h .

±.îl<r>$mh'l,, ^ Ä i - o w - c i O l S i ^ ^ ^ ä S S t L X ,  i l - KWLtmmA'^&f£Pgx>ft ü St/ñ^<r>/ 
4 X<r>&$:tiML, &m<7>mmzŴ XWBl<7>ñZZ>&M<7>?nr--rizfHtlXfT< í£#£ifly9, H¡ W 
m<n^mV'7ElX'btX<r> \̂t<r>m¿£MiS-ófziL>lz-r><n\m.m$:m'-'XfLtZ'

# S 2 0 ! i ^  1 0 & H > t / ! - c a t f í 9 Ü Í 7 ) - f ? -̂?xZi]&<7)i& F a i l i l Ñ ^ f t l c - o ^ f í O l l ^

i * f t ¿  á s ,  m < 7 m tvkê C  % m *7 Û fm m < n m m è m

W T , NP. ¿ j É o  TiR  £ í)-¡+ ;  <nm<r>Sm ifriâX, jfê&b i* i  ^íá<7)P-$*c9B#*í¡, i

Í>í ' I Í M » I ^ S S ! ^ Í $ < 7 ) B # 3 t B t  t W f e *  4 t / C S í O Ü # | í í ; Í t ,  t  / * i a f o ( C & F i i A é í B 3 g £ í é

& - ¿ > \  i ï ë i l U f c v ^ ' C ü f B ' ê ' i O â ' - ' - t i ; ,  - 0 - 7 7 - 7 X ( 7 ) ^ í t A í t ó Í - & < 7 ) Í Í i P - l . ' i i - é - f l l ^ C O + t j ,  — j & ! C ¡ ¿  

12 mzfr f rhztVZi ,  fc-oxmxtmzlt l
(r>mi-<7)&rtëit í i h 6í ¡z m ^ L t L t ^ ÿ ^ x mff-.íh* 0 t ^ ^ b b z ^ s  7 4 - * m i - c ¡ ¿ i ^ á i  ( 0 + )  
l ü í S l f n i m  g * > í , i 2 g á f ,  i ^ - i i  { 1  +.) i í í -é o íí7)^(7>i  g ^ í , i 2 H u M i > » i P f l ¿ i - r - t u ^ . & ¿

f t M * '  oS:  n

fêm zm*f& s7 ¡ ; i - o 7 - íá « B f i .f t ¡ i ,  n # i h ,

* > » - .  i < 7 > p H1 l - B f l í S 4 - E « 0 ^ # l t ¿ c t ¡ ¿ ^ U ' # © T - ¡ i ^ ^ o  ö ^ ' T W x l i : ,  a / i t i  t  c s f t ÿ  a | ¡

W # :iJ ,^ îa i^ S Â ^ w tè  (M*-, - ¿oit«!.»!*' ̂ i*.#.«fj-vc7)íi o % o cotítm,
fo&lZ L ? 4 . Ocmmíá ( r - 4 . 6cm f^ÿ).)IZr> o  3 ¿  ¿ ¡ i  1965, 1 9 6 6 Í  J: t/1967

«T4-X4>, fJKHiJ¿ L t ''- í . - h ( / i :x t(H  ¿Kt„
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Fig. 2 Semi-diagrammatic representation of body growth, phase differentiation and smolt 
transformation.

f tx h  •) (xm , %%m), — ?<r>
itt'Ct'.&a—o  />,'“(7) sea trout i : o i ' r £5:

, L *>17 7 -f ^ W - f i i £ ' 7 n i - V ' j £ v»-) N all 
(1930) <r>&tnt*r9 7-?7.<F>i%&{zJ:<r>£ ibXlii f£ T ' i J :  7 tz, zmfpn’g 1) £ * !_ ,
*;Ux7A<7)ft»U— Ti**rf7fti Ztti±Mciom$i£M$EtZ> i  ? T'<b-i>0 

6 <*!**(£'•'— <V&mzAr> fcMX-li-i:COfft'i'Cr>±1j7!>1%iL'?xm&£M.l,Klc-f-iOlISA^-fv'
#Lfife£3it> '£ J: i C i S  (HIS 1 -  A), '¿ o j :  -> ZM & liS  f t&
A•><—<7)fSPg(zXr> t iZ t<t>—ocT)gg?£ f  4 hc7)r; £*><
< Ê 5ft■&Mr•<lA{¿h,), L;!>“hc:^)fef0iJii'^iiSi-Ao-CiBoi1'-i) hcOT*#)l)Af, »$£ lTfkiT"-?-<7>;|£i!l7!>''
*5C< Z t A ' b h ,  i$ l Z iW  60& t  i“III|£0 (j «0$; i t lJ - t  t  Li ¿', ^ iT liiiS iiia jlIIC O .f.l-jiV '-C , <t •)— l ^ < E b f l
& i  7 T#>l)0

#51 Ei . i l 1), 4 f l ,  5 f l n 7 7 ^ 6 0 ® F g < 7 ) f t <, KiOgF^sofij 
< ^ 'C 0 i-W IT 6  4- •),

Tth» Zrt&frt, 5 f!£  6 J!«)Mu-*< t  — 37)^:0 B 7 Xbh0
f&Hk, &-±>, f - i -  K S « if i l i  8 S ± i) iT 't<  *f, Z^fen^.tkW.Rlzb'oXli-frlficofcX'Zlz—'o 

<m>&LtzU53~him.hiu LX  t  h X i l z X h .  Z<r>£J> XXkBX XX, 6
X£> 8 5&isC0“parr”,'r, ¿^i-?

-  sotkiliHl £ * vf L t  Mv'  ̂ t^^iy)**** ^ X ' ”7 ^ >f <7>̂5cP& ¿: U
Menzies(1925)iO^#'C{i, 12 £ ^ ¿'Pi t  Atlantic salmon <n ~7 y  4 colxRdi •) £T'£ Lfv'&o
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I X f t & t & z  t  Z & fc lX  i & i ' X ' b b i . ISi:s tit',4-iâ,
ft,

Z M 'ty fê n të fm zA à  t ,  < fofg, i l 'l i iT f tH
* ± 1 - |.J :  - jU irS .

+0 (7> -ft

EizRA^Xii, mzfk&l£<r)mtf*)'')XX:<, ¥Æ, fe*i, i,
<B<^^CO(>(7)(--â-n-CÎT< ¿ i ' Ü W Î l i T O ' I W i J .

Huntsman ( 1950) l i  A tlantic salmon A> i. If brook trout <7)pjj ft Mil - -t t l  l n  WX) ̂  h 9 f X
¿OjPêiXb Z iz  £12#), -Ztltylz“silver phase" tz b if iz  “dark phase”t v >p ^f^^^j-fX ÿiÛ fZ^sm oh  

)SJ&LTSi*/t£i'<vÎ7ti>& dark parr 9 i£ f i lz X tlf z a
ifcnfflW c“phase” ¿t>p§§liHfl^,H;fSfg, l<r>X'^<,

B l z ^ t b i i X 'b b , ,
t  t z M . ^ M ' è - i z J: o  TffiS^ÎTSiSi£  Ml- i" & 2>Zt 

“phase variation” t W b b  (M, 1956 )„
Z tlt,lz% b r> X , V 7?^ X ïï& lzii\'X & & lzB > L r> X % 6 $ m & & m &r*gj “phase” ¿Bfi/, i f c *

^•SMb. rtëiMkj, “phase differentiation” <t «,»7ÎÎifli$-ffl(,'.& ~ £ £■ c  .^.fzgfcsh-c
t P B t i .

—*&- rffij, “phase” t ^ î  fflISi, rfflj, “stage”, r S f ® j  ¿ [s jtJ :  7 t> a  ;  £ **
t i,̂ cow5£cfĉ Tiâ, b h —wftm iztî^xÿim m , nia, skafl^nuit/'irtss

^•¿*I-it^f'Ll>fe^O!|$lt?raiS1"l>Plr<7)l2:^<7) r± if iS j i  rfflj «offiI§£itfflL/.:0

) CD a m .

?9»»w«ci48 h o*«** » a^w**^ tt&.m<r>immzt <‘tifz&, &&#*
$&*>£*>' P jtoMfofU, &&*><&$: E-££> J: 7 lc& & o -HK(c £ f i lc  LT 11 .0 -13 .0cm

f * * > K  ? -n ;jio 8 M f«fc *) |p f ,
*  1 H W * * * /} «  9 ^± ^O ^S -0-*6O ^-t^ll.5cm C O gE ^U ^iO ® t)± ')* ''IS i6 i,f 'U  
0 t U L T P ^ i .  i : , V >*>«>.& r h f j  ¿«DJ: 7 ^ ^ D t R

*rf#£tf i  « i l  ¡SSE Tl i  11 H iJu  U M è  î  X-m htyta,',
Z<r>¿ 7  LT, A1S(1953) lii"T"l; H untsm an(l950)lci£oT dark  parr co£$fc£-

Mi&, d '«  (1971) ( i T( Ti f i f e f t j i â f î ^ P^ gf i i ; o i . ' X m t i t z W V t rÎTo T ü  •), ifejK )̂ 
^'LHycTifSfêcOtiOÿ precociously mature parr, 5e£l-lÈ$fcLA ijX>£ precociously ripe pair ¿pfy', 
~'7<7)f£Pg£-E^-L'0'2>0 T<7)J: 7 i'iBTHbL^iÎrlDli, /A&coïfl?-$:W^E'f 4 ± 1 - l i bt>\ 'g

0 iâiOSëmi Xfflfâtb <-> 7 T ¿ A ^ E T , ES±<7)Df^ t  L T -^ii 0 
PlxPg«0ii7)è#)f7-ti-T“dark par r”, j  ¿ir>7 0f:g£H36^-& i>£0-C<*>£o

> (È l^) â ^ Î# /c fô fe iaA < l:7 „
LTlO gi-S), ¿Bi)i|iO±iife'el*ft/c{ji7)S:0)!fsii - B t:ftj(fA 0 -î-i7)TfllUdÈ^/cg{fk, '°—

t  ̂ m iixm im ^ xM m ^ xb  z> 0
^TÜ, 2 0 , BÎÎ^<7)§fi*i'±'l t l—7 't  li'Mz$kf)'i>%-iZ,

'? -L - r# U * > itT f ,f ;n ^ ^ :â T '# ) t), m tP<m km z% lhZtiX '''èJ: p in H U v 'c o ik M ^ -r^ T n to

v 'ô # è _ ^ è .  wc^Fniasiii&mist^im.ü'iiki't-, f t iz j tZ i& b t>m z rx t f - = - —j x> ?$m tffl,à ix^ ià
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x  7 7 T x a jf tc o ia ^ ik  t

i* < ^ è  a s r - *  i> 0

^«S7)fBrJl|T"li^iO«ii7)fé**'A>iÌ!l]Lt:, h - z , t z <  -7 tc#x i,m > „

*  10!cip£*i&  J: 7 fc, 8 /ll.iA ^T & U ^ufttfTfcA ttM igTliM & TiiliJi g 
<r>mmiffci7n-t£ i  i z i e m & H & t i  io n ' Art,
L$rv>*f llH7)#^T'flfli>A‘lw8.5cmtìLh^)Aè$7)UjAfi5 l:o 'C v ^ 0^c7)4j<r)11.0cmii(i;(7)t<7)|c(ifj]g
T"®o A '*—«OSfgr&̂ l- '*«, -?• 7 ) ^ ® I J Ì 0Ì #; £ & F/rX>9.0~  11.0cm(7)|gH<7)Miti %■

< tE-tbhtlò*
£.#.(; ft  I T , Affi ( 1966 m -fT -t- Houston % ( 1963) C ^ b o t  silvery p arrei«  £  #  

xA_h, '-lT-^'S^i7>x-t/u h xHlslISj'C'i)& ¿:JIL&"LA„ C^ XHciòXr^iit-''f~ ~ j “silvery parr” h
b tr t tx f f im t- r z z t£ i% .$ i t z > 0 zxii& m tfizm fozwm . 1 - c u s h -.

Z<nX7 7<F>i'fiM.CF>ttìftX’jr>2>1966%-WL<7)Ì)]&X>ìt!i,P l Z } i l ì >) {,->^#1, fig fé]
A 'in fc tr t ,  w x x ^ & & , ì i f l r ^
A(J^#:O 50% ti±7)ti7)^^fi9.0cm $riexàicM '), L*‘i^7)4iO)&|ytj&.£f&< A®^<7)icr>Afffifei7) 
m i > '•- i  ù- 6  m m i s x b  h,
*.&, t^ è y k iM M n ^ m c o m tÈ ^ m ^ 'è - t z i i ,  io h , i i h - ièìiì l a  §sì t ' *

7 ) i  i l J K M ' I l ; u h i f ¥ - i t z m i f t •&„ L**L-Hftt- 
ÌSÌ<7)Silé-7)fiM-r^^ré-, ì  AB# i  L T i t l i  L T igfeA '?^ -5 « fa  ;? A {, ?

¿ i f 'b m ( D '< -

ÌJi£7)J; t X > ^ b ^ S t & o A l§ £ \
T'Ii Affili J: tf'J'ffiiOlSffiT'Ì) & „ -ììo THKT) J i f i i  4>ff̂  £ /J'fl2<7V >*— L EEOiiÌF^-eii >. A41
B ' f y p >  òi<7)[ifLfrlf<7)±_xmt' '”— tESIJLSIv'C t i i h i ) 0Vt-oX^Wy' - ,  'W y '" - f io r i iv - ? §  

Sr#irv>*«. L T —tS-S-itiZ ¿A'7i!}fS<b0 SéoT ^ T L  b
Ìij'Èì7) 7 A 1 - ¿ : t i l f v 'An ifevì h  X ' f . iffiiiii; !<\'ify-?—j, “medium-sized parr r4 ' ì f y '  j
“small parr” #v>9 , f#5e<7> «'«j £;n1-«rf§£j®ffl1-.&d t

V” T fi. fei-fSIft't'S i><7)(î |,£}f'(.&■'<'#*, 2 0 Ki bj-y io! J11 F*3 *C'
i  A, tì;,

^ i-¿ v > ->.*£**&§ 3*U>,, ¿*iii>coe/){j-f-co AoKbin'2 @colti;(i®;$i'vcoì££  A ¿' ■& J: -j X'<#>
LA-L, — f#i;4.ffC0&V>iC0?H S t iT X i/u h  W#Fa1(;^;b&<7)t:ii$>'7!n£ ÌgE/7ÌL|>0 ^ ìOFp̂ ®

t  J: Vn&mcr>m$S$%cot'<Xlzii&X9W9l$titz& X 'h  •), 2 lUco^T^c7)
t l t X  iftWi;Ho XJE-MiO ico j:  0 —

tÈè L ( O t S À £  7„
% 1 U T Lirrh'h J: i ICìé+ ^ W ? titz&<ni&è-, Ztlh,X'0<r>Mz^!XòM XM 'niiA '’Z >)£■<, ^focoX  

l£'lz& -fòzti)£>2>„

i u i r o ^ i / b  b ^ c o ^ S c o ì i i f

#cìOt ^lzXXizm.&itx>4^M.JtiàX>fzMX-U, < fftT I'à A-?Fifi (12H~ 2 J£g
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4 t * it  £ ¡t • i: WÎE^ê- #S28^

WiSMffr&lz— &#S|Sjj&{E<->i'l¿„ L A LA)£^ï»T)Ui;±,G.'L•& 1> x>(ii£ o  T t> H't'COBSASf,

TTUAffi (1954, 1955) t  t i '), ifil+^S âR iJitA 'T  ; + ^ ( 1 9 7 1 )  íO I!
g U J rä ^ fä sD T 'J  >Sü§{*<7)§ j£ -, *¿iííi''(iíÉm<7)±íSrS-ftc7)fftT, té t& { tM 6 r> f t ñ & ’£ 1 b < v

4t?#âW ffiTïi 3 ñco<pmA'¿>&fccnMÉi1tA:B3:t>%3tó, 4 H (-A o T 'í- í i* í.tóÍt;jfit.-„ t^ -ib ib ,
fflco&X'lt, HULL, W'-'-7’7 —>J§cr>Tt~'-t—?—7à:iKfr%: *)&< jfccoá* ) <t-5
(¿Â‘$.-')$âv;ÉÂ)fezR£ML, â ^ ^ D 3 |i-^ > ii;ifJi31-v^SUir'pt:< ''l><> t  ì — LXì f  
v w m z t m m i m t >), ttz*<r>iem’m u r f L ú ñ ^ t / i z t * ^ .

it> 'i—*kizzc?)$m<?)&<r)ftmifcx>mík'<-cozniz&/ihx& < •), m z *  em-mn?* £  u m  l
m-é-, t}tA,ZM ffl

W:^¡lUWx>m^. ( Affi, 1965) l:fci 'X,-fX'¡zz<7)f9$%co&lz rmfflxXsú h j, “pre-smolt”<7)£
-ív'¿>„

h c7)íi4g

—Äzl-4t?Sit^lfRT'li4 ft '̂ajfrb5 ^ ± '6 ] ifZ íO ttg 8 * íM< » 'A*b'Hc'fMijco^^— g
¡-o<Mlí¡]C:£>¿Af, %(r>±M<n7T=-X-S & öfefi^L  < ?1< &■&„ )fc(7)E:^T12' ' — í . -¿0 
L A‘ L í* » ¿O tlñffJi¿1/m .t'u , -> U t'uc7)T®<7)-)1'íIfeí¿4-iiA‘1_¿ ‘^A íA,l?y)¿,i'(.¿0 
¿L -C ^W h 'H M « « llfe (ifflá l;íS <  i- ') ,  l¡i^*S® <7>#Láfe¡i(í¿A ¿'?B A -f.& U SI.„ ^ t ¥ L <  
{&<&■&„

r 4 'fflx ;e/u-hj, Hn¡d-smolt” c7):g £-§-*. T ^ á  (A®, 1965).
z<nmcoM,<r)$im<]ïi<n£m ?äl -D C ÿ L f c ,

4t?SjiffiäßT-(±—Ä$i:: 4 H T tJá 'í , 5 flT tjl-b^oT C co íS P ioJI.A 'tg íó^ ii-i),, - > A i i i L A k'íS-
&m^mzfrmMF>mö&im'i&L < #  •>, ?gAt, « t*u¿on^^y ¿¿>
* H fe i- ífeá ') , m tu '< 7 )* S S » t* * ír ')S í t t l .w é * f#,*„ WSB<7)feí>¿
LU T'fiO®fe<7)±UWi^^^t>'è J: ■? {;&•£„

1 - T '^ ü ^ ¿ ü ' ) ,  ^<7>í2ffét~A¿¿, <%•), * 2 ® O A ^ A $ ! - ^ $ L U ¿
H '), ftfeíO^^fflíT)ztitit'<X*<7)_t>)mmcnM.X-Jhb z tù '& B Z ïiè c

^ ltfä zzX )$ S $ % cr> & izm x  v'i$MxX)V|-j, “post-sm olt” X c g ^ x T '- 'á  (Affi, 1965).

í7)tjB3i.

fêîfflx h A'jIAít¡T)i| £ £ o  TrSlc A ¿tg , TA;b^4t¡SiÉMBx>ísjJi|T'li 5 —E L TX
x n - Y t  LAff i<r>'<—titk M 'te h (iffl£M T i > &&&£ E-tLfé¿ó-6„ H fóll Æl-&-</.: mfflXT/i- M câ  <
fóT^SA-', L ¿ - L £ L U ' )  {,M¡-—lIRâfeA>1£<, |h| t r i t i c i , '
á x ^ U -  L¿'L, — z>Xbb„ Ü43X).E
lz-o\.'XlÊM1rtüi\ tk<r)Taiz$B'*—X h -o fzL n Z lK fr lX fä ^ ltzy k & lzzry J :7 S o ff io # . *>'£< íüía

fé o T , íB r i l l^ l-E iL íL é X T ^ M im ^ í-L , á f U í O ^ i K ^ í i f i á S í T '^ ^ ^ ^ t í O * ',  # ¡ 'A  
o T 7 b ^ ,tjÜ lc iÄ * {i i t JTjs,)l;c co j: -) %n&<7>M .k̂hb<r>Xhò i  ¿í£fé£Lii>„

< ífc£fi<7).f.i«iIáfL o¿E-<  íe-i, ¿ t^ U í .  XT;uh c o iira u iD ^ ò ^ tf tin ìrv » .
A S ß 5 > i i iXÓpfí<nm>X'h 0 ,mw, »W, * iS&T
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•) -e* 4 *;, g «feioianii rt<nisiæ<7).in*{*  l f t - e t- i f c »  l t  xia* ¿* -> M t, # a a  £
tx h X h b i*

KeH, rfe4’® W (-J:oT±t±±^S<7>& <i, X ^ u H - J t^ T ïS ^ lS iO tg M ^ L  < Wli±,
< Pf?sL t-v 'c  t<?)—o<7fflmt z o t ì  T h h .

m u m z n i  i  % ?  4  X m & l z P i l X ,  Z Z X  r R H U ^ H -j ,  “pseudo-smolt”< 0 :g & £ # ;t.i> .x £ £ tl
|®1-S<,

t e a ,  lt&MM3l>X-iizr>$l<r)%i.hlt/riâÎT?SXi:/H'j(fêi£) i-WLTf-JÀIi r W X -^ ^ < j  «o£ lfc£#±
X ^ 'ô o

m i x  x  >v h <r>mm-j& *> «  ir m s  i -  f  tz m t .

î! î t M * ^ u h

im x*/l'h£*X >Î.im 'pT ffifit& ® £-,Ü -tiO ^ftC O T T fi, ± ± <  £ t. 7

f i£ <  5HÇ/t4 £ LX<nm̂<n̂Bî \I t® ^ 'î—«o^SSU4‘h .

!fê£lijtx>, V'Wf r m ' )  J  <r>$igM {& ò o  Z C D f f l m t z ^ ' X l i  J e f f  ( 1 9 3 3 )  JE "S'il' &

i-iÿtfi,M X , ÉÎSZXiJ: -j^ ^ ib * if e l)Î#4T '^ Ô T a
t “smolt—parr regressive transformation” ¿B

•5 XX/u H e “regressive smolt”, ' iiltr'l’-'X-t ̂  b j ¿7filun£'-j-i ò  Z  t  ie&lìXi>„
( * )  i z j e ò t ,  # & , m m - 7  9  ( x y x j - v 9m  ^*>it

£*§-è-, z<r>i. i  z m m ^ z m i t i x ,  9 Ü5v'Sfê-XX-t^ ht-iSÉfB<7)fSfÿ££-£■?>X £ a^flg-C
*•&„ L*‘ tR ffi(eü v 'X , XXì ì s f  Z m A e l z f t l x m i î t ô t ê - è - ,  ì § # « 3 M ^ ’MS4*t:iiSUJ«7>>È{-M it4  
£|oIL< , Ï ,  7U & '), XMi>X)f@i$.X)jÉiiS['43iOiS
^ £®lâffl«JlKieJt^X#,f;W le^v'Ct*“i3* L X , #^*S#<7>S?f®«èÈ (ffok^
-CiiS&tì) 7!>%T±£Ì<7>£fl.&?M&o i&i> < X h UX (£& *)) * £̂ a L X ië l .a ^ T '# ) 0  7 £ # x i> M £ .

± * 4 ì  «t *  J H ì Ì 1 ± t t W ^ k

« ^ jy ;# H X S i^ fS S £ 3 fc  1

Table. 1 Changes of some blood characteristics correlated with the phase differentiation.

Stage
Season & 

Phase
Density 
(sp. gr.)

Water content 
(%)

Red blood cell count 
(cells/mm8)

Hematocrit
{%)

Serum ni trogen content 
(mg/dl)

March F 1.0335±0.0055*(7)** 90.49±3.5 (11)

May F 1.0317±0.0041(12) 89.76± 1.29(9) 915000±158000(6 ) 21.2±4.6(11) 218± 76( 3 )

June - July P 1.0358±0.0033(15) 87.96±2.25(10) 1203000± 136560(8) 24.4±3.0( 9 ) 362± 131(4)
August - p 
Early September 1.0372+0.0040(23) 88.06± 1.81(16) 996000 ±237300(9) 23.4±3.6(15) 467±150(9)

r . e , , f DP 1.0453±0.005 ( 8) 83.14±2.23( 5 ) 1356700±211300( 3 ) 34.8 ( 1 ) 630± 141(5)Late September-] „p
T f̂/v A/*4./vk/v̂  1 1.0407 ±0.0023(12) 86.08± 1.51(12) 1085600± 90000(9) 26.0±2.9( 8 ) 452± 97(10)Late October f p 1.0390±0.0019( 6 ) 87.76± 1.39(7) 1000000±207300( 3 ) 26.9±6.7( 5') 386± 104(5)
Late November- f SP 1.0410±0.0036(15) 86.56±1.04( 9 ) 1100000,1210000(2) 25.1±2.1( 9 ) 430H45(5)
Mid December \ P 1.0387±0.0023( 9 ) 88.41 ±2.0 (16) 1080000,1090000(2) 20.8±1.7( 7 ) 390±135(3)

mean ± standard deviation 
** number of fish
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£ It • 4 :  WSEli© £28^

l ^ m ^ t b h ^ f e & M f r h f f l n f f i b < 7 ) F M < r ) i ) ] & M < r > i f c t& < 7 ) m W . l z '0 i ' X ® .% t Z > t ,  —(a#j
4-iSl6]t I T , 9 l
*>L 5 ^c7)v7 -i *W ct) (,<n<7)ttM A !, f fi< D ffig < ? > * tiJ :  >)

•£>„ 3<7>H*c7)jfM, i7#)52^ibl-^?m ><fc t !-, ®f>< 7 7 - U > ' t , ' * —

ifcv'T'6, 7 fl<P»'*-<7)|£Pgl' ¡ ¿ i t * i  LT. #d U $» , b ? >J y bffiti<t O'ifilif$S
gS 1 @ 4W 6, 7 flc7)tfc<0±fi:<7>

S j£ o fc tty ^ fe tfff i+ T fi/tff , LT, 1 ' o X ^ i t ^ i Z t

i)‘ ht'i>o
L**L 8 n f r h  9 R l z M l X l t i k W . < ? > A f r M . ( r > m i z , \  9  *) ■/ Y \& < r> \& & < m fa fr^ W 5 \

t h t ,  m % l~ fo ± B :c r> {% U :<7)m t) ( ^ 1 0 ) ,
< *^<o*ia<!o±#u i  Z M t e t n m w m h i - i t i  #*?£&*£;

9 R < r > & ¥ f r ^ f t W L t w m z b f r Z , i 7 l z b t , f f i c 7 y f r i m ,  S**, i k f o c b & t t n W l z t K W t h ' . - z c o i t m i i  

^ m c o D P , SP, P<nBKfr<n&i&<b±lzh^frlZ7ji2ti, U)'b, V'
X f t i < & § & i z b ,  BU<7>i£Fg<7)8 f l, 9 HiOJfliiSJ:*) ir M lS X 'l§ iz L X ^ 6 ta tJ :7 0

m m n m m t v m m i & L m z m m L x f r 1),m ^ c o t x ^ c o m i  * ,«*«03 *̂8
&4c5HL K ;t® < 7 )$ S K tiliX fS  (1961) i  Hefei'S &

S g i^ ' - < ^ « l i^ i i . f .< 7 ) ' t n j : 1) (cfj, /Nf^^io-ti-fcpfi-so) coffin
<#>& i > x > u m z —  ’ t  £ jjTfo

bfl*- (11-12H) Hueoi^Pgcot,<7>t̂ cJ:-?-iHj—<7)ttS|A«<0
* (- , Jfli^<7>1t«(7)ipT^FCSS4-a$i:4-4«]ISKS®!cov>-c, 7 H «¡V -?-a> £> ?fn  £  it-o T §Bf t'*~ i 

B ;# (7 )X ^ ;i. b i z m & £ i% b  L t z  3 0 T £ £ O f$gijuf¥ l <-'8tK?£iToXrig*®N<7)ft

Fig. 3 Seasonal changes of serum osmoconcentration of the fish in natural streams;
O  —fish of the Yurappu River, •  -fish of the Moheji River, ▲ —fish of other 
rivers.

¿ O ' t t i z m t b x  iflfecOtBDllco l< 7> tm x< r> ± > ) T  •) < n \ W ' W b i ) ' h 0 

z<nmxmiLx>7n<r>±M. 8 m x , 9m z h t ib i^ r a m ^ ,  9 
%.frt,l2RizM ix<r>i%i$.ii, W, 1 ST>?fc4|T>.#,cojfo?&c7)^2fi%-?tjg SStaffi-f& iT >£ i *>

ttn , zx>mx)ion^rti'<r>~x><r>ihtimmizmm$tLi,M.<r>mkiim<r>^mm^i >), ’̂ m z t o t t n k ^
U t  i  f i-S kL T t > T (IBP—JPF X-— 7  ■vX‘) \ W 2 c 9 ' ) i—X ,  1973) -PUtfĉ li, \
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<7>jfiL?ffi(7>jgjltl±iOi)j £  L fc f, 5 H

X b h „  m]$><r>r&Ui&i\\oo&<b>b;fit&< —
SScL̂ :3EiWIS(n]̂ igJ61> C. £/>'&¥•&„

? &if]il/±aug<7)*!j££$$< iK -f  
4  ¿#x^fll> i4L i£¥x>l£^oM fi£P$i5fe1" 
^  #  iB L ̂ r f ' - ? r T U ^ - r o

HfSPgtzEi)-Lr
£Sfea/>l>£3S2ifcJi|co&, Hf£7kS#<7)ft:ft(- 
— LTlfli?eiOgaiffiii£^c7)ffi

jhf®
¥& (S *x> ai$< ^T '—
L < fg)2)±iO_t')T')

o  l b & c o i £ m ± t r n m n / m ,  mm<r>

APR MAY JUN

Fig. 4 Progress of smolt transformation of the fish 
in an artificial brooklet characterized by 
changes of serum osmoconcentration.
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£j&So6D$&£fC$*v>TibRMl~f&jbtlh0 vKJOPolMCMLT, ji^ -izb tzo XfciML ^ ^ < ¿OHIfc 
4dV>t , iin.?&<7)̂ tJ±, #jg£, SMK itm-te
z m r <,'£/>% w )  b i t z z v * o - » * tr^«<ioffiiffiis®{c;m i-* *><50* « 5n ii^ * r0

Fig. 5 Seawater adaptation of 
Masu smolts at various 
seasons; changes of 
serum osmoconcentration 
by immediate transfer 
to full seawater; each 
symbols show the mean 
value.

12B#Fh1§) U(iri>4‘4 _h#LtzObSEiti, -fcofg 36, 39S#
$ 0 )  f-SO'i&Ti" i>0z c o i i i b t f t t i & m i ,  iLWmaz&<7)®  
r n t m t l i n x ,  4 L, f£<7)ffifF,
.f.A‘ffokt-ft < ill© L 1§&<''Zt<T)M& ¿ 4 4  {j<r>xhha 

S iiE P 0i5 , 0, 3 ftcomfflx
- t /i 'H iiT ilL © # i^ 5 & £ t . l .4 £ i i 4 ,> 4 
F iS c o S iS E i^ li-^ g i^ A '' ,  -f S X h '),' 5, 6
r cow axxji^bm ii& m zm ffl@¿o±#?-f« $ ^  ¡^, 
- t /v U c J t ^ T ^ L < 4-<''C£#<i$j&T'', M & M fcm fi& tW i& 'Z t 
£ffl%Eix*''t>, m p£iz$£m <7)m m iz& ^x3 H com & tzti, & tm  
i k ’P X X r f r  6
4 R t z i m ^ n w d i & t t m z i f i i x ^ Z o

Z t! 7 H , 8 F\cr>&<r>m&,#&!>WeX'S
\% rm<r) 4 <ntt, ffo k u g :A £ titzi%fr<r>m}$S±<n±%-, 

t  l  i?mmx% 'm z iz m -% m .m m ih x &
HrX'hhV, iS iiS fiO X ^ H - t ’i-'3tzi><7)X1t,
<7)ISg5^«L4-?S2Kii©ij:l.>:5iLTFfli 4- < W X lth a 

t t c f r h ,  z n h c o * ^ fr t fo ^ i- ig e a ximmM<r>m&&cr)fe£- 
io in ffliifck ig© .^ ® $ t $• 4  J: -5 f t  < itfe
tz& sbU tfrtltz& X 'l, M&ffiZ&'Ofg.1) 9 R jh & \,^ n o ftiz m 'X  
4 *  X/'MAtz i f f  z> jg©.<7)tgAii

—o<ni&.iLifzm.mtLxwtzmi< h t - f ,  ¿mm,
J&^suniaj: VW8t*Mtzi!>. 'XmM  l  tz^^M thXW LW ^A  

4 Ri'C? 5 f l ± /B]<7)7 7  -i Xi$%P£(n&ii'MiS-lZ®V '#£ £f£-3 T >{RU »  <• t)\ ^gp<7)fpl), ^<7)^ft
f £f H"4J: 7( - 4- 4„ 5 ^ iM 4 -^ T f£ ft 't '4  4iO>!>{£ < ,  j/jccoig

O ^ R iU ^ i7 ) i l^ g j £ 0 0

Z t i } !£ < ,  41, < '¿7  4f®f&j4 7
& *» iA A iS iO lA  < ± # L 4 ^ 9 i ® : 4 v > t l i ,  SMIffci L, i>

¿A^V'A1, AiSA''±#L, i4 7 k ± S ,* 4 ¿ V > |tF /> £ v  
3iv LTiSft$r^!+ 4  J: 7 i ; 4 £ „  • ? - 5>SciIS)L, ¡¡Re0 ^ 4 1'4 4  4 cW
ft < 4-So

i l l i i O A W i ? i-L-S0 
g«S<7)?«f)i|T'ii*-Wi, ^-iZ2^Affi^iiioPHl!Uiir4'.#,*'^ 'Af, L * 't« « T " 4  B t ,

¡Ri-^irmL T fS i-t ¿.#.*'*¿'4- •)

4- <, U •) fiJffl?ft4v'§rO  t- h'^ 7
«A ^ !&  U 15- < i  7 U 4 4 0
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X7

'), e © a i * S £ * l t : » T i M & S ' ' . £ T f i r  <„
KTil-fAiOliii-HliU H f i i i t  ^  i  Af £v ‘Af, f£8U<0&#<7>&* '&&'), B t f S S ^ U i iv  >T t

* t ^ i ,  f r b w m & j z m i Z f F - r ' ,  m . m * M i z n ^ ^ x n m z z < n j z •> 
»4RfTift& A ;TOiu Silg $  t  ii>„

i s  -& #  m

lijSa ̂

- f />-?x3ico?i(l7R4?SS#cofe^4‘l5P§CM1"'i>— L"t, -f ¥ b X, 3 —o  y-''*Ci;v'Tli**4'•) 
i J < A‘h>alevin, fry, parr Ji J: t>'smolt cO®#£f;§4Sftl.'C  L X ifflV'ijfX'S J:
(z tc "> Xv' i>„

—L, Ci.ffi—llzOib^coicoizigffi-ti-ij^^c^-ilJJgt L X  H ubbs(1944)tfO-fjtNuL A: &X>U J; -5 i  prolarva, 
postlarva, young &<£(/juvenile If Ashb , 'b"b"?Xl{lT"!i alevin, advanced fry postlarva
**£b<nk L X " * * ' ,  * t u  (1933)

pre-larval stage isJ:l / f f i & f f l  post-larval stage t ^ ' j W S a l i L L 
m x J b i 0 t%hh,HiJ#li alevin <Df£P£, « # ¡ 1  fry ia» iO iS ^€-#1-W tT 'i> & i

iioT iJ-X  & 7 i  K o -^ x ib iig i:  L'C'''2>'f •X'̂ ’XlSi-M L TliJhI£<7) alevin smolt t-M&Eocolfg

iris, rffe ij  f c i t / ri*mj ¿ v 'b ig i i - t ^ x I B ic M L -r ii , - c it i tV ) * |g < 7 ) g 1 R u ii- 5  ¿ ,
rfS,#.j l i  alevin £ fry £ jgMfcL* r#L#,j (¿-5-flJ: i>c?)$:iji-t<7)fi<gi£cr>J: -j X 'h h 0 3S

% U Z Z X U ^ >.t.i*X) r i* ftj  ¡c ftL T  “parr”£ ,  *  LTj£*<A> r¿y&j c * f L  T l i  fry £  
t : ¿ i  L T  “juvenile”**<7)|f|ri!fii<7)i)iOi: L T ^T li^bJ: ■?'£"$■£ tW C & S .

$ T , i7x^x& .f.<7>tlrg-, » j i& ite T 'f f lt ' >b11&iVrX) rjr-7-<j ¿ ^ ¿ L T ,
A*ir*> £ <  W *#*'*»*), /tUtfjlJtfei)&v b i i f e & W S y t i i *> 6

S & b tL  i / _ ,  ±#r¥:&bX)5:ii*> X E T  i, £  < <7)KP^tg<7)E5}-X).£-i?-C#) £  ’  <b liBljiiXl £ ') T‘#) b ,
% z  & z t u ,  t t z t  i m x * , s „

i¿«bU-fev'Tli, tSi; O '—j i  rx ^ /u h j  <Jb“ #£M .£6ty;fi> )±!f, LT,
g ij io ^ ^ ft it tjD x , m < n M m m ^ x & # < w m * t t < n % & t L x » m L £ i t M A t l x %

2 0 i : $ ? n t ! i f c |), x^x,xn?ti< r> $m ,
& <  t z - L W z m m m t  L z & T T s t z i > < r ) z & z 0 

faz& mx-KLtzfkn& m, « is fc ^ u i& jsL T S s i, k jiju  
^ m z  %J ifc c n S -, ¿> i<n<r>h- •) iU L L ( n ^ T l z ^ t .

m =£aa

alevin «5m m .  (t >w <>)
fry t m m ,  ( 7 7 ^ n
parr a  &  i > M
dark parr ] 
silvery parr j

1* large pan- M-f-, - f  
S r i

medium-sized parr n

rj*fÂrfë$kj t ^ xî X 7il
* * T  /  *j i i ü l l f i i - i - r X M  fry ^»^smolt M b t z h t û s . ^ < n M M ^ :  o  X  juvenile t  young C0j^#^jqj t  X i l i t f f l t  

^ w H ;^ v0 Hoar{ 1954) it «i»......... Juvenile Pacific salmon.........
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small parr 
pre-smolt 
mid-smolt 
post-smolt

ÜfflX-e/ul- 
'fSHXin-l' 
¡ m x ^ jv y  
& ittx*;t* 
ilffigx^e.a-h

S  h ')
pseudo-smolt 
regressive smolt 
stream resident parr ■V -?

L, +  ffi, ' \ ' f t p t i t z i k #', i f z & f t  LT/S#/'-*—
Sri"1 x>{iB&£<7) £ *), ' * -  A* 2 #  §  tc & o  T i f t L  {, x>

°—A!ZfLlz>t£', i f z ,  S it tx T  ;u i  is J :t /i lfr  S X T /u  h fr^M zhV ihh Z.
t t z ,  i x m m z

±i§<0—H #c7)^ ^ lcfgL ^  “stream resident parr”, (MW) g g i K - l i ,  it,#,, ftjfe, txffcX 

r < *  ¿ n fffix i, t<7)!_i§a-t'l>.
Vanstone £ Markert(1968) i i ^ i b ^ l ^ i f c U O V ' T f t g - L T V ' S # * ,  t  
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PLATE I

Explanation of plate
Typical fish in various stages and phases. 

A Parr 
B Dark parr 
C Silvery parr 
D Mid-smolt 
E Post-smolt 
F Pseudo-smolt
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Tafele No.I

The Comparative D ifferen ce o f Certain M eristic Characters
found in  the Japanese( Oncorhynchus masou) and Formosan

(Oneorhynchus masou subsp.) Trouts.

—i____ : V ___M •Jnea/YL : 9. T>. S . ' V. c . ^Cj/UÛP. i
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_] The Comparative D ifference of the numbers of Small Black Spots

ÜI l e f t  Side above the L ateral l in e  "between The Japaneseon the 
and Formosan Trouts.

] lo c a l i t y N Mean S.D. S.E. V.C. Range
j  jj Japan.strain 23 78.13 30.16 6.29 38.60^ 23 -  136

Ijpl Formosan s tr a in 8 21.88 6.15 2.17 28.12 II -  31

©S3ZBS8 53



r

r

N o. 1

The Comparative D ifference of Certain M eristic Characters 
found in  the Japanese and Formosan Trouts.

f
number of vertebrates
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F i ' f i  t f o .Z  r 
The Comparative D ifference of the numbers o f Small Black 

Spots on the l e f t  sid e above the Lateral Line between 
] the Japanese and Formosan Trouts. v
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j The Saramao Trout o f the Ta Chia Chi H iver,Formosa.
|1J

- V F i g .  No. 3
P%>1 '  .  V  ‘ ' ' I , # '  - • * --------- -------- --------- — _____________________
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Comparison o f the sp o ttin g  
co lora tion  between the Jap
anese (A) and Formosan(B) 
tr o u ts . Photo.Y.Yasue
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The junction of the Sukeran v a lle y  and
the Upper Ta Chia Chi river#
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(Photo. Y .Yasue,Peb.I970»)
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KANO,T. (1940) ì ZOOGEOGRAPHICAL STUDIES OE THE TSUGITAKA MOUNTAINS OE EORMOSA.

(I) Daikö^kei ; (2) Daian-kei ; (3) Taikokan- 
kei (Tansui*gawa) ; (4) Giran*Dakusui-kei ; 
(5) Dakusui-kei; (6) Minami-Sharisen-kei 
(Shimo*T<msui*kei).
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A B ibliography o f  the Formosan Trout.

Edited by Y.Yasue

( Okayama U n iv ers ity  )
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Jordan,D.S. & E.A.McGregor: Record o f f ish e s  obtained 

by David Starr Jordan in  Japan,1922.Family S a l-  
monidae. Mem.Carn.Mus.,Vol.1 0 ,No.2 ,122-146.

^Oncorhynchus formosanus (Jordan & Oshima) p .I33j

¿M l
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Dymond,J.R. & V.D.Vladykov: The distribution and 
relationship of the salmonoid fishes of North 
America and North Asia. Proc.5th Pac.Sci.Congr. 
(Canada)1933. Vol.3,3741-3750.(The so-called trout of Formosa has now been 
shown to belong to Oncorhynchus.)

Oshima,M. Life history and distribution of the
freshwater salmons found in the waters of Japan. 
Proc. 5th Pac. Sci.Congr.(Canada) 1933. Vol.5, 
3751-3773.

L.

1

■ i l l

— (3 )  — (®By2EBi 53



!/ ? 3 f ____________________________________________

i ¿'fe 0LáL JÄ : ftjSÀit£j h Aiti ■jJLÍí-JLs-
l l  ...- B é & jA i iá Á f f r i . ;  /o
I
L___ J e J A . IcJL.

fol àk »= Hr)
J ^ ^ U k M ^ ^ Ä LLoiX, -  ///fr»,

_3g /fc \\%M.  °

1 Î J J L

L ,

L-

J & n i -fr-fr : o  f e t t a .
ÿ gj .3 — -?<>?._ fj&iaÇ .ggtf- ¿g? 7

*  & JE Î& : t ik ^ B e M Sâ-^JM a je M
ZA ££jbl,  9JL£æ  S M ^ M £ £ 3 Ï Î

U

-o- Í&>'i$c -*p- f'tfM ?\ : y 7 0  tw<è ti.r,ft
± Ä - B 4 - f h  , - U . L i  ,

ï ¿ Æ . -Ä i-  ÈÈ M î M bM L
U„J LSJLÜAá \ £ £ ± ^ 2 £ R 1 .  M ÍS .

;fcg,jE -;&  •• . & 1 Í Á 2 L $ Í  u ¿ £
U s O M - í  . î ë &  i; £ &  * ? j l  t  < t z }

—  ( «  —
i@Rü2Pa53





; r / 9 Ï 0 . .

Kano,T. : Zoogeographical S tudies o f the Tsugitaka 
Mountains of Formosa. Tokyo,I45pp.
( "On the occurrence o f Oneorhynchus masou in  the 

m ountains.” 86-90 .)
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X. Berg, I .S .  : Ryby Presnykh Tod SSSR i  
I' (Akad. nauk. , Fauna SSSR,No.2 7 ,1:466pp. )

A u* Tr7<X61A. Jp-l-m O S<*.71444 J

U M

M iller,R .R . î Notes on the cutthroat and rainbow trou ts  
w ith the d escr ip tion  of a new sp ec ies  from the 
G ila river,New Mexico.
Occas.Pap.Mus.Zool.Univ.Mich.No.529,43pp,P I.I.
( Oncorhynchus formosanum p.53 )
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Kobayashi,H. (1955): Comparative S tu d ies o f the 
_ — S c a le s . in - Japanese .. Freshwaler-Fishesywl^h—

S p ecia l Reference to Phylogeny and E volution .(IV )
<Iapan. Journ. Ichthy-r-V-ol. 4-r64-75 s--------- --------------- -----

(Scale o f  "Saramao masu” are ju st the same as
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; V ladykov,V .D .: A review  o f  Salmonid Genera and th e ir  
broad geographical d is tr ib u t io n . Trans.R oy.Soc. 
Canada. 4 s e r .V o l .1 ,459-504 .
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On the Char Salvelinus leucomaenis with Atypical Color 
Patterns in Lake Biwa Tributaries
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a  W k W & v  4  v  - f  
Salvelinus leucomaenis

• it ffl M s.
(1973 # 1 2  ) |  11 0 3 » )

On the Char Salvelinus leucomaenis with Atypical Color 
Patterns in Lake Biwa Tributaries

Keizou Takeda

In Onaga-tani (Fig. 1. B) and Sutani River (Fig. 1. C) in the upper reaches of Ane 
River and Echi River of Lake Biwa water system, the author collected specimens 
which seem to be the char, Salvelinus leucoma ĥaving zigzag marks, instead of 
parr-marks, on their body side. Since such specimens are not known, the author 
describes their form (Table 1), localities, and habitats.

Specimens with atypical color patterns may be variation of Salvelinus leucomaenis 
(Pallas), and not hybrids between other salmonids and the char. Japanese name 
" nagaremon-iwana'Y is proposed for these variants.

(1991, Kuwamachi, Ueno-shi, Mie Prefecture, 518, Japan)

p K fc  tC. h,lajEO-f V i- Salvelinus leuco
maenis Pallas © iii 't c ,

tz.:  v

ktŝ thi£ . fckjft, 1961; II . 
1962;.'4iS, 1967),

% © K lO V '-C tt, 3 ^ 7 ? « .* i£%D '© 7 ?,■
c t i b  <omm t  « m m *  %.

c  © n ^ -e ®  o mo ¡ t© il# « ,  1972 #  >•:
1973 # i c ,  «gS SB aW 5l:B T it65fe© »JIIS )I© ^^  
# (F ig . l.B )

(Fig. l. C)
L fe

w m  10 n ( ± m  145
~  309 mm; 95, $4, ttg lp F ^ l) ® f g jp j t * i l£ L  
tzh£ 6 ^ a © T  7 j-

9 — — <|8§<j>
¡HfiA >. LffcffliKiiijfflft < M B B H H H  LTf'

B tig fe © S E » :A '^ e > ix 5 . v  © ^ © i B i t a S - ,  | g g

i  9 $ K |j
?>. t t z ,

IS, MH*5J; t>'#li©.tiI&tlLSfe"C', MM©_h. T

£  H 4 p & # 6 M M  f e s ' %  H  © m  b . ¥  * 3 i t  ̂
Table 1

«aWRBi Li:^: •
' i t s ,  (pi£f§ 1200 m) ¿fi

1.5km ’©^?£ 9

‘̂ T h m P*^<Fis- I B)- £
w 00m @-b®c > l i l t  2m # 9 © d 'S

;©jtJ: 9 ± ? t 'C « # § # t #  39 Jl, JL©
' 5 L 29 (Siifiir^ft'M ) • • « m - © ^ ^ ® ©  T 
^ 7 - Lfc £ £ it £ #  f  fc. f t l  9TSt
£ # « ,£ # $ © * , Sd'CliW®©'! VT&mx,  #

ffl*.*? 1972 T  4 R 1
¡hi"e>, 1973 #  9 )} 30 0©feltc 10[Sfilfllfi&iT/i: 
1 ' , ’ fe 150 ̂ © V  # M » : © ie # : i i f t
©-f ^TSE-L'i&o 7c 1 H©AT:'&-?*:,
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Table m Counts and measurements of Salvelinus leucomaenis:

Atypically speckled char Ordinary char

Onaga-tani Sutani R. Ane R. Sutani R.
10 specimens 6 specimens 10 specimens 6 specimens

Total length (mm) 145 — 309 mm 105—218 mm 160—290 mm 127-220 mm
Body length (mm) 125-274 85-197 142-271 107-197

/ Body depth (# )
(x±standard deviation)

20.3-22.4%
(21 .3+ 0 .7 )

1 9 .4 -2 2 .5 #  
(21.4±  1.1)

1 9 .5 -2 2 .6 #  
(21.2+ 0.9)

1 9 .6 -2 5 .4 #  
(22.7+ 1.7)

#  to body 

length

Head length 

Snout length

23.4-28.8  
(25.5±  1.8)

3 .8 -  7.7
(#.$m 0.6)

24.0-27.3  
(25.9±  1.3)

6 .3 -  7.9 
(7.2+ 0.7)

21.5-28.8  
(25.8+ 2.4)

6 .4 -  7.8 
. (7.1+ 0.4)

24.6-27.4
(26 .0+ 1.3)

5 .4 -  8.4 
(7.1+ 0.9)

Diameter of eye 3 .9 -  4.9 
(4.5 +  0.3)

4 .7 -  5.9 
(5.1 +  0.5)

4 .0 -  4.9 
(4.5+ 0.3),

4 .5 -  5.2 
(4.9+ 0.2)

j Upper jaw length 13.9-16.7  
(15.4+ 1.1)

12.2-14.7
(13.4+1.0)

12.1-19.9  
(15.5+ 2.8)

12.3-16.2  
(14.0+ 1.3)

Dorsal fin rays 
(jc±standard deviation)

11, 12
(11.3 +  0.45)

11, 12
(11.6±  0.49)

11, 12. 
(11.6+0.49)

11, 12
(11.7+ 0.47)

Anal fin rays 9
(9.0zb 0)

9
(9.0± 0)

9
(9.0± 0)

9, 10
(9.2+ 0.4)

Pored scales on lateral line 112-128 
. (119.9® 6.0)

117-121
(119.3+1.7)

115-126 
(121.9+ 4.2)

113-126 
(120.0+ 4.8)

Scales on one row above lateral line 210-220 
(215.0+ 4.1)

200-210 210-220 
&Ô5.0+ 4.08) (214.3zb 4.2)

200-210 
(206.0+ 3.7)

Gill-rakers 13, 14 
(13.3+ 0.5)

12, 13 
(12.2+ 0.4)

13, 14 
(13.3± 0.5)

12-14  
(12.7+ 0.5)

Pyloric caeca 1 8 - 22 
(19 .7- 1.4)

17 -  20 
(18.8+ 1.5) -

18-22  
(19.7+ 1.6)

17-20  
(18,5+ 1.3)

Sexuality J:Í P 5S s 4 + ? 1 Ç3+-&2+?! 9 6 + ;&4 3

Fig. 1. (A) 
(B)

UH

A map showing the locations of Ane River and Echi River in Shiga Prefecture. 
A map showing the locations of Onaga-tani, a branch valley on the upper reaches 
of Ane River. In Onaga-tani live atypical cliar (Fig. 2) and in the surrounding 
area live ordinary char.
A map showing the location of Sutani River, a branch stream in the upper 
reaches of Echi Riverr. In Sutani River, atypical char (two lower fishes in Fig. 
3) and ordinary char (the upper fish in Fig. 3) live together.
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S § 4 r » c U T i , '*  J: 5 t ^ S b b f z .  f f c ' f t t u o

s a - t - ,
f &£>■*)-*--* i  tc&M' M $L  t  it& i i v 9 c  
js, y  7  zi Oncorhynchus Jordan et Mc
Gregor © £ .f ii$ ii, A J tif, « l l i m S J ;  9fô 2.3 
km T a © W ig £ > fc 9  iXX  (Fig- l.B).

3*4fJII©ftï*Bïj&(Sft£-Pl'T

m S 6 (g (rèft
105-218mm; 9 3, 5 2, (4SiM<H)j l ) i : o b t ,  > © .#  
^ J ; © # ü i è a œ i l  (Table 1) ¿ , l'-f;H 4fu
)£ © * ;B :£ © I f* fc ( i§ M im E ^  U t  <. # :« © Ht 

H t'ic j;  < m tV '5 . î ,  
d> LlÉfS;iI©13W:-T?:i A j* i i© 4 © t  0 4  M i t  4  i f  
b-C-^©tSAtf^jE<-.(Fig. 3, 'F 2 g ) iÉ ? l im  11
ffi&lte J; iW rtSÜC©3? ^ # ,  §  V 'fflléj
¿ ifà b ftfc  (Table 1). %©ffi, ü r t i  n^-S-©MH  
fiSB©BB?tlr*' G K 3 #gfclt, ;, Jsv vr M H «
i& tbbh tsii'ifc , .

w m m m  {0 M i m m - x o  m w . 1077 m) ^ j g *
f ê U  3 km gÆ -NSJx-CgÔIJI|ra^g|S,-Ç' (Fig. 
l.C ), 7  V R it  £« ',£ .£  0 0 .7~2.3km  _k® D|2œ  

P>*t 5 . -ê-jfckiÆ < IC ( i®  H ttlM »*! & 9 - 4: © tt  
S itfc T  •* *  ¿-4%?.^ 5k gairdneri

Richardson à»"t'irai lîî[SB©'f 7 9"i£Kili£.;ft,Ç>©- 
^ i t ^ k i i i c ' , ' .  ^ © S ta T iitA ftir © !# #  £ ^ 9 c 9, 
#i& ïïii£© (@ f4tt#)i© 'f 7 9- f O § H
'> /U ' J: 5trë2>. $ R i£  1973 î£ © 9 |üIî î 9c-Rs;Îî3 
g o g l i c ,  7 9-70  B i ^ S E ® : o 4
© 6 ̂ ^ rif  fcicü ̂ 7j: i \

LX U m m M à'g' .' 200 Jü._t r̂iÈcx., ÜH
v ' i  k (Table 1), « r f  a  ̂ #© M I® g?iK 
TMj

W ® t$ > fi© 3 Ë .^ A  ÇR-* -  fuie
b t i if. 7 ; 7 * © # & f c f R - a '

^ ô lW J liJ s i t f ^ l lI - C ' l l f c M iO T  7 > ( t è  % 
te, (1961) 7
9- Salvelinus japonicus, fgfcf • cfj(sj- (1962) te J; 5  
E HRUi 4 üfi ■> t . & k > b t c . ,
H I B M W  M B w l

& V \ò > ;b 9 tc * ^ 1 f* ‘AP>;H%à4 R©fÊ, # f e ,  SE
¡K, W©£ m ^ î+ $ :i i l&  J; 5 &H#I

(Figs.2, 3; Table 1). * * & © #
©htstm:© 4 ©KrtHc, $é

M it, Ü lE ís¿0f® P M © m ©

7  9-O H C - 4 1 8 »  HUañ©í$®©

¥ ^ Ä © H © (1 4,v  3 S g t© iif t© # # i ß  ¿  Á, i: JÉ*?
&(,, (Table 1)*&9&
L fzif^X, 4"©$g®Lfĉ ftíí¿ilííiII©#M 

8t*#tSfinii, v^H45-®í¥e()0Íí®jii¿̂ n 
Í̂R-ttr* ii©-*V 9- kS£>X S Ç> < |uj ütt 
SlcS-tSÄOÄS-C-i,^ 9 ¿#£ t>4i?>.

—Ä. 7" 7 9 -S 4 r ü ¿  Lfc-*-*?*©®|!I!ísJ:OTgfH! 
©ÏSütej; 9, #üfr)l£tK©MR4-o Ft 

f t  ¿¿SftJibtiA tR  ( ^ ,  1936; Inaba, 1953; Suzu
ki and Fukuda, 1973). SL^'oW - J; - i t t i ,  MM© 
iE^E©«-ê-J; 9 4: Fi ©£Säfä, ÄÄi 4í¿5lit 
■ a'5¿»-'fc íx?) (Suzuki and Fukuda, 1971 ; 1972). 
-£ LT, ;:^-e 49-'7'i5f©#Fb%  5 WtJ5Fai<D$6Sl£ 
.©#p4i2>S^4^'^§íx'C'<'2) 0EE3, 1963; Suzuki 
and Kata, 1966; Honma, 1974).
4-0 © #^KE¡K © lift 1t, j#®ôÇj&lt c ©55

I S I I S tJ tö 5 Suzuki and Fukuda (1973) iti J; & 
# a ©  Fi tñ ts :* ) ,
l& K ¿% X .bbb!&ñ&£<X.<©-e, 3£ürj;9& 

7 9-S¿(Étt¿©iltt¿t=t:-̂ 5ñItgtt4r, -M tL -C ^.
■fe." -
4-f, ^ ^ © ^ é ,  #^©ISSr iíuf, StiáL 

;fct 5í̂':. #®©-í 7 9-¿#M*5c©4©̂ Î H-«',
y -7 j ’f  fàO if-'r-ry.^ frifâ& tcc t t t f t ÿ ; ,  t t z Z  
C i  X  7 7  7. Oncorhynchus rhodurus Jordan et 
McGregor ^SLti"£ c k4 t£faofc. Lfci4t,

fgffii&l'tl-Ri 9. ffc, Î®JI|±aiî fô0a'& 
©fe^Ä^-ü-Ä, Wll§ÿJi&xffl-4Â«̂ i5:fticj;;5

- ¿ W j:i ' t i ' b h z :  $ ‘b K , m rifñ  (73^  >*,
-f ■ G, '
7̂c ¿ f i t t e l i  e>4tÄ,. ■' 4: i  ß i ■
îíliftlt, ÀIÉftfcHÌtà'iìfea, |f}S$ix7t4©'C'it 
t£\.'X:&%9. ,

©̂ -4, ■ ̂ r<i?'APji*SWàS* 9, *©
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Am

Fig. 2. Atypical char found in Onaga-tani. On the side, |f|nagare ” patterns are observable 
without parr-marks. Photographed on Sep. 20, 1973. Top, male; middle, female; bottom, 
young.

Fig. 3. Ordinary and atypical char found in Sutani River. In the figure ordinary char (female) is 
at top, and atypical ones at middle (female) and bottom (youg). Their “ nagare” patterns 
are thicker and more sparsely distributed than those of the fish in Fig. 2. One fish above 
in Fig. 3 is ordinary char living in the same valley. Photographed on Oct. 10, 1973.
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7?, £ ©
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±  m wi &*• /K n  m ir*  • BH WjWP

Uyeno, Teruya*, SeirO K imura**, & Yoshikazu Hasegawa***: Freshwater 
Fishes from Late Cenozoic Deposits in Kusu Basin, Oita Prefecture, Japan

I . (i D tó (C

tu ,'b (D b & Z .  ?U§ià::t&®ìÌSic gl UT tt,
(1901) fïiê iiift(i904 ) c t & f ê m i s ï i T

■ÏÜRB (1953) liïU& JI|±£M EiC§£Él‘ 5:t&JBSf • l l ( lI lg S f f lJ iJ ? K ^ Î T Î îtV ;|i ia J l^  (Kusu 
Formation) T%<fc <3 • W±. • H fÜÎÈ. (U  D 9 ) © H ^B lt^fchfc.
SgBfr&gtbLTfet). -&©B|fb;£Hiriii:frlï8 ( I )  è  Lit. #  (1959) »!ëÎMr$B*'<ktf5P±^S<fct)

$$8(i Clupia pollaseliC.V. (—->■ y , Clupea pollasi Valenciennes ©jSD—iï# iË )  (ItUijLffliC
filM §L '0''Îif''© "e, ÏF±§BBli Plio-Pleistocene è  L T JIL  %.Z.t£ÌPÒ ¿ & S . t f c ,  ïS fe è t lT  

Esox? . ( * 7 * - 7 X > l i S t 5 t i 5 i ® ^ è S è L T ® 5 .  L fr U  t* i& f f la © 0 ® # è të r * © -
3tÆ%?i s > ^ î<î <> 5?w ? ì ì £V'©'u , 4 ® i  ü 5 B â t i i h ^ i î i ( \  i ï# ^ © f e E L f c P ! i} 'm , k&a»
Ç, C.tlÇ) ® Îk a o lb S tiM ih  L”CI/'1ftt''. ÏË 1S Ü  L T fi^Jh B Ü » Cyclotella comta, Cymbella 
Stephanodiscus niagarae ts.¿(©18 (S-3ÿt?4> 5  CiJc> 1959 : H onda, 1967) , s  f ï,  S1O2 fflü  

± £ ¿ ¡ 0 ,  ai2o 3 ü  3 ~ 4  % x ,< ü î6L ^ :' <, ¡^iSiÈ©iÉfk^ij:-i'
( S t ì .  1954f| c © J ; ^ i c ^ ± ® B l i * ^ f b K i i # K ^ © » ® K i i L f c f f ^ # i t : * , f c i i , i x . s ^ ,  & 
ü f lÆ i  o H ^ K o ^ t ü  t :f£5l&*>ic ë*t'tv> i£t,\

(i960) * j; c m *  (1963) m%frbi m a m * S f r i t t i  l t  o  i t ,  «t -5
K & J S ib S K  <fc S  M fîü ilü ff l  t  sò  f ê té  ttt  -15c L £  F V  & * tt m B S P ^ ±  • «  • T © H S i$ J!lfc# « - i f i ,

© «  £  ©±ëPJS£ V>x. 5 .
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¥/gY ?& 5. & SBÜ©ÏF±£|$B#'5- t f c l i T v s f ,  - 3 »  * 7 i » 7 ,  a’© 2
Î4 4 L fc.
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** ■«¥»

Fisheries Laboratory, Faculty of Agriculture, Kyushu University, Fukuoka
*** m w 3 m

Department of Geology, National Science Museum, Tokyo
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iSS-jfiiöS K ä fc  b SSaEKW^K . g » i «  :fö*L$ L ±
¡S p  m m
J&Ä. /J ^ S H ^ Ä , f e ü -J ! R , f i l l A f c  £jg§*?&.K;, #Ä IE A Ä , fö lW lb R . IR

&■%%&>, g A f a i ü Ä .  H H S H Ä K ^ o Ä ^ Ä - r s .  e o j x i i ^ s ; ^ i t © s a j ? i s K ,

*>S>M:3Sf4©lt&;£-5y'> tfc-ibSMffiRI—^ o ^ f t a f e s ^ ü .  ifiÄlcM^-S^S©^jMir]Sl<''fc. t f c Ä  
® O T 5 « £ iä Ä ! if S ä K |g X T £  < © M g^ -ff-^T T S  13 :̂11 
Z i t z ,  c c K g i L x m ^ M M ^ ^ tZ '^ .W X & Z .

H, m ^b5© ^ihJi2p (coo 'r

m % ^ $ f ä W & K & m : n & L T ^ tz tz i s b - im tim & tx % - f ,
f>T liö iJ4X i| K.K. <D^ihWfäR.CD£M7ssfc£Z t  c Z f tg i , - ' x b & B L X is  <̂ ± S © & & fb £ £

< t  b=mmu&s>n?>.mtävfämiti-mvw&^tziMo^x&rjfc.®
<fc *3 ifä 2 m & T & © Ö & ±Ä #K 5I^K X Ä 2£3-S>*1.5 . ±&JWt 2 m il-e , »!,■> 

- f y « j9 r * y  F ^ K L T T Ö J S Ö  lm  3£©J?£;&5'£ ¡3, T föJB T JSibif) 60cm
f i i p P P ' c © ^ - f e © i f o Ä ^ ü X i l X a b 5 ^ a i  tT ^ fflt? § S < fc-5 t? ^ 5 .
I f i gf ^Ü&Xi b#^— ( 1 9 7 4 ^ )  ltzV 'rm ® 1b% lt% M & cr>M K £*) 160cm XO föglC& fJ,
c n a ,  i^ [Ijfi;iC J;tl« '±^© ¥© ±föiySJl© T föiC <
ffix tefä  lm  (n & Z ib & n & liZ ^ X ,  ± l t  1 Jl, A&LTTK 2 B o ^ ^ feS b J l^ A & tx S . J fiÄ Ö ^ ±  
ilH iT © M X «, S T ® g J tfe S & 'B £ l3 T { i© S ;fr & & lb 5 ;^ iÜ  (® r)R©M ®KJ;5 )  L, —Sg«31 

c © s 2 p » n ^ s . g p ^ ^ M W iieW M y i ' 1  c o c t x ^ ' p
t i < t t>3i®KT?ii5i^K 3 J f~ 4 S © M b S S -^ S * ia b S . S i& # ® X ^ 0 # g te J lM © fc ® l£ * i£ L T  

l->5<t^-eab5. i|iK «^ :< ^ 4-L fcE 0 iS 4 ,a& S . L fr U  £ t t & © 0 $ i i¥ i% L T ,g f f i - r s i r e ß i i

in. fs
Ä iS © iI ^ S - ä « X i  LT föH  (1955) K iio fc .  3 4 m « © # f f i# iS : iC ( i^ x - ^ ; i /K § lt * ® S S - r  

3  4 1 ® © # !!# t> £ £  ftT li' Z.#  ü £  i  bPBfit^ifcK SH i'T l i # f c  C i  *> 5>»HÖ □ - - 7

¿'© 'ibSO -i-t Ix S H ^ f J  S ¡Cü »3 © X if e ^  I  . Ü l!x0A *  © S K  J; B
©PIEÜC y ^ K - o i t X It M S©  ± K & if  X is  < £  S U  #]*iTf> Z b t» ,  Ea£6£fig& fc <■ 
IS. T © K © + lc A lx T fe t^ 5 ‘l ltfcKfi:n^5U3fflLT7j<:41K A t i5 iS iJ l iS i^ ,  
0i& £& $J> © t£teA ftT :tet, 7kfri)i 'MfäLtzkM'fcl0 tt i lX $ if f ,X M 2 > i: f r ,
^ ic S j iL fc T k s -o ^ K x  z& föpivm & W fB  i x m z f r m i g  < m g »  z .

iv . iE m

iH'Ä'^Ä Class Osteichthyes 
U* >T @ Order Salmoniformes

Family Salmonidae 
M Genus Oncorhynchus

Oncorhynchus cf. O. masou (B revoort) or T v i '  O. rhodurus Jordan et M cG regor

(H K  6 , A -B J 9 , A)
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ffiW SS-R  No. 1 offi#: ® )& 6 , A) i 117.5 mm ;
148.1mm; 288.8mm -e, WOl#
tb R © }!#  Q2JK1, B) I 1 P I I  377mm
WIS, #H #ii(i;'^ § l^ !C |S t^ 5> tlS . (0 )K 9 , A) ( i a ^ ± i c ^ - t t & © —W B I
M itte-oX V> 5 1> ©1?, ± T M ^ © ® Jf3® 'i’AiS ^ $ t i 5 .

•5.
c .tl LT te#i© J; 5>

t v s .  ( 1 ) IPStt 1 XT?13tfe^ GKI»Wte>b©;& M r) &*), ( 2 )  K tf^ '9lfe
^ W S i o i S T K & E I - S c i .  ( 3 )  | H p  CJK^etiTa:|<D&1$ts) 4 )

(5"jt# i i ' t i : ( iM t i* i'37ffl, ® ft^ 2 8 ® , H-65®T?&2> C -il? . 
¿ T 'e a " © W li't iS :© ® fflf l^ * a j: i) ( 6 )  # ® $ ,  # i t # i i l ! l i ' © # 8 ^ ^ <  

m ' c k .  ( 7 )  < ® /h ? L K a b tx T ^ 2 ,<:i ,
»¿5&  0 I M±?s, ± ± 1 1 #  £  * > # £ ^ ¡± 5  C t ,  (9 ) ifi#©5fcffifc:*;lHb (Vladykov, 
1963), (10) ¡^fi3'M '^'^-t'rii- ' 5 C i ,  (11) W S i I # g ^ © ^ ^ <  2 1 * % * 5 C i,-  (12) W fl«: 
SA s'±^ icffi^ ^aM #M < & M U T fc!), ® tg £ ffi-5 fi# ^ ii£ -L -C :fc& -f, ± # . t L X ^ c t ,  (13)

c t ,  (i4) ■i&7k&.x&% tt.
^  £ - ) * © ■ ¥  -^ X  t r - 7 & t> o t , <d & 7 | r 3 * ^ ,  

fH 1 S .  ^5-m 7L*W rS-9-'irM © fbSiS4;g*© ff-® I® * £  O W
Table 1. Counts and measurements of fossil and recent specimens of the

genus Oncorhynchus from Kokonoe-cho, Oita Prefecture.

Fossil specimens Recent specimens of O. 
rhodurus from Naruko 
River (n=3)1 2 3 4

In mm
total length 355.4 137 172~189

standard length 288.8 377 117.5 148.1 151—162
In percentage of standard length

body depth 26 26 23 20 24~ 25

head length 33 21 24 26 26~ 27
length of caudal peduncle 11 10 9 ~  10

depth of caudal peduncle 11 10 20 10 10

base of dorsal fin 13 12 10 14

base of anal fin 12 14 9 13

Number of
dorsal fin rays* 13 13 14 12~ 13

anal fin rays* 13 13 13~ 14

pelvic fin rays 9 9 10 9 ~  10

lateral line scales ca. 125 122~131

vertebrae 61 65 64 64
predorsal interneural spine 21

The owners of the specimens: no. 1, Showakagaku Tokyo Office; no. 2, K. Suyama;
no. 3, N. Etó; no. 4, E. Kitabayashi. *In total number.
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|g | I S S P H * K i l j - 5 I f 0 ^ | i ,  C X M S m - .o T ,
jllK, T r i t t  * 3 p eM iK  &<lBr;ilfcfc£-i-S E i**$D&|VCV».& .Cfcft, 1957 ; 4*», 1963 5 frdl • Ä  
Kl, 1965),'

ftS © S fflL fc iÄ .Ä a ^ ;£-MtLS^:^|ll©^;gg, 3g® ;i|-nt, _h^© i!|^ ji|)
^ T 7 7 3  ® i | £; £#,  1959). -ELT, f tk © S i^ j l|0 3 t^ K ii-t -r > ^ ^ tL T t,'> 5 .

^ © « tE -i-sr ^ jij? * t? ,• . * © « » £ i^ ;ii© ± i(E © afsr iii® « i(E i»  
C < iH £ L T f> S . C.©t -7 3'0^-^f^i£>, ^ g W f-f t lt± ^ # ® J ^ ^ tl5 W ll© ± ^ © —{^sfijg^s&is: ¿r 
KJ;i9, ^ J H ^ ^ ^ S t r e a m  capture) L & U  I i ® i i : 5 t g f f l ^

Lfcflf-zT , Äi^$!!Ei'i>&©ir;&s'£#LTii''/;:#>;£}ti&-t- 
3 c  i  S S H & ^ g iK & S © 7?, !F ± © ^ irS © ifcS { i C E T f i i^ T * t  f c t t r  -7 3 'i l^ ^ L T fc  < . £ &

. &*5T&©j&tti£7?l£#&£i *!>5-**©{bE* i^ T t f c i& f c & i& S  ( ± S F - * t i ,  1975)« # i i # -  
,+M{Bfo&ti.V), ^ M c t>i?4- +’©J|^St>-a-5'ibS7?*-Dfzfcib-z&zfit,

^ ?U c^ t5 iiT l''S^ ic^ s'#§ , c©g^iii7)-4i©^©-e(ifj: < -y-7-f4©i©
<5 C t  #s'¥[Jf0 L tz.

3 H  @ Order Cypriniformes 
3 "f f4 Family Cyprinidae

3 ^ f 4 o f o c t t # © # l ; i L T » : © J ; - 5 ^ f f © © < o ^ i l ^ $ i i  
(1) E Ü ^ Ä ^ T It Ä K ß r g f - s c i .^ a )  JÄ © fi$ ^ flS ^ E i,^ :3 ) Mt8<Dft$LSg0k&&17%. 

~G&Z Z. t ,  (4  ) S  E t , - ^  S ) ±T W ® K ® #tt$'» E i , W  6 ) 3 4 fM tÄ ßlH IlÄ Ä
Ä it f '-ä E i, (7&Smii'©#ii#4iiÄs'i> * —'<■>}'R,$§-'g(8 ) X < .f&äl

^  3V  B  Genus Hemibarbus 
— Hemibarbus barbus T e m m i n c k  et S c h l e g e l  

® K 7 ,  A ; 8, A, D ; 9, B -E )

: $ £ £ £ £ © & $ $ &  279 mm 0® #:. (a a S M 9 # # K * © S p t? ^ |s t lfe  i  ©, g|JK7, A ;
8 - D) >' fe Ä S ± A R © g lp # :Ä  270mm (DM#. ® K 8 ,  A. K -ft iiT L Ä H r iä ^ B r Ä K ^ S n T V ' 

; |f)  :• f e l l  PV 15308 W Ä Ä  418mm 0® #c (HJR 9, C ~E ) ; /M FffH
304 mm i  241mm 0 ® # ; ; 311mm © ® ft.

c t is ,© g # :^ 3 v  tm fe i s f t z m M t iT m ® £ 5 te % .m m m z t i z : < K i ;$ ‘:w tg tf-& -r?9~ u

a * & © * a 8 f e < f c t > , i - © ^ © ^ # f t i c i i - o - c m t W t t t e ^ x ^ z t t  ®  
® 9, B®-'^3i|s®*s'8~9^^5>!äi3 (k it^ ^ - ir )  m m tmm <Dms!prsK$>?>ct,*u'i'Säm

E i ,  ( 5 )  iHH®ü 3 5!) it & £> Ü? ( 1 ,  3, 5 — 5, 3 , 1 )  ;*;£ &S©5fcSä;5S
C i, l ö )  flJ»»'M l50®-?ri&5 E i ,  A7) K © « K H © fe^s-J ,5 ,n 5  E i ,  ft

i'-e& s.
S Ä , —3 4 i^ , 4b?§it£|i&<;$:jfl • 0 H  • (tjrft, 1969), ^:^jl|©7'äE^K

— 3 4 t>5‘Ä L T Ii''S CSJS, 1951).- 54 —a'4 H. labeo ( P a l l a s )  (i, ffff 1
5-iiiS^itfir0«^|S^© 5feSÄ s-@ o»;K!cri:o r ^ 5 ^ - t? B * S © ^ 3 '4 iK S lJ $ ^ 5  (flffl, 1939). 
B*S© A )-#^ 3 '4  Hemibarbus longirostris ( R e g a n )  (i®J^P^JP#ii#iS:As'/|>ij|,'.OT?^ K gg|jg: 
f lZ.



%2m. m m -* *
Table 2. Counts and measurements of fossil and Recent specimens of Hemibarbus barbus.

Fossil specimens Recent specimens

1 2 3 4 5 6 from Tama River (n=10)***

In mm
total length ca, 485 379 341 292 198-322
standrd length 418 311 307 279 270 241 157-262

In percentage of standard length
body depth 22 24 27 21 26 2 0 -  22
head length 31 33 32 33 30 28 2 8 -  30

In percentage of head length
length of caudal peduncle 60 46 59 56 55 56
depth of caudal peduncle 28 33 : 27 32 30 44 30— 33
length of anal fin rays: 56 53 56 4 8 -  71
length of pectoral fin rays 49 50 5 3 -  59
length of pelyic fin rays 37 39 39 26 4 2 -  59

Number of
dorsal fin rays iii, 7 10** ii , 6 i i , 8 iii, 6 iii, 7
anal fin rays iii, 6 iii, 6 g** iii, 6 iii, 7 ii, 6 iii, 6
pelvic fin rays 8 8
lateral line scales 49 48— 50
vertebrae* 45 43 46 44 44 45 44
pharyngeal teeth 1,3,5-5,3,1 1,3,5-5,3,1

^Including Weberian apparatus. **In total number. ***Taken from Nakamura (1969).
The owner of the specimens: no. 1, National Science Museum, Tokyo PV15308; no. 2, K. Sato; no. 3, K. Ono; no. 4, N. Eto; no. 5,

F. Satö; no. 6, K. Ono.
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Fig. 1. Left pharyngeal bone of a fossil Hemibarbus barbus from 
Kokonoe-cho, Oita Prefecture.

Y A il V JÜ Genus Zaceo
il 7 A 'X  Zaceo, temminckii (T emminck et Schlegel)!

(EUK7, B ; 8, C)

158 mm ® fflft. 124 mm 0 « f t .

* 7  A .y R f l iè t f e f tS iè  (  1') 8 6  t t s  c -¿ , ( 2 ) Í w á * íio
~ l l í ^ ^ & í r s ¿ ; ¿ ) ( 3.). , w 5 t ¿ ,  (4> # J » » S 4 6
m - z & z c t ,  tet'-e& z.

^ H © ^ i * 7 t t # | i # ^ 4 1 ~ 4 2 «  ( m  1969) S f c W l g J g g ® ^ X T Ö , t t f íE
Sß^StSgß© it_tKfi;g ^ s  í  ¿  t?E3iJ$n5. S iile * li  * 7 A y © £•*« ^
S5. 23H, (ifrfó, 1969).

^ Y  Genus Acheilognathus 
-Y ]) # ± 3  Acheilognathus lanceolata (T emminck et Schlegfl)

( 0 1 8 ,  B)

72 mm © « £ .

+  9 * ? t 1 - )  # « & # : » ©  3 .4 « T f * 3  C è  2 ) f
umt<m$. m m o m ú e ,I m §  i» I ; V f V R p I f f i < 7 ¡ j tó 5 c ¿ , i 4 S m im  1

b M M I  (5 I  % f  « i j s  < » 4 $  « c ¿ ,
p P Ü » |

•^y^^niá, ¡¡PLi^ftiCSá t - e) i < bt i T^S  (tfifà,
1969). M I  M M f  f t f i ¿ f t S f f l i f c Ü ¿ " ® ® H 0 |f i
❖ àfr-a-KJ; oTKSÜénS.
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V. Bt f t  Ü

<fc ô k , -fi-< (i W - S ^ & f f b < ö H f f t f t t c S i t
* 5 ¿i, i l j lö ' ih S i i  c n t 7 ? l c S r ^ K * f í SRtft® & S»c

t m m t  < ic W ± S ! 5 J li iÂ S ^ © ¥ ^ ^ K è fc -p 'r t t ,  
è t t S i S f c f t S © - ! ? ,  H T K - i S I S i b T l à l î T & S C è i t - f * .  

t  f t f  ̂ M ©  Ÿ 7  ¿  £  f c t i  7  7 ® ^ Ä 5 > I t e r a i  ^  d b @ © ^ 2 g M
- ç - © ^ - 9 - ' î r M » d b i : ¥ ' M S Â K 0 * - 5 - * - r 5 .  7 7 J S itÄ i i f i i* 'e £ ©  

Â © ffl.Æ M iC i£^<i#X .& nT t/''5-ÿ^7,M  Salmo ¡ i ,  ^
^ t . ) # ^ f t © j f 3 £ | & I ^ T 7 ^ 7 f l ! |K i i :9 - : f c L T W it i \  -Sr^T? N eave (1958) t i ,  •'i'írM tiM Ü'ttt-?- 
W © í R t o c H * ^ t c i í t i 5 P i g |^ i í í ) I S ¿ í £ o T - v ’-7 x M J ;i3 ^ 'íb b i:¿ ^ x .'r i '', 5 . Sfcfik©IEm 
^ t > # Â b T ) R f f iè P â iR ^ © 3 S # ^ - ÿ - ^ M © S 5 - ' f b © Ï B i? è a i : i i i f e b 'r t i->5. £ © & t c H a b - C ; M  á  

- } ± S F  (1965) t i ,  j ] V '■/V *J~ if A¿•V -7^ ií< fcO fT 7 ' 3 ' ¿ © i l # * i é b i : .

—#  Cavender & M iller (1972) tidb^t^C H © *  w a 'y fflfcJ itfT 'í ¿GfciNU 
I fc íiÉ 'l- ,  i f7 B ( i4 '& <  ¿ fe » fr f f i$ lg K íi# f fb X O fc ¿ ± ^ b -C t (->S. p i i M M W l i 5  

•9- yjR.¿ è  t i r  l > S fe © © (b 5 ti Smilodonichthys SO^ b T  V S & fe #  < > T 4 * '*  f W Sf'tft~H  
Srlft^ÎTfflO-ii-T-ÂÜ'fâ© Rhabdofario M (U yeno & M iller, 1963 i t  COM ’S: Salmo K ^ ìò t t)  fefä 
£© -9-7  B ¿  ti i $ |  fe> iS o  i t  i  ©-e& s .

7  ^TffiiJitfey- 5  ■ 9 - 7 B © ' i b £ © f 2 â l t i 5 .  l'"r t'''
•5 fe © ti n,̂ © [I|ítlK ^,í.'l"5 fe ©7?, i" 7 >  Oncorhynchu ¿  ëiL'CV>SAs (^CS, 1957), C.ÍLÍÍ
í R M f f lK i í í i 5 s # a - e i i « ¿ # ¿ 6 n - 5 .  y y y ^
t fÄ ^ t t > ä 0 i: © 7 ? t i« Ä '5  -5 S§ 7  t fffr -p *  ì/= tvo t& % i& m 'L B fflt~ ìl% iW & ftffl® -* 'rM &
®o%Mtm  i t t ©  f e  ©  è  | | |  ¡3 f l j f t l m  5  © l e f t  L , # 5 & 8 $ 8 © i r - 7 ' y  t  fz.\tr^d oft  E ¿ ^ # S ¿  0 ®  

i l l l i i ^ ¿ # ! í Í M § # f e  L ir^’o T , i t i i .Ä Ä ö ' f b ^ t i ^ «  < ¿  feSM&ritt~H$r1ttí£ít8!£tí&0
fe © i? , ü *  ^ ■ o M S r ff ii iiM tc Â ^ S î^ 'fb  b  fcn f fflft Pj b , fe ©  ¿  b  T  © - e t i t i

■5 «w
è T R t t — n 't  © £ £ ? © # © £ - 5 .  n i f e © — n ' t t i  B ^ C H ^ S -e è S A fe  ^ ^ © £ £ ¿ © 1 1 5  

ttzflS-Ä*« è  /b a li tó  f e t i d o . M  iS f ^ B K i i  = 7 7'!--- a ' t  jSflnJ b , fili®© <k S K - ^ t  ¿3 ( 7  
f d - J d ¿o!atcttmfriciamtfms$ti’c<''‘$.. t ,
^rttt^ÍT®  (MZ-it.Td&'JôOGlen’s Ferry Formation); © iË tilË iË ©  8  ¿  Mtt fe (U yeno,

1961),., a n 7  KMKÄ&bfciiifiltttMB® Ptychocheilus prelucius tÍÍS¡JíE^©ÍI£®:i£,(HS -P. lucius £  
98 ¡s> ¡W tflíi 3  (U yeno & M iller, 1965),

—# ,  M ff-tft^ ß iÄ © ^  ^ ^ l ® © l b B i « a ;& l^ è a lí0 fe © ¿ la -S -e * S ^ 'â ■ Ä íß ¿ :^ ¿ ; -e í .  
5  (U yeno & M iller, 1963). COlß-%frb b T ,  £ - e t t a  7  5 t - a V  è l t ^ - i b b - C l 'à  —a ' t  © £ £  

< £ feM frffi4> ffl< t.i9 iiJafÜ i#^T J;^ -eè5 7 , , .  bfrfeâL il^S teg lIfcS iâ^ -ttb fe fcâ  
B tO Ä ^ W iS 'Ä Ü ^ W ©  fe ©Tí* -S <t fe), ti b 5M®*£fi3kSll© fe ©-eab ofcTMBBä*8ft>©-cli 
-eab h i i p .

p j.±o£?tii8 ttm % S i.tzt, tm m -z c k
^ S ä - e ^ S i ä K S f c t l « .  Ltctfi-oX,«̂ © i f â f è l i l ' M  (1953). © # x .¿ t i t f - S c t - S .

VI. ts t> D ( c

m m é I ^ é b «  zjimw&±^'fr&mih*z$r&ft.&Mo8íji<.ñ'ó‘ftZi t, 1} à:®
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0 $ ^ ¡ i f  t  < i C t i b  5 .  a'd
OftStt frteP £ < 5. « I f i S W i 1 f  *t -?&
< ’ -fej: • 5 £ 'B r a © ^ ^ m L T I i^;i-c26> ¿ : A ^ , il©lR]

/£ £ » § £ & & © £  Lfc.
- £ &&$8<D±£ $  t  TLiNIItfrjfitZg l£ © £ ljg ; |g  fr£>i i ^ L T ,  £ f f B $ § f c i i f § j l $  t l f c  4  aJii^t-K %, 

b - o i g <  ®im&tmiTWzKjg\,'ti<, 4 ^ © S :)S L * :i|a tfc j; i? , ¿ ¡9 ^ <  ¿pk
i i ' S i M io i iS .

Summary

A diatomaceous lake deposit in Kusu Basin yielded abundant fossils of freshwater 
fishes. The age of the deposit have been variably assigned from Miocene to Pleistocene by 
several geologists who investigated volcanic strategraphy, diatomes, and plants. However 
no decidive facts were presented until present. As far as fossil fishes are concerned, all 
species yielded from the Kusu Basin do not differ from Recent species. Fossils of He- 
mibarbus barbus indicate that they are already differentiated from H. labeo in Korea. The 
presence of Oncorhynchus cf. O. masou or O. rhodurus, which probably widened their dis
tributional range during glacial time, and the differentiated endemic H. barbus probably 
indicate that age of the deposit is Early Pleistocene. The fossil species identified so far are 
a salmonid species, Oncorhyncus cf. O. masou or rhodurus, and three cyprinid species,
Hemibarbus barbus, Zacco temminckii, and Acheil lanceolata.
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BEHAVIOUR AND MOVEMENTS OF THE JUVENILE “MASU” SALMON 
( ONCORHYNCHUSMASOU) DURING THE STREAM

LIFE, IN HOKKAIDO

Tatsuro Kubo, Nanae Fish Culture Experimental Station, Faculty of 
Fisheries, Hokkaido University, Nanae, Hokkaido 041-11

Synopsis
Kubo, Tatsuro (Nanae Fish Cult. Exp. Sta., Fac. Fish., Hokkaido Univ., Nanae, Hokakido). 

1976. Behaviour and movements of the juvenile “Masu” salmon ( masou) during the
stream life, in Hokkaido. Physiol. Ecol. Japan, 17: 411-417.

Some aspects of seasonal changes of habitat, feeding habit and swimming pattern of the juvenile 
“Masu” salmon during the stream life have been discussed. Generally, the fry and parr of the 
“Masu” salmon in the early stage descend streams during spring and early summer, the majority 
of the fish move in schools, spread down the streams and stay in slower riffles and shallow pools 
throughout summer, and they tend to move into deep pools as their body size increase. Significant 
changes of behaviour and movements of fish after the phase differentiation and those with the pro
gress of smolt transformation have been particularly noted. Slightly yellowish fish in small pools of 
upper streams come to respond passively to the current in early winter, varying with the typical 
“silvery parr” in lower streams where their swimming pattern is active. In spring, a negative 
rheotaxis of smolts pronouncedly appears as a special reaction to water current when they reach 
the climax stage of metamorphosis externally. These ethological changes and differences in their 
response to the environments of the fish may be correlated with the physiolgical changes and dif
ferences in some characteristics of their blood sera.
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Table 1. Comparison of serum osmosity and serum calcium content of two groups of 
early winter fish.

Group
Serum osmosity Serum calcium content

(m osmol) (mg/dl)
Mean and M_ Mean and N
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Fig. 2. Diagram showing seasonal changes of habitats and movements of the juvenile “Masu”.
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On the Spawning Behavior and Early Life History 
of the Gogi-Char, Salvelinus leucomaenis (Pallas)

S e ir o  K i m u r a

Fisheries Laboratory, Faculty of Agriculture,
Kyushu University 46-04, Fukuoka 812

Salvelinus
leucomaenis (Pallas) U, & 0 4  7
•cM? (Fig. l^ r .^ S  30cm

U tili t > f c ^ i - -7 - &
m z £ £, '^ Is^W iIrtT -rC'ir.

* # i i l 9 7 l ^ i  I974ip(c, ^11^-m EE m ffliffi
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S f  ©fife, 1962 M e
^ l« iA © g i* ;n 2 i^ > » tfe ; ii  (Fig. 2 a , 0 m
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tpoifSB i  L tz.c 0$& j* It,

W iS iS  l, I69m) ICM£%1-C?$MI, EEJ,BT©ffi 
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fe& S (Fig. 2 B ; Fig. 3 a H

700m © i ® , > , ' , . ; 6  km ©Rij, ¿ E lic it  
O'S. £. ® * il© i^ f t ;£ih/C.'ii:
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&;*:%< * ' ' + • Moroco
steindachneri jouyi (Jordan and Snyder)

^ © « ¡C -p -^  On- 
corhynchus masouHBrevoort), £ d" d Tribolodon 
hakonensis (Gunther), L i 'R ifa t?  Cobitis

Fig. 1. Female specimen of gogi-char, Salvelinus leucomaenis'(P alias’̂  211mm 
in total length, caught on August 3, 1971 in Misaka-dani of Takatsu River 
in Shimane Prefecture.
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Fig. 2. A. Map showing the location of 
Takatsu River and Sufu River. B. Misaka- 
dani and Shiso River, both are upper reaches 
of Takatsu River. C. Haza River, a tribu
tary of Sufu River, ‘dani’ and ‘tani’ mean 
a mountain stream in Japanese.

tsuensis (Mizuno), 7 a i/ /  ijmRhinogobius
flUmineus (Mizuno) f l t 'b ir tS -

if • ti, f

(Fig. 2 C).
fcvf ft
< ^tT4o ¿9, ¿: ^ L, < .
K ( i f

Fig. 3. A. View of Misaka-dani. B. View 
of Shiso River.
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IFig. 4. Size frequency of gogi-char captured 
in the spawning season of 1971 in Misaka- 
dani.
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Table 1. Measurements and counts of the gogi-char, Salvelinus leucomaenis (Pallas), caught

Specimen number 1 2 3 4 5 6

In mm 219Total length 284 242 238 236 227
Standard length 230. 5 209 203. 5 201.5 196 188
Body depth 49 42 46 41. 5 40. 5 39. 5
Head length m 58 55 56 57 51. 5
Snout length 20 15.5 13 14 15 13. 5
Length of upper jaw 39. 5 33.5 30 33 33 28
Postorbital space of head 37. 5 31 32. 5 31 32 30
Interorbital space 19.5 18 17 17 17 16
Eye diameter 12 12 12 11. 5 10. 5 9. 5
Depth of caudal peduncle 23 20 20 20 20 19. 5

In percentage of standard length
22.6 20.6 20.7 21.0Body depth 21.3 20. 1

Head length 26. 5 27. 8 27.0 27.8 29. 1 27.4
Snout length 8.7 7. 4 6. 4 6. 9 1.1 7. 2
Length of upper jaw 17. 1 16.0 14.7 16. 4 16. 8 14. 9
Postorbital space of head 16.3 14.8 16. 0 15. 4 16./3 16. 0
In ter orbital space 8. 5 8.6 8.4 8. 4 8. 7 8. 5
Eye diameter 5. 2 5.7 5.9 5. 7 5. 4 5. 1
Depth of caudal peduncle 10.0 9.6 9.8 9.9 10.2 10. 4

In number
13 12 14 13Dorsal fin rays 1 1 13 13

Anal fin rays 11 11 12 12 12 11
Pored scales on lateral line 116 122 118 125 123 120
Scales, one row above lateral line 198 191 191 207 190 197
Gill rakers on first arch 5 + 10 = 15 4 + 10=14 4+9 = 13 5+11 = 16 4+9=13 5+11^16
Branchiostegal ray$ (left-right) 13—12 13-12 13 — 13 13-11 13,-12 13-11
Pyloric caeca 21 17 . , r* 22 23 15
Vertebrae 37+24 = 61 '37+2.1+60 34+26 = 60 36 + 25 = 61 37 + 24 = 61 36 + 25 = 61

Body weight in grams 203 135 132 121 130 113
Sexuality (3s m n <? & &
Date Nov. 5, 

’71
Aug. 3, 

71
Nov. 2, 

72
// ^ tf Aug. 3, 

71

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

Local name Gogi Gogi I wan a I wan a Amemasu*
Locality Misaka-dani 

(Takatsu R.) 
in Shimane 
Pref.

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

Öisawa River 
(Mogami R.) 
in Yamagata 
Pref.

Kumazawa 
River (Noshiro 
R.ffin Akita 
Pref.

Shiretoko 
Peninsula in 
Nemuro, 
Hokkaido

Number of 
specimens 15 +  - . 20 , 20 v

feltfWTCOS
10 § § 10

Scales, one row 
above lateral line

190—211 
(195. 5+8. 3W

183-216
(197.5+8.9)/

I 190-244 
(216. 2/fl7. 3)

' 198—260 
4 (232. 8 + 24. 5)/, -̂

194—236 
^213. 0 + 13. 6)

Pored scales 116-127
'■*$21.9 + 3. 0)J:;

111—134 
(120.6 + 5. 8|V;

118—135 
>•(127.3 + 4. 4)

111—131 
5 |U 9 .6 ± 5 . 7)

121—137 
(126.6 + 4. 4)

upper
limb

4—6
(4. 8 ± 0 .7)

4—6
(4. 9+ 0. 5)

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

5 -8
(6.3 + 0. 8)

6 -9
(7. 0+1. 0)

Gill ( 
rakers ■

lower
limb

9—12
» 1 0 .6  + 0. 9)f:

8—11
(9. 2+0. 9)

9-11
(10.1+0.5)+

9—10
(10. 0+0. 4|; v

9—12
(10.4 + 1.0)

total
v number

13—18 
,(15. 5 + 1.4)

13-16
(14.1+0.9)

15—18 
(16.7 + 1.0)

15-18 
(16.3 + 0.9)

16—19
(17.4±0.9>

Pyloric caeca 15—23
"(19. l-Ìkì:TSv'\

14—24
(19.3+2. 4^|

18—28 
(21.4 + 2.6)

16—27
(21.5+3.0)

17—24 
(20.4 + 2. 0)

Vertebrae 60-62  
+60. 7 ±0. 7)

59—62 
(60. 3+0. 8)

60—64 
(61.7 + 1.4)

61—65 
(62.1 + 1.3)

61—63 
(61. 9+0. 5)

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

■ 7 8 9 10 11 12 13 14 15

215 211 196 ■ 1 186 186 179 « ¡6 4 149
187 181 168 169 161 160 152 139. 5 129. 5
37.5 39 + ^7. 5 36. 5 37 34 35 28. 5 28. 5
52 48. 5 43. 5 47 43.5 42.5 41. 5 36.5 36. 5
12. 5 13 W M I 12 10 11 11. 5 8. 5 10
28 26. 5 24 25. 5 23 23 23 21 18. 5
30. 5 27. 5 24.5 27 25. 5 24 24 21 20. 5
— 15 ■ H 14. 5 13. 5 14. 5 13 10. 5 12
11 ¡¡¡1 . 5 10 11 10 10 9' 9 8
19 18. 5 | | g .  5 | | 5 16 16. 5 16 14 1

20. 1 21. 5 22. 3 21.6 23.0 21.3 23.0 20.4 22.0
27.8 26.8 25.9 27. 8 27.0 26. 6 27.3 26.2 28. 2
6.7 7.2 6.5 7. 1 6.2 6.9 7. 6 6. 1 7.7

15.0 g l4 .  6, 14. 3 15. 1 14.3 »14.4 15. 1 15. 1 14.3
16. 3 15. 2 14.6 ; S i 6.0 15.8 15.0 15.8 15. 1 15.8
8.6 8. 3’ -• 8.3 8.6 8.4 9WM 8.6 7. 5 9.3
5.9 . 6. 4 6.0 6. 5 6.2 6.3 5.9 6. 5 '■■■■+& 2

BB1 10.2 10.4 10.4 9.9 10.3 10. 5 10.0 10.0

14 13 ' 13 14 13 14 13 14 12
12 +11 12 11 11 11 11 11

127 T M 118 125 122 123 122 124 125
206 194 g l8 1 204 195 194 82 211 192

6 + l f l i f 4+ lQi§l::4 54-11 = 16 5+11116 54-12=17 4+11 = 15 5 + 1 ®  15 5 + 11—16 6 + 12=18
13-11 13-12 l f » 2  • 13-12 12-12 13-12 13-13 13-12 l f e l2

22 22 20 18 21 •: 18 18 19 20
364- 26® 62 37 + 24 = 61 36 + 2 M 1 i l B B i H 36 + 24 = 60 36 + 24 4 |0 35 + 25 = 60 37 + 25 = 62 37-424 = 61

116 ■lOO 84 128 87 78 73 , 48 40
? £ S £ £ S 1 S
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Aug. 3-|+ft 
71
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Fig. 5. Spawning places of gogi-char. 
Arrow indicates a location of spawning 
redd. A and B. At Misaka-dani. C. At 
Shiso River.

H  —$£ IiüÈ  T' (i iHt¿Ifc -0 &/h
"(•Fig. 7A) Iff à  < T 4 p É j$ 0  cm

17cm (Fi§- 7B M
3 f t & .  I B . t *  3

cm /sec M l <|pi9h& T

I j a h H ^ aH  ¿I (t
l ^ f t l T N f  3  ,  4  è

t  ^ c ®  i f

H'f i fèÉfe <2®  «I Æ r  tà i  £ •

#  ¿ « 1  ■ « »  m icièÈ&m ̂

Fig. 7. Resting pair on spawning redd. A. 
A female , (F) is attended by a male ex
tremely larger than herself. B. It is not 
so uncommon to find a female .‘(F) escorted 
by a male smaller than herself.

A  B

Fig. 6. Gravel sizes in spawning redds of gogi-char (A} and non-migra- 
tory form of masu salmonÇCB), Oncorhynchus masou. Compositions were 
calculated relatively from submerged displacement of gravel.
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Fig. 8. Counterattack by a subordinate 
male. Dominant male usually darts and 
drives away subordinate one, whereas coun
terattacks by subordinate male occasionally 
seen in early prespawning period. A. A 
subordinate male (Sm) makes counterattacks 
against dominant male and they move 
quickly in small circles with biting each 
other caudal part. B. A subordinate male 
(Sm) counterattacks fiercely against a dom
inant male and turns him out of the 
spawning site, but the dominant male comes 
back soon after and defeats the subordinate 
one.

.tiSf:U<; LX.Jtf t t i f f i n  jcp#
£ £ & & 5. tifiiyfpi?WjM fc & £> ft & £ © -i 

S5& :(i957) o .
rhodurus Jordan and McGregor ft J;0:̂ # B l9 7 2 ,  
1976 b) f'Ù fr L

ft b ¿ H fc o  f z f f W ] ft /£;,
T
m,

&ft ft, L
8A), ® S ^

^ U L T  (Fig. 8B ), t
k&Ofc. C<D£otimi±, /© M it^ C
ft ft Z> $Cs$ fà'WifiÈ K  ̂ %. It {¿IS

<k *5 jtte &.

Fig. 9. Characteristic movements of female 
in prespawning period. A. Digging action. 
Female, turning on her side on the bottom, 
presses her tail on the gravel and lifts it 
with a series of powerful flexion and exten
sion of her body. At this time, fine sand 
and gravel are stirred up and female moves 
forward slightly. B. Back-paddling. After 
digging, female (F) moves backward with 
the aid of her pectoral fins paddling slowly.

10)! 28 &  
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£  *©*3'£fc,: 1
tz'W&MZ ^ 0  fz. ^ © t g £ r $ ^  T

K £ & R m t£ é p % m z t i t é i  a 
* ( * ¿ # 8  )\\é& m & iit& tH m  ^ © J S & p ic  

tt& StlcfflL T, P£4>LP§
è L è -tir,
ÌC ft ft ¡9 0 0  20~30 cm t i f i l i  » F i g .  9 A ) . : £ #
IB, 2, 3 & & g tZ k r€pféRW]fcK&*))\\&<Dlj>m 
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%. t.tz ,  Fabricius and Gustafson (1954) {¿a —
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Fig. 10. Feeling and crouch posture of 
female and courtship of male. A. Feeling 
posture. Female (F) erects her anal fin and 
moves it .as if fumbling for a crevice in 
gravel. B. Crouch pdsture. Female, inserting 
her erected anal fin into a crevice in gravel, 
crouches on the center of almost finished 
depression and slightly bends her anterior 
body upward. C. Courtship. If female 
takes feeling or crouch posture, male (M)J N 
quickly approaches her and nudges the side 
of her body with his side. D. Courtship. 
Male (M) courtes female passing by each 
other.

u'$Jm © A 7&  S. alpi«wigt Wnnaeus)

\±Z 0  ck 9 t m  <0 frf r L U f r o  iz. >

’(Fig- 10A p £
tiKX  < i&tzgjjfElifilKD-y-fr • 7

f̂|it y y  V* (feeling®  Jones and Ball, 1954 ; Jo
nes, 1959) (testing) (Smith,
1941)

Fig. 11. Oviposition and postspawning fight 
by a pair. A. Initial phase of oviposition. 
Female (F) takes crouch posture first, and 
a male presses the female’s side with his 
side. Then, they begin to release eggs and 
milt quivering violently and gaping widely.
B. Climax of orgasm. Their bodies are 
gradually separating, for the pectoral fins 
are spread utmost. C. Final phase of 
oviposition. Bodies are completely separated. 
Orgasm continues for 4 to 5 seconds. Usu
ally, a single oviposition occurs in a single deHB 
pression. According to another observation, 
however, 3 times of oviposition at intervals 
of 15 and 30 minutes were seen in the same 
depression. D. After oviposition, male 
suddenly dashes and pokes the side of his 
partner’s head with his snout. E. Counter
attacks by female. Female makes cruel 
counterattacks against him, then they fight 
each other in small circles.

® ’'t' t. £> #  b tl -5.
- ^ ic& t B f r ic J®It  
11)  W b t  o  * x. 
%> (F ig .J ^ 0 c || t t z ,  #:
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Fig. 12. Just fertilized eggs in the depres
sion and undulating by female. A. Eggs 
roll into crevices of gravel in the center of 
depression. B and C. Undulating by 
female. After some 15 minutes of ovipo- 
sition, female begins to undulate by a slow 
and rhysmic swinging her body from side 
to side just like a swimming snake. Undu
lating is gradually replaced with digging 
actions afterward.
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Table 3. Physical characters of spawning redds of the gogi-char, S. leucomaenis, 
in Misaka-dani. Eyed eggs were dug and counted on December 17 and 18, 1971. 
Number of dead eggs is in perentheses.

Redd No. Length Width Depth Velosity Size of 
gravels

No. of No. of 
egg groups eyed eggs Motality

1 60 cm 45 cm 20~30 cm 1 2  cm/sec 4—5cm 1 57(23) 40. i W I
2 90 50 20—25 ■ § 6 3—4 9 * 207(28) 13.5
3 100 50 25—30 5.0
4 90 30 30—40 ’ 0 2—3

23.35 95 45 15—25 - 1. 0** 2—3 2 30 (7)
95 (3) 3.2

6-  ̂ 80 35 10—20 2̂ 1. 0** 4—5
7 50 35 5—10 3.0 2—4 1 100(15) H 5 .0
8 70 35 5—10 ■ a  . 2—4 1 480‘2 )-? 25.0
9 120 45 5—25 _  4. 7** 2—3 1 55 m 18.2

10 90 30 15—20 4*. 1 ■ '2—3 2 92(1%) ■ ¡4 . 1
24io > 0

11 95 50

0Cn)1o 5.5 1—2 2 W m m 21.2
? wKU L 9.7

12 120 65 5—15 5. 1 2—3 1 81(22),. . 27.2

* Several pairs spawned in this redd, it was difficult to separate the egg groups one another. 
** A negative number indicates counter flow.
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Fig. 13. Alevins and fry of gogi-char, Salvelinus leucomaenis. A. Newly hatched ale- 
vin, 14.8 mm in total length, fixed on November 19, 1962. B. Alevin, 2£ ;2mm, 21 days 
after hatching. C. Fry, 25.6 mm, 36 days after hatching, yolk sac was almost con
sumed and parr marks just appeared. D. Fry, 35.3 mm, caught in Misaka-dani on 
May 18, 1974. E. Fry, 45.6 mm, caught in Misaka-dani on June 16, 1974.
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Table 4. Stomach contents of the fry of gogi-char, Salvelinus leucomaenis. These 
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Specimen number 
Total length in mm

1 2 3 4 5 6 
21.7 28.5 28.6 29.0 29.2 29.4
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Tricoptera
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Plecoptera 
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*  V ¥  y  B
!<..% K !) *  V y  7  I  til is 1

Diptera
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Summary

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

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

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

The oviposition (F ig . 11 A, B, C) occurs in the center o f  finished depression 
and 20 to 100 eggs are shed into the crevices o f  gravel in it (F ig. 12 A , Table 3). 
Im m eadiately after th is, the m ated m ale attacks his partner suddenly (F ig . 11 D ). 
The fem ale not only rem ains on her redd w ithstanding his attacks, but she makes 
violent counterattacks against him (Fig. 11 E),- Thus, a series o f  fierce fight fo l
low s about 15 m inutes. Soon after, the fem ale starts undulating by sw inging her 
body laterally  (Fig. 12 B, C ). A fter a quarter hour o f  this undulating, the males 
leave the redd and the fem ale begins to dig the bottom  at an area o f  about 20 cm  
upstream the eggs. The eggs in the depression are thus filled up gradually w ith  
the fine sand and gravel w hich  are stirred up w ith  postspawning digging actions 
o f  the fem ale. Such postspawning acts generally continue for 2 to 5 hours. But 
som etim es, in several hours after the first oviposition the m ales appear again near 
the fem ale w ho is m aking another depression slightly  upstream site from  the pre
vious one and they repeat the same acts as they did in the first prespawning period. 
The next oviposition is usually seen in 20 to 30 hours after the first. Two or 3 
days are necessary for 2 times o f  oviposition.

The eyed eggs o f  gogi-char were obtained on December 15, 1962 from a spawn
ing redd in Inkyo-no-tani, a tributary o f  Haza River (Fig. 2 C ) .  These eggs 
were measured 5.1 to 5 .4 m m  in diameter and began to hatch  on December 19. 
The new ly hatched alevins (Fig. 13 A) preserving in 70 %  ethanol were 13.8 to 14.5 
mm in total length. About 20 days after hatching the alevins reached as long as 
20.8 to 23 .5m m . Two-thirds o f  yolk substance were consumed, but parr marks 
were not visible as yet (Fig. 13 B). It took 36 days for the present alevins to ab 
sorb the yolk sac com pletely in the water temperature o f  16.5 to 12.5°C. The fry 
just after consumed their yolk were measured 24.1 to 27.4 mm and parr marks 
appeared in this stage (Fig. 13 C>. In the rivers, the fry start em ergence from  the  
gravel o f  spawning redd after middle or late in April.

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

The stom ach contents o f  22 fry from Tossage-dani o f  Haza River (Fig. 2 C) 
ranging 21.7 to 63 .9m m  were exam ined. They ate the larvae and a few  o f  pupa 
o f  aquatic insects, especially o f  ephem erids (Table 4),
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Studies on the Life History of the “Masu” Salmon 
(Oncorhynchus masou) in Hokkaido

Tatsurq Kubo
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Abstract
Masu salmon varies from other Pacific salmon species in being geographically restricted to the 

south western Asiatic region of the North Pacific Ocean, However, “Masu” salmon is of considerable 
importance to the offshore and inshore fisheries of northern Japan.

In northern Japan “Masu” salmon spawn in numerous small coastal streams and in the tributaries 
°f larSer rivers> and the fishing intensity in various regions is not consistent. For these reasons, the 
determination of total stock size of “Masu” salmon is very difficult. But, the average annual catch 
in Hokkaido is estimated at about 1, 2 million fish.

The fry emerge from the redds, between late March and early May and remain in schools in 
relatively calm water along the river banks or in pools, avoiding areas of rapid water. They passively 
move or are washed” downstream during the period of high water from melting snow and remain 
in pools below riffles and shoals, or depending on their size and condition, may enter and establish 
themselves in the riffles where the current is quite strong. Occasionally, some of the fry may again 
move upstream.

Such a life pattern is .commonly followed between mid-June or early July to September during 
which time they grow rapidly and reach almost the same size of seaward migrants the next year. It 
has been observed that the parr tend to shift downward from September to early October when the 
water temperature becomes low and the freshets of high water caused by precipitations occurs. 
Sometimes they move to a tributary with relatively high water temperature.

From summer to autumn, the'changes in the body form and coloration or “phase diffesentiation” 
occurs in the juvenile.

These phenomena are closely associated with the variation of life form, especially smoit-transfor- 
mation. The body size and growth , type, might de important factors concerning both the phase 
differentiation and smolt-transformation. At this "stage of life, external differences are apparent 
between sea-run and resident fosms of juveniles : Sea-run form juveniles become elongate, rather 
slender, with a slight tinge of silvery white on the surface of the body!0 These are the silvesy parr, 
which will become siriolts next spring and they predominate in the group. Resident parr have a 
greater body depth, generally more “stumpy” in appearance, and some of the males (precocious) 
gradually become darker with light pink stripe along the lateral line. The immature parr (sCa-run 
form) in upper stream and small tributary, however, tend to differ from the silvery parr of lower

^iff2Ei*B31tl39, 40, 41 48, 49, 50 #-jg£3c
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and main stream in their coloration and behaviour pattern. Their body color tends to become 
slightly yellowish, that is similar to that of the dark parr.

During the winter months with gradual decrease in water temperature, they take refuge in areas 
under bamboo grass, roots of trees, and dead leaves in the river.

After the overwintering period, as the season advances the progress of smolt-transformation 
becomes distinctive, the gradual blackening pf the dorsal fin tip and caudal fin end can be observed 
with the silverization of body surface, in southern Hokkaido, the smolts start to move actively down
stream in schools when the water temperature rises between mid-April and mid-May, resting suc
cessively from pool to pool on their w^y . to the sea. In northern and ^eastern Hokkaido, this 
descending movement occurs betwèén late May and late June.

The smolts which have entered the -sea  ̂gradually déàve for offshore waters moving in the 
direction of north-east after a comparatively short stay in coastal waters.

Although, “Masu” salmon are almost absent, in inshqre waters from July to early September, 
results of the smolt-tagging experiment clearly indicate that the extremely rapid growth is made 
during the inshore of offshore migration in summer. V -  *  ̂ *

From late September, “Kuchiguro-masu” as young salmon appear in inshore waters, probably 
migrating southward and westward, stay as “Kan-masu” during the winter season (from December to 
late January), mainly in coastal waters of southern and western areas of Hokkaido. Then, they 
move southward in early spring (February and Marchi and in late spring the northward migration 
of “Haru-masu” (so called “Nihonkai-masu” in me Japan Sea) begins.

Generally speaking, in Hokkaido, ripening salmon enter thè river in May and June, and spawning 
ocCUrrs usually during late September and October at the upper streams. In several rivers of 
southern Hokkaido flowing into Tsugàrù Sfrait, thè ‘kutfimn’’ runners1 appear in late‘ September and 
October, and they tend to spawn at thè lower reaches of rivers.

The Various developmental stàgès and thè phases of “Masu” salmon are basic' problems in studies 
of the life history.

Each stage is characterized by the external appearance, growth of the body, the behaviour pattern, 
and the reaction and response . of the fish jo  various environmental factors.

The stream life of juvenile is divided into the lèrval penod, ,parr life ahd smolt period. Also, 
the ocean life of young salmon and the stream life of ripening adults .were respectively divided to 
many stages. ,

The periods from the phase differentiation to the smolt-transformation are very important and 
critical in the life history of “Masu” salmon. The arrangement of the nomenclature concerning the 
differences and process of variation of life forms and stages at these periods can de formulated as in 
the following schema.

Studies on various physiological aspects which are possibly related with the observed variations 
in the life forms were carried put. These showed significant fluctuations, in some blood characteristics, 
of the fish during the parr Hfe. f Also, in early winter both the osmotic concentration and calcium 
content of serum of fish in the upper stream were found to behigher than those'of fish in the lower 
or main stream.

The above variations and 'associated differences pf: the fife forms might: be of . 'particular im
portance towards better understanding of. the geographical distribution and possibly could explain 
about what is so called land-locked stock.

In general, the osmotic concentration and chloride content of blood of fish tend to relatively 
decrease at the early time of smolt-metamorphosis. In the middle part of the season, as the fish 
become more silvery, these concentrations markedly increase. However, in the latter part of smolt 
period, when the smp,lt^ are about do descend aetiy^ly to the, sea, the osmotic, concentration of blood 
deqteasq again.; Likewise^ in this stage, the chloride content, urea content, amino acid content and 
density of blood also tend to decrease. Inversely, the total nitrogen content, lipid phosphorus content, 
and water, content of : blood*tend to; increase. ' . ■ , , < m ,

The elevations in the osmotic concentration, chloride content an dthe concentrations of some other 
characeristics of blood of “Masu” salmon migrating in coastal waters of Hokkaido are not so marked.

The osmotic concentration of blood of smolt which has been slightly raised once after entrance
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into the sea in late MaV tends to decrease'shortly afterward. -  í ? ,
Also, the osiriotic cpncèntration, chloride content, clensity,^ and Yerum nitrogen content of young 

sàlmori blood dùfiiig inshoré migration in autumn ’an3séárly winter are relatively loW.
As to the salmon which have passed the winter in the Sea, in eârlÿ spring (Janüáry, February;, 

the osmotic éóncéntration of blood is found to ‘be comparatiyélÿîow, but in late spring (April, May)’ 
H 4s. significantly elevated. When the salmon approach thé* estuary, this is found to decrease agaihl 
Changés Of the wafer cóhtéiit and thé denáity '&f blocíd are possibly“rëlàtèd^'fô^tî^^îiHkii^s^Îfi the 
osmotic concentration of blood. Therefore, the reduction in the Water content and elevation 6f me 
density before the entry into the fivéf aré remarkably Conflicting with ;,thé decrease in the osmotii 
Concentration.

There may be no diréct relationship between"these two characteristics and the osmotic concen
tration of blood. As for the changes of the chloride content of blood, the increase at the first 
beginning pf inshore migration and the decrease before the ascending migration are noticeable.

On the other hand seasonal changes in osmotic concentration and some other" characteristics of 
“Masu” sálmon blood during upstream migration Wefé stúdied. At the béginning of the migration 
when the fish stay in the lower part of a river, the osmotic concentration of their blood is nSlightly 
high, but it tends to decline, as thé season progresses and the fish ascend the river. Then a temporary 
rise in the osmotic concentration of blood occurs in the fish whose sexual products are developing in 
preparation for spawning, and finally the osmotic concentration of blood falls markedly in the fish 
which is ready for spawning. ,

The chloride content of blood shows the same fluctuation as that of the osmotic concentration.
An apparent inverse correlation between changes of the density and that of the water content of 

blood were traced. These two characteristics may bear no direct relationship with the osmotic 
concentration and chloride' content of blood. In contrast with blood of the inshore-migrating fish, 
that of fish during up-stream migration shows relatively high density and low water content. However 
the blood of the ripening fish, showS; reduction in the density and low water content. In the blood 
of the ripening fish on the other hand the reduction in the density and the increase in the water 
content were; obvious.

These changes of the density and the water content of blood may be induced < by? changes in 
protein content and some other biochemical characteristics of blood, n

Electrophoretic analyses of serum proteins by means of filter papers and cellulose acetate 
membrances were made. With the progress of developement associated with time, significant changes

3
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in both the amount and the separation of each region in the electrophoregram of serum protein were 
observed.

At the time of rapid growth under faverabie conditions in summer, the relative concentration of 
“A ” region (corresponding with albumin) in serum of juvenile tends to rise fairly, and also the clear 
separation from the other region (corresponding with globulin) was observed Similar features 
appear in the case of serum of advanced “Haru-masu”.

It seems that the reduction of amount of “A ” region and the occurrence of “ G” region consisted 
of many components in connection with smoltification and seaward migration.

The blood volume of fish reared under the pond conditions was fairly lower than that of same 
sized fish collected from natural stream. This fact suggests that the pond-reared fish are not as 
healthy as the wild fish, probably as a result of suspected anemia.

The osmoregulatory adaptations of smolts and the other phase fish were also examined.
In spring, the salinity tolerance of smolts becomes higher as the process of metamorphosis 

progresses, particularly, silvery post-smolt can withstand abrupt transition from freshwater to sea
water. And they are able to de artificially reared harmlessly for a long period. However, the 
ability of sea-water adaptation of pre-smolts and small sized smolts are not so high. While, those of 
dark parr and pseudo-smolts are very low, and they can not survive 2 days. The features of their 
sea-water adaptations are indicated by changes in osmotic concentration of blood after transfer into 
sea-water.

Furthermore, the fish keeping silvery phase in summer and autumn are able to adapt samely to 
sea-water as smolts in normal season of seaward migration.

When the “Masu” salmón smolts are obliged to be confined in fresh water, a regressive trans
formation often occurs. As the season progresses, the features of smolt characterized by a silver 
coloration of the body and a black coloration of the dorsal fin tip begin to disappear. As such in 
summer (July and August) the external appearances of fish resemble those of stream resident parr. 
In autumn, some male fish become sexually matured, and in the next spring a considerable number 
of the immature fish performs the second smolt-metamorphosis. The degree of capability of their 
sea-water adaptations tends to be reduced, while the fish maintaining the silver phase as smolt can 
tolerate immediate transfer from fresh water to sea-water, even in October. Also, in artificially 
reared smolts in seawater for a long period, the same regression as those in fresh water occurs. 
In this case a significant elevation in concentration of blood of the regressive fish were indicated 
from osmotic concentration, chloride contentration, chloride content, density, protein content and 
calcium content in contrast to that of silver phase fish. Regressive fish reared in sea-water tend to 
mature the following year. Blue color treatment (rearing by the blue tank and blue cover) to the 
smolts can maintain their silver phases effectively. This special phenomenon that occurs in the 
“Masu” salmon smolts may be a kind of physiogical adaptive strategy to the reluctant fresh water life.

Estimates of the energy metabolism by determining the oxygen consumption of fish at various 
stages and phases were conducted.

Seasonal fluctuations of the standard metabolism were not traced also there were no significant 
correlation between metabolism and pattern of growth.

But, there was a correlation between standard metabolism and water temperature, the values for 
smolts were slightly higher than those of parr.

It was noted that the ratio of the active metabolism to standard metabolism in fish during their 
stream life was not so high. This was further estimated from the determination of excreted ammonia- 
nitrogen.

Moreover, the daily growth increment per fish per day in relation to the calorific content of the 
main food items which “Masu” Salmon utilize in the wild life have been concluded. This was used 
for estimating the minimum energy requirements for both growth and metabolism.

In conclusion concerning seaward migration, there are many environmental factors which might 
control the process of smolt-metamorphosis. Though photoperiod may be of special importance, the 
ecological and ethological changes of the behaviour patterns (reaction to> stream current, schooling 
reaction...) are involved. Therefore, the descending migration is not a passive drifting movement, 
but a possitive downstream swimming characterised by a negative rheotaxis and schooling reaction.

Moreover, there are preference to some environmental factors (temperature, nlight and salinity)

4



for the physiological regulation of descending movement of smolts. These responces and reactions 
probably stimulate the rapid adaptation to sea-water of smolts in estuarine waters, their entry into 
coastal waters, and getting on tidal and ocean currents.
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J Ö M p P l ^ Ä  Jjj|$ÉjiO'ä ’SPS^Ö:E<om%, #¥-^.'(1949) © « ® ,. ^ ' f V / ll7!> (i962) © *

I?®, @ )ll^© I^^J:;Ö t3ll*ÄI«K.4'^JtXW'5. 0! V *¡>*.
v;%)xr %Ä^^fe-f, «TÄi^S«»©«HSH©4*k £ * © * ^  #©* '» 8 ^ © *

^ Í© 1^^ M T O  © W r ^ vtâÎT  ̂ ,'' :. ' 'J  _ ^ M É » * a i ^ U f e M
SÄ , 1974)'ttdiL4'-Ö©MP?Si'-Jä'-''t®±lf bixfcify 5^x© ^© ^W S:pg^Æ ffia&

•^ l'-C O J ëà # ^ . ¿Ä K .^S© »B *W *f ^ m # ® 8 » a Ñ sS » , ymmjB Tffi
MMRáM 54k*ft«©.**i. .H Ä ^ il.L e  © +© ±#*(5«>* r * f c ^  J'¡&«g!|s©* * 0 -

I f e KÄf E*©— ■ ‘ 'r • ü  , l .üA -  .1 Í j |^ - . ^ j  ¡1 .3
; S i g i g S S  1 5  S H e t ó

| | p j ^  5 £ l¡» ;fco ,.
; p i p i&a#WWfefcá^t't®:¿ L .TÄg& Ä © tt$fc''^'T#© pg© ;$ 0 ¿IS ilk ttfcltL , ^ p f l  
^© ptte> ;tfe*© P % fB 3^ »P ¿& lt5W »óaíl:*»© **% iP M ^ |»fi*  I íp « € ík p * © ^ l8 -fó :  
j?.t>Hp®©SfKi—© ¿^^^^©ftjÉflEiiitístg©^^©^«)^; R B |^ 8 ^ P li i6 n ^ r iW r « 8 ^
■ I iíÉ t t P K  Ì •■■•, É ttÉH
fÂàot-fc, if^ -v x a * a © r Big-t:'^?. n a tu  ©spg¿% .p»>•&
*<t!R©W®ôvÇilil|#*W^Â!V:j• ' ; . • . •• « * :  .... ,A;« , ;,,.'i:f
;.ftKW a:W ^¿'LX«|iÍW a»K¿fH-t***i*ÉK:ÉXfli»l:^*'5> #éfe£©*í8'JeJ:0 ^ Ä * * © € *

,,,C©J: xco&fêiD&Afamm-â'biD&ûfâtsiifci¿ © i c i o - c ,  Í!E #© 4gép Jiíí J; Ü S | | :
U, - t© * * , **© »*4fH ® ^9'è'tÿ5% !a«?*S*. . ^ 3 ‘Alk '.•--v'.rle,t»wív

* í ? 7 !H ^ ,  ' e -  t f ,  -<•?./ X. >• Js i  O'=í-' v-í»í ír:#|if-M)|3S h©ííft<;

6



S& aisi©# f i  H rfKkjfr&lcRirS

WmtWMV0t9*» 1951 % ©■?,
&.tS8©#W *3fei: L -titS iitS ^ o iicM lII,

u -c it
I t i  t - t m m t i t i ,  f i l e s '# ,  J:
n J«© io tffiV '';

Fig. i  f c i ^ i b o
* g t e |# W B * * M S |3 g

Mill f io & o f iS iS ttK iP - f  % S liliijtL ® © «®  k M
f r t x f r i \  5 ?  4il[Jn*itefcfc'ft S i t (£’
JIBP-PF © p-,— 7" JIIŴ E ||1SM y \
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Fig. 2 Growth rate represented by the frequency distribution 
observed on pond-reared fish (from Kubo, 1974)
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Table 1-a Various stages during the stream life of juvenile

STREAM LIFE OF JUVENILE )
LARVAL PERIOD MMM

; Alevin stage f i^ tu  SB * *........./ •• • —  *••*••■
Fry stage f i& g $ 8  ••••...................... ./•••••

PARR LIFE Ufr~} M
Early parr stage, plffifflM’.......• • • • • • ......

, Advanced parr stage  •••
Late parr stage ••••....................
Hibernating parr stage ’jt^-JB •••••.........

SMOLT PERIOD ' ‘ *  i'/t" b  M
Pre-smolt stage X -^ /t' b tij^  • • •....... ••*•••
Mid-smolt sage X-if/i^b wm&W&tf
Post-smolt stage b  $kM ................
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Fig* 4 Diagram showing seasonal changes of habitats and movements 
of juvenile “Masu” salmon (from Kubo, 1976)
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Fig. 5 Semi-diagrammatic representation of body growth, phase 
differentiation and smolt-transformation (from Kubo, 1974)
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Table 1-b Various stages during the ocean life and the period of river ascending

FORMER PART OF OCEAN LIFE ® # £ g f j $
Estuarine waters smolt stage g o  tikitlMM........... ......................................................................................................................................................... â
North-ward migrating smolt stage 4t_h^®l HiMM      ..... ....•••• Ib
Off-shore and deep waters fish stage ...... *•“■..................... ........................  ....... ^

LATTER PART OF OCEAN LIFE ? S ff4 g ^ J 8
“Kuchiguro-masu” stage -
South-ward and coast-ward migrating adult stage ; P J i ^ ...... .........................r ..,. Ill
“Kan-masu” stage

South-ward migrating adult stage 3S^r^88 \....... ................... ••••••........................ ......... . IV
Early “Haru-masu’̂ -stage

North-ward and off-shore migrating adult stage ........... ......... ........1..... .........  V
Advaticed “Haru-masu” stage

North-ward and in-shore migrating adult stage 7s'tfkM....... •>..,.^ .v...........a-..-.» VI
STREAM LIFE OF ADULT

Ascending adult stage (in the lower reaches) • * * •:•••••••••....-.• •;•. • *........| .... *.. | VII
Ascending adult stage (in the middle reaches) -----7 •■■••------- ...................... VIII
Ascending adult stage (in the upper reaches) ............ ......•••*........ . . . . . . . . . . ...r... IX
Spawning adult stage ................................................ ........................................ X
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Table 2 Summary of smolt-tagging experiments conducted in the; 
period 1970-1979 inclusive

Release, t Recovery.

Date Location No. Date Location No.

M
1

m ;,.
1
2 *
1 
1
11 
3 
1 
1
.1 ■
1 .,,-  

1 
1

May 6, 1970
May 29, 1970
May 28, 1971
• May | 23, 1973
May I 20, 1975

May (J4, 1976

May 1977
May 20, 1977
May 18, 1978
May 23, 1978

May 24, 1979

Shiodomari R. 
|g •-,-

( - ^
£ ^ jxMQI 

Assabu R.

'■ d |% i 

j '-r/,
Shiodomari R. 
Shiodomari R. 
Assabu R.

Torisaki R.

I l l
37

198
299
300

342

409
314
446
697

800

May 18,~ 70 Off Muroran
June 1, 70 Off Ishizaki
June 12, n  : Off Date
June 8, 73 , Off Kami iso? j
May WbL 75 Off Otobe
Sept. l ö , 76 Off Kitamiesashi
Mar. 2%' v77 1 Off Ooma
May 22,:̂ 77 ' Off Esashi
May ' 231 77 Off Toi
June 1; 78 Off Ishizaki
May ? , ;7 8 Off Esashi Ì
May ,27, 79 Off Kinaoshi
June .14, 79 Off Date
June 16, 79  / Off Date
July 4, Wm Off Nemuro

Fig, 8 Map showing recoveries (black dots) from the smolt-tagging 
experiments in southern Hokkaido ; black arrow lines suggest 
migration route (dotted lines, from Sano and Ozaki, 1969), 
while white arrows indicate ocean current
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Table 3 Some characteristics of blood of the pond-reared juveniles in
their first year of life

\ S ta g e y '
Season

L/v Phase
Density 
(sp. gr.) '

Water content
XX)

Red blood cell 
count

(100 cells/mm3)
Hematocrit

y
Serum nitorogen 

content 
, (mg/dl)

February AL 1.0305-tO. 0057*
i  (3)1

91.68*4.75
j H  I

March F 1.0335 *0.006  
; (7)

90.49 * 3 .5  
( H F

May F 1.0317*0.0041 
(12)

89.76*1.29  
(9) f

9150*1580 
(6) ,

2 1 .2*4 .6
(11)

218* 76 
( 3 ) f |

June-July i 'Ip 1.0358 ±0! 0033 
(15)t_

87.96* 2.25 
(10) T

12030*1366
<S)

24 .4*3 .0
(9)

362*131
- m m

Augusts-
September

P ! 1.037,2*0.0040 
(23), |

88.06*1.81  
( l e ) , !

9960 *  2373 2 3 .4*3 .6
H i ,

467*150  
. - (%

\ Dÿ 1,0453 ±  0.0050
. ' M *

83.14*2.23  
<■'<5)

13567 *  2113 
(3)

34.8
(1)

630*141

September-  ̂
October

SP -1.0407* 0.0023 
(12)

86.08*1.51
| 9

10856*1900
, (9 )

2 6 .0*2 .9  
. (8)

452* 97 
(10)

p 1.0390 *  0.0019 87.76*1.39
*K50n

1 0 0 0 6 ± ^ 3 |,‘* 
: (3 ) :

26 .9*6 .7  
(5)

386*104
s t t n i o A

N0 vefnbe r- * J
[ SÏ* 1.0410*0.0036

.'i- a s )  s
86.56*1.04

^(9)
11000, 12100 

■ H
2 5 .1*2 .1

(9)
430*145

]  WM
December 1 p 1.0387*0.0023 

¡3/(9)
88.41 *2 .00  

J316>S-1
10800, 10900 

(2)
2 0 .8*1 .7  

■ ;(7)
390*135
& m î§

* Mean ±  standard deviation, ** Sample number
%=Alevin, F=Fry, P=Parr, DP =  Dark parr, SP=Silvery parr
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Fig. 10 Fluctuations of serum osmolarity of juveniles from 

natural stream in their first year of life
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Fig. 11 Fluctuations of serum osmolarity of pond-reared 
juveniles in their first year of' life
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Fig. 13 Fluctuations of serum calcium content of juveniles 

from natural stream in their first year of life
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Fig. 14 Fluctuations of serum calcium content of juveniles from 
experimental stream in their first year of life

Fig. 15 Fluctuât one of serum nitrogen 
coûtent of juveniles from natural 
stream in their first year of life ; 
accompanied by the standard de
viation

Fig. 17 Fluctuations of serum lipi 
from natural stream in tl

Fig. 16 Fluctuations of serum phosphorus content 
of juveniles from natural stream in their 
first year of life
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Fig. 18 Fluctuations of serum osmolarity of fish from 
natural stream during the period of smolt- 
metamorphosis

A—Mohcji River, 1959, B—Shiodomari River, 
1972, C—Shiodomari River, 1973
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Fig. 19 Fluctuations of blood freezing point of 
pond-reared fish during the period of 
smolt-metamorphosis
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Fig. 20 Fluctuations of serum osmolarity of fish from experimental 
stream during the period of the smolt-metamorphosis; 
accompanied by the standard errors (black columns) and 
the 95% confidence limits (vertical bars)
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Fig. 21 Fluctuations of blood chloride content of 
fish from natural stream during the period 
of smolt-metamorphosis
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Fig. 22 Fluctuations of blood chloride content of pond-reared 
fish during the period of smolt-metamorphosis
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Fig. 23 Fluctuations of serum chloride content of fish from experimental stream 
during the pesiod of smolt-metamorphosis ; accompanied by the. standard 
errors (black columns) and the 95% confidence limits (vertical bars)
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Fig. 25 Fluctuations of serum calcium content of fish from experimental stream 
during the period of smolt-metamorphosis ; accompanied by the standard 
errors (black columns) and the 95% confidence limits (vertical bars)1

32



Fig. 26 b o X ) B o a 8 ^ 3 a 5 i M * o J t * ^ J : ^ ^ © S l f ^ X f c i ‘0 -C *S p  f& o^K
t  mu< Mfe *> fir- ,& » -
J; o t i  i)"F $offiiR j0^ as*R *fc* . «

Fig. 26 Fluctuations of blood water content and 
density of fish from natural stream during 
the period of smolt-metamo rphosi s

1955

Fig. 27 Fluctuations of blood density of pond- 
reared fish during the period of smolt- 
metamorphosis & accompanied by the 
standard errors (black Columns) and the 
95% ~ confidence limits (vertical bars)

Fig. 28 Fluctuations of blood water content of pond-reared fish during the 
period of smolt-metamorphosis ; accompanied by thè standard errors 
(black columns) and 95%^èonfidetidè limits (vertical bars)#!
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Fig. 29 Fluctuations of blood density of fish front experimental stream during 
• .the period of smolt-metemorphosis; accompanied by the standard errors 

(black columns) and the 95% confidence limits (vertical bars) 1

FEB. MAR. APR. MAY JUN.
Fig. 30 Fluctuations of blood water content of fish, from experimental stream 

during the period of smolt-metamorphosis; accompanied by the standard 
errors (black columns) and the 95% confidence limits. (vertical bars)

¡jp

f e  L < 9 tw^-ti%<o^mx^<

%Od? Fig. 27, 28, 29 i s i b 3 0 ^ ^ o ! * « !  5 ft
m -bh , t

- f t th -h ,  jfli®©jta, H M H 'f c g
& £ *# © if ± -d t  -feS a y i.,
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Fig. 31 Fluctuations of total nitrogen content of blood of pond-reared 
and wild fish during the period of smolt-metamorphosis

Fig. 32 Fluctuations of total nitrogen content of blood of 
pond-reared fish during the period V of smolt-meta
morphosis (from Kubo, 1954)
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Fig. 33 Fluctuations of serum nitrogen content of fish from natural 
stream during the period of smolt-metamorphsis

Fig. 34 Seasonal fluctuations of characteristics of blood of 
pond-reared fish (from Kubo, 1955)
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Fig. 35 Fluctuations of some nitrogen compounds of blood of pond-reared 
and wild fish during the period of smolt-metamorphosis

Fig. 36 Fluctuations of some serum phosphorus 
compounds of fish from natural streams 
during the period of smolt-metaniorphois

Fig. 37 Correlation between freezing point 
of stream smolts and water temper
ature (from Kubo, 1955)
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2KI£ÌTÌg 36 io Lup 39 l$M 0 O 7s■- * ÌqB W -  46 Ss X Of 48 0 ©,* ■=&̂  b $  f  OO —W f̂ÌÉtB
L X % \ftz  % <0 d> Table: 4-fa ft ^ r ^ T a b le  4-b fiflH flf

Table 4-a Sòme characteristice of blood of estuarine waters smolts represented by 
those of fish experimentally transfered into seawater : Experiments 
conducted in the years 1965 to 1968 inclusive

,;I;,,!i,'V"'.,,i,,'IW...4-..--:< --'.y n-ĵ y ̂
1 9 # 1965 1966 1967 1968 1968

May 9 ^ July*8! May 16 June 9 May 5 June 23DiuUu 1
Hours in seawater j Total average*

characteristic
46h 46h 48h 36h 36h 36h

Freezing point Ò. 67 ' 0. 70 4 0. 69 0/62 : 0.64 i  0.62 0 .653± 0.0340o1m n 0.63 • (7)
Chloride content 380 405 • 360 350 370 ± 22 .6
(Crmg/dl) 355 (5)

1. 0390 1,0397 10396 1.0420

Density (sp. gr.)
1.0372 
1.0384

1.0417 1.0433
1.0417

1. Q399 
1,0461 i  0404±0.0033

K1.0357 0416 1. Ò4Ó2
1.0373 J 1.0422

|  88.7 85.6 86.6 82.8...
Water content 
(%)

85.8#  
M 87.6 
. 89.0

85. 9 ;, 86.8 
85.1

82.7 
83.0
82.7

85. m&
mgi.

86.6

Rest N content 
(mg/dl) f ■ 77

Serum N content 
(mg/dl) 320 ! 280

Serum P content § ¡ 1(mg/dl)
Serum lipid P 
¡content (mg/dl) f ..15...."*"20"..

Serum inorganic " 
P content (mg/dl) 18 1  1$

* Mean i  S. D., no. of fish in parenthesis

Table 4-b Some| characteristics of blood of estuarine waters smolts 
represented by those of fish experimentally transfered 
into seawater : Total average (MeandrS. D.) o f , data in 
many experiments conducted in 1971 and 1972

..____ Hours in ¡seawater , 36r-39h
Blood
characteristic ; (No. Of fish)! |

Serum osmolarity (mOsm/1) 338.1±26.8 (22)'
Serum chloride content (Cl“mEq/l)v 144.6 ±16.1 (8)
Serum calcium content (mg/dl)} 10.9±, 1.9 £19) a .
Density (sp. gr.) . -.1.038 ±  0.004 (24) •
Water content (%) 87.8±.,2.6 (25V ,
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Table 4-a •% 4to Table 4-b
i%M-ÏZ> 4©-Ç*2>a*» ; -** £ fè l$ M © ìfc©  jfil*© V'-©HCiSV'%©
"CifeS:

Là»% ——© # $ » *  I f c t b V A ftÎ 'lç i^ J R * © ttÜ > t(® o X V 'S Â ï  
S i^ t j  f fc jj t» ©  N L t è â s i t ^ .

Table 4-a, • 4-b : f l K Ì P I  Ï Ü  1 |  Ä * & » * lc S :X $ |t f c Ä » S |-* / i '  b © * # ,  i!¿‘©5fc?!(©jftK,*^  
•C%, — f f e ^ÄOJ t i Pi bf c ÄOf f i Tt a ^

ä : i i© S Ä T S © ,  T °- (i2~ ° - 67' G
© iiff lb Œ fc ^ ^ B ÿ ft© ® ^ © ^ © '^  9, ÎfcjfiiSO gâfflItC isV ^'t % g^*4.g^ft©Jil?t©'34bm0smol 

t l  F©lïféÂ^À'nKi}"Îi iii&"t$J b , S ticg iS IH ^Ü K T ib T.íS$"C;fc2>:¡SíHT-.4o‘\. '"C ¡báiJÍl© 380 mg/dl felT, 
t í¿ ü 4 c * ;H ¡c ffiS -t % Jft.lt© 140 mg t i iT #  x  -  *  © £ # ¿ ; f c o í t* § £  f c # © Ä # t* H i© « i6 0 Ä 2 fc i i  < 

^L'CV'^o
10mg rt^ © i(i;i, b© fe r J io a f©  l / ^ J :  0 %ffiT©ffi[nJÄ>

‘jfa i'k .& o
t t c ,  j f i i j t a ô * Â © i« è ' t ^ © J i i i # ê a * Â * » t l |Â ‘ic*iJc^S|^©SR«J:

© i f f i & Wf S U f c ^ Ä ' ^ C i S £ ß f , T .Ä -^ iiil©

App. Table 1 « ^ © J g * ||& A ^ fc a © já * & M ^ S » í6 ^ fr © ¡¡é lÍ% ip .lJ ,í¿ ;Í '^ » *
%a '" ' ' I  ^  * i t  ** l> ;:‘; I; ■’' '• J ’ *' ' :?,<II»W

h ii©  J: 5 fiAÄifticl i lTf© . # , © '"C© T--  ^¡ä'-it^ä t ,App. Table 1 ¡díftè ’itfcÆ S Ü © fe© 
Â © # - ê - ,  * â P I T S i; Ê ^ Â si!‘& 0 S l \* à ' ' f e l§ i t 2 > .  ^ ix fe© * © S % ® i'^ © 1 9 6 ë  4 6  B 2 i 0©#l| 

l§©M fcá)-c't:4> 3 k i» T Ä {*  — 0 .70°C, ££•*%  400tog :<ií*fc ( j ' ^ ^ í Ó W ^ Í t l i » © —3̂ > * © f '~  
* b M o

ib K ^ i'X < it'& i& (D t& -y;, Ä Ä © ^ ft± © P n is ^ ^ X -t ' ,? > 4 ^ ',,l| .>1f  •ck ír ip .í t © V - Í ^ ^ i f f c o  
Jb G ^ ^ ífc¿  Jo 0(, ® P |  1 :* .B CSifcóffiá*

i'% © ¿ # £ t> ít? > 0 ■?:©f e y ^ l w P S M ^ ^ M í É t e ^ i i A f c ^ t  s c B ^ m x ^ M ^ ic ^ m ítL

tóttH©,H©jfiL®tt, t e S Ä a b ± ^ K © i l ^ L t : V ' ? > e i S © á © ^ H ¿ m <

i  © B 0& ©fc»rfcKjSieicH-i-5*ife©4»<^'3'v6 0 P i© «* .Ä W ^ © ^ ’- '^ ,  t í b ^ ^ ñ  fifl-oüfcK^I
(Table 5

t ^ © ^ i ^ i s t f ^ j g * * © A - t ^ T liM B -h fr ftOSfé-íbLfci  5 » c j ïg i t  «b*, &< fSÂ4T2> 1 3 le 
& 9 , # c ^ ^ ñ ^ - © íÜ * ^ S ^ ¡ g - f c % © « ® f t -r # á ^ ® 0 f e í ;S L , æ & irSii4sP!>-ü, i^ $ J i© # -â -©

H n S p ol S^BÉhBh
$Mcf*fr&3~6 B B © * * * -  b © Ä © # I W i  Table 5 jajwffife» J; 5>K, Kd»rà|c^K^{Ç f f i^ -â i©  

0*®«IÂ©#ül8K.ffii:âs *>, JËK. Table 6 tok#;fclCA^.^)ÍÉV.'JÍ&©l!Íl* 
1 H </f,r?X  I g i& Z  0 # r iÛ I* © a ^ lE Â Â | 300 mOsmol « J ©  4 ©Ä?#-l '# } ï ,

£ j fc i£ & # tM í$ c |í& T ffi : - 0 . 62°C ñfl-O 4 © *!£#: £:& % © T% t « ¡ j ^  «■£
j M - » 8 lj r - t ; h i í |S  380 Æ  £ f  3  % © *îî& $  ♦ : c. © Jt '» « © « » Œ i*  X
« • « a ^ S b i c â m ©  r a - » s  % U .< » * £ £ • ! >  % trU i> ® V ' J: $ i c . i Â S i t é É ,  ® # © æ # 4 Î S l D

i É â M M t e  a ^ f iE P S s t i0 ta a $ íx 2 .Í © á 5 í .? )o
bd'v M b<  ^

^ i Ü & M M p  ê  # t t © # Ä ^ « - t  4  © n » * *  h m
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Table 5 Some characteristics of blood of north-ward migrating smolts represented 
by those of fish experimentally transfered into seawater

(3-6 days after transfer)

1965 1966 1967 1968
May 14 May 21 June 13 June 16oiooa

characteristic
Days in seawater Total average*

5d I I I P 6d 1 ’ H  !

Freezing point (J—°C) 0.65 0.64 . 0.645 ±0.0060.64 0. 65 (4)
Chloride content 385 375 1 ^ 7 0  1 375±7.07 A

1.0368 1.0486 1.0332
1.0403 1.0445 1.0334 1.039:~'b. 005

Density (sp. ¡|$yS§| , 1 0364 1. 0391 i n . ■1. 0300 
1. 0414

1.042r

8 5 .1 83,1 ,82.4
Water content {%) 89. 0 82.9 '8 2 .4 84. W B

85.4 82.7 i! (10)
■  85. 82.8

Rest N content (mg/dl) ' w ®
Serum N content 
(mg/dl) 260

Serum P content 48 48
Serum lpid P content 
(mg/dl) 26
Serum inorganic P 
content (mg/dl) 19

It. Mean :kLS, D., no, of fish in parenthesis

Tabfe 6 Some characteristics of blood of north-ward migrating smolts represented 
by those of fish experimentally transfered into seawater 

-(10-17 days afters transfer)

” ^971 1972 1973 1974
Blood June 17 Aug. 31 Oct, 13 June 19

Days in seawater Total average*
characteristic -— -

lOd 17d

Serum osmolarity 
(mOsm/1) ';■■■

318
320
§2§l

302
304
310

Serum chloride 
content (Cl“mEq/l)

140
142
144

Serum calcium 
content (mg/dl)

6.6
10.0
10.0

9. 0 
, 11.0 

10/5

Density (sp. gr.) -

Water content (%)* , 84.8
83.8

87.6 
86.0 
92.1

Serum N dontent 
(mg/dl)

lOd È 15d

298 !
306
306

304
w $ m 308.4-2:8.09 

(ID

H U B
(3 ) ■

9 .4±1.8  
1 (6)

1.0300 1.0396 
1,0406 1.0369 
1.0359

1.036 ±0.004
n t5 T „

89. 4 
85.4 
90.0

87.6 S 89.7 86.3 
85.5 88.8 
89.4

87.6 ±2.39  
1 (14)'®

560 580 
670 610

604+ 41.6
g B l  ;

* Mean S. D., no. of fish in parenthesis
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£<d M> ~  9 /f&jfefcWL^: 0 & © & # » £ * } < , ftA'%
©•?&!>. * * *
tf'L 'i U ^ 0 f © # * # ir « T O  0 ~ 1 2 5  H »)»H!'CP^fcjfli®©5-fT, » « © « * #  Table 7 - C * * .

4 ! s l© # ^ i» ® W © ^ * a i : T ^ V £  0 ® v ^ K T K i ^ r ^ e > 4 i ,  iifc jfc* , ;*S-% l,t% jfii?S© -*S
(S ife) N o - t i ,  '¿ iit© * /V '> !>

S H I I S M © ^fy& hb t(i^ f L i '!££;• ¿¿fc < , ' nW icjji L A ;Jti^M /ltt© ^;.^©  ¡(MS£ it;l-iS i6 'C ^ v'
«ebBimI MfcK*iMfliaawwBBBHiiifl6i„ i m

Table 7 Some characteristics c»f , blood of fish experimentally reared 
in seawater for a long period

Date _
\  Days in

seawater |T|i■
1963

Sept. 28
1965 

July ^1
1966

Sept. 21
J; 1971 
Aug. 20 Total average*

Blood
characteristic 125d 70d 90d 75d ;

Freezing pointer 
(d -°C )

R  0.66
: °- 67

0.66 
0,67

0.67 0. 68 
0.66 1

0. 667±0.008 
(7)

Chloride content 
(Crmg/dlXp

380 385 370 350 » 
|  340 365±19.4

Density 
(sp. gr.)

) 1.0327 
,1.0334

1.0377 
1. 0346 ,

[(i$. 0477 
1.0471 
1. 0424

1.0371 In 
1.0359 .,. 1.039±0.006  

(9)

Water content T 
(%)

87.2 
88.5

86.3 * * 
87.0

85.5
86.6 
87.0

87.8 , 
87.4 a 87 .0±0.86  

(9)

Rest N content 
(mg/dl)

70
fcwk «

Serum inorganic 
P gontent (mg/dl P

Serum calcium 
content (mg/dlj

' 11.5 : 
11.5 
10.0

• 11,, 0 ±0^ 87 
(3T

* Mean £  S. D., no. of fish in parenthesis

4)

A. r n l l v x j  $j

App. Table 2 StSfc#;, Z>, n j§©Jfil®©^£cfel£$r, App. Table 3 t t^ P s f l
fil&©£*>\9, sjX liW

t j g t t f i - f s  i ,§  ^ 3 jlf  « © ± t ?
( 3 J i7 % )  © 4 © lP t5 g |g © iiM ;S 'L jl' |: , (t5M©=#t a ©% ©^35V'% ©% -^4

n l ,  # -f45 ^ r “ gB© fU^^V;-C , —
5 0.

ifcIC App. Table 1 isJ;£K Table 5, 6 ~C^LtzifyA£ ,  —^

T L T i ' S  J: S-fcM.H&tf, L ^ L A IJ S W  k 'Xo- X S a U f c 0 f © * X ^ » ^ S ! f e ' ‘¿ ‘i? K » -a -^ » # i© a © 4 i  
$ © t t %  (Table 4 -a~ 6 ) ?>*© &  (7 + ^ ^ S M © g ll- f f iS 4 -*  4 © ? 'Table 7® ©
iM fci © @ *  ' J; 5 * *  5  o

St 1964 4--11 fl 12 ■ i ^ ^ p p B S i w i W
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Table 8 Some characteristics of blood of “Kuchiguro” and “Kan-masu” 
(Mean ±  S. D., no. of fish in parenthesis)

HI Stage
Blood
characteristic

“Kuchigro” “Kan-masu”

Freezing point 0.67± 0.016 0.71-0.04
(J-°C ) (8) . (17) .
Chloride content 389±19 ' 418 ±43
(Cl-mg/dl) ■ >&) (15)
Density 1.047 ±0.004 1.049 ±0.003
(sp. gr.) (9) i j

Water content 84 ± 1 .4s ° 84±T %
( % ) i ism | . (8)
Total N content 1853 ±278 1948 ±318
(mg/dl) (.6) / 9 )
Serum N content 568dr 97 673 ±101 •«•

(mg/dl) ( e x  ■ (8)
Total P content • 153 ±29 397 ±66
(mg/dl) -if mI (5)
Serum P content 77 ±16 181±59

, (mg/dl) (7) (6)
Total lipid P 25± 5 88±11

|  content (mg/dl) S H t e f  (5) .
Serum lipid P 4 2 # 7 '° ' ® 42 ±12
content (mg/dl) (5) (9)
Serum inorganic P 21 ±  3
content (mg/dl) ( T V " '

Table 8 It App. Table 2 CD 1 litis t  O' App. Table 3

m m k L x m m  as#*«:) '& 3 & ± & % w w ^ 'X c o ^ i t n * : f t ^ t 4

I ' t  5 X & Z & ,  * 5 V , ' l t ^ K i S 5 .
» ¡R L x m & i-ji, 1 5 x ,

Z 'tD ftm ^ W jfftX & Z  k t lL Z o

% k% i,'V tm K & ? x , * © g » i t /

4 /  T a b le 8 'r t ? T B M i*7^ < O jlL ?gO tttt^ Jtt?-t2> i, W * O jg » tt© * /J s  S S ^ ® 8 l B  
& 9 6  < i S O t t # 6 i K iK lfe L X l ' 3 SFd‘>S-So

-t& fct., y p i ;  Jfc®,‘i t - N ^ l : ,  j M f - N ^ if c ib ^ if i i ,-

S ,
JtfcXfejfitf&oli-P ¿I1R -P  ftibtMcjfiiifcD P

b . r # - 7 x j  ® | p 0 p | '

App. Table 4 ?fj:frt>WM^x<Dl6ltfce>£t£mW:&, ifcte'-App. Table STiifcjj*
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Table 9 Some characteristics of blood of “Haru-masu” 
(Mean ±- S. D„ no. fish in parenthesis)

Stage
Blood
characteristic

Early “Haru-masu” Advanced “Haru-masu’«

Freezing point * 0.74±0.014 0.74 ±0.0541 L̂G O m (12)
Chloride content 389±11 391 ±26
(Cl-mg/dl) I 1 (7) (14)
Density 1.053 ±0.003 1.052±0.004

\ (sp/gr.) 1 i»,X7) |  (12)
Water content 82±1.0 81 ±2.0
(%) (5) (9)
Amino acid N 34± 3
content (mg/dl) (7)
Total N content 2637±578 2629 ±407
(mg/dl) K:(7) (10)
Serum N content 845±199 903±230
(mg/dl) s (4) (12)
Serum albumin N 583 ±114
content (mg/dl) (8)
Total P content 114±50 168 ±48
(mg/di) (3),

UTSLG

Serum P content 81 ±14
(mg/dl) (6)
Total lipid P 58±25 53 ±13
content (mg/dl) <6) (10) 'I
Serum lipid P 72 ±13
content (mg/dl) V (5)
Serum inorganic P 24± 6
content (mg/dl) ’ s i

^ j W P W W p i  
o , M r S t ' S i i ® m t t % Lr*:4f c

I p S  App. Table 4~5—(f*c) © 5  f t© T — ?%riK,rffl-/i-SSI5Ltit/i;Lfc & © it  Table 9 t"^>S0 —J3.L 
J: 5 e « r S ! # ^ ^ i f t S i# - r ^ i© K K : i ìB * 'ò t e S i ‘S;«)e>ti.a:i-'J: 5 t è s i '  ’L ^ L C  f i  S l i t t i  

© Table 8 t f wf c »>iRÌÌ_-;j‘f c l l » S » ^ 3 i i 5 o  ■fts:b>'hmm^^<OsSs.m
:\ t £ ^ é % k £ ) k * x k à & T & ® ± R  è  àS fc£S-© fiT *‘ i  &t>; «ifctf,

s) _̂ ̂ r a & s i f e ì f i i i ^ g

App. Table 6, ,7 %• «t & 8lì*MJH©#fll©JfoÌg©Éf fctksKfc. jÉgfjf App. Table 9 © 3 tfct**0P#§©J*Jll 
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Table 10 Some characteristics of blood of ascending adults and spawning adults 
(Mean ±  S. D., no of fish in parenthesis)

Stage

Blood
characteristic
Freezing point 
(J -°C )
Chloride content 
(Crmg/dl)
Density 
(sp. gr.)
Water content
(%)
Amino acid N 
content (mg/dl)
Total N content 
(mg/dl)
Serum N content 
(mg/dl)
Serum albumin N 
content (mg/dl)
Serum P content 
(mg/dl)
Total lipid P 
content (mg/dl)
Serum inorganic P 
content (mg/dl)

Ascending adult Spawning
adultin the

lower reaches
in the

middle reaches
in the

upper reaches

0 .7 6 ± 0 .047 0 67 ±0.043 0 .67± a015 0. 64 ±0.022
■()■;: (6) ;: ® :! $ ) , )f, (155 ; s

408 ±72 328±18 ’ 376±47 - 364±28
(6) {,.£6)." (5) ... (14)

9 058±0.001 1 .058±0.003 1 .0 5 ± 0 .006 1.051 ±0.007
(3) ( 3 k . 0 j M W ^ "

7 8± 2 .0 83± 3 83±4
1 1 wm  j (11)

22 ±3 
(3)

2996 ±587 : 2963 ±225 2229±754
(5) 8 ,<4)j» (4)

I *1103±457 597 ±67 P 618 ±226
mr- (5) :im ® fa (6 )-

1 750 ±567 388 ±36 255 ±121
(4)

131±36
(3)

,. (3) , (4)
62 ±11 

(6)
29±3

(5) ,
20±4

(9)

f t * * © ! # # © '© '  t  <® App. Table 6 1963 ^ 6

& * s £ ' & 7 N KJt-P
( + * « » ) ,  (± $ * J B >  ^%.K
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.v - N 7 i ;b ^ ^ P  § Ifet  « “F L T l ' S

#fei03'5, 4)rK5) £* 'ai*a&

fc% Oj&v Fig. 38 * t & Z > o Apfp. Table-1—9
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¿ p | * o + T N m  * ) *££v
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fp J ^ ^ iC lh f | S  j
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Fig. 38 Fluctuations of some blood characteristics of "Masu” salmon 
throughout the latter part of their whole life
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Human

"Kuchiguro”

"Harumasu”

Post-smolt

Fig. 39 Electrophoresis of human and “Masu” salmon 
serum by filter paper

46



itM M w - ? Hi ©£iS£r§|-t 7M%

fv<o a, 0 tzbtfK. r 1 M K É $ Ì & Ì k ^ % # , ■ m tm m m s
t#* .  bfr% o  «

^M ykjg& ijÉ^ l|5^AjlliOtti^^»S-ft-C, Q$ rffiSE I ¿f^*%
C ^ f ^ i  f i l i  *3—

U li t t c © J F ^ is W '- C t t , .  LX,vi.?^x<oMto®%%foW)WLic&b%%&i<D S-'gi ©. «t» 
-?v  ÀJÈif © S é  H© T A A f v fc fflS i"  ?> t> © K- rA J, !-vA p  /  V % ©fc, FG J © «#& -£*->
rG _l- ^ M r » L - C , r G - l J ( AG-:2i, r G ^ j ‘,.!^GT4j . ,^ > 0 j^ r (G -5 J  ¿ « t t f r f c i  ,

. h S B i  Fig. ( u ’b ± # ©  r n n j ,  3 ^ T ft© t5 * §  d s -^ * j

Civici, b A JM f£ St© jiiflf© #•*© là f .fé É ì^ J S S i-* ^ , < è i e g ^ o f l - B © # # * ® © $ t *  » A r^

13511® rA -i ©£& ttfrfco' Aifli»©  
/ t ?  7 * y jv K t't t  «1 & * M ic 5 i;H 'O A £ i '% © £ # ;t- t ,  IS • th #  i'i96i\K U ^xJth b ^o & m '% :  <r2, 
£ r £ JE ftL A ™

^ © if i i i t© * ^ , : A P 7*!?,vffiSK© TGJ. K © /J '^ -H © = o % fi ì) ¿> £-f rG-2J, .EG-3J ,3si,tK TG-4J 
£ LfciA  , i£12-f£ J: ¡yp; T G;- X j  r A J : © ^ : ^ * ^ ^  "I t i f f e d
S & & , £© B © ,ft© €iil§ :S !i# ii-fc^-t%  A K ijift:$A £°

ite C £ T ? Y G -4 J  ¿ L f c % © 4 * L t ,  # —ft: % © £ J&-C Jli. 'jfc £ 3  ,<,- B R ip & f i ;© * * « -
(Fig..40, Fig. 41) . K ^ S i i *  jj 3 ^ ,  8, 9 ^ © S ig i iJ s  

b è ifo ifK iis i '-o i,  A < £ % ,  j l j s § ? © ±  it.
FG-2J, TG-3J SSctO5 TG-4J «2) 0 i s i V r  i

ÈiT, tfe#aPi«Kjiié©llièàjMfetrttll!!L, £fi£h<om, ®B©&©ÌMH-*£S!¥fó
^ ' Ì :̂ à » ^ f e f t : # l É d ^ l S a * J : 0 '^ © ^ ? r © ^ f c K i f t U ^ t 'S à a * a É t ;  # i t ^ s |® © è » iè ! # 5 8 c

of “ Masu” salmon juvenile serum in Fig. 41 Fluctuations of electrophoretic pattern 
their first year of life of “Masu” salmon juvenile serum during

.the period of smolt-metamorphosis

47



« I t ë t f -  • i « 3 # â |

3  h h fco-
A. Ig:ti& & © ifo;i© ^ifcl!]<i© ¥® 5ftj^b

Fig. 40 ICttrâjlï&ig4>©£l&fô i''4w& '& © JM *© *& 8:© ^? 7 ^ ^ U fc% © -e, 'ffl^ib© j® g© ifeì'-  
¿>5 8J3©,fi©i©;4>Ç>,. 12 M±^<oM^-<otlM^èZ>M<o%iDiX^^^iâ<,''CS.^i'Ltz^<D-r:i)^)'ot' 'tf 

^ P ^ , '  &ft)\\<Dfa(DMn<V^%WÊ} ?  y ?K&%fêWlfàtSiWLm^&%^&<V®Wfe&<7T?T
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Fig. 45 Electrophoresis of “Masu” adult serum by filter paper
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Fig. 46 Graph showing the difference 
of blood volume of different fish 
sizes collected from natural 
streams compared to the same 
fish sizes reared under the pond 
conditions

Pond-reared fish

Fig. 47 Graph showing blood volume body weight ratio' in 
relation to season of both wild and pond-reared fish
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Fig. 48 Graph showing correlation between 
freezing poiot and chloride (Cl-1) 
content of blood

55



« ü s w -- ^ 34#

itó B T F S  h , Sil-ê-^fil 'ÎÊ #© ®  9 ■û-it‘Dmht:-& 9 , U ¿o4  l iP g t ì t t - N  ©jfo* © é  l  K
80~95mg/äl ¿ f f  5 ¡Sil'ffiMijvSi'lä C^jKfcit 80 mg/dl ^ 8 W B 5 # 6 # ^ S ^ |  

£ © P p lM ^ H ^ # K jr # ^ - f? > ¿ .'  ^ ä ö t t - N  lb £ i ^ Ä S & f i ) £ # H ©  t  í / ^ J a i t i ’® * © ^ ! : © «  
•tfe/b'feÄÄ (1954) « ;  « í f c U f c a ó j i i * © * '*  / « * i t m * © £ * t * U ' a ® a © Ä « * * i f c

z>¿&k , » .A u r s t im ^ ñ - k ^ m a m m - é M i  tizx* tevm m ,-  * M © ; t © « © 5 r £ P i T S ö * t
4& M ©É©-U;H J: 9 ¡ ¡S é # !  I p  /  m, Ss J; ® M W S a lN W H iP * |B^ a + a W K i i  i  t ;  Ä ^fb© iiefe*ä it© Ä© 9U( / M £*© jilll*&%  i  i' t#Mfe
tk ñ T & tñ íA ,¿ 'm n ^ - r : ¿ i ) 7 i ) ^ L X \ ,^  (Xfc, 1955)0. i

£ ©J t $  & * S ííí, K % $K 't % £ *  ¿  V C  P M P 9 I P P Í
tt©  N íb ú # © f t  b  fet 'l i i 'fr iö

æ # w © à & 'o v ' - t t a H a ^ ^ t ïL t Â 5  ¿ ,
^ © ^ M i t l u © ^ ^ ,  f ^ © S © Ä 2 > 5 U © ® F lf^ f^ 9 f r * ? > Ä ^ Ä 't 4 © " C , ^ . ^ 4  fil© 4  © i  9 # g
fc tt-N  :© -É r*:díj|ü ,'fi|^A 5*s,.-f &*>■$>, 5< fíJlln© 4© í£>  96mg/dl 85a g /d f  ^ » ¿ iâ U liî& Æ -
h t  RHfi^tfjM© | | | j É | i  9 i tt)'f¿9 ¡S ¡9 'IM tí> !¿0 '

(^ Ä © ^ t* )  ® -< fc¿ í»9f;’ A 3**© fÉ © © M r©
# # ¿ ,  ¡S ^ S © # É ! R 't* r ^ B - t5 ® C 'í i f é íp © l,^ © fc é 6 f e '^ í“ f i © p | | © i - f 5 l :̂ r®H-¿)fc&V'í)©  
'*£* 9 U M t í ' t U f c i M f ±  9 4-«#»fc«#'£*¡8íí*;>fc«8U »©̂ ©ififr̂ -è-rfn 
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into seawater: Experiments con
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Fig. 53 Changes of serum osmolarity of smolts and dark 
parr after transfer into. Seawater: Experiments 
conducted in 1969
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Fig. 56 Changes of serum osmolarity of smolts after 
transfer into seawater in various seasons; 
accompanied by the standard deviations (vertical 
bars): Experiments conducted in 1971 and 1972
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Fig. 57 Changes in some characterises 
of blood after transfer into 
seawater ; accompanied by the 
95% confidence limits (vertical 
bars): Experiments conducted 
in 1971 and 1972
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f W l l f i j
~ f ^ g j  Table 7:í£*-tBlf©^M r4iS7K4-f-^W $^fcíl©jfli®©tÉtttt,vS«*^©V'í5^2>i4'-a-^)SW , 

W i$lí©Hl|7*©íuM ©SI®í£)£b';fe©iM &©lÉ$&íS1"% ©¿ %&£<,,,

3. ¿# ^

É ¥ l£ fc fc 4 T S ;a L 7 c 3 l^ © ^ -t0 f ,tHft, ¡ Í I ! Í ¿ L - t# f e á ^ ó f e & S - f  S # © * * ^  b & b i 7 C » t : '  
* o ' t  %. á s e « © *  * *  b jémí, m'mv%,
i s i i g © * S á ^ « s » i - - ^ - t ñ- r %w t ¿ > % m  m i É « % © « i i ¿ ® i s t x ,  ñ t x  b n m t í<

5  ñ lÉ tt©  % i> *3r5tlgb tb b
-y- y  -<• 7.«©fe/KSiSiCOV'-t!-i, á ^ £ 0 # C © fF ^ á 5& § ítT S o 0  (Black, 1951; Hoar, 1953 ^Wx/k ), JC 

© a © W ? B tÚ t Parry (1960, 1961)'© * ® # + ^ -? :© ff ifc |i- f  2> í>©, Conte #  (1965) © 7 ^ :- /i< ^ „  K 
f p p  I  < D fe a ]c * * iiíj© ií im 't« ia i8 fe » í-« -#  t k ' S f ^ *  b
© S * a f E t l * © ^ $ ^ * ^ ^ t : b ' 2 . o ' |$M fpf Í t ^ 7 - ? ^ O t i 4  7 - t i ,
I w  j í P f  p * ■ » © * * *  b ^ © ® * ) i ] e t g © É ® § ^ ^ á > - t b ' 5 o :

J g lt f  #^ ¿*^IJiéí£f?oP f Í W ^ h W p IWfe f t& S t-§ ít fc # Í#  7  b ttHSiíy *9#
K É ¿ i-e # fe © a e f f i i ír ‘« a 3 í i , '  t¿»% -í>ít^©3SM t^*K;i8«*;<;¿ ji

¡5 » ít© l:-e íR e í8 ¿ » 8 IE W * « < i¿ © a v 'M a tÉ « :^ tJ : 5 -eá.5o
L á‘Lf£á'5ib, *^ l£fiftW fB m *fc^W $ít7£M © 't't? i # f e © ^ Ó f f l á ' ^ l £ * ^ L t ,  $ > * T © '‘- ¿  

£  < 'É '-© fe^ « r S -tS  %©#¡»‘tE 9 W 5lUl¥J¡P*í£jí). J íi® © g)S )F «íí^© fl6© l§tt^  JE3 ¿ ü f l
« © ^ © ^ 4 ¿ it-< -c , ^ » £ ^ © g * á 5 íi± i-2 .ia ié i^ * 2 > r í> í6 )e > -f , 7km fix<Dñw>m tm 'ktfm ?BX  
É 9 9 ^ 9 $  t ' f  £  5' % » 3 * £ E W » « |B © a S ¿ # :é© * Ó © K -é-¿ « , ¡ t g l f ié t b W ^ '.' ) :  $ !¿ % S £ S .  
« O  (1973)“̂ ''¿■©|B))8Rl'i5V'X HMi, a «© *Jtd ?g® ffiB S 5 í£* i-g fiJ tíÍ^ fe^ i,'7c í6¿ iS íigu -C V ^ |* ' 

1 © í p  1£, &S©M) 1/4-t ó Ü ©  Wt ^ P g¿f p > ^©¡S^jgJfiStlíC-lt^Wá5
f i t ' i  5!£M, .̂2> (Fig. 50)o

£ © *  5 /j :# 3 lll,  »  p a © 4 # ^ 6 9 © S « í f a a ,t Í ::f e < í> T ? f í : t r U ^ a a ^ a t r # *
ffi^88© )Í5Íft© PlfS«ÍI© §fiS’&5SH’% © T íé S fi • f t th 'b ,  Houston (1964)

H é Í # 4 # # é í B  (1953)
ft 8 W 8 W
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ñ a u  (1973) I i 7 t + ' 0 ^ ? í >  Na-K ATP 7 --tíAK2)^& 5ftl* í& tvr 4  
fcpgffl • ;3F1P (1968) it  >7« g t a H § r © H ® ® © « € f t r #  5 ACPfrH«ra*©ágfift,"í * ® t|fI d i l l i  
-í K O ^ «í|*á> ® á> y© ^ aiS ¿7j< :^ © l± íA C > Íia5P :® S & © «ll^ * 't# tr^ b ^ fc 'ft, . o  © an ís* ? « ,'*

2>0
l  © |fiìsè2 ) %© fet,#©  fe

t?¿>o &//>?>, ft£.M<D?Ffíftt£ñ<Dm&,
.HüÉffiÉPÜ$S||ppPlwP>;H2> ¿ fe  0-, ¡H Ü . ® É f e © t * % í ^ # ^ © Í © l i É ^ ^ I I ; ^ á í  %iS

M fc& & frZ m zm *B X >.Í>m £ít'<X , 36~39#H & © Jfil?É© aaE?Íffi© ffi¥,í td&fe'feTC'R v -* ^ -s© I]
M v m m 'W L < *  $
«,rfe©iS7KüJtEÍg*©*̂ ¿̂ < «^-é-5. i  9-íi#^t>h-2>o:,.'

Komourdjian M  (1976) © ff^ g it,| Ü E ©  |K)I1*& < fUffi-f $  í! J l;i 2> o i" -d> t ¿ M ^
* s * £  L t ,  A ® f f ^ ^ © - w - > íL - c M © 4 * d - ^ ^  v̂ mMvtzmè,4mrBT& ìz-fcànM i' < #p'2> ¿ *

* ©  * * m * ,< i> Q M is* im $>¿, 9
©«éít^iB-i * è f  $ 2)HMÜ2) o a ©«#,) ##©ÜJBá5ír3Í6«)t;'& i  ,1 —tt©qfcflfti ©g|#»$r
f f o t : i ' 2 .á ^ ,  &t>< ¥TO^>v '̂>©^4#£i5Ít2>¿í, ^iOáLf^'̂ v^feftOílSÉ^gjSIpi®
M © ü A é , «  5 ÉapgjF i ¿ . ® ^ ; - f ¡ *
2)o

4 f c ® J © l ,^ - t 2 ) ¿ > Fig. 56 r^ L fc8 )? 4 > íO © S I£ © « f4 fe ti. 4 . * *
% flÈ© fe^*L<T © t*. 20cm^WíH-r%^Lti'2>á>,
U M j a ® © g ® ffü ® © A ^ %flRü-sv 5 ñ  +#©%;frfcizE#rí:* % ©^'á>«a*;, c © * p ¿ ^ %
V'.¿ ¡ i  |  » ¿ ¡ éís© ^ ^ #  ■ x$>%mfi'$í<¡a»$K 2.ojr|
y M#<® hm3 ©+©^#*-7'© siSi'4)IBi^F>i>f!l2)ff-e% 2>^.' Sli6lK:íMí©ff-3fc«ilíS:j*Wlfe©.l||Í 
©— 0-üá>2> 1976 íp 9 Ji 10 B © f f i i© f e í i l  1.9mm © üft', 1979 ^  7 ^  4 B © S Ü fe it  1 B ¿
tp fP l  g p mm <DM M :XXfc,í>4 j | |  11 W É H É j f  I

i W líi i iÉ W W w il® P A < iW É í* l íi l * ^ # * ^ iIH IIW ^B |6 s i i i i S # É l i l É W Í É 8
ffi^ & íR A F -c * L V '# if t .(3 0 c m ,^ )5 v ^ ft)  * m f , ,  » S & á g É iff i& ÍS ^ te^ © (@ « © © M © .n l^ ?  
© £  ^ ttM b fí'b o  V¡S*%*A*. Jü U K O iíttK iísv-tríta^ E **,, ^  l .t: &
X , ffcfc+Kfctf-2 .# ñáe(>©j&^ftffi^ffi©®g;, -t&fc'fcfe#:€>^SS!JÍgtt©¡*$  tc %< i gfe2 ) f  2>j|

c o i  5-KjÍ4lftSift:**fl1ISI*k©íé*éx. É U B l Ü I S ' f ' ^ S s S i l S I l i t e é é S I l É ^ H i  s i l á É l i l
# ^ i f f l © f e ^ b ^ ) S ; f e é ^ ^ © ^ © o i i ^ ^ K s s a p g « ,  -7 a 9 7  7.© —4 © + ^ * 4 ,
í - í t ¿ 3 É ^ 4 ) i^ W K - 4 g « i« r ? í)  9 .t S < $ ^ ^ ^ 6 # g & l |N B ì k S # ® ® È $ . à 8  S S Ü A i l S Í S s

vi. M H
& ^© «® ^ *V 'X %  (^i±tí3Kfe, « jS © » # ,  * a ^ * s © m ^

,̂;-;S;if©*T«#̂ l?«©lliaá!!#tC«pSft:*'íb¡6'‘*C.fc»-é-), 1 fi? ili
ñ K g a - t 2 ) ¿ - s § a ^ f t A r t rt:e o íi2 > o  * © *  $& •#& #' ®#©#©ftmcínf¡?&2>*?fc;é5£-f;6á>

:tí < ¿ , liIJtft < 2:© ; á&£d íii'SA'C fíM©-\'-ii"<©®í^7x2) ¿1# 5 $}£ ,
(1933) È m m ufcm x^^-ùSé,

K ^ ^ X i t ñ  t f e  p f f l ih b h x w t& ^ t i i
í í t t » i i | j ¡ | f t f i i r f r  rR D j ^ © j: 5R&r,fcm%r r ü # a ^ ^ ^ fb .t ii  c .© ¿

t t f e # © 4 a w # ; # # i ' - ^ ,  fS *® f6¿© lll® , KfCíti)-^-7 7 .« ^ K .a - f 2 > f f © ,  !'^2)|® Sf© R gM f>
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7 ^ x <d £ .ïfe tr É H F iffê t

TM t»J ^ © S U t© ® ® 5̂ ^ ,  t
fĉ © rS9J VU V'te .̂SWfeMllOSÏ f̂TroX^©^^®«), 5j4l®
© t£tt© iÈ II, S® i^Î>M ix, TMtU a f t © % ^ % ^ il f ^ Î .? .< i ' t t ^ ^ K i 3 t » ^ v > - t 5 |^ L ; f c o A  

& teîg*1f^-üftM ^IW $ixte,% E Jii'-C % , S # ; # ® * »  £ © P » l® i* *

H ^ S K f U I

1- W ^ fc J c ^ ^ â fe

£  ^ | - Æ © 9 f ^ r i i y - c «  5 J3Tftfc.v : ^ £  i  ^ a i + K . f l a s i t f c W — h © H P & -  tMÜfflK; —
mtm%<&êM^**fri><D'ttî;to'bif&%mik<oM!mbMM %*i&©'NHiS£\,':i*®©,- «¡«wav

ffi^3j*|fe^è_jL-Ç»-^f^!yjC!Kt5:©j6 ( 2 ^ 6 © * ? S # t t » S « c B i ^ K .A i r C ,  :± B ©
£ ^ -© r .iW V 'A ÿ X ^ .y  Ym. CIM | m n ,  . * * ^ 8 I Î É Î b ,^ - • “ TT'C^fiig, H *  f c ^ F - ^ ) )  ¡URM
Lte„ fe R 1*1© F K 9J r W I -â lS ii© # :® , is J ;r > '^ S & M !> 'C « ^ -i- /v ,f© iS ^ 3 iJ ® © S I^ © ^ 'îî^ L * :
H p H |t 4 N I |

2. Sh S

%  *üvfe&e>UîCSIiÎ7KïS(Cfe|-)-5 TB? y J 3 S ^ à i© « iS il

a a a a ^ É f f | p É J | i M  l  < - t t 3? § ^ k j f c i i  ÿ-fbtzM,?&i&it&iÊ£$i<DMm®®Mtt, x ©

(6 Rp^t>b7 B<D%jdKptfxyA'&^Ü-â-Oi©  ̂r ^ J  ©feffiàSfiè-C, 
^ W t i * É ® i t e ^ 8 ^ W 6 |  #  < © tt# © lp f3 R © 4 » « ê> ft* » ft:^ ©  è  L t,V 1973 1975 ^ .© W fe*
ja a © ^ ^ % -* Îa fc% © © jfe if:^ ^ L U Î> © ^  Table 11 «E$çjj|i s  M -S c^ K ^ â fë^ © « » ^  %©,
R I t f R ÿ J  © #ffi1 i^ -r% © , P »5ëÉ:fc% ¿ k . T l l â r ' A - O ^ Î g ^ S - f i © ,  DP t t ü f c o k É Ï & i ©
u ^ tïb b m m z.M 'o o m M i  s —r —p  cpr, d p  cb .j v a - F  £-©*■£,' m
b< P © A # # -ttil® S P e-* U  • D f e % * © * ^ i ^ o T ® à ¥ s % © i ± <è l i lîr^?>o R, P fcjfc.tf DP ©H=t 

^ ^ f iL A ^ è f f l * ^ ^ f c % © A l , '& T f ¿ ; | | - « 8 K l^ f r T l Î T 0 ^ # i i * K Ï ? , i ,  - f c f t j f e if t t . Table 11 © 

A  «J;t>' B © â c f  l  5,,tçé#:© 80^'f3^-^#'5*:('Cft:S„ a?ifeffiâffl^® % 5% © tt20% rt^-© il|-â-f'Î>5o  
fÈ © ^ © ff iS fè S ^ à lM b 'C % , ?̂ r&-?:fc©j; 5 & t!fâlU Ê % 'i© *\fife;h.;5o K m  i © i  5 * 1 1 # © ^  

W & # © T - m *  H  1 © 'p r  20% ^® -?-^ ,^ ;-^  f  f iX  *>I T T F i  S li^ ïü î, •£.© T
© ffiSIfc© % © ik © f l i©  W u £ « r f  2> è H | * i t £  g ¡efll-t 

• îr } x ;^ L -c a i* f iu  W Ô 3 8 i l« k * a s ^ T : « W $ i t * i » - e t t  10 - ? : © ^ f c l S i ' 4 © d ^ i
i i i - 19 7 3 ^ 5  ^ i ^ |jv  ^ « i m ,  n m m < o -K ^ L

t f i f  L, 10 H'P'& K tlSl'fclpJftfî. Table 11-©, A & A IK Fig. .58 |i3Sjcf" is  0 -C& ^ i / i -  bJRlfc©
« è Î B f c î f e à ^ » # - * *  i ) © © ^ « « # © » ^ * ! ^  - f tz p x , ,  » M » K .^ S Î R â  * © * #
( S) '©Stl-nli 20%X&Z,1fçML T , = # §i t fa#-Ci i 42^©#FSLTl ' £0 C.©bfc^©^^it^©
T©SI5fr©J: 5&EH^a*ÎT-5-C jFYates © tfŒ feL fc) * îF V V 2=10.29 ¿ & 9 ,  * # ,  *2> 5 .4
X&ïitë, 1 m *  l % A S ' ô © i ± i a ? © ^ l i % ^ % 5 * » 5 y f  %d^D, { ¿ © » • & © M » © il© * * f É « S © ,C 
« t ' » » * * /  t fe é iR .& L T i:  © # & * » s  S £ 0 7 ^ * ; Fig.  58 © #:ft# ii* ia>ç>:bd>S è
& 9T T V 9, # r « â f ë f t # ÿ © ï É  ( S ^ - i i » ^ i € © M b t o i g '  (R )  © j^ © +  <*ii7sÆ ftit,

i
H r f t g â ; L t ,  X a» î*© ± Ù tB É f© lïi]© B ?9 ffl©.H ( R ) © f l - n f e A t ^ ü ^ j ï I r a É ,

^ S m E m IHM  e H H e l l i s t i S M M e K  p i n  < œ s, l -c
W S. .£© % ©tt^JHK.|W l©ttJiSr»iSDté*K;.J*î»Lfc-% ©^e* i» » . - i 6 Î ^ a f e » m S » t f c - f i ‘©üil!i
*5J S « lL tJ s  9 , Table 11 4>© 27%è 3 % © M © H © % * 'tt ltS ,£ t« i* 2-^ffiièrfî 5 <
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Table 11 Difference in keeping capability of silvery phase of fish reared in blue 
coloured pond compared to that of control fish ; numbers and percentages 
(in parentheses) of fish of various phases 
(S=smolt; R=regressive smolt; P=parr; DP—dark parr) V 

A Experiment from late May to mid-October, 1973

Group
Phase

Total
S R P DP

Experimental 51
(42)

46
(37)

h.
(18)

4 1
m b

123
H(iOO)-i

Control 18 31 17 25 91
(20?, 0 4) ; (19)’ J (27) (100)'/

S R +P+D P Total
Test for significance of thé proportion 
of “S” phase fishE

C
51
18

72 1 
R 73

123
91

69 145 214 x2= 10. 29 a < 0 . 0007

B Experiment from late May to mid-October, 1975

Group
Phase

Total
1  S | R +P DP

Experimental 22
(38)

31
(53)

5
(9)

58
(10°)

Control 9 27' 11 47
|  (19) (58) : (23) g (100) |

.. S R +P+D P Total Test for significance of the proportion 
of “S” phase fishE 22 36 58

9 38 47

31 74 105 *2:=3.55 c==0.03

Fig. 58 Effect of rearing in blue coloured pond illustrating 
regression of smolt-metamorphosis and retardation 
of maturity followed by the promotions of body 
growth
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dbitfioit M 9 Ifls ©¡$$r&K.0tH" &SfiK

&%©'e & |#  tfc i9 7 5 # & B jfed ‘
;£>,?.0 jc fc % * p * © 3 g fe © E * ft. Table 11 © T ^  B .K & f r k Ss 9 , J : E i  A < « t e a M ii ic S .  C 
©»-&J.1973 ip© % <0:t J t - < t > $ & i c w # k © l * S * f T  .5 f t * # ,  if-p *!*
S i .  « e ii© ^ © ilj-g -tt  *2r - ^ K i  * S  95% u ±  (a= 0.03) | ,
Ŝ V>rCiS < «c-pTirVi'?*,«

W'ff-i^©^®!©^iMS¥©IKiifi*'^;i' i  5 ¡c, © ’WS. ^$ 7  - t^  b ft, 8 ',11)1*1.4© ©¿63&f‘ilf3&9A\
& i -t°KMo ©ffiis % c < cm ©«-so

.l- < E T - f s n # , -  1© sut% .t>»,

8*!k!C. 1974 ^®cd»e> 1975 ipifcftfc-fc 9 , f e f ^ |M ( K a .« y #
(1975ip, . * »  2+) .ftw tb 'so ^ flfl-o i 

fhb  t: b £ -flt£ % i -tt£ fr% , iW ^ B W I E ^ I # * W S # i ® S S J t f K .* s *  L
ft.% 1 ’ M * jf% f|s lif t ,-  % © # ©Ibftft$p§?|e |g i  •

£*© ■*•*¡9'Wi©liitit©Jia&3Mft 2+ X"t> I M h Z  £  W 5 <fK.*:So, $
2)- ' m V ©HHU:# 5 « f t « « « !  b

i © i  5 b ©K 9 © S J W o K iio ifto fc u m  - f i e lo t ,  * © K  0 
©i£4*ft:fcb'-b;! ^ i - ^ b © 4 f © |I S i 9 ;lf® -t ,- t i ,  ^ il* iS rt© M 9© ffl© ^ © W ^ J; 9jii®4rS®L-C5-
w. » s l , w ^ ^ k f e o t t t t o i i r a ^ i f c ^ i i r '

Table 12 tcjjk-f%©«, 1971 ^  8 )! 16 HKff o7cW ffi©m©«tttt©ifc®-l:-ab% o 
^&tttt©|S:litlci8b-"GffiS©fBl'C"iR81i&5^^^:if § £ ,  t-fii (]0M1M) !©S^" £  3s 9, ifiiiifoiSiSfE £ ifiiSf © 

I t& ffit A-^SrisV'-C; J::9,%'M91:i© ii;«*T 'i<  ^ l i t © .! .^ ! f C l i R  9
ffi©ft©Jfoi®tt;fc#2fil>< L"C, J fc S a lf iS im i^ » ^ ^ ’* 595* b tL t .© # i1 © ® H fim -;t © * ) i t t « i i < &  
V'. ( « ! '  t-it> 0 % L ^ - f z . t ,

Table 12 Comparison of blood characteristics between two phases of 
fresh water reared fish samples taken in mid-August 
(Mean -fi: S. D .; no. of fish in parenthesis)

^ P h a s e
Blood
characteristic

Smolt Regressive smolt Remarks

Serum osmolarity 2729:20.0 292 ±4.5 t =3. 02 jplt o. 05 ,(mOsm/1) H I P (9). I
Serum chloride 119±1.2 118±4.8
content (Cl"mEq/l) 1  m :€0(5>;
Serum calcium 9.0 ± 3 .38 11.8± 1.28 t= 4 .07 > t  o.o5content (mg/dl) *:(7) (8)..
Density 
(sp. gr.)

1.0394±0.0033 |  
(7)

1.0416 ±  0.0035
*(9)"\ t ̂  1. 36 <d t o.o5 jSj

Water content 86.3 it 1:16 8 5 .3 il.4 8 t = 1. OX <C.t 0.05(%) 1 (8) (8)

3) iSTkiiWiftfcxiju ness myj mm
# -etc#! if: T- i  Mii fc £ do .*), liM liil^-t/^ b %B7KWfP~C°MW't&W'£rK ft4riC L"C -f:© ii#© ^S©

«1»% if* * J V # h »3®l > £  © tr; f r  © 3: 5 t s M m t—^ ^ W k ^ b M  <>•;4
•  © f t f  -trM r S )  i  © Sk ft, &lft»fcftinl>r;fc* S'fc&jSE i  £’©«lft W «**

n s o i l i K W « * £ 4 ft*-1
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ju tt& ftte  • m  34 #

a . m m  (3 ~ 4 ^ flr HT) ;s*(ci3W 5*i*:m © B?y

3 i o n - aN£ f t t t f l & i i w  m m K & zm .^ É è à ^ ' T :̂ a%pfiÉ
m *> I # , ■ R I

® ip© ;**/P  © ^ » r â s l 'T ,  7 J f i ' f o i - t t r É : # : © ^ ® ! ' ^ © ^ ^ ? fM lJM W Ii
S  *  ¿ f c * i  É-> *C L *  •* .'• * ©

Table 13 i& tàR O ttttfc^ V '-C  1963 $ 9 % 28 ^ « 8 * » #  125 0 g )  1966ip9fl21 B% S
* » # 9 0  B @) d r - ^ % ^ - V L r f f ; ^ L M k £i|r < lè a i* É II % # ^ ,î l5K.1it - » 5 Ê r i 4 ‘;C * â ff l© « , K
*> ffl©Si©rar •

4 f i¥ ^ « © M © ^ Æ © 0 ^ '(t^ 5 s4 2 > to « .5)% l,-t% i 
K 0 ©fB©Él*&ëfê©-&  J: y  ¡ M M  |M w  ifc ï is j t  t * * # r i s \ i ' i i t i £ ©  
t f z ,  j iw * # iR !)'© ffi© si© i© »‘i# '.'i?r^ .‘t
5-t'*2)o

-ftu fo h , lüiB©iÉ4>3sJ:i^Sfc*l&©4,© & È të © fi£ , M i)ff l© il© ito ? S © It® © # # i# 5 .  
*içâsv->?ç, M .!?© S® M 5ifV '* i? l6 * ^ © ^ 'C Î> ^ ^ 6 > a ^ © 2 ; |^ % 4 Â i À w  K *?© ffl© fe© S^gf 
HiRtËJ&U Î J ü ^ ^ i- S H -t S i© ! : ' ,  £ ^ i*^PîTKi-% SW i-t2)% ©'i:'^i>5,,t,
m à ^ * # © ^ ©  w - i / i ^ r a i  '  J: d  P PP P I  i f c S lc i s i '- C i g * # ©  % © , tfcK W  0 © ffi©  % © ¿MËV 'I® f t p

1,6» h  B Ü  ü î t  1 1  *t S Ê ^ i à m  ki

Table 13 Comparison of blood characteristics between two phases of fish reared 
in seawater for a long period of tim e; samples taken in late September 
(Mean ±  S. D., no. of fish in parenthesis),

Blo6d Phase
Remarks

character isti c.a;„ Smolt Regressive smolt

Freezing point 
(J-°C)

" 0.667±0.008 
(8)

0. 748±0.0432 
■8(5) « t =5. 42 t o. 05

Chloride content 
(Cl" mg/dl)

365 ±19.37' 
ic,(S)r y>

397±24.9 
«Ï.C5) i,n W= 2.54 ̂ > t o.o5, i

Serum calcium 
content (mg/dl)

11.0 ± 0 ,87. 
.,.(3)

14,33±0.95
| M

Density 
(sp. gr.)

1.0387±0.0057 
(9)

1.0369± 0 .00078
, . rC4)- 1=0. æ  r

Water content
m

87,03 ±0.86 
. (9)

86.53 ± 2 .0
j.^6)

, | ■
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Table 14 Comparison of blood characteristics between two phases of fish reared 
in seawater for a year; samples were taken in late May 1965 
(Mean ±  S. D., no. of fish in parenthesis)

Blood

characteristic

Phase

In seawater In freshwater
Regressive 

or dark
Silvery and 
immature

Regressive 
or dark

Freezing point 0 .698±0.05 0.63±0.012 0 .67±0.008
(J-°C) • (4) 7(5) (5)
Chloride content 366 ±26.9 348 ±2.9 374 ±20.6
(Cl~ mg/dl) (4) (3) r IM  I
Density 1.0497 ±0.00438 1.0418 ±  0,00438 1.0448±0.003
(sp. gr.)™ (4)’ • p p (6)
Water content 81 5 ± 3 .23 85.9 ± 0 .99 84.0 ± 1 .0
(%) (4) (5). - Æ ,
Rest N content 95~110 75~80
(mg/dl) 1 (2)' 1 (2)
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Fig. 59 Fluctuations of standard metabolism of 0+ year juveniles 
in relation to body weight and water temperature
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TEMPERATURE^)
Relation of standard metabolism 
to water temperature in fish 
during the period of smolt-meta- 
morphosis; vertical bar shows 
the range

‘T W Ë L fcÂ *  Table 15 M M n i M  < M M M I

Table 15 Standard and active metabolism of smolts and 
young salmon, tested at 10 °C

Stage or phase 
and date

Std. metabolism 
^P2cc/kg/h)

Act. metabolism*
hM m I M I

Total length 
(cm)a

IN FRESHWATER LIFE
Smolts, May 10 90—100 120—135 14—15
Silvery**, Oct. 30 50c- 55 ..75— 80 00 1 to b—*

IN OCEAN LIFE***
In-shore migrating 
smolts May 23 90—100 M r15
Young salmon 
“Kuchiguro” Sept. 25 70— 80 170—180 | 22—27 |

* Velocity, 50—70 cm/sec
** Smolts confined in pond
*** Artificially reared in seawater

b . m  j |  m

É # # $ N y |É  :io;°g  ^.V:>.;x> M B  50-70 cm-
* 0 * » *  Table 15 <D%±<D *),, 120-135 cc g f2p ftW S £Jt0

*c -£• ft®  i® v 'fi'trfrtfti \

W S % Tabe t^ Ê Ê ttÎ i  Ü M i  Ä  ¡M 5 fê 0 lM i j ^ $ Æ
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^■IfcXix, 20cm/sec ñ ^ O g liÜ X ^ ^ r S id ^ L -C ^ r ííiia K ^ ^ * , C ^ f c - S ï ^ Î R i ç L f c ÿ :
- ¿  5 L t» 5 2 L fc T  ' / t  = 7 | - N  © :tíi& © £*>  0 ¿ & 5 Ä  

Sihiff: 1. 7^2 .7 mg/kg/h 
llS&fl# : 1. 7 ~ 3 .5 mg/kg/h

n - t %•& $ ;\ ' f r ® ?> 2>;J m 9 f K n c ÿ b m v m s ê é ,
yffi-N áíítí-CV'5 tfcf fc¡$>ib, fc © S ö H © ^ *  i& I S Ä ^ a im j®  f l í j

u d ‘fc, -¿ íD z ió © a :f iít í: © « * © « * ^ ( 5 - ^ ^ ^ ^ ® » ’ 3BÇ>;< Í^ ® M )II© ^ 4  9 lt^ © S i<  Äci'7

9 ^ í g v t t M . v m m K M M í M m f t M ñ v m w í  í  AjEm<oti.\,'TÜ*MW.-tZ> * 5
5) %¡m<ow#m<omw

P 5 Ë —ftff i ÂIC-SVÆ; ^ # © ^ ) g © 7 c » © f t # K © ^ # f f  ibÜ;lc^ .Ä , ^ © f c S ^ & iS f r  
**© g5fc*:©  «Èféfcfir -p fco J 

a . > » ij iÆ s^ © â ^ a im ic o i'T

¡ Â ftO É Â P W IôiiB V '#  •>4V '«rirt»'»'-í’t ó t > g © íE
#©3§W ©fc&fcífc 01££S í© fcÁ © ® ^[B © ft® -¿*> ‘' Iíí -fcf'ís 0
a B B É fr l' l1 Í J Í É  Fig. 58 ¡SsfcP* J: 5 C ,* 4 í* & g © £ Í U ^ © « * f t B M :t t  200 c¿/kg/h #i@-f ¿ 'f fc  
Ä&ft&i&V —jtëfcfi 150~170 cc/kg/h ©i§#áíg|#7:-&?>ó

* 5& * p ) ifÆ Â © « Â ^ fe « â r©*ao®wfci»<-''*c% ,' ¿  «  £  ¿  $
ra I N M M H I i  o -1 , i  I p i p i  wo cc/kg/h t & Â « « © à ‘s * © a ® i  # e> 0  # © # » *  1 M
fcbfc*

4 8 ©ÜCÄ 160cc/kg/h fc SDA %r#®L-C 200cc/kg/h * a S i ¿  LA # $ £  * ,  5 « © S ®
i& f c  ) O í  p 5 --#(&''k'fc B fckLfc 0. 64 kcal/g ©f|í (Cummins Wuycheck, 1971), ®fc3E0!R©BÉÍb
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© B #© $i? 1 1 © |g£f!S *:= 4 .5k cal * ,9 Q M W Ê m ilË * L T , £ A * # * .ftA ':R S g ©  1 B © ft4 'H © ffl©  
¿  & :£© ¿  5 «.fclfe -

( fctóL , ¿ - t s )
fajo*, M III± » c isH -2 .^ a i.ft© Æ Â ® S S fc * o t:« > 10g iJ íé© ;& T íil B S 9 ,  O .lg ©ü®¿5J,P>ix 

3  (JIBP-PF, V y j l l W ^ ^ - y , ,  1973)o £ j t¿ ^ E O ,q ,3 4 g  © f t« ,  fefcÖ'K.Äfl:* (0.7 ¿ A S )
* * £ L T 1 H © » I W :  (F1) 4rW »i-^ l»<ó'*¿v$ ¡S fa**"

=0.63 g/10 g/4 H 
í fa ü B ii í f c  (i?) .

R=0,63 g/0.1 g 
S S  3

¿ faâ»  ;K k © »Ä liW IJi:i* tt© iF * ?  ̂ *& Ä © $6W ¿ & » £ * © « « * # * -* * :* > .. '  i fa Ä M ic J o -lt
t ¿ » L a r  ?  y  y]l|±*K .ísH -S*lR © É |J |-títt,. £BIIC 7*-k .X * * T Ä  

& © : t ¿ i ^  ? 7 A ^ © ii© î!iffl© « -& )6 » fe tt)ii- .'fc jt« iR » ttsPJè4.5 ¿ f r it a s * » . '
*jV'C©6.3 ¿ f f  $ R « íá « < ? í f ! |f f l» ¥ © á 5 S * ^ l , '0 . 'S .  Dí>
^ A - e * $ á ‘ ¿*'§¿‘e ,feK.»5tL.|H,'% o-e, # fc .£  © fc * í¿ » iÁ < © fijé  (fc£X ii*$(b íO  ^ -t/L T J fq ,' 
4 í£ ©  fè t i f B l | ' t é  5  o 

b . ; s i¥ ^ S W © fU c o i'r

. I t® © ¿ ís q  Í ^ © Ü 3 Í & # X 2 > l§ 4 © q iit l:£  L T íi ,  & | |
Âfci£ffiï-iifa3stëliïi%l.ii"̂ ë' % ©¿'Ât jiá ©T, r r Titft 9 Table 15 Vfc 5 HTqjfa ib o-'
9 B T ^ © Í !W ;a í: t& » t¿ L T § (* L .J :  5 0

4 ^ i4 'K © * — K 95cc J o iï?  75cc ÜÉSDA 20%'fclia?ß :Jt 114cc Jo J;¡>* 90cc ¿faS.,,
•y-i!' 5 x©üffífe??¡»¡©Í.SW M ÍJ, É É n ¿  4  %¡ | ¡ | ¿ * 4 7 ;

M t M l K M  Bill (1977) r j ; S t 4 J ) X 3' © * p q -Ä « if ö  1.97kcal/g T&%a,|t:fa, g ö Ä ©  
#Hb©l$©B** * f  O ^ i s í ' í t  ¿ 5 kcaí (K K fO ll-A i»tiran !) - C * 5 .”

4 >;, Y * T T * iifa fT O T ;fe 9 v 4 © S (lifllff l$ á 5 1 $NM| ¿ffiyÉU ^ ^ | É f  * • * *
B © S 4 'l& © f í© if l ! * ^ # ! ® 4 £ £ * © í  5 »=.*5 =

5 /jT^JO-Kíi : 114 cc/kg/h----»0.513 kcal/kg/h— »0.26 g/kg/h----»6.24 g/kg/d
9 )J T"'Kl©S)'u : 90 cc/kg/h-—-»0.405 kcal/kg/h—->0.21 g/kg/h----»4. 9 g/kg/d

.BM8Lfa**tfr l © i 5 ^ S 5 f ö ^ ^ © # : 4 Ä f i * X j :  f iS ^ Ù À j 9, 5 11 f l * r c ©  180 H |g|© £
JÉ«, 20cm, # * T »  760g!'í6ü iq ^ -t2 )o<i©i5:il¿vlb 1 B f f i  4 .2g  © * * # # * .  é>*i

®¡e>< 9 j i í r i í a s ^Aq' ^SRi Si ' Yc i v . . ; ,
4 ,'  « B © i i®  4 .2 g ¿Ihfe© 6.’24g f a j ^ ' l í  4.9g Jo 1 0.7 ¿ L T ) * £ í í ¿ L t ‘i  H

©ÉÂ» fflM É fiS l

¿fa3§qL ;H fe© jiB fl($tii& ni4® B #© £Â ® ffl© 4--© 4;H J:9 % *L<®V'fflTv w © ^itffi^© iijffl®

200 cc/kg/h---- >0. 9 kcal/kg/h-—>0.216 kcal/10 g/d--- >0.34 g/10 g/d

F ==—34 g+0. ! g/io g/j

5 ^ T K )© ^ 4 :  -F 9 B T q )© ^ 4  : F

= 14.9 g/kg/d y  13.0 g/kg/d
4 fcJ t« « îfc  (Ä) fc ifX S X

5 ^ T ^ ) © # 4 :  9HHH 9 Ü T '6 ]© * 4 :  7 ? = ^ | |

=3.1
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« i « «  • m m ¡»

§m ©ü§#á-?g#i© i -b í s -d# # * ® * ,  % <s»¿*trV'%©-e*S¿»€>, í(f:4 ¿i9^© *# , 3 {AT©SlËèfc* % © ¿ * £  j ;  -**0 **  ©<£ Ä M © £ # i c % j I - f Z> i o é l í t í f c
a ® , ■ * * ^..feaaasftt%©¿ & a -e & s  5*

Y IIL  $ê #  #  fjf> t  fx -o fc¡»s ;C-C -CHK^BlKa-fS M)®©—|^ il£ fe :^ ^ íé í> íc ^ ,« ,
m í± < v m r m

*WtoKm'Xm&<0M*tbV1z7r*4***BV*í?1i *>. •:fc»t«*!sJ:fl®?!] LXL, fiff-t—^vcA í-t't %#iS©|5:nSKá‘á)%/¿'»fe, 1ihtb&íf-ffT^fciOA'* Î), ¥$#&Ä*&U-CV'L ^ L , n-OWüfüXibj g g g l g J: * 8EÄd‘& S é>íi¿V'4 © fi •?fcé
£<o%p, jm s© ^ , 'mbommxfc ä®oM«ltKlfeiib*%V'tt*ife*®©wa^JiW'ft-i>j; i i is o w jm i'fe » , « n ic a * « « , « « - ê t a  * ít ,. -fxg-i&^fckat), tófc<O^Ípft%Wm£&ñ*&Xi>m'X¿b%o L¿»L,‘ HSílfkyÁ® —©# **»U*;fc\.’' 5& *#**<, % À '  S © * ® * » 5^  t  *Slb>ç>MJll©*mè , ’ <̂6

ite, j :b <dm , mzfflÀ.tëw&®mfÊ±x<DÉLfâ<DMme&tc o, jttí¿'< ¿ íS iS k ^ s t 't ó V c * ^ ,*©Iil*£#:£ U T * L  < ,2é© ir‘$ fe*®»iÉ.¿’C9,=5»i ^ L f c d V%u < íta « s H f¿ i  %ñm ^ñi>^^hm m ñé‘omt^mwm<oMm,ï  o&■  
M t^ itz j!m m m ^W ^bM ^itxáúáiVéx^ÍlM É^W ñyéM m (orBm % JE^él:^tj:M M ^
1i-tZ>%iDX&Z>¿ ’

® m <m m <D m m zM $ttkM & 6t>w®

4>TW á  ( * * ) < «t e j í  g f f t T ^ S  Í± ó © »)ítíb % *^ B |^ 'll üS-fHí'i;' $« » » »  ¿ « « » » »  ¿ mümm £ , 1
f l 1H

5 À±® tcf ̂ è ^ è iê Â ô ftu fe ^ ^ o g y ffl^ V A ' i a^aa», ' 4tT i « 4 T í , ¿ ^ ' > - c s f - m ,¿ * .  ;S®, 5 t á ‘ i>*i
-é‘4íx¿,^*Vi'' b # ,  £ t ë * * * *  í  ¿ i , t T I « # <  #&ÉS"ti*-¿-3 K ít^áTI ¿©^M&^iÉJScáSLfc^-ír/v báU , 2 C.ítfea<,'JÍii¥%*®:9-ttS£§Pljg-t% %©¿ItalicHSÄ's Lá»L,' TÄA'^üSScilLfcx^/t';.!©—

Jt ± L ,  $>ïïiffiXWlÊ$hX\'.% b ,.¡Sw-fsj®©;*.-**- b © r-®(£, #  © ?F j1(ÆliUïMntt, ß^S©i:M©±ÄT, è5Wt^0©4.a^#©^-ibA'—«© 3j"»>¡64 A, HMg*-fKi®@-|-%4©%¿.%5víi
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¿ # ie© -
R ^ © A  5> cfr£0

i f e o V ' - t t t ,  (A » a 9 5 4  ; 1956) # $ ¡* 7,,

C < C ± i L X ^ M O M W

% s w t i f c  <a &, 1965) ¿it'

W
'mij - |̂ +0 ^  f̂b 1

dn «1 j'i —•_1_8_‘.'*■" - ■* •* : '■'
y — -4-»J —- 
* f t ^ - - L p i ..... i ]
IMt M’ -   ̂ I ;

..........>j»i5i|^ eSM7s*2
■t • (+*'<,*•**)

«ARX-eWf" ‘fSS^tk'K
-(■ * n *SSM^itUb

J M A M K M M ft o & lf  ^ © H ^ i H ^ o j ^ V '  (^MBiSii) ( « W i i l
3 i ® i © i S o K I i t . > t W t e # i 5 ' < t 4 o t * * 5 „

- » ,  * * © * * £  * * K i © H # t t ,
Fontaine (1954) i*»g < •0*©'9-»--r^.S(|CHU'tttC©IBI)H©i1®ttilV'io L/S>L, « S 3 ?
H © M J f I S # J W # 0 M I  tHU-i £ © it 6 M-ttW»6>4'tl't’-^5>„ ^ © ^K l A H (1955) It
^ © » « ¿ © K ^ i - j s i ' - r ® ^ ,  4 f c * ^ K * iS i t « i* P 6 W t '% , + * v ir -9 -^ -< © « ^ © |iM © I I S I  
Sll^mpafes 4 , 5 J! © 2 #  )! ¿ - fS K l# L ,> • * # * X 0?*«-!?
i W  6-B s l -c ,1 I  t i K f t t M U S W ( & H S 0  © m s& A M i, « ® s a s ©

^ s a n s a j ;  ^ ^ ¿ i a o  *
f # l p

'O S S , ^ # ^ f f i )  JESBife^ H i j f t  #l|8&;5ffl) K & b t S j l l '^ S f b
m ©sbh 9$MRHI fs^?®K2.M (**)
* V '# R  A %a^Wf£iiV' B M fc# # * » * : % © i  l i t # * *  lb 2)-i #  5 o

itt* ili3*V '-t® « |& iftllf#6«*v25£- (ffifc©SgilfeL-t 50 km) t tI C t tW S A  
? |,'.a .- 9  I  ^ J ll* * tr tt , -£ © ± « © # £ b m ^ ib S j® A U O  U * » L i©  A 5
M B m  HM
5Wffl©M©A&ib-f, ■■»#«6*:, BJSW©l$}ffl©*:<i:

5o
^ ^ ^ © f M W i #  ^  < # $ , SWiSS? ©$>A©1S

i-A-fuA, 3 Jl t|i itt-fama ¥  v  9  -A -■? ~t© §?i A (8 x. £  A 5 "i, ®
4 t #  e r t g b f c S ^ ©  

PliS^© *  & K  b (A, l# © 5 i-  | i i 7 P 3  © ^ © P jR O g ii l  
. & b> j l  2> £■, *  A. & t i  3 ft ¥«* A 0 |$ W  '^MC-lsiiS U *  % © 
#5££3i2>o' -ftsi'b'h,20.0cm 28.5cm 
|gg|X¥>v b ©M #© ,(ftf& © A' # § A 0 itA SM S^t» < /  4fc  
9 b 3 © |g ^ © « |g  (Fig. 61) (A, A{ft (1966) © « A ffi-7 f;$
S i l 8 l l h l ^ h S l S # S i ^ 8 l 6 ^ 1  o b ©-?
a 3  % ©A!*& i |

f ( itH ^ )  ‘¡^ it^ ffe lA t: |$ $ p g #  9 ^ © * . *  A b 0 B  
0 « a i% © ^ i iK * © ^ S # b H f c ^ l . i  U-C, ftttA  o w t «  
S2>(ft©^®l 12 BPulOifcOifeiiiAitjl-) 5mm S U M !S A tA  0 
^(OMW&tZ^Zt£ibtiiA© A 5 0 ifO o

•f :&*>■&( ^ S © ’© ^ -e t it* « -  (1:

T.L. 285cm T.L. 19.2cm
Apr. 7.1965 May 25.1957
Tsuruga Hakodate

Fig. 61 Comparison between scale pat
tern of the inshore migrating 
smolts from the two districts of 
Hokkaido and Honshfl
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M SSÈ9  H- • i  »  34 #

A ) ( Ì 23cm "C, IföOßWSB#©;*.-?--  ̂ b © # A 3F#! 16cm (ft j f  Fig. 7) b<DMt>1, f ö 7 mm t:¿5%
Hit, .®{irí&^ía®áai®!®íW iM *fe*c:rx

O fc 4  © -c it it i  '*> ¿ fêtfËS 0
£© J: 5frï®Æft, $ & # ? *

4 © - e * s  tw 5 ̂ ^ M p p  ¿ & 9 % f  -e¿)4o

5 7 * t ' 4 ,  # ©
ItP Ä & S  V 't*44©A- è- §  © im ita te »  % 4 © © 3 * .-m # f c Ä W r t 4 © 4
f & H fc & M x * *  b © ± A © « ^  (Fig.7) ©M SÍ>£V'í*, Jfiiit© m Ä ilc»iÄ i'-l,felxS#© ;f © ^ f c f f © #  
ÂfÉ j $ p ll  1977),Î5lE&tt, © Ä ß
w» szä© *&=#», ^fêâ'iïmà>b®^%fàM<o&s£>ôBm'ü£>up *:■•*?&$©
{ || |h Í  l i l i l í © - ^ g * a * $ Ë f¥ © « i« tt4 S ^ f t o f f S S © ^ # ^  b t : * M f t : S S ¿ ftä -c & fe b ¿

^ Â B W êK © **© ^M iâiiitt 
*fc¿. - * * .? * * £ * • $ ffi«© 4i© »¿í,& & ai!© fe  

* © *  d p i  4 ffiffi¡&»©|^#S; AJI**»% W # i j f c V ' ó . » Ä. ^j t K. i SS' t S  HMÂÎS,
* f i ,  P iifc -1 B p n n n «  « » * & feO T -*ifeÄjfe^±¿ - f  s & ä M M ^ t # * # » ©  
•ffitt©»® b © * « ’?#, ,Ä #Ä & tefc*i>t ftUB-t * # - é y  % y'<f «rtÊiÉ^î
* # W 'ià

| | | | | | £ | i  & ^Æ © ffiÂ iaï#f , L á ^ 4 ^ * ^  b©W S,©fH-t©^L<yi>§'-'): V '^ ä H s if lü  
© i’^ y< © ^ ® (E îfà^ ffl© # it|© M illiiÂ i'-i|||i-f;Æ -t^ ^ , (1969) ©W^fc,
n  r .4  S-^J-f 5  « ^ M p »  5  A tá >  5  » ,

¿ © * t- w-í •^©^JSgfe^föfcJf:©-^
&$>  *>., Ä R i q ^ Ä  • < l ) « ' ^ ^ ) v © * * L ^ ' ? « ,  p m n % $ < 0 t7 * 9 & 9 » % $ M M i¡ z - M A s ’ <¡, dfcìgìt 
&%o*?9*xlibMtKtomifXXM.2>¿t •*:■?*©ft W©<I\BEA»*fe4 '*#üi$*Hfcw.¡fcás* 
7s*)Vb o f f i S c t l i ^  fC â s i'tK d ^ /K 'à S , Æ ® j|fcS ® fiW 5;M c 4 ©

fcM '-C 4^ L <.^ 'á '-5fc !(lO%Él.T)o ; L¿»U, £ © .* * /v  h© (tiS,% i-?:©^>
-é-r, ¿*©¿

-f-üí¿ü^]<í)*:-üá)2>¿is f 7 ) i O ^ H / t v ® f l l ¿ l t ,  S i ^ P F B f â H ^ Î ^
fcfcfe. *©#A¡& 5A j# « 'tíi& S  fcft» » h ^ l l ^ a i j  ,WK:ffi& *  W S fò S B
© *-ó iijR fí©  I l  L W'Bf^è 5  »

X g  (1970, 1977) ' i  ® N S  (* H |g )  © P ^ f c í f - m ,  ±!Wil[trtt, + T ì t « r i t - y i ' ,9 7 ^ * © ^ - y ^
* íS -^ á A l-t:V '^ jc4 * '¿ » l? fe i* > ±*© ii**fe±#K :ttÂ d>W -±d‘fe 4 T ^ © t.- ’,?'fî iÂ a:S4ÿiA © 'fr-rx

:© # fe ¿  L t * © f t f e l i ,  > 7 '» © ir-T < < ¿Jt^ T :«á> & ^ feW S fe4^ ® X íá  9, S f e r « - - 7 -  
* © M íiit® l» :* Í K ',  ±^g|5©fêllÂ i7FII®f£®ft:©fJâ-^* L < # l? o ,

É p ^ 0 Í  j f i i ? t ^ * m ® u - c $ ö Ä © # t t 4 « * - 4 2 .  è ,  a j f e ^ 4 î V 'X « m v :f c j i ? t © # * i t ç * î
: I # © ï - j  ©Ét^í-ío-(,'-C4, I p f  ¿  ;*. fl; ,«i

&$='. ®«S©^4-äW ^-<J: 9 4  Ê^=W»* « t 'S ^ f e ^ p ^ i ' f e f e T C ^ Ä t # ^
1+ ©&ic)jR$-f s 0-

M W  ÍÍS © T O -C 1t4(cB á> m i> óí, ì i^ S T f  S i l f c 4 # © Ÿ J  T?»A < i8^íbá>ü% , Ä‘% ï> ©SIJ£© 
-* * '1- > ;P fflS ,-f5 ..(30^ % gi:)o c © A » - t - ^ /  » © ; » # £  R S  J: .5.Æ» t r L f e t ^ ^ 6 « r e * a .  

^;s^M © iam © iS^i=^-r z¡kmm#¡ttfetPi
— h ¿f £ i,, a n o r t o , -  S íE -t® ¿

(£ 4 g îiC 'O l v-Cm  « 1 # ()  ^ :< '© if^ 5#teJ% t Affi M M R  Fontaine, * 1954 ; gWBÿ 1973)0 4 f i ,  |# ffi©
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;lb®ji©5- ¿’ 7-7 x © £ . g £  n[S8?f I ® $ t

5 1  © A ff l^ & l't ,  >^s© gEJ|g© f^© gpgK :l$l't, M/ll
WIfe&SifTSitfcW.'t Hoar (1953, 1954)11,

?>X$>Z> b^ k .,■ Z ith lE .'ffrtZ fotD R l& t L t O ^ ) 6 t t  (phototaxis), g £  (rheotaxis) ©flt&feK
■ ftK .-oi't^^ irfSA , -J fc Keenleyside E Hoar (1954) — 3©j8i&&iT-7t Js 0 , HR
Hoar (1958): itch -ej'oM B ^iK jiifc'O P flH iigW lt'T I& U -C l'S i'', L*'47i2o, £ S ,  ^H«OW®**§ 

'•C ff^ O ^ A S iS S  h X  V '5  0
ii^i4.-hiaOB3S&M L'Cit, Z - b t - X i i t  Aj EftkfabixX\.'t£ti'^-tz, -9-9 5 -7 7.©|g:J|!i©5fc$|© J&tCOt'

m&itv,# « # eI H liS iM t:*^ *g |5© M lb© «*ii:^ iS © 7,^ /u  hOUMfi4r35t-t«*ti)|tii 
lE S O B fj f f i^ L t , 'S E W ^ | L d ' iA W j R ^ f i  O M a /ijg A -s© S L A * i& L t %, & ¿ X

S i  S £$£?g© *57u>o»-& r.itiS S-® K fcjsi'-C , f r t t  OM'-'^SSOM

3?SStc.t£faV'* £ t f c ^ a j ^ L t i r o t i ' i + i  ©TilE«-e©S»ifei(E|i;ife©i(gSi L t ,
# $ * ^ P 8 % = F » © » t © i> S A « f c ® r $ t i f c ^ ,  a « -, 5 *11  (A ft, fcfc
5§3i) ’«Sfcat&fcflV ¿ iu s»® il58i!'»-*i JitiM n«© igS-© ^E K )ii>L .-C iift*r)igfE L 7ti^% , - ^ , :

T tsa -a s ij  * f j v o o ,  l  i ) ig ^ - ii |g © iS t 'A « ^ S ft? > ia  5 * 4 # A i7 ix ^ )»
Houston (1957) i i l t - t ,  * ?  7 1  -7 7.©fg,1|Ji '9>© ,

m m ® n m ® m m w ® tfX r  i w ^ t i ^ u m u s ii© » *
f f f c k ^ S & t ,  « ® » te* H lfc ® ^ r t‘5 '£ ' t :5 £ ©  J: 5 f r « a ' ' ® # © E $ ig © # ^ l f  ¿ f t *
S S ft'& S  ¿ .E & L t t 'S ,

» i - i t i i M I l t & - t © 1 ? & £  £ ( i S $ i #  A
t  £>&£•'■
S te , ^ M ^ » ^ > © a ® © fttt© -* -'3 © # ifc -e * ® ;
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Fig. 62 Diagram showing some effects of environmental factors and respective 
and adaptive reactions of fish during the period from the beginning of 
smolt-metamorphosis up to seaward migration
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-,£ ¿  L T , HfSUMIJË»«*-,rt*»feicft;ü;íÍMft:;É)0'Í-P®;Íi©^2P'ft®l¿S®iítÜl:©jÍ5É«, ÎSJII© 
^ **tÈ*ft:bO :r#-â-S#©4**©flffi©Rg®^. —ffi©3te$r&Täi>©T&:&„.

ft, fc& tflö& 3Sft& fr.im ai¿ «$$J®WcS,-. 5^A©^.ft:Ç>'t*. ilË©-ft
*■ -T*3g;:i4ffla-f;&4-il©# < $ W# £, j S »  .i5 Ç)K.,; £*1,4^ t-ii® iB * r Ç * ^ ft:^ ? r î>̂ ©ÂWai«©Efl-, -5ë*4r*5ëftteô*Ç>fÎ?
^ © « » f»  Ä ^ ü S iä i^ Ü * (Hib«io*r>'^ftft*®©ÆV^H©i) © SÊ^fF1?,. ^ fe ^ R ificÍ 1 L ,  4ft;^© aé® ^ft#¥^M *&#% i:rCv

X. ü  S$

*®F3S©3tÍT£® V4 t m K & f c V í  5E*ib*^ft^Bl5feP^*ÂfêfcæK©iiE%Â^sè.Âtç,riîô#tt*b©lV')i;»isMb-c,i
#À§ S^Ä-fe©liif4^KRb-Ctt, rfb*l[i§.Pi-• 4iftS>'(b#©#fëi4l*

ä , '#■<©»A*©tèff**»«>:*&,■ • ̂ Bü'jffiP-PF © s*lssrfc> t% w »® t¿M © ^ é^ iSi:4 :, » i t  
5H-14-fA-fb*©'J'#e*1f±, 5Effla»«±,> SfflíB*1fir, « jtÄ 5Kg !B ib »Ä fl# ft,

i'ftio l iw  ^fcE*iÉW?£Bird'S®ft4íJ;0'^b«ilfcW*miiiít®Si[SítMtll, ©#©#fl-^¿iSSft;ic>
S3



3Mrk3*m > % 34'#

s n s g i m ^ s s t R
&<DZ®)t)*m\<'tco m nñ<o& M k& n<
f t bte&&®L*!MLfcr-M Z iic± M ® & m ^ & < om M & m V fc\,\:  i

x i. §i m *  m
Benditt, E., Morrison P. and Irving, L. 1941. The blood of the Atlantic salmon during migration. 

Biol. Bull., 80 : 429-440.
Bertin, L. 1956. Eels, A Biological Study. 192 p. CleaVer-Hume Press Ltd., London.
Black, V. S. 1951. Osmotic ¡regulations in teleost fishes. University Toronto Biological Series, No. 59: 

53-89.
Callamand, O. and Fontaine, M. 1940. La chlorémie de l’anguille femelle au cours de son développement. 

C. R. Soc. Biol., 211: 293-300.
Chapman, D. W. 1962. Aggressive behavionr in juvenile coho salmon as a cause of emigration. J. 

Fish. Res. Bd. Can., 19: 1047-1080.
Chartier-Baraduc, M. M. 1959. Influence le l’hormone somatotrope sur les teneurs en eau et en electro

lytes du plasma et du muscle du la truite (Salmo gairdneriï). Compt. Rend. Soc., 153: 1757- 
1761.

Conte, F. P. and Wagner, H. H. 1965. Development of osmotic and ionic regulation in juvenile steelhead 
trout Salmo gairdneri. Comp. Biochem. Physiol., 14 : 603-620.

Cummins, K. W. and Wuycheck, J. C. 1971. Caloric equivarents for investigations in ecological ener
getics. Intern. Verein. Limm. Mitteil., 18, 159 p. Michigan.

Dvinin P. A. 1956. D 9  >  M ' > ■ 7 > 33
WIR).

Firly, S. and Fontaine, M. 1932. Sur la teneur en protéines du serum d’anguille et ses variations au 
cours des changements de salinité. C. R. Acad. Sci., 194: 1854-1856.

Fontaine, M. and Callamand, O. 1941. Sur certains facteurs des migrations de l’anguille. Bull. Soc. 
Zool. France, 66: 68-76;

Fontaine, M. and Fage, L. 1951. Sur la diminution de la teneur en chlore de muscle jeûnes saumons 
(smolts) lors de la migration d’avalasion. C. R. Acad. Sci., 232 : 2477-2479.

Fontaine, M. 1954. Du déterminisme physiologique des migrations. Biol. Rev., 29 : 390-418.
mm ■ & 1969. ^  21:17-31.
Fukataki, H. 1970. Further notes on migration of the Masu salmon Oncorhynchus masou (Brevoort), 

in the Japan Sea as determined by tagging. 0 22: 1-14.
mmmm 1933. 427 P. m±m,
Greene, C. W. 1904. Physiological Studies of chinook salmon. Bull. U. S. Bur. Fish., 24: 429-456.

1975. 122p. ¿ á .
K l l i j p  41: 105-113.
Hirose, K. and Hibiya, T. 1968. Physiological studies on growth promoting effect of protein analobic 

steroids on fish. -II. Jap. Soc. Sci. Fish., 34 : 473-481.
Hoar, W. S. 1953. Control and timing of fish migration. Biol. Rev., 28 : 437-452.
Hoar, W. S. 1954. The behaviour of juvenile Pacific salmon, With particular reference to the sockeye 

{Oncorhynchus nerka). J. Fish. Res. Bd. Canada, 11: 69-97.
Hoar, W. S. 1958. The evolution of migratory behaviour among juvenile salmon of the genus Oncor

hynchus. J. Fish. Res. Bd. Canada, 15 : 391-428.

84



J f c i i j i o i f  .7 -7 7. © M i~5  ®f 9S

Holmes, W. N. and Donaldson, E. M. 1969. The body compartments and the distribution of electrolytes, 
p. 1-89. In Hoar and Randal (ed.), Fish Physiology. Vol. 1. 465 p. Academic Press, New 
York and London.

Houstion, A. H. 1957. Responses of juvenile churn, pink, and coho salmon to sharp sea-water gradients. 
Can. J. Zool., 35: 371-383.

Houston, A. H. 1964. On passive features in the osmoregulatory adaptation of anadromous salmonids 
to sea water. J. Fish. Res. Bd. Canada, 21: 1535-1538.

1956. No. 3, 13 : 185-232.
#_h 1® • M iST S 1968. 29 : 27-36.
JIBP-PF, a - 5 »  7')l|fF3!ETVw— 7* 1973. =• — 5 y 7’jll©W.^J¥^©Wi£:ttir-Rrt‘ ;S®f9E. 0 #Kt'K?¥iK©

JIBP-PF 411 p.
Keenleyside, M. H. A. and Hoar, W. S. 1954. Effect of temperature on the responses of young salmon 

to water currents. Behaviour, 7: 76-87.
Koch. H. J. A; 1968. Migration. In “Perspectives in Endocrinology” ed. by Barrington and Jorgensen, 

Academic Press, New York, p. 305-349.
Komourdjian, M. Pi, Saunders, R. L. and Fenwick, J. C. 1976. The effect of porcine somatotropin on 

growth, and survival in seawater of Atlantic salmon salar) parr. Can. J. Zool., 54:
531-535.

* * *}*«  • &W. »  1969. 16: 131-134.
< i '# e * ‘i958. R  21-30.

1952. .:ltaK*Ui*> #: 10-16./
Krykhtin.y> M. L. 1962. 48,

: Not
A ft* ®  1953. dte*;***» 4:

138-148.
A ft® ®  1954. t ? 7 «  ( Oncorhynchusmasou) 5:

jj 248-252,:
A ft® ®  1955. it-7 7 7 7 .  ( Oncorhynchus masou)© smolt It A'tiMfe

6 : 201-207.
A ftj$®  1956. (1%: 19-23. ;
Aft®® 195»,. <??*).

' ( 1 4 ) :  15-19.
A ft® ®  i960. "»■ * *  7  t .©A iS ® R :© ^ J 6 W a E fl:4 iS K .# 5 i)E a iE lc ,< ? .V i5 ^ .

11: 15-19.
Aft®®. 1961. .WllliBh*8Ki|Wv5:,9‘»i5'P,#l J Oncorhync masou) © J i i l S , # l S i ^ i £ f E i l l S . © ^  

fii5W f̂bi:v,v31''C, JtAAftfft, 12: 189-195.
AW®® 1965. SlttrfA'fciM fffilfrifc: (19): 25-32. <
A ft® ®  1966. 9-?xibM,<DmMffl^S<slrfZ t  p (20):

11-24. K
A ft® ®  1970. T K SK tSftK I& ^S, 73: 4-11.
A ft® ®  1974. .(28): 9-26.
Kubo, T. 1975. Part 9 Concluding discussion on productivity of Japanede inland water communities: 

Running water communities. ,p. 410—416. In Mori and Yamamoto (ed,), JXBP SYNTHESIS, 
Vol. 10. 436 p. Univ. Tokyo Press.

A ft® ®  1976. WSWJi. 17» 411-417. . I

85



SfiGSliP 1977. U # * ',  3: 100-107.
Kulikova 1964. Electrophoretic investigation of blood serum proteins in the “large?,! and “small” Black 

Sea horsemachkerel. Trudy Azchero NIRO, 22 (Russian) (Shul’man, 1972 K-,£ ?>).
H ffl* -g |5  1941. ■ j f i t f S E * # * * - 0 16:109-115.

• m  i94i. m v o m f W ) 9:781-794.
Lysaya M  1951.

»W . 35,. 35
Menzies, W. J. M. 1925. The Salmon, Its Life Story. 211 p. W. Blackwood and Sons, Edinburgh and 

London.
Mills, D. 1971. Salmon and Trouts 351 p. Oliver and Boyd, Edinburgh.
*  2l£  1961. 356p.
h * * *  $itm01953- * £ * * © * 8 ® * m  (2) # « * © - * * .

1953 ¥ 3  M ; 17-45.
1967. m m k '& V f (OncorKynchus keta).©jMtfe&fSrpt’. t ,  0 .  (»109 

35-47.
B B 3 IS  1953. 8 ( 1 - 2 ) ;  33-38.
B u ig *  1977. * * * 0 ,  ¡fe

: «pai-t, 289-320.
* » « *  1933. ? - * * ,© £ § * .  Me» * » ,  5 (2): 15-26 ; 5 (3): J3-25.

1957. « » ¿ B S * © W I5 .;7 9 ,p . SWM, *Ltl.
S B  1967. - 9 - £ % L *»9PftiR#,-..X22) : 17-32.
s b  f t  • 1969., ii- tm m 's m is i & M  45-53.
Parry, G. 1960. The development of salinity tolerance in the salmon, (L.) and some

related species. J. Exp. Biol., 37 : 425-434.
Parry, G. 1961. Osmotic and isnic changes in blood and muscle of migrating salmonids. J. Exp. Biol., 

38 : 411-427.
Pravdin ( y 7 7 7 <  v ) ,  I. F. 1949. VHi© fj Jfl,(iGW—’> — Brevoort.

' < ? * * * £ * * .  No. 45
i95o. §  < ib t - t © £ ® . M t m ,  2 <1950 #  2 s - t:$  15-22.

1963. SW ItJtii©^**»* &). S H -t-tA fb # W 3 S « tf,'8  (1 • 2): 71-79, V 
1969. if-.? 9-?^. Oncorhynchus (Brevoort) ©(feJSff^ (AT.foffif *> J: Ô iiMrSc 
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App. 1 Some characteristics of blood of north-ward migrating smolts in coastal waters

Date and
locality

Blood ........
characteristic

1960 
May 10 

Hakodate

1956 
May 15 

Hakodate

1958 
May 20 

Hakodate

1957 
May 25 

Hakodate

1966 
M ay27 

Kamiiso

Ereezing point 0.78 0.79 0. 84 0.76 0. 72
U-°C)
Chloride content 
(Cl“ mg/dl) 330 465 570 460

1.0463
400

1.0618 1.0476
1.0523 1.0472 1.0425

Density (sp. gr.) D0506 1.0490 1.0509 1.0451
1.0504 1.0483 1.0524

1.0526 1.0454
1.0484

82.5 85.0 86.2
83.2 83.7 88.0

Water content (ffi), 84.2 84.5 83.5
84.7 85.6

Rest N content 75
(mg/dl)
Amino acid N content 32 28 28
(mg/dl)
Total N content 2110 1930 2300
(mg/dl)
Serum N content 650 540 460
(mg/dl)
Serum albumin N 265 240
content (mg/dl)
Total P content 74 130
(mg/dl)
Serum P content H 77 50 47
(mg/dl)
Total lipid P content 36 |  30 33
(mg/dl)
Serum lipid P content 37
(mg/dl)
Serum inorganic P 20
content (mg/dl)
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App. 1 -Continued

Date and
locality

Blood
characteristic

1957 1965 1965 1963 1963
June 10 June 8 June 21 June 25 June 25

Muroran Kushiro Kushiro Kushiro Kushiro

Freezing point 
(4-°C) 0.73 0.71 0.70 0.77 0.73
Chloride content 
(Cl“ mg/dl) 390 410 395 470 , 450

1.0487
Density (sp. gr.) 1.0487

1.0467
1.0458

1.0389 1. 0422 1.0434 * X  0429

83.7
Water content {%) 83.3 83.5 1

84.6
Rest N content 
(mg/dl) 90 120 96 93 !
Amino acid N content 
(mg/dl) 28
Total N content 
(mg/dl) 2380 1720
Serum N content 
(mg/dl)
Serum P content 
(mg/dl)
Serum inorganic P 
content (mg/dl)

545 535

95

19

App. 2 Some characteristics of blood of “Kuchiguro”

Date and
, locality

Blood
characteristic

1957 
Oct. 25 

Muroran

1961 
Noy. 3 
Utoro

1964 
Nov. 12 
ntoro

1964 
Dec. 27 

Yoshioka

^1965 ' 
Jan. 21 

Yoshioka

Freezing point 1 0 . 68 0.67 0. 69 0.68 0.67OO3
0.64 0.67 0. 65

Chloride content 425 390 380 375 395
(Cl" mg/dl) 370 375 405

1.0412 1.0484 1.0442 1.0475 1.0489
Density (sp. gr.) 1.0440 1.0539 1.0488

1.0424
83.0 85.8

Water content {%) 85.3 83.0
82.9

Total N content, 1600 1800
(mg/dl) 1765 1750 1800 2400
Serum N content 690 490
(mg/dl) 690 550 490 500
Serum albumin N 320
content (mg/dl) 345
Total P content 165m v
(mg/dl) 120 175
Serum P content 97 i  70 60
(Mg/dl) 95 85 70 *60
Total lipid P content 24 29
(mg/dl) ‘ 17 26 24 30
Serum lipid P content 35 50
(mg/dl) 37 50 38
Serum inorganic P 17 24 20 24
content (mg/dl) 18 26 20 ?
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App. 3 Some characteristics of blood of “Kan-masu”

- ^__E)ate and
locality

Blood
characteristic

1964 
Jan. 29 

Muroran

1960 
Jan. 31 

Fukushima

1959 
Feb. 2 
Furube

1960 
Feb. 4 

Fukushima

1956 
Feb. 11 

Todohokke

0.67 0.72 0.66 0.80 0.80
Freezing point 0.70 0.69 0.73

0.69 
0.70

340 435 430 459 483
Chloride content 408 459
(Cl" mg/dl) 484

Density (sp. gr.),.

Water content {$Q

Amino acid N content 
(mg/dl)
Total N content 
(mg/dl)
Serum N content 
(mg/dl)
Serum albumin N 
content (mg/dl)
Total P content 
(mg/dl)
Serum P content 
(m»/dl)
Total* lipid^P content 
(mg/dl)

Freezing point 
( J - X )
Chloride content 
tCl" mg/dl)
Density (sp. gr.)

Water content 
Amino acid N content
(mg/dl)
Total N content 
(mg/dl)
Serum N content 
(mg/dl)
Serum albumin N 
content (mg/dl)
Total P content 
(mg/dl)
Serum P content 
(mg/dl)
Total lipid P content 
(mg/dl)
Serum lipid P content 
(mg/dl)
Serum inorganic P 
content (mg/dl)

1.0483 
1.0495

82.2
83.1

530

,296

37

0.69
0.68
402
442

1 0518 
1.0430 

85.6 
85.2

1710
1400

340

38
51

1.0540

2170

58

App. 3 -Continued

Date and
locality

Blood
characteristic

1957 
Feb. 23 
Nezaki

1960 
Feb. 25 

Kinaoshi

1961 
Feb. 27 

Fukushima

1965
March 23 
Todohokke

1960
March 26 

Fukushima

0.68 0.71, 0.70

390 350
390

400

1.0518

81.1

2340 2300
2000

690
720
690

101
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App. 4 Some characteristics of blood of early “Haru-masu”

Date and
locality

Blood
characteristic

1956
March 29 

Nezaki

1965 
Apr. 6 

Tsuruga

1957 
Apr. 13 

Hakodate

1957 
Apr. 23 

Hakodate

1958 
Apr. 25 

Hakodate

Freezing point 
(J-°C) 0§ 75 0.73 o.|b 0.75.,, 0.71

Chloride content
(Cl" mg/dl) 370 390 390 400 395

Density (sp. grO 1» 0504 2  0543 1.0520 1 T  0500
Water content (!%) 81.0 81.8 ! 83.8
Amino acid N content 
(mg/dl) 1 >37 36 37 * 30

Total N content 
(mg/dl) 2220 2360 3925 2400

Serum N content 
(mg/dl) 880 730

Serum albumin N  
content (mg/dl) 370

Total P content 
(mg/dl) 170

Serum P content 
(mg/dl) 80

Total lipid P content 
(mg/dl) 40 42 100 ' 38

Serum lipid P content 
(mg/dl) 53

Serum inorganic P 
content (mg/dl) 17

App. 4 -Continued

Date and 
^ ^ ff ’local'ity

Blood
characteristic ( If^v^

1958 
May 5 

Kotaniishi

1960
May 10 | |  

Hakodate

1956 
May 15 

Hakodate

1956 
May 15 

Hakodate

Freezing point 
(J-°C) 1  0.86 0.74 ° 0.75 0.73

Chloride content 
(Cl" mg/dl) 480 380 400

Density (sp. gr.) 1.0572 1.0579 1.0524
Water content {%) 82.7 82.5
Amino acid N content 
(mg/dl) 33 1 "33;'S 35

Total N content 
(mg/dl) 2500 2530 2540

Serum N content 
(mg/dl) 660 1110
Serum albumin N  
content (mg/dl) 370

Total P content 
(mg/dl) 100
Serum P content 
(mg/dl) 125

Total lipid P content 
(mg/dl) 48 77
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App. 5 Some characteristics of blood of advanced “Haru-masu”

Date and 1959 1957 1959 1966

J i o p et- May 23 May 25 May 27 May 27
Jblooci
characteristic Hakodate Hakodate Hakodate Kamiiso

Freezing point 
(J-°C) 0.95 0.75 0.78 0.76

Chloride content 
(Cl~ mg/dl) 413 448 400

Density (sp. gr .)1 lJ 1.0557 1. 0516 1.0514
Water content {%) 80.2 84.0
Rest N content 
(mg/dl)

81

Amino acid N content 
(mg/dl)

32

Total N content 
(mg/dl)
Serum N content 
(mg/dl)
Serum albumin N 
content (mg/dl) 
Total P content 
mg/dl)
Serum P content 
(mg/dl)

1‘2120 2800 2550

860

126

690

410 510

U 77 94

Total lipid P content 
(mg/dl) 43 43 60 56

Serum lipid P pontent 
(mg/dl)

87

Serum inoranic P 
content (mg/dl)

27

App. 5 -Continued

^ ^ _ I3 a te  and 1962 1958 1958 1965
. ^locality May 28 May 30 May 30 June 6

Blood
characteristic Kamiiso Y Ishikari Ishikari Mokoto

Freezing point 0. 83 0.71 0.83 0.71
(4-° C)
Chloride content 
(Cl" mg/dl)

388 396 440, |375

Density (sp. gr.) M 0552 1.0554 1.0431
Water content (%)* » $ 80.2 80.2 85.8
Rest N content
(mg/dl),

90

Total N content 
(mg/dl)

2570 2400

Serum N content 
(mg/dl)

800 975 975 690

Serum albumin N 
content (mg/dl), , 590 495 585

Total P content 
(mg/dl)

145

Serum P content 
(mg/dl)

64

Total lipid P content 
(mg/dl)

44

Serum lipid P content 
(mg/dl)

63 55

Serum inorganic P 
content (mg/dl) 20 16

1962 
May 28 
Kamiiso

1.05

380

1999 

660 

605 

130 

‘ ,77

S3

20

1965 
June 3 

Mokoto L.

0.69

370

1.0526 
80.2

' 820

70

33
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App. 5 -Continued.

Date and
locality

Blood
characteristic

1959 1959 1961 19611; 1957
June 4 June 4 June 6 June 6 June 8

Ishikari Ishikari Iwaobetsu Iwaobetsu Ishikari

Freezing point
W m D, TO 68 0.68 0.75

Chloride content, 
W mg/dl) ■ 1367 390 369 364 376

Density (sp. grt)j 1.0563 1.0560 l.s 0509 1.0461. ' 1.0508
Water content {%) fl 79. 4 79, 9 80.3
Rest N content 
(mg/dl) 1 85

Amino acid N content 
(mg/dl) 29.1

Total N content 
(mg/dl) 3190 i920 ni:3200 ' 2550

Serum N content 
(mg/dl) 1470 990 ; ,1140 770

Serum albumin N 
cdiitent (mg/dl) p i 760

Total P content 
(mg/dl) 210 230

Serum P content 
(mg/dl) r; 122 96

Total lipid Plcontent 
(mg/dl) ¡ I  84 60 I 47 47 $ » K »

Serum inorganic P 
Content (mg/dl)'1 23 'firi31i| 1

App. 6 Some characteristics of blood of ascending adults in the lower reaches

Date and 1951 1952 1963 1959
locality June 6 June 18 June 23 June 24

Blood Nishibetsu Tokoro Shari • Shari
characteristic , " R. R. R. ■ R.
Freezing point 0. 85 0.7 5 1 0.74 i Q. 73
(d-°C) 0.73 0.73
Chloride content 430 540 370 375
(Cl~ mg/dl) 335 395

Density (sp. gr.; ' 1.0583
1.0561
1.0583

Water content .(¡|Q 76.0
80.0

78.5
79.0

Rest N content 
(mg/dl)
Amino acid N content 
(mg/dl)

75 74

27 60

Total N content 2100 3410 3370
(mg/dl) 3410 2690
Serum N content 560 1790 1165 1150
(mg/dl) 850
Serum albumin N 445 715
content (mg/dl) 1560 280
Serum P content 154 ) 150
(mg/dl) 89
Total lipid P content T&ur
(mg/dl) 40
Serum lipid P content 135
(mg/dl) 65
Serum inorganic P 19
content (mg/dl) 15
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App. 7 Some characteristics of blood of ascending adults in the middle reaches

Date and 1967 1962 1964 1957
locality July 7 July 13 July 17 July 25 

TokoroBlood Chi base Shari Chihase
characteristic R. R. R. R.
Freezing point 0.74 0.66 0.68 0.65
(J-°C) 0.61 0.68
Chloride content 355 330 305 330
(Cl- mg/dl) 310 335

Density (sp. gr.) i  1.0614 1.0562 
1.0554

Water content (^ ) 80.7
81.9

Total N content 3090 3140
(mg/dl) 2640 2980
Serum N content 1245
(mg/dl) 930
Total P content 
(mg/dl) 154

Serum P cnotent 110
(mg/dl) 82
Total lipid P content 35 50
(mg/dl) 40
Serum lipid P content 65
(mg/dl) 65
Serum inorganic N 28
content (mg/dl) 28

App. 8 Some characteristics of blood of ascending adults in the upper reaches

Date and 1965 f 1965 1960 1959 1959
locality Aug. 10 Aug. 10 Aug. 15 Aug. 21 Aug. 21

Blood CKihase Chihase Iwaobetsu Tokoro ( Tokoro
characteristic R. R. R. R. R.
Freezing point

m B m 0.68 0.67 0.65 0.69 0.68

Chloride content 
^01- mg/dl) 355 355 320 435 415

Density (sp. gr^^B 10552 1.0477 1.0550
1.0550

1.0439 1.0435

Water content (%) 80.6 85.0 85.2
80.6

Total N content 
(mg/dl) 2900 2500

Serum N content 
(mg/dl)

640 630 520

Serum albumin N 
content (mg/dl)

430 365 370

Total P content 
(mg/dl) 175 145

Serum P content 
(mg/dl)

72

Total lipid P content 
(mg/dl) 33 ’ 30

Serum lipid P content 
(mg/dl) 62 ' 42

Serum inorganic N  
content (mg/dl) 20 23
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Àpp. 9 Some characteristics of blood of spawning adults

and 1963 1964 1965 Ì961 1965
locality Sept. 20 Sept. 22 Sept. 23 Sept. 26 Sept. 28

Blood Shiribetsu Shiribetsu Ken-ichi Shiribetsu Chihase
characteristic pESfe R. R. R. R. R.

Freezing point 0.69 0.64 0.66 0.61 0.62
W-°C) 0.62
Chloride content 400 330 355 360 335
(Cl“ mg/dl) 
Density (sp. gr.) 1.0550 i  0493

385
1.0557

Water content {%) 81.0 82.2
80.2
81.2

Serum N content 900
(mg/dl) 860
Serum albumin N 200
content (mg/dl) 155
Serum P content 62
(mg/dl) 67
Total lipid P content 29 33 26 30
(mg/dl) 29
Serum lipid P content 
(mg/dl) 45

Serum inorganic P 17 21 20 20 20
content (mg/dl) 17

App. 9 -Continued

^  __ Date and
locality

Blood
characteristic

1967 
Sept. 29 

Shiribetsu 
R.

1962 
Oct. 1 

Shiribetsu 
R.

1952 
Oct. 8 

Shiribetsu 
R.

1958 
Oct. 10 
Chitose 

R.

1956 
Oct. 15 

Shiribetsu 
R.

Freezing poiot 
(¿-°C)

0,64 
0.64

0.66 0.64 0.62

Chloride content 
(Cl" mg/dl)

380
340

366 310 410

Density (sp. gr.) 1.0510 1.0565 1.0330
Water content (%) 84.0 80.5 91.7
Rest N  content 
(mg/dl) 61

Amino acid N content 
(mg/dl) 19 25 22
Total N content 
(mg/dl) 1940 1360

Serum N content 
(mg/dl) 560 390 630

Serum albumin N  
content (mg/dl) 430

Total P content 
(mg/dl) 90

Serum P content 
(mg/dl) 64

Serum inorganic P 
content (mg/dl) 21
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App. 9 -Continued

~~~~~-~^]Date and
locality

Blood
characteristic

1957 
Oct. 15 
Chitose 

R.

1957 
Oct. 15 
Chitose 

R.

1959 
Oct. 20 
Chitose 

R.

1961 
Oct. 26 
Chitose 

R.

1969 
Oct. 30 

Shiodomari 
R.

Freezing point 
(J-°C) 0.67 0.64 0.64 0.61

Chloride content 
(Cl-m g/dl) 380 380 370

Density (sp. gr.) 1.0530 1.0490 1.0541
Water content (%) 81.0 82.4 82.0 88.0
Total N content 
(mg/dl) 2495 3120 610

Serum N content 
(mg/dl) 370

Serum albumin N  
content (mg/dl) 235

Total P content 
(mg/dl)
Serum P content 
(mg/dl) 60 76 44

Serum lipid P content 
(mg/dl) 24

Serum inorganic P 
content (mg/dl) 16 30
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Records of the Chum Salmon, Oncorhynchus 
keta, from Northern Kyushu

Seirô Kimura 
(Received January 19, 1981)

Three males and 3 females of the chum salmon, 
Oncorhynchus keta (Walbaum), were collected from 
shore waters and streams in Fukuoka and Saga Pre
fectures in northern Kyushu. Their photographs, 
measurements, counts, dates of capture and localities 
are shown in this paper. All of the present specimens 
had attained maturity; especially the females caught 
in the Tamashima and Onga Rivers had eggs fully 
matured. In the basins of these rivers, it is said that 
almost every year a very small run of the chums had 
been observed in the Tamashima River before the 
1950’s and also in the Onga River before the 1920’s. 
The Tamashima River, flowing through the northern 
territory of Saga Prefecture, is at present the south- 
westernmost record of the return of the chum 
salmon in Japan.

(Laboratory of Fisheries Environmental Science, 
Faculty of Agriculture, Kyushu University, Hakozaki, 
Higashi-ku, Fukuoka 812, Japan)

ifcir Oncorhynchus keta (Walbaum) (i, tl

1957;
1957; I960; rfllll, 1977R & |gl978,

H^-, 1978),
' fc h l  'h fr  % ( #  ft, 1976). , AJ1 -ClflitfcV

(I960)

X ,
1. - A - 52.7 cm, ijÉ^Wfk 44.1 cm, 1.09 kg 

©JÎtüiL tztfe(Figs. 1, 2A; Table 1, No. 1) :
PBW 55 4 10 n28 0 f-H,

e & z .ftdvjN ÿ<î f t
É;ilS5±T ilîif|A M *

■ M -t * .  f lim itiK i w  s i . 4 g w | |  x

2. 77.7cm, Ŵft&66.5cm, 4.17kg

© $ $  Lfc#(Figs. 1, 2B; Table 1, No. 2): E © g *  
i*Bgfn55ipio b  3 a m  ftAiNffiig&EI&HOfc 

( lf)m ü H lê^ A * lim 0 f« > 2 O O m lC  

WW  i  9, 1 m m .  L % © S .
A & ttg ^ lS iÉ  L ié » . LA t  < B
9, l) fa tfX \'%.fttëllic

M liiê jiL , k ^ Û ^ X  115.9g.

Fig. 1. Map of northern Kyushu. Solid circle 
indicates the locality from where the chum 
salmon were taken.

3. ;£ft.75.3cm, 64.1 cm, #£115.25kg
© j£ $  Lfcflt (Figs. 1, 2C; Table 1, No. 3) : L e g  
:&{£B§in 53 ^ 1 2  JJ 13 0 , ' i t

L o x & m  Lfc % <oxh

9 L t  JËüSSti't
t A U  ¿ l i f t  A < A ' f c .  IP & l iE W c

H  L, B  S è ■ v  f  I  * H  H  fgfi©  ïttB-b % I
fc.'

4. '̂ ÎÈ',:77.3 cm, U'&ft-R 66.3 cm, 4.15 kg 
^ fe É iL fc ü  (Fig. 1; Table 1, No. 4) : £.©HIAiiBB 
'fl 32 Ig 10 B 19 H f i ®

jfcfâM  LA% ©. L ©V 'r©2^(t-f<£1-1*3 EH (I960)
pê% l-c l s . B M B M B W B K
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Fig. 2. Chum salmon, Oncorhynchus keta, from northern Kyushu. A : Mature male, 527 mm in total 
length (TL). B: Mature male, 777 mm TL. C: Mature female salted, 753 mm TL. D: Mature 
female salted, 727 mm TL. E: Mature female, 617 mm TL.
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Table 1. Measurements and counts of chum salmon, Oncorhynchus keta (Walbaum), caught in 
northern Kyushu. All measurements are shown in mm.

Specimen number 1 2 3 4 5 6

Total length 527 777 753 773 727 617
Standard length 441 665 641 663 627 535
Body depth 94 156 149 158 japÉ  | 125
Head length 120 181 174 177 152 134
Snout length 41 67 57 64 52 42
Length of upper jaw 68 104 98 106 72
Postorbital length of head 65 89 90 91 — 72
Interorbital space 44 64 ,+r— ;.... 63 B B 42
Eye diameter 18 28 29 29 + ’V v ? 21
Depth of caudal peduncle 32 48 46 48 — 40
Height of dorsal fin 66 94 97 86 — 70
Height of anal fin 45 68 80 61 — 53
Dorsal fin rays 11 13 , 10 11 — 10
Anal fin rays 14 
Scales on one row above lateral

15 14 14 15

line
Scales above and below lateral

137 146 142 145
~

131

line (above-below) 26-23 24-23 24-21 t 22-21 — —
Gill rakers on first arch |P ® 1 3 = 2 1 H H B g f i 8 +  14=22 8+14=22
Branchiostegal rays (left-right) 13-11 14-13 — 14-13 1 — . 13-13
Pyloric caeca 162 154 — 1 ' .;x — ^ ^ B
Vertebrae 37+28j|65 38+29 =  67 38+27=65 — j ^ B  ; —
Body weight 1,086 g 4,170 g 5,250 g 4,150 g H H 2,230 g
Sexuality . c? c? m m â '$
Locality Uma Isl., Waita Beech, Onga River, Naka River, Tamashima Honami

Kitakyushu- Kitakyushu- Isaza, Mizu- Minoshima, River, River (Onga
shi, Fukuoka shi, Fukuoka maki-cho, Fukuoka-shi Yanaba, River
Pref. Pref. Fukuoka (33°35'N, Hamatama- system),
(33°58/N,
130°52'E)

(33°56'N,
13p°44,E)

Pref.
(33°50'N,
130°42'E)

130°25'E) cho,
Saga Pref. 
(33°26,N, 
130°05'E)

Tokuzen- 
cho, Iizuka- 
shi,
Fukuoka
Pref.
(33038'N,
130°42'E)

Date Oct. 28, 1980 Oct. 3, 1980 Dec. 13, 1978 Oct. 19, 1957 Oct. 19, 1957 Nov. 3,1926

f g » k : h + ft+ i>  .. 6. ,,'^Ä 61.7cm, ;gt!W£Ä 53.5cm, # Ä  2.23kg 
; LfciHf (Figs. 1  2E; Table 1, No. 6) : £  ©Ip

5. £ &  72.7 cm, gf ip ftÄ  62.7 cm © $ $  "Lfcflt 
(Figs. 1, 2D; Table 1, No. 5) : £©■•¥■£■ (£ Rgftl 32 X  
10 J? 19
fej||-e, RBrÆ ft'ofigg f t # *  *  U te  J: o  TTÄjf !pfc 
% ©-Ci> 3 .  10 b  22 0 #  £. l l g l f  & îffg Lfc

$  MM&lçfl: •*
fco.-e? <.
fttölii—fêfc&Ôfe- fP S t tS W c ^ g tL -t , 52B©
B H m H I i w b b w h

:̂!ii*c;H15 ¿p 11 JJ 3 0, fep(3ÜRlSiJfTl/ffilâintjOiSÎÏ
j n m  m m f e m h ,

E + iE ^ fö ftfc  a  ;SB£ 
■j»N}£ 4 ̂ ©Mlft (SïtOîgflfcWg) T ©Sü

Pffin© A# LA i l'bli

'* » # $ > & ib itS .
i B s .

(1954) 'fc ¿ÎSféLA

—195-



Japan. J. Ichthyol. 28(2), 1981

ilftic js i'-c i c o f u i
z k t M n b i ' K t a ^1^(1976)

W i l l  10

IŜ L-Cl'S.
&.k , s^jiiM*©raE^<o/hfp^Ava ^ ft i-

£%&il»K. J; £  i ,  Bg?p30ipftM& 4  "Ctt, S ip  10 J)
cjaTlilic '̂iS:©¥  y ¡5» c ©ill L,

se>sc, IPgiiBgfti30ip
ifac s o  JIK iSiifc-*  ̂  g

J: 9Mt, Lfcc <H
*5.. 5^;i|JUS7:'i4-%Oi: Ci)Jt^©«|E
*î cv,«75-e, c© )l|* /c9^ —JS->#-^^®©IS#i#
x .b fr Z .  C O S^JlItt, •^K (1957)it-y-F©

B L - t l 'S .  :

3f i  IWSf © ftM * *  I f e ^
m, M'k ^ » ^ © ff-a i h JtSi.&tf£ ftfcStJS'J'^ft©

¡§1 ffl *  Sfc
T)r;i|«*. 1977. 0 *©?-*■, n h k

7  x ? * ,  0 * ifc a |a « 1 8 ^ , *j&  242 pp., 24 figs.
. 1954. y  i *  1ft ;fi bW. 7c W fe| 0 #  M 

f t t i .  6(3): 1^8, lfig.
B iJ it—. 1978. fnf.h©j|i-f^s5t • spfi • M • 18^  Sr

» ^ t - .  8nft?«i:©5tv B * # f t
Zfcft**, tta W W , HOr, pp. 6—40, 11 figs.

1978.
yy.i7k*IB *. ¿ » ¿ . ¿ - t ,  20(33): 6 -23 .
‘f’ft& if. 1976. S « ) l |* « )c lo (J 5 jB » (tW . 1 0  

^ X i t ,  123: 10-13."
^CftlEiS. 1957. ® H i g g | | .  ftR , xii +

79 pp., 41 figs., 1 pi.
f t « « * « : *  1960. i f y o k f e f e .  # f j ,  15(11): 8 

~ 9 ,24 figs.
S ffl « • # * « 4 .  195|'' 0 * * © & S iW . * # #  
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BB x B B B {ZÌ■ B B B • ■ to. B Bliô aBB X \z B B B KB B B B B Ó7 BCOB COb o.B &91 B . 'B B I ■ic ' B ■B ÄB B >B ■ °vis B m #- B B ,f, .ci-BWBBB B BBlB ■ fl X? B B BBB#

. B . 0BBBB 7 MB BB B Am . B B• I Z ~ -T' XB ' X;B iz H H 1 B B B ’ ̂  ' 4' XBÉp pi f? i B H BS
B BB B H1 IM BB B ù Tm X' B co mH « B 0̂ m HBST flB■w B BB X «B ¿ B CO ; ̂  ;fa 'I- COBB
QfQ(t s B QTQ<T> 50 i B - t B B■ R B B B3c m B 1 C_H B : f l X ■ • n B H to ' — « 1 BB BC/J

en CO CO
bo B n BBB f l H M X m a

f l O B C/3 CD B X B B B B 2> B X MBB 3 B 3 Ö-3 B ffj X ■ B B s 91 B 'B BB HJ B < ' 
3-

'TTCD BB i i i S t i I m B a CO''B i t B
■X 3 B 3* > B i t B 9Z. B B LU n : BB a Bo B 373 73 i- B B B CD B p ii i B l H
H B 73 B ,k, COB mB l H a 1 BBB èOhWB <£>00 CDa 1 io W COB B BB BB B lwmB

r+- M O 3
3 s B \ÎLBBB B H ■ BB BUHICT1 C D , O* H Bi X'rS B B ■ > B B Ì93 Ù ■ ' HJ Hit iB B b mmB lH B B BBO*3 B CD< sÂ

y- ;X;BB BBB -'■XBB ■ % B
OB 5HB CD* AiB B B B B Ä- fi. x̂B B 1

B 99 $ At. i B h.B B .:x :■ -1#fij 'CO1-
3- B > <?■O H B BH B l B “aB it ¿41®rBOBB r4- BH 

■- 7> ■■ # §t B B B £■mi fäH
S ET

CD
/s— a H■ B B B ñ B Q %

o

:c æ B ■ r x

S 3 T B B

p
N
O B B

b 1  3 - ü f i
i n O

3 B• io
3 3

X B B

h - *
5 0
5 1

s
p

p

A r r
© B ü

S 1 #
i l

lp¿B C O B

l — l BBB
©

B B ~ r .
0 3 B B ÈBB ¿B ü B

- & r ;
O *

H

H X BB X 1 I Ü

L 1 H ü

f : B B

B X" B aBmm X A

I P ; x ‘ H H BB > B
Æ BBBB X X

B
< B B £ i -

» B
i 3

Ä BB o

B Bl r t -

T A B £

M BB 3

M A B . O  
XBm B 3 *

B B B [
3
3

f t ik M
7 3

BWimB B



■ » « r a i m m  ̂ & * ñ ( T >  o r n i m i — % 2 m

*e##ê<7)-r w b ^  ^ » ¿ ^ i4 ± .i# )Æ '2 2 i- g - '  1969^ ■

fl * ItWÈm2 ¡HI■ ' BB B B B B m te:;mÊ HBn -gr <f)b BH■*-:KllB B >kB * gtfl T h H ± i •|Â B &■ B B ü
¡fly?.B nBB BlüB H B ¡¡¡bS M f l BBB BBSig ,r~iX-Se-bB PIIB B übsaB BBB B dB ilv |g s. B m B B B£B|B * B *UgiB lj§ôIB flB -2)B B A-C BBB % BBfl; ̂ H -bB OÄMB B B TM (7)B ■9mBH B 35 m B ic b 2 BBBe -XB '!S£?v;df f BT"B B p.lvehbB 0 ■B /u mBM 1 1 BSsB yü a|vB B B BB B B fl B$ T &B B B B œ BEl■ ESE■ fl ■ 14 A B B B B % tuB B 7¡|pB 1111 B â B B EBEBB B» 4B ■ ffiB fl B LUü ■ <Érs 1 f-4cB B 11B B ■ B ¥ BB B in- J-J £0 7K B s B ''of' vit
BBlBB B B 11Ht ; üaB ¡s¡lB 1? LÜL 9 •TvB — B BIB1 PèiB Bp i m 11■ h '¡ârB L B fl m B B ;-1fS •B / N * B &* 2>
B 1« ÊB ¡¡h B ÔtEBn y n B ÈM et - a- 2̂ 7 fi %Vt% LUBIÑPi ■|0' B B |E B B # ill ♦&?I B H 9B fl: ̂ • B H dy BB B B jÜ B CL.B tt ®iIli B B Ä':B g' /'C!£n' :*& L y H 2>H BEl u|H|B B 7 1 B B ' -tV. IMBBBB • y fl B id ' il ; T" fï B L̂UBH ■ f l # ■ÜB ■■ - B B p iB B BB B B «g?B B» BlÍ3 H «fc it BB &Bnsiv'fvmmB C B B B B B ÜÄI1 B B B B H B * HlBB ¡Hj n b B B B B ili ¿ ■ pfr"JH%*"B B •!#'B : ';élB 4’'B>'*ê; îi fl ■fe m



65

f f lill t
f l

CO
M

XN B
1 *

o
A

*
SK

¿ 7
V ' i

io
S

éKj-
p

SK
B l t

tc
o V> CO CO ft * 1 B 1 CO fe B m Z.

L m  # JE 9 B B BB __j B 6

h g i S i  m B 4 Ï l «F # Ä ■ ( if B
1 L ' I [I n B fe CO B H O » B
7 I t ÄEBmù> b tc ± B * g A i ;J 0  : : fe jæ f l
i » IE ■ n A CO Pï B fe n LU 1
1 íé f t * 'O ' o fe  • 9 1 1 A f/fe & M f t
m ( i CO A T 7 b ■ b A < co'•cO
n * 1 co f z - ii- A b a B flfl» Èàm ÍT m MA o* Bl Zi. B r*|¿. 7 fl
B fl . V' ë 'vfe' CTf9

: H
■s Bip|l|pit PBflB* fl ¿TJi. UHB u & t fe m m B

h mi 1 CO ■ M H:Mz \ fz B i M B9 ■$■ft B■ JM| fl S B fe B B fe mwoCfl i z m — B HB * B & BCWèi■fl X>B SI Ai fe h B ■ B B io SË -nfl .ááE a &¡Hjfl B BB 9 1 JL

it s ►L m 'O t f 7?t Pit,'“ CO-B <£>
fe îc BB fe 3’C- m B l B 'tòx B 1 Oit—» Bñ O A ■\o w m B fz W i ü t

B |
m

B v* , 1 n v JÉ. BWÊÊm■'»' ffl Pt B
HS A ° cn f l B M it &
ñ
1

B B
f l f l f l

©
3
sa

%
f l

fe
B B

f l
f l

■m\
H

fe
B

B
B I f C/3

£i-
co B ta f l etg# fe r B 1 i t f l Bl reB fe ÜS B :73* fe A ' sA> s CO B mmM

B  11s i ñ f l fe B B n B SI5 ■ 4< c
fe;. f l B 1 B B h* :¿7,! « iii 7 B . j/ ,

B
BH X B i s B >?■ B B B SaT3

a M 9 B lfe B CO"B a ~j{ \ ̂ o 13
SK f l B 1 BB y m i t X BU A o'
i B B M E \,xÍl H .(i P B

B'.¿Ò'
M

3W
B B l t B B X B B B BB o
£ gn s B (f) « j ":7: ♦ B B 73
B ■ m S B £L fe B 9 g’
B ■ f l ..ft & <P fe B B « B

9 :V>■ B a B T B B B Bfl 1 s fe IL B ■ B B B B A
* 1 B fe fe i) fl i) il B Bh 1 n *6 B * A » / fe °B fe B•'. °' B M È̂3B fe111■fC7>y B B m BCOB 7 B B ■ n BB A" * m1 fe m B B ? ÍS B B Ife i± &Bje fl m B co fe ■B A i &V ífej99m

t£ B i fe » i B B Bl B a
!fe>’5co m B P fefep|b|B B fl '? btò % A k m H B S'Bl A19m mB ■ B i± HB B B fe 'X?: n f Æ9 y ■ _h M• B 81 . r </'â ■ A m î%- CO-'B B SKI
B B flB o B ».BH ■B flt ife £ fe; H Ä :B B m m B ‘fll ft
6 MB • B B B B ° TÍC. fl Ê*Ê tA
if B A■fe’H B i m fe Bfl B at B b B 1 JÈ. fi B B

■ A HS f l B B LU i:n 0.
H B fe TO

fPrrn
B H B B B

fi' >sa B l M.-. B w ;Jf*B
fe B

EP
AB
3 "

B B i® P i
I l  'B B B \-4%Jr 1 B m
B B ¿0 B B f l f l B

B .JA B LU B B f l B
■ fe B B fe B i) # B hü
K B MM« ■ B B w m B §B Bl 2 YK-

V
B fe B f l B

io .m ft fe B -COaB
B V"* B B ■ 9 1
fe* W m B H

H
fe

m m
f l

B

fz ■A-!B l f* B
B l 4 f̂o - IBMB B ^ f lB
B l B B 7 B K B
B fe B ,;m B . B
B r-;x>* i: m m - r ' ppi B

• 7 B f l *fiÿ; 10 B
/ j |B to , B 8 fc H

■ B B B B B i co i'fej
p 3CT- fe fe' B b ZL BB
<7) 3 co & ::fe Ä I I B B ¿5’73 B ■ B 9 B fe B B B
1 f i 1 rgmI B f l B B
■ Bza" ■•íá’"B ^ f l K WÊÊmB
öl B i fe M lB « 1 f l B B B M

te (/) H Jt B B l â B
B ste. £L ■ B p | 1P1U m B B
•LU lu

TCD B* - i t , A' tzfcrPî ib
Bm H B fe B B i? áte

C ■ B "
B K̂ B

m B f l m m B » ’B' fK (TD P P B a B i t BBB rf Co B f l m m 'Æ?B f l B
B O3 B K If j î B
%¡&p' Ú 3Sa B B Jt B B — f l
0 B

<$3̂ B B B f e m B l BBH PT oo 1 B AA B HB

r MBB tt A" <£-' V'̂. BmB trCOv' fe 3 BBBBBB C PlB ip11CO-*-¿61_sb-Mbíáf co#•BB
B B Ig-fe. BB ioÄ-.HIBB S: f BBB BH K B PiBHB BBl•Af. COitBB B
fl B AHBBÉ|

B J ¿BflWMHH Ji 7IIm
B ■PfHB9B fe%piB 7jCr̂1inB B fe

B ÄmmBmmBS1B tmmB ABB1%J 0> oBB o B ft 33 A Jf-y!>* 'S- 1 COU(-fe¿73BIPCOflfl# ÄBMIBinBBB fl B Bpl £LmmmflBMBElB I



66

L H

H B■ B BH V pipsa B ÉB
m iBBHB B Hi f*

rffiîBB  n ¡§íB B1? o *-£<* B * ä w K
± HBBiHa MB B■ i— mB HB
> ■ EBB■ B B BmmPÍHHBB HHB MWk Mm i i- B B B Jl
m B 7 iz ■ BUpMs B MBBB ;B B
m B i t 0B P
HH 1m B B B
HHU¡¡®¡l BBB Bm Rig #B * B B °

B éíH B ■BBB bb IpiiB fe
HB£p '|pB sfB

B« S ¿ i¡ ■?BB H i- H i¡¡ B Ht
m B B B ife■ ¡BB BB IBS BB B nolfflB17 h ^B te :i
JmmB B B IKdB Bo 1mIM IB B â£' T'B ■■B B BBB M á frBUUfi«BB B^Bfe ft HÉB iêM B BB <50ft i —iEliBBÜBÂgé*BB B|H|y H £ B LB BB d B B HHB BH m m B B ài1B l¡H»alB B W M|p » f B B H9pB *̂ H B BB ' c t m °B

B

iJj B■Bim m m
liM l

/ t, 8 B
L
X H H

H B
B

3cr•-ŝ s
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At the southern extremes of its range the 
Dolly Varden, Salvelinus malma (Walbaum), is 
usually non-migratory. Hokkaido is within the 
southern limits of its range in Asia, and the 
sea-run type of the Dolly Varden has not been 
recorded there, with the exception of two 
anadromous males (Hikita, 1962; Ishigaki, 1967) 
and one smolt of an immature female (Maekawa, 
1973). Interestingly, all three individuals were 
collected from rivers in and around the Shire
toko Peninsula.

In 1980, we came across a silvery Dolly Varden 
in a river on the Shiretoko Peninsula during a 
survey of fish fauna in this district. The follow
ing year, we conducted a further study on the 
occurrence of the silvery Dolly Varden in the 
river and were successful in collecting some 
silvery ones.

The present paper reports the possibility of 
the transformation of the Dolly Varden into 
silvery smolt in eastern Hokkaido.

Observation and discussion
The present investigation was carried out 

from August 3rd to 4th, 1981, in the Oketchiushi 
River of the Shiretoko Peninsula in eastern 
Hokkaido (Fig. 1). The river is about 5.0 km 
in length with a steep gradient from the mouth 
upward, of the so-called “Aa” type in the stream 
classification of Kani (1944), and its water is 
clear. Three species, S. malma, Oncorhynchus 
keta (Walbaum) and O. gorbuscha (Walbaum), 
have been collected in the river (Komiyama, 
1981). Dolly Varden were visually observed 
and collected in a range extending from the 
mouth of the river to about 400 m upstream 
where there was a 3.5 m high waterfall, apparent
ly forming a barrier to upstream migration. 
Only resident types of the Dolly Varden have 
been taken from upstream.

The number of fish longer than about 10 cm

Saghalien Is.

Fig. 1. Location of the Oketchiushi River in 
Shiretoko Peninsula, Hokkaido. • ,  present 
collection; HHby Hikita (1962), Ishigaki 
(1967) and Maekawa (1973); B | |  Kubo 
(1967) reported an anadromous individual 
collected from the Shari River, June 26th, 
1959, but the detail characteristics have not 
been reported.

in total length (older than 1+ year) were counted 
repeatedly in two pools between the mouth to 
the waterfall by diving observations. Pool A, 
located 40 m upstream from the mouth of the 
river, is about 6 m at its widest width, 25 m 
in length, and 1 m at its deepest point, and 
Pool B, which is directly below the waterfall, 
is 8 m at its widest width, 12 m in length, and 
2.5 m at its deepest point. The number of 
Dolly Varden in Pools A and B was 34 and 88 
in mean, including 3 and 1 silvery specimens of 
Dolly Vardens, respectively (Fig. 2).

Eighty-six specimens of Dolly Varden includ
ing three silvery ones and 0+-year-old individuals 
were collected by a casting net after the diving 
observations. One silvery Dolly Varden escaped 
(about 27 cm in total length) in the sea during
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Fig. 2. Photograph taken at Pool A buskin diving observation, August 3rd, 1981. Lower two fish are 
silvery individuals of the Dolly Varden.

the collecting. All of the resident charrs col
lected were preserved in 10% formalin, and the 
silvery specimens were placed in 70% alcohol 
after fixed in 10% formalin for a day to retain 
the silvery coloration. Otoliths were used for 
determining their ages. Table 1 shows the 
measurements of the silvery specimens as com
pared with those of the sea-run individuals 
reported previously (Hikita, 1962; Ishigaki,

1967; Maekawa, 1973). The size of the present 
silvery specimens was intermediate between 
that of the anadromous ones from the Ichanni 
and Churui Rivers and smolt from the Shoji 
River. Numerical characters of the present 
silvery ones, such as the number of vertebrae 
and gill rakers, were fewer than those of anad
romous ones from the Churui and Ichanni 
Rivers, as well as those of the smolt from the

Table 1. Counts and measurements of the silvery specimens from the Oketchiushi River, compared 
with the data of the sea-run type from eastern Hokkaido. Number of dorsal fin rays was 
counted from a soft-X ray radiograph.

Ichanni R. 
Ishigaki, 

1967 ^

Churui R. 1 
Hikita, 

1962

Shoji R. 
Maekawa. - 

1973 Sx

Present samples

s2 s3
Total length (mm) 339.0 372.0 153.1 203.3 192.4 221.9

gi|Fork length (mm) ■ H h 359.0 193.0 184.6 212.5
Body length (mm) 298.0 127.8 172.1 188.0 165.0
Head length (mm) 64.0 30.0 41.0 37.2 42.6
Body depth (mm) 49.0 — 23.4 33.6 28.7 38.6
Diameter of eye (mm) 7.5 -  1 7.0 W M 7.2 6.6

Number of dorsal fin rays iii, 10 iii, 9 iii, 11 iii, 11 iii, 12 iii, 11
gill-rakers 10^12=22 10m 2=22 8 + 1 B 9 7 + l § 1 9 6+ 1 2 g l8 7+12=19
branchiostegal rays 13, 14 11, 12 10, 11 11, 11 10, 11 10, 11
pyloric caeca 32 28 18 25 23 20
vertebrae 66 66 60 61 60 58

Sex ■ ■ | | W m m mAge — - 5+ 5+ 3+
Stage of maturity* (id 1 | V II II
Date of collecting May 1 ’64 Aug. 18 ’62 Apr 23 ’72 Aug. 3 ’81 Aug. 3 ’81 Aug. 4 ’81
* according to Blackett (1968).
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„ Fig. 3. Scale from Specimen S3 caught in the 
Oketchiushi River, August 4th, 1981, as 
shown in Table 1. Note the ‘sea-growth 
zone’ around the edge of the scale.

fork length
Fig. 4. Relation of pectoral fin length to fork 

length in the river residents (•)  and the 
silvery Dolly Varden (O) from the OketchiuS 
shi River.

Shoji River.
We examined the patterns of circuli in scales 

of the silvery specimens and compared the 
relative growth curves between silvery individ
uals and resident fish in the Oketchiushi 
River in order to determine whether the former 
were anadromous. An incipient sea-growth

Vertebrae
50________ 55_______  60,

o o o

Pyloric caeca
1 .5 ' '  ‘ sigsil ~:

65

(n=60) 

;3o I

(n*55)

Gill rakeri&k'
I 'J,,, i 15 > fo - 25 30

I" □ { □  I (n=-60)

I—1—f—i t
s'D‘Hean Ransa

Fig. 5. Gomparison of the number of vertebrae, 
pyloric caeca and gill rakers in three silvery 
individuals (shown by circles) and river 
resident ones of the Dolly Varden collected 
in the Oketchiushi River.

zone, which was distinct from the river-growth 
zone, could be recognized around the edge of 
the scales of specimens Sx and S2. Specimen 
S3 appeared to have a more distinct and wider 
sea-growth zone than in the others (Fig. 3). 
From the ratio of the distance of the sea-growth 
to the river-growth zone, the smoltification was 
estimated to have occurred in individuals from 
157.1 to 163.7 mm in fork length. N o winter 
zone, however, could be observed in the sea- 
growth zone from the border of the river-growth 
zone to the edge of the scale.

In the relative growth curve of the river-resi
dent population, i.e., the relation of the fork 
length and the pectoral fin length, no growth 
inflections were observed, but the relative value 
was clearly lower in the present silvery specimens 
than in the resident ones (Fig. 4). Maekawa 
(1978) has recognized three inflections in the 
relative growth curve of the sea-run type of the 
Dolly Varden. Martin (1949) and Maekawa 
(1978) reported that the fork length of the 
second inflection coincided with that o f smolti
fication in the Dolly Varden.

The stomachs of all three specimens were 
scanty, and the reproductive organs of speci
mens S2 and S3 were stage II representing the 
stage as the individual approaches full maturity 
according to Blackett (1968). Therefore, the 
present silvery charrs were thought to be anad
romous individuals. Specimens S2 and S3 might 
be, at least, individuals just ascending to the 
river to spawn.

H-300—
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Ishigaki (1967) suggested that anadromous 
specimens probably hatched in a river located in 
a region farther north of Hokkaido, because they 
possessed significantly higher values in meristic 
characteristics than the river resident popula
tion. Numbers of vertebrae, pyloric caeca and 
gill rakers were compared for the present silvery 
specimens and the river resident population of 
the Oketchiushi River. The number of verte
brae was counted by using a soft-X ray. No  
significant differences in characteristics were rec
ognized between the two groups of specimens, 
though number of vertebrae of specimen Si was 
somewhat less than that of the resident charrs 
(Fig. 5). From the present results, we specu
lated that the silvery specimens originated in a 
river in the Shiretoko district, not in a region 
farther north of Hokkaido. As stated by Arm
strong and Morrow (1980), if the Dolly Varden 
has strong homing tendencies and returns to 
spawn in the river from which it originated, it 
is conceivable that maturing specimens hatched 
in the Oketchiushi River.

McPhail (1961 || stated that S. malma was 
usually non-migratory at the southern extremes 
of its range, such as in Hokkaido. Even in 
southern Saghalien Island, however, the nearest 
island to Hokkaido, S. malma has sea-run 
and non-migratory populations (Ishida, 1942). 
Komiyama (1981, unpublished data) has col
lected eight specimens of silvery Dolly Varden 
from 4 rivers in eastern Hokkaido, in addition 
to the present river. From these facts, the 
fish might have smoltified at a relatively higher 
rate in and around the Shiretoko Peninsula, 
one of the coldest regions in Hokkaido, than 
we had so far known.

On the basis of our findings, we conclude that 
the life cycle of some of the eastern Hokkaido 
populations of Dolly Varden are as follows. The 
majority of fishes in the population are non- 
migratory, but there are a few sea-run individ
uals. Begining at about age 3+|? a  few fish 
smoltify^ and become silvery to descend from 
rivers. The duration of life in the sea may not 
be more than half a year. Some fish, therefore, 
ascend to rivers to spawn in the year when they 
smoltify, suggesting that they are more preco
cious than typical anadromous Dolly Varden in 
the northern region of its range.
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Record of the chum salmon from the river Monobe in Kochi

Nobuhiko T anig uc h i* 1 and Seirô K im u ra* 2
** Laboratory o f Aquatic Ecology, Faculty o f Agriculture, Kochi University, 

Nankoku, Kochi F ref., 783 Japan
*2 Laboratory o f Fisheries Environmental Science, Faculty o f  Agriculture,

Kyushu University, Hakozaki, Higashiku, Fukuoka 812 Japan

One mature male of the chum salmon, Oncohynchus keta (Walbaum), was collected from the 
river Monobe in Kochi Prefecture in southern part of Shikoku Island. This specimen is the first 
record in Kochi Prefecture, where is far from the southwest border of the distribution of the species.
The photograph, measurements, counts, data of capture and locality are shown in this paper.
The specimen was identified based on the meristic counts and the characters of scales.

Oncorhynchus keta  (WALBAUM) (fc
H, 1955 ; 1 9 7 6 ; ^ # ,  1979), IS & 1
W M titz  (F ig. i) .  ') 7  h i c i i ,  (.MM, 1961 ; -M l • 7jcSf, 
1972 ; »ha**, 1976 ; W& 1979)/;ri?tD*^|^ifl:T'77ttlfe & t ,  b

1. Chum salmon, Oncorhynchus keta, from the river Monobe, Kochi 
Prefecture (33° 35’ N, 133° 42’ E). 647 mm in total length.

J L W ï i t ' k g i  64.7 c m  7 km

lit tz rn 7Ejj ®4(1 fl¡c i» 6 * ■« r  r n n tz. g.*©SOS»ii i  fc f? t & -5 .
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647 mm, 573 mm, f t S  2,570 g , 136 mm, 153 mm, ± m &  93

mm, 24 mm, 41 mm, # ^ ^ 1 1 ,  ffltM SSflàì «S|fíÍ$?ljÍ2» PI S
ÌStl40

f c m m < T m t t jp jp ± à < ,  M ts* * » © .
. ± W * 'J > L T ^ ic f f ià ; ,  MIS # 5 0  to a i  A  à  < ü o t ,  •fÿffl!iic«Bgfe© attlS:àî 

* ' 9 ^  « ¡ i ^ L ^ á ^ y ¿ S R # t 7 ,  I S S ' i B í H í R f f l * K A ^ ¿ í B í f e t ,

« i i w ö r r i i  (F ig . 2 ) . t n ¡ ,  ¿ ; #
f i #  f±H  4 í  ¿  ÎttÆ $  t i  ¡ t .

Fig. 2. Scale from the above pectoral fin of the specimen.

± f 5 © S U / É t t ¿ ^ ( Í © m 4 > f t I f  (1955) ttr^ gjp iK
L á ' t ,  c n & ß t t M t i j e E a  (1956) ñ  o i 9

—-179, 125 —149) I C A o T © * .  t t z ,  i) f i  % *@
%, A SÏ - ^ Ü  (1933), (1962) ¿-«fctf K oo  (1962) & Í C J :á -0 -Á © E « ¿ < t  < - S

o  è* ic , ¡fegp  i ^  -e © ptffl-e i m t m t i t z  m u  e n t r a i  /¿ © © - e , -s iâ t  V
2 « 9  t# x  m . p f iH A - - ©  c  ©  A ö  & ̂ © i â A i i Æ  b  * í c  hS ¡  © ^  b  t,' j E ^ © i t M

¡ I  ¿  h &¡&* * 0  © i  P f t s  © ía a - c  *  ± f e ^ i c s  «  Ü  c o m m m ^  i k e t m n  « « tè b  *  4  £
b á ' b ,  0 * I I 5 7 ? t ì f e S ,  ( * # >  1 9 8 1 ) ,  1 9 8 1 #  11 ) ¡  i c

i i® H R f îf f i i f îÂ ) fe © ^ K iiiC iJ © -c ,  f  t #  1 Ä f lS M £ ftX © .5  (W • A fa , A f iÄ ) -  ^ c x , 
f e g ß j i l ic l  o  f c iS f t f i  B * « * '  b M P l S t t ^ ü ü b f  [UiS b t  è  tz  B j | ë t t i # x .  Ç>ti-5-¿  aò■*■ ic â o -, fe w # * # * # «  m&«̂ © ^ « * 1 * * * 8 © ;
U : i m ¥ S ¥ Ê W f A f t ,  * * * © f c * í © f c l ñ l ; * : # * f i l § i l 4 ------ f t ,
É t É p  • W I1H& ©P5j£ ií: W I $  b ± t f  S .
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£  Üf

XEffltS«, 1956- « a » ^ Â C K W l|T ? Î i i ,n S * ¥ # fâ ^ ! ® , jE »*81Î** .M fei»*aM i1fc  11:25-44.
» m m n z - m m .  im *  o t i i i * * * * » * ^ ^  (tettò, pp . 4 1 - 7 2 .
j®lSfl?&, 1961. A & Ä © $7k £lii!C ot,'T . V&A&IIHPMt- 10: 7-18.
* * t ; m  1981- f i m m i c a*,***-* y o m m \ . z m - . m - m .
M&M— • itw  M, 1962- •9-4rÌJ=kO'-e©ì5Ìaa©PiaiCol,'T. *$fck»W8, 33: 1-15.
Koo, T. S. Y ., 1962. Differential scale characters among species of Pacific salmon. Koo, T. S. Y.

(ed) Studies of Alaska red salmon. University of Washington Press (Seatle) : pp. 127-135. 
te® M « m  1963- m m t& M 'I - 6 « * J I  CÊ30,pp. 1-789.

-wmssmwi, * %s$w§i, 1 9 7 6  • « ò b ^ms&^w s b « -  c a r x  pp. 1 - 4 6 2 .
4 > « m  1979- Jffe^Tfc&SiifcsitEÂ, » 6 M - Cm»), PP. 1-262.
m û  0 J -# H  1979- Sto!ft(C *jU 5^7j<Â © ^ti6i-*© ® tfft. ¡ÇinA^ifôSflB, 2«:

145-—156.
a s m s -  %mmhup, 1 9 3 3 . iis (y i© !$ © ® ig ? . 3 4 : 1 4 - 2 3 .
Ä  jr • • « * # = # , 1976. » » « ,  pp. 8 i-

1 2 1 .
raw j r - ^ ib^ .  1 9 7 7 . r a ^ + j i i© ^ ii - 0 ] 5 + / i i7 k * © 4 fe i* ^ ìc i ì - r s i ! * : - è - ia s .  & » » ,  pp.

159-224.
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On the Rose Bitterling, Rhodeus ocellatus subsp., in the 
Tatara River, Fukuoka Prefecture and Its Habitats

Seirô Kimura, Seiichi Matsui*, Hirofumi Wasada+ 
and Katsunori Tachihara

Laboratory of Fishery Environmental Science, Faculty of Agriculture, 
Kyushu University 46-04, Fukuoka 812

* Fisheries Laboratory, Faculty of Agriculture,
Kyushu University 46-04, Fukuoka 812

/ ' t ÿ p j - z f  (Fig. 1) (3, =l 4 ÿ # ±  zf 
Rhodeus ¿f)\\ ÿ
Sg yf, ±  zf R. ocellatus smithii (Regan) ¿ ’
HHIÎIjÉ!© & d ]) 2  ^  j  Æ. ocellatus ocellatus
(Kner)!v0  2 MM H (/

% & # « V '  1963, 1969 ; 0  197$\ *
d f i t  K SKSU tz tz
-été J ^ y ^ % ï i - y Æ  t e t / v E ^ - r i i t Z ' i t z t  
ë t if tÆ fà # ,  1980). ^
IC& U 2> % 0 # * £  m b K t  Z> tz *b K, Bg|p 57 ^

59^fgg>tfT, #^^jI|7X
3 ^ ,  ’# 7  ^ t

W32©®!Étëff b ti,

tz&, cr0 i F # l ) - ^ « ,  £ ® ^ 3 5 0 F 3 fe « » £
B M ®  #$*6308037) *  J; 0 % £ A  (Ü &  #  #  
57342001) MSF3S©ftS#-e&
& © $ r # S —if  ± &  <h tfKHfoif ©>Î7 #

Fig. 1. The rose bitterling, Rhodeus ocellatus subsp., caught in the Tatara River. 
A. Mature male, 46. 3 mm in standard length. B. Mature female, 41.1 mm.
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.&*&)\\\ t,niagmiSMiPiMHioiSSiiiKii^ 
l&MtrfeJc^'iiraTli^KcDTkEB 

d b s^ ® n , &4>, xw.n\, mwn\, 
¥H )n, (Fig. 2 )p ? i
HiU*Kiglli& 3fe'C1i#*Ka<'i(Ea 17 km &£'© 
/bWLX&z.

c ©jii«  ¥©§15* « f t * f c * ,  f g ^ E # / J ' 3  <;■
X } ¥  • ¥ $ i t © M ^ * j £ ¥ & 7 R © l l i l { ^ $ l < ,

<® £flS©¥IP?£^i:)il ii«fe 
(cSoTii'>5. ?£̂ ĵ ji|;©¥..
©SUlclfi^iSi&D. i:©IBIfl©¥*!« c©7k*ii
^tff It «k 5 t* i l l

C©<t •) i£ 7̂? ĵ jll© ¥, 37 ©fll3£5kj£„*
S it  (Fig. 2), raw 57 ¥ 2 ^  ¿>5. 59^10)5
T ,  i> *7  $ + J ®  1 tr  y

¿f*ffl^T|®SL/c. £<l t ,  ^ i | © » s 4 p S - 2
(firar1iJfiE*¥filllS, Hit 3M&

1 ¡8^1(1 ̂  ’* ©

i. & m & i\ \& '< 7  *  i - i ’v j& m
rnskmrn<D& ^(D^m
— 7 4? ^ ' 7  9 j-a 't  9 4 U 4g^& £ 9" 

ij-y-s/cfcic,
I  ta^iti*&fe^#&»&n<rv->#,

X & Z i ^ f r t l X ^ Z  (¡p# , 1955, 1963, 1969; g  
it6i>, 1976; Nagata and Nishiyama, 1976; Sill* 
fiEB, 1978; SEB, 1980).
^ 9 - 3 '© ® a ^ * » ^ f e 5 f c i6 ic,' M M iw c o m ^ m  
S - 2 X ,  Bai0 5 8 ¥ 4 ~ 7 ^ K  3 8 3 f i# :* S * L , AS 
a « ® * * © s  ^  6 ^  K fiytu
fcit©fiSiii 1 S'fois,

« © « # T ? li£ < B i6 S > ft:tt  
gU>t>, 5 )5 ® « ©  l« £ t t7 k * lc iK § L f:

t  c  6 ,
X ,  C .0B # j± $ h i£ * .6 )l|© '®  *  9-3'i±—fS, ^ 1

4 ?  yj<7 2 i-3 '  ¿ f f e $  t l f c .

¿<:6A i, P l ¥ 8 ^ « ^ i » e i l f l F f r ' « » L ¥ l S i t  
I t« , )t^ '*5E -'(iili'© M ® ljii^ © —SBK, 
teE3fe)fcM*&^i> ©A5® lin in '* , ^?P ¥8J© 8)i 
^ -tlK iiii©  60 M R l #  i:©<k -5 i£ L«;.
* © # ,  9 Jf cfj-tiic« ^ © tiilf lp ii felt

i f  10 )5 lt® iiL 9;226 fflft4 |« , JUttHm#
I,© «  1

BHfB 5 9 ¥ iir © d :  -5 ii#:©fctiSatK»* )! BOltlH 
^ ¡ ¡ i ^ o f e S f e - i ^ ' t f  ©(/i}g l¥ *  Fig. 3 ic ^  L. 

| g |  59 i) 1 ~  2 * j j f c  A |jfefe3tiR
*fe-5> fe©#m & tt*j»j^ S ¥ ,£  felt 8)1 I t f f l i » »  
tV :?  K i iU  l O J ^ & l t l ^ n ^ H S ^ M  

&K,- M ® lt« K a fe ) |^ * ^ t ) ix S § i5 i4 ^ g S *
iS^fc iC 7 j ,  l »<£© —« I t
(Fig. 4B, C, D§jj & a (A « * ffl|g £ © fi|ili£ & * i©
- » k  (Rg. M H B I

Fig. 2. Map showing the research stations in the Tatara River.
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Fig. 3. Monthly changes in percentage of 
the rose bitterling possessing the first ventral 
rays spotted with faint whitish color, a- 
mong the fish collected in the Tatara River.

~otz. LA'L, 9  -i V 9 '* 7  •? 1 
m & v m 5*v63fe^t-e,
Z C ttt±<tlip-oiz.

frK^KCD ?>■&%,? it ,  “g*W U <0
'<7 9*3'te7G3fe£©<fc?i£^&£&-3-C(,'<fc"
ir'tt * -  .y Millie, y

£ ft5»© -5-£>, 
l i i r S t i l t i ' .

S W  BSfD 58 ip 4 ~  6 J  IC&ffiLfc f ' f  >J

n m tw M c o
a m u a s & i t^ L -c « -^ (F ig . 5). «©M m , 
^ J i l© y ' '7 ^ ^ 3 'o W ® i« ^ © ^ S » ^ S : © ^ -  K 
iiii>K lO -e,J llrtJI|© ^ -f >J l

C.O.k^&iKMiStti't1#  0969), 
Nagata and Nishiyama (1976), ggiJLi • ftEB (1978)

Fig. 5. Number of dorsal and anal fin rays 
of R. ocellatus subsp., collected in the Ta
tara River and R. ocellatus ocellatus of the 
Sendai River, Kagoshima Pref. Branched 
rays were counted.

(1980) &, WffiSHaoMM©—
(,->*. Ltiifi-ox, f tw iw m o f t& m & m z ^ x
i i ,  £ 9 v #  '*"*7 9  i - ^ K ìS .^

■5.J',V
*T?iaS©Wftf
9X3'mcDmjP S ‘Dffifélt&fcQ, —IR»

m m m ) © p É S ^ a è * # #
è è f t C R i g ,  1955; ■+■#, 1963; ÌS e., 1964), 
Jordan and Thompson (1914) ti$HèJI| ©'< 7 £  4“ 
7* k  tttiìim fru  ̂  i  ìe^ t  t -> s . t f z ,  ±m%cg± 

^ ® S ff l^ fp w ± * » 6 . * « © -  
7 4? 9  X=‘’i t ^ ì i m :&ÌK< Uff !1

^ 5 8 ^ 8 ^ ìc M i* L f e # ^ M ; i i^ © 9 i . ,  mmmm  
K È fe)tiR ^ Ì!:^ Ì© 4 0 ® i$ , iM 'fr ìt j lx .S  t> © 
2 9 « fc , & £ tf) ìm n \M 9  4 ') 9 '■ '7 9 X ^ 3 0 m fo  
K-OV^X, (Table 1). C il

i l i ') v W f.X fo 'O tzO X ,  ¿ ( T k & l - f c i è ,

# f? L  tz7  ') ¥  ') 1 U y• K s tcmxVì

Fig. 4. Appearance of whitish color at the anterior margin of ventral fin of 
the rose bitterling collected in the Tatara River. Black parts indicate the aggre
gation of guanophores.
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o t ,  &j%KfB£rM%:&M
I te .

Table ljjfe** b'ì>&*&)\\®'-<9 f i+ J T 'f ì ,  SM

% ^ # W M  t* > U  9**7 9
t- 4 ® §  3 ~  7 tòfflWiL»«- t>-oC t  $gh

fr-ofci 'X M ifro r , g’A&iWO'^y ? gagJfcU WfL
®Ì©:ft'i&ÌCOt,->-tiì, — y 4? yy?7^^-a"iC®tl,'>5
h | a

ÌÌtt«E*5E
a s ,  p § |

tu  f à m i - o i i r m & t z ,  (ftffl, 1939 ;•(£#, 1969).
* ì # i J I I  filli* * A  m tM

t S f c t v f e  ' i c r ,  # * jéUH©i g *  
335«#: (JÉ 164, «1171 fiflO' & ì t f  HI filli©  M *  
i75 ffi^ .c^ 9o , m85-flft.) |c .o ti 
ìgJSS® » % £ # : *  t © H f  $ li^ fc ,(F ig .. 6).

Fig. 6 fc& Z  ¿ ,  £ * -.^ l|* © jg ;e ii$ J S ,3 1  mm, 
«11?lì  39mm R i i lO l i i , -  1fÈÌIt<IH:;& 4> o i®  
l ì  1 « # :  fc « © . —:#, ilifilli© *  'i , ' ) *  9- n" 
©i|1? lì ,  # cS  39 mm, «11? l ì  40 mm J£(±IC«o 
T*> 6 H fS li ì l^  L ft. t t z  J k ft3 4 ~ 3 6  mm <Di§
-è-,:, .# * & 1 II©«èìé7?iì MBfcJpE£:i>-? & © « io 
# l? i l # « ! r ) i i , ; J llr tJ I |© ^ 1 ? lì 80 963>1±<D 
« ^ ia a * 4 > - p - a . ) f c . :v c© <t'*>. Kr  
z t + i m i f ì i n ® * . - *  'j # '? y  f  ±o 'ic ti;*< r, é  
è  fc'ftM K IM U R S ^ ^^ .«  < «  <5 • C © & A « # #  
l ì , ,  7LW©fÈMlll®^7-Ì Ì3'-?*)|tì©-S.;x4f 
*  ì- ̂ ’1? fe ̂  b t iZ  co fo,. $  i  lc ^ S ii iS M r S .Z  ■ |

Fig. 6. Appearance and disappearance of a 
black spot on dorsal fin of the rose bitter- 
ling with their growth.

w ® & ,
? (1978) ¿ f iB  (1980) -  ■># ■*s i y  *  t-
o'oyfijfi, *  < !) 9 *<yZt-O '& to  i ,

»fefcjjSU,. . t f c ,
B # . (1955, 1,963) K & tW ^ A y - * '* 1? * * * $ ■ *  
« ¡ # « ( , ' ¿ © • 3 . ,  L f r L ,  4 - 0 l i ) I l f i l l l © * 4  !>*©' 

7 *  *■ 3'©iii®-fe, <k pf#5SJ« ¿ 'Ico i m :
£  ̂ 4 -^ ttlfc R *  U r © « © * *

Table 1. Number of ppred scales of 
and Sendai River.

the rose bitterlings collected in the Tatara

No. of fish 
examined

'VTJ~ f No. of pored scales
ino. oi nsn 

with pored scales Left side 
(mean)

Right side 
(mean)

/?. ocellatus subsp. of 
Tatara R. without 
whitish parts on first 
ventral ray

40 2
0-1,, ..

(0. 05)

0-3 

(0.13)

R. ocellatus subsp. of 
Tatara R. with whitish 
parts on first ventral ray

29 0 0
(0) .

0
(0)

R. ocellatus ocellatus of 
Sendai R. with a white 
stripe along anterior 
margin o f ventral fin j

-  30 ■,; ;; 30
2-6

(4.8) •

3-7 

- (4.8)
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7 < V W A
M M S £ E B iJ f ta ± 7 t T '!yuM -

ttW j& fc#® 7?$*.£(t‘*>*lS®'® (± !ffe ^ ,;  ¡ P I
g ) ,  BSiP 58 f t ( C |i^ .g J I |(D'^7 32 « f t £ ,MftUMWWBK&&9t2R£ t>o t>© |  % fct£ig) J © 
£ IC#tf-fc 58 fflft£ , © ±
W$k— f#±ic^o-c, r-f v-tf'f ¿ .^ f i- y f iz & M L  
X b b - o tz .  | f e g J  58 ftttK  ftSFJB fc J c tfft«  
Jg© LDH, IDH, GPI, 6-PGD t£ - V
! i ,  S i f t W lC i i-  »rtf-V't? 9 f t a '© * ! # ® : ^  b fc .  

59ft©&ti;& t> t  fc, )ffitt©Sfe5tiR©W»K^^ 
t> bir , s t t^ i p p j  b Sg!4£ ifft.

■fXK&^JzJz. -5 IC, &*SB * fca'7?li,

fr te <0 fiI©^®5ICti-?::ft &lfc£r 
< 4 * 0 * . ©4>©li<
¿'©MSICJS f t S l i l t L V> :  ;L̂ b, W

# * £ U H © i> © £ - f  
ij * g g |  *  ft =r i .-e n ir  a . ■ ■ b  ̂  fe, - i « *  t  « * © #  
S^iSc^WHif©#^*«fctfr 4 y if 4 A^rrofe 
m £ f t a  £ , W M S © 3 8 N t £ 5 £ « S » i £ £ '+ # ■  
X tl^ ft i ,  jHW ©'<7 f i x  g S M H S H j  x f ix
a* ¡clEt ■>£#;?.?> ft  a . .

ifejj, —7 4* > '< 7  ft fta ’IWLltUbulS  ̂£> 4>flli>ft
TV»*:# W f i ,  1969; ftffl, 1980 ft  II ?>
(1979); «PI (1979) *J;Of ^ # i(1981^1CJ;iiif, 
its,, iha^mTxiiccr)M-i£MM^iixii'<tj:i,\ b  

tdb$-5X, -  ~y -ft > '* 7  ft ft a ¡i,
f t S ig  f t t i t a c  i  K t iV ,  W ife©  %© © fife « ,  
rniMK-a v z f r t f r K  & fe3fc^©w«i£ ^d>© ^  
* © £ * * & i s * © * » « H P  ;

ftiNWbfK© flbMill© i l l f t f t a ' i c  oy>T  
4>, MMfiIiS©efe)fe?E©:t M ^ ^ © ft i: 1a-&©fBft 
£»Jj £>;fr>ic b, R iffi© -7 ¡ f v '^ j  ft 9*
MK&tfc-f a a .Mni i c ,  7i)Hibi5©iK*ft.

ft® £© M fb 6»'> ® 7?:, (Mffl, 1937), II 
» f t S © /s' 7 ^ y -a * S i©  ¿b K i = if* © ^ ® -c :i.a  
•5 .

2 .  J f t j l  | I C * 3 t t  * > «  9 f t  f t  £ © # « ?  i  £ • !

M M M

/■ ^ ftft:J © ^ < !:fe IIffl
juiljfc* ic *  v z ' * x  f i x  zf®  &  % ft

tb 1C, T O  58 ft  8 ~  9 J3 1C Fig. 2 © # S IS S jir? ,
5 m-t- ■o&mzfi-oximz&Mifz-nmmt*.»

-gg y @ £ ^ , y i r / '  0v,'-«jSt2T
¿ I C ^ J t ^ S ^ f f lb / c  (Fig. 7A), ^ © ^ s ,  37 
^ ©  y 1 8 ^ 7 ? ,
c. ®#,©ife,&^l6iiS$ ti/c . i  < ic, ffi&fiSlciEt,'' 
a m j i i t i i i i i i i c / ' ' 7 ^ x z f - t f i^ i ,  i ^ * f c D  
2 o o ® f t ia ± » n f c 3 f i^ * ; .  |

$ e .tc , H ^ 1 2 ^ |C « , * ic v f .9 ^ .9 -r f* .« to te  
18 J g ^ ico  ^  x,, p  ic <k a  £?*£■ H J® b * .
C. © ¡i 6 5£;S |C® W^r ^
i lC lig ^ t t H iJ ^ a - e - i l f c  (F'g- 7®)- gfiMJH 
7 0 * itM ^ iiS c O T k ^ k T X ib , M Ic ih ^ T ik fi 
f f i T ^ b  < ^ < 7  fifca*© ^ ,tie®  b fc^ fr^ P S ^  
sfc ,a  ©*e, ^ 7 ) i i ^ , i L S i c i i ! 3 ^ b f c i # ^ . e . n  

.
■^■#ii*© ^ic, m m \k f i .m

% X & tltcM M tt 14 m29 m35 a , l, 760 «. 
•3 tz (Table 2). * « 7 ? «  11 ^  25 g  31 « ,  633«  
ft, :as:jl|7? 5 f 4 1 3 j l l 7 a ,  706 « f t ,  iHJI|77 4 
14 9 H 11 s ,  421 f f l f t © ^ * H ^ i 6 ^ .  

m M m  f t a s j n f c i ^ ' f t ^ j i i i c f c i j -

Fig. 7. Distribution of the rose bitterling 
in the Tatara River in August (A) and De
cember (B), 1983. Specimens were collected 
with 5 throws by a cast-net.
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C'iiitlS:) £  Fig. 8 iC/jN'#*. £ ;tR < , i i  Y  t  y Acheilognathus rhombeus 
%  (Fig. 8D ) * & % > £ , s<? ? Y *  (13 96) (DM fr~otz. U p L , s * ? * Y J < D  

d i i  V Zacco platypus (35. 6 # ) ,  y  M & \ t t d i i  7 , y Y M *  7 f  7 +  Abbot- 
Carassius auratus subspp. (19.7 96), ^ y z f  Pseu- tina rivularis t £ £ 'L t & K M < t e & & f fih C D fY z*  

dorasbora parva (14.496) K  #C £ \ *  * t»-IK6 U  M t e M & r & t i ;  < , <£7 
(Table 2) c o o t > h ^ £  t> & \i\  Ifcti^faWirtM'T? % m M tfi'& b t iiz .

ffitK D $> % > £*m j n*atT?« ,  S% *  * p i t £ & 5 ftj &featgt

Table 2. List of the fishes collected in the Tatara River system during August and 
September, 1983.

r  a. ft Plecoglossidae
T ZL Plecoglossus a Iti velis

3 X 4  ^ Cyprinidae
A *' y Pungtungia herzi
4 h *  n Z3 Squalidus gracilis
v  Y  y Y Abbottino rivularis
i)  t  y ÌJ Pseudogobio esocinus
•=& y zf Pseudorasbora parva
*  A io 7 Zacco platypus
Y  7  A V Z. temmincki
a | Cyprinus carpio
*¥ y  7 Carassius auratus langsdorfii
Y  y  zf o 7  7* Y C. auratus cuvieri
Y  |  *  * zf Acheilognathus lanceolatus
#  fc y A. rhombeus
42 aK '> *  fcf y  9 A. tabira subsp.
T y* y  ip Y A. limbatus
Y  Y Y  #  Y zf Rhodeus atremius
' *  y  $  Y zf R. ocellatus subsp.

K V  a £ Cobitidae
^ >f § 7 v a  a 7 Cobitis taenia taenia

±  -7 X  ^ Siluridae
Y  h ¡1 Silurus asotus

*  -y +' m Anguillidae
7  i Y ■ Anguilla japónica

* ?  ft i f Oryziatidae
* I f ij Oryzias latipes

#  7 » Mugilidae
id y Mugil cephalus

">■ ■ *̂ ? Liza haematocheila
-fe X i? b y L. carinata

^ -Í 7  y  K S> 3 Channidae
#  A JU ' Y — Channa argus

*y 4̂ Centrar chi dae
*  *  7 *■ ^ X Micropterus salmoides
7* ;!✓  — Y ;i/ Lepomis macrochirus

x  x  +  Í4 Percichthyidae
ir  'Y ~  y Coreoperca kawamebari

»  |  *4 Sparidae
7 n 7* d Acanthopagrus schlegeli

ft Gobiidae
K m Zl Odontobutis obscura
~7 S\ -fe? Acanthogobius flavimanus
Y  Y 7" Tridentiger obscurus obscurus
$ u v\ -fe" Glossogobius olivaceus
a i/ J Y y Rhinogobius brunneus

7 u  » Tetraodontidae
7 Y  y Takifugu niphobles

3 *• f t Platycephalidae
3 f- Platycephalus indicus
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Rhodeu8 ocellatus subsp. 
Other bitterlings 
Zacco temrincki 
Zaaao platypus 
Pseudogobio esoainus

Abbottina rivularis 
[M] Pseudorasbora parva 
H| Crucian carps 
I 1 Brackish water fishes
HI Others

Fig. 8. Compositions of fish species col
lected in the Tatara River system in August, 
1983. A. The Sue River, 706 specimens. B. 
The Umi River, 421. C. Main course of the 
Tatara River, 633. D. Total of A, B and 
C, 1,760.

ram 58 ip 8 £  \tffts-D tz  iM r m to ig ic ,  
a ta , 7km, zk©fe,

(Table 3). *<y Z i - P f r  ^
d>L7jc#iife

1 c f i o t f i L ,  £(,->

m e ,  r a m 5 8 ^ 8 ~ 9 ^ 1 C ^ « ^ j l |^ f f i0  2 2 ^  
c o d , « n s * ,

pH, DO W h  •
i m m i  c o d  < s l
IC^L ft (Fig. 9).

m m w m m m cD m m iK z  c o d  ¡¿,
ü ffiN o . 2 TJttiaiL, EOl (1938) IcHMiTT.«'*
• f m m w u m * * ' ) m c £ - o r # . t b

llli^M JII©  l& W d fe#  m i ö i t l t z  (Fig.
9A). t t t ,  u % m c ,< D n & tz to zG m B & * m a 'r

(a ^ T T k ii® ^ , 1974) -Z&Sbtz. CCD
m m m m ä W m w ß
•C, (Fig. 9B).

^ K B ^ f t ' i y  ?  (Fig. 7) £ ,  4 M
* »  (Table 3) (Fig. 9) ¿*fi5  $ -£ •£ *  S
t ,  c<DM.it&*8.jiiTk^-eiä,

M )\\t¥ m \\< D T W $ .K & ^ c b i)m & ip 'e & & . &

Fig. 9. COD and organic nitrogen concen
trations of the waters at each research sta
tion in the Tatara River in August-Septem
ber, 1983.

^ i& fö cD fö i& ffin zc tizcD )n -e« , « f r ic Ä U g
tt>K & .m m 7kK £-oxm % .
•£L T , C O JfpiiTk^tC li 

9  j~ 2> Y 7f t f  d woodiana P
■i -sfr d Vmo dougladae
ft, (Fig.

8). 7kW (1968) f |  ± M fä < D m \x m fä L it£ ö K ,
m 7 k < D m % m ttm i& -tzm m x & z  £ # * .e > * is .

1. Mfflfi$Pft-tD£4M)ll7k%X, 'ly jH -J C D fc
«8,

2. c c D M c D 'iy f i tJ i i ,  n m tcD b -m m m m e
f r ?  fr t£ s .

3. g * M )ii< D 'iy f i i-n ’it ,  jii^jii (mi/iMm)
<D9 d >) t/'*7 fi ±a'IC Jt^r, ftMbWM<Dft&m

Kii 1 -fc'P tl < , Ä .y dt v><=y |C—

< , — y $  V '<y *  ± d'ICÄt'»!#** feoTtr'fc.
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Table 3. Environmental factors of each research station 
system and the distribution of rose bitterling (1983).

in the Tatara River

Research
station Bottom Coloration of 

water Water current Depth
(m)

Relative
density Piantele, 
of rose 

bitterling
Sue River

S -l sandy mud yellowish brown stagnant 1 + emerged pi.
S-2 //,. brown // 1 W emerged & submerged pi.
S-3 muddy sand // 1 W i 'V
S -4 sandy mud & pebbles m *■ 1 tttt I WKM
S-5 sand & pebbles pale brown // I 1 +  ' emerged pi.
S -6 sand & silt greenish brown // jj 0. 3-1.5 4 +
S-7 sandy mud & pebbles caesious // 1 ■ 1 I “

Umi River
U -l sandy mud yellowish brown stagnant 1 / -7... tidal
U-2 sand & silt . 1 , +
U-3 brown slight current  ̂ +
U-4 ^ / /  ' stagnant 1 -tì-
U-5 sand & pebbles yellowish brown // f

; U-6 sandy mud & pebbles //, 1 • J-f emerged pi.
U-7 sand & silt brown i/ ■ 0.8 '
U-8 sandy mud caesious " 1. 5-2.0

Tatara River
T - 1 sand slight current 0. 3-1.0 emerged pi., tidal
T - 2 // 0. 3-1.0 1 IP pfpptin / /1
T - 3 stagnant 1.0-1. 5 emerged pi.
T - 4 pebbles with silt 0. 5-1.0 'V "'+ : emerged & submerged pi.
T - 5 pebbles slight current 1 + //
T - 6 sand & pebbles clear stagnant 0, 5-1. 0 emerged pi.
T - 7 mud brown slight current ■ emerged <& submerged pi.
T - 8 sand & pebbles clear stagnant 1 >// K
T - 9 .fcv*y|ri<̂ cr,$ | 3 «I " h 0. 5-1.0 i  m
T -10 sandy mud yellowish green H 1.0 1  ■ // .
T - ll sand & pebbles pale green 0. 5-1. 5

; T-12 sand clear 0. 5-1.0 —| submerged pi. & spirogyra
T-13 sand & pebbles ¡j ,*JfvcsM m H  Mj m stagnant —
T-14 * ✓ / 0. 3-1.0 ■ ■

5. iz-f'l -  v i i , JSÜfÜ
i® 'äeÄ ® W i P lRpM  ' NöM MW 7 ̂  *  3'

6. c  t0 7 h ^ 'ß ^ '7  ^ 9- =m , l a t i n  t  * hjii tc
0 A  , Uv ■ 7K¥O^U>
m zM -ts.

7. ' I IS  5  $ y  ziifi 0h'<nlf'äit, *  M  7  9-üi,

I
8. vs-? fi y z î - h ï g ^ i m m t ^ m m ,  c o d  ®  

l |  £  W'ir ̂ Ä S S ^ M ^ K ^ o  tz.

: X  ■ . Ì£

*K  Ä 1979 &2Slg&&&«£aifflWic- »«J 
... ¡g a r n is# *  W «| p »  1978, iijnm. m

^iJfSfESgg, Illöft,' 1-30
1937: I m m  < « » * )>  ffl-SökiMBK: 

* 5 . i iS  *® 3£fiiS© itII!t*t7:.: tfjgH K gj| 
35: 108-118

1964 £ f jg ® ^ Ä ^ ±
« i  £M'

Jordan, D. S. and W. F. Thompson 1914 Re
cords of the fishes obtained in Japan in 
1911. Mem. Carnegie Mus., 6: 205-313 

*& " •'*  1978 W X f$>\±  71 #  *><* 9  ¥ * : ' §Mt 
fa, 4: 101-102

**f3£<i. 1981 SI2[5]a$fl3
« » c a s t u s *  m f c f a
m ,  £BJKv 1.980. 77-80

1955 « ( O i l i i M i .  s i l t ® ,  s

g ü fiH U i - I M f M |  1976 13*
■ m ifam m m . W m m  Mm  m  3 p a
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■frmmm »968 - * w t

1-235
1980 f  -i ') t '^7 f t  =>*—js6ifa® fe lt .

H # © ^ ^ f 5 ,  S iifck #  tli IK 
£ ,  SM , 147-153 M

Nagata, Y. and K. Nishiyama 1976 Remarks 
on the characteristics of the fins of bit- 
terling, Rhodeus ocel ocellatus (Kner) 
and R. ocellatus smithi (Regan). Mem. Osaka 
Kyoiku Univ., Ser. Ill, 25: 17-21 

1955 g p g W t f S m t f c & m
m 16-19:333-337 

1963 m & m yk m m m m m . ± m & , m
B

1969 0 * © 3 'f? 4 ft .» .
ĵ T m s

0 i T M ^  1974 B*T7kiIt&
ms

m ih ^ - • 1978
•y >1? y ^ y  # 4:91-101

& m n  -  • v e m x m  • oiffliE^ • ¥ # # i 3  •
1979
P I P #  «7X&SS), 1978, S t » »

j£A A , 1-50
Uliltr^ 1938 y if

\m ir z> m % .  » :  314-322
rtfflStfJS 1939 * - » ,  rt

m  « iii

Summary

The rose bitterling is a deep-bodied and compressed cyprinid fish, seldom  ex 
ceeding 6 .5  cm in total length, and abundant in warm streams and ponds in 
lowlands. This fish has been classified into two subspecies, Rhodeus ocellatus ocellatus 
(Kner) and R . ocellatus smithii (R egan). The former, im m igrant from China, reveals 
a conspicuous w hite stripe along the anterior margin o f  ventral fin, w hile the latter, 
native in Kinki district and northern Kyushu, does not reveal any o f  such stripe. 
R ecently, the former is rapidly occupying main waters in plains including the  
original ranges o f  the latter.

In order to elucidate the actual distribution o f  th is fish in the Tatara River 
flowing in an eastern suburb o f  Fukuoka C ity, Kyushu, the authors collected the  
specimens o f  the rose bitterling in 1982 to 1984. M any o f  the specim ens, w hether  
m ale or fem ale, showed tiny and faint w hitish  parts on their first ventral ray in 
mid-summer, but these w hitish  color faded out in other seasons. Therefore, there 
are difficulties to decide exactly  the subspecific name o f  these specimens. Other 
taxonom ical characters, such as fin ray counts, number o f  pored scales and presence 
o f  a black spot on dorsal fin, suggested the rose b itterling o f  the Tatara River has 
less affinity w ith  R . ocellatus ocellatus than another subspecies. The electrophoretic 
analysis o f  their isozym es also cam e to a sim ilar result.

In the Tatara River system , this fish was found m ost abundantly in the mud
dy lower reaches o f  the Sue and U m i River where eutrophication o f  waters has 
been advanced and the fish fauna is rather sim ple. The habitats o f  the rose b it
terling were characterised by the stagnant and brownish turbid waters and m oder
ate grow ths o f  aquatic plants.
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ABSTRACT Using labeled (imiscnpts generateli in vitro restricted to mammals, since none had been found in the 
Croni squid total genomic DNA as a prolie, m: isolated and genomes of birds or Drosophila (4, 5). Recently, it has been
characterized a SINK that is present indie s(|uid genome. The shown that SINEs arc widespread ini lie animal kingdom (lot
squid SINK appears to be derived Troni a (UNA1-1'. When the reviews, sec refs. 13 and 14) and in plants (15, 16). 7 hese
consensus sequences of live different SINKs with a IKNA^'-likc findings indicate that retroposilion by way of SINE amplifi-
slruclure fromdistantly related species, including squid, were cation continuously generates genetic and slrucluial vaiia-
aligncd, wefound in the IRNA-unrelatcd region (wo sequence lions in the genomes of many more animal and plant species
motifs (hat were almost identical among these five SINKs. This than had previously been supposed.
observation suggests a common evolutionary origin for these In general, SINEs arc not simple IRNA pseudogenes but
SINKs and/or some function(s)for these motifs. Similar se- have a composite structure, consisting oí a region hoinolo-
qucnccs were unexpectedly found to be present in sequences gous toa IRNA, a (RNA-iitirclalcil region, andan A ll- i ic h
complementary to the U5 regions of several mammalian ret- region (13). Previously, it was suggested that the tRNA-
roviruses whose primer is a IRNA1'’'. On the basis oí these related region of several SINEs may have originated from
findings, we present a model for the generation of SINKs. We IRNA itself, rather than fiom (DNA, because a CCA sc-
propose (hat they arc derived rioni a “ strong-stop DNA” with qucncc, like that present at the .V end of all mature IRNA
a primer IRNA1,5' that is an intermediale in the reverse species, is found in the IRNA-rclalcd region of these SINEs

In higher eukaryotes, protein-coding genes constitute 10% of 
the genome at most, ami the .remainder of the genome is 
composed of 3 variety of repetitive sequences. Repetitive 
sequences in eukaryotic genomes can be classified into two 
groups: tnndcmly repeated sequences and dispersed se
quences (1). The dispersed sequences can be further classi
fied into two categories on the basis of size: long interspersed 
elements (LINils), which include LI sequences, and short 
interspersed elements (SINEs), such as the primate A lu  
family and the rodent type 1 and type 2 families (2).

transcription of certain retroviruses. Our model suggests that 
a certain group of SINEs may have been generated by hori
zontal transmission, although it is not clear whether informa
tion was transmitted via a similar retrovirus or yk] an RNA or

(13, 17). This view contrasts with that of Dciningcr and 
Daniels (18), who proposed that SINEs may have been 
generated from (ONAs that accumulated mutations that did 
not hinder the intrinsic functions of tRNAs, At present, 
however, the molecular mechanism by which the composite 
structure of SINEs has been generated during evolution 
remains unknown, Tn this paper, we present a possible model 
for the initial generation of SINEs.

RESULTS

Rclmposon is the name given lo a repetitive element that 
is amplified by retroposilion (4). Non viral rclroposons can be 
classified into three groups—processed rclropscudogcncs, 
SINEs, and LINEs (5). In 1985, three laboratories, including 
one of ours, reported 'that mammalian SINEs, with the 
exception of the human A lu  family (6, 7), arc derived from 
tRNAs (8-12). At that time, SINEs were believed lo be

Repetitive sequences can be classilicd in a different way, 
according to the 'mechanisms by which they arc generated. 
Tandcmly repealed sequences arc generated by gene dupli
cation at the DNA level (1, 3), while in the case of dispersed 
elements another mechanism, known as retroposilion, has 
been characterized. During retroposilion, information in a 
cellular RNA transcript flows back into the genome via a 
complementary DNA intermediate (4, 5).

Transcription in vitro  of total genomic DNA from squid 
resulted in production of a discrete transcript of about 250 
noclcolidcs(fFig. l^ lanc 1). In view of the sensitivity of this 
transcription!« a-amanilin, this RNA was concluded lo be 
transcribed by RNA polymerase III (Fig. 1, lanes 2 and 5). 
Using the transcript as a probe, we isolated six phage clones, 
localized the DNA loci that hybridized to the probe, and 
determined their sequences.P ^ flQ shows the alignment of 
these sequences and a consensus sequence, which is typical 
of a SINE sequence, composed of a iRNA-rclalcd region and 
a IRNA-unrelatcd region. The SINE is designated as the 
squid SK family, where S stands for Squid and K stands for 
lysine (sec below). The average sequence divergence was 
7%. The six clones appear lo be divided into two subfamilies: 
the sequence divergences of N025, N06, N022, and NO28 
arc low (4.2% on average), whereas those of N04 and N031 
arc relatively high (12.7% on average). Four cloned DNAs 
belonging to the group with low sequence divergence were 
active as templates for transcription in vitro  in a IIcLa cell 
extract (Fig. 1, lanes 4-7). The other two clones, N04 and 
N031, were not active as templates for transcription in vitro,

The publication costs of this article were defrayed in part by page charge 
payment. This article must therefore he hereby marked ' ‘ Oilvertiseitienty 
in accordance with IS U.S.C. §17.14 solely to indicate this fact.
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1

►/•••:*/04JLG



\ i  " 7 ------------------- ------------------ -------------------------------- p ......  -

JOBNAM E: Docket #  PAGE: 2 SESS: 3 OUTPUT: Tue May 4 07:42:59 1993
/I)s3/301/lcani5/pnns/original/0416a8900

a & tr E fc .
Jt_

%h\ci: M
( i ' lO .  p i  -jj

L : V

I:ic;. 1. in iWj#  transcription of total genomic DNA and cloned 
DNAs inii 1 IcLa cell cxt'racl. Total genomic DNA from scjtiid (Lolipo 
bleaker!) was transcribed in the absence of nr-amanitin (lane 1) and in 
the presence of o-amanilin at 2 /rg/ml (lane 2) or 200 /<g/ml (lane 3).
I hc templates used were plasmid DNAs designated N06 (lane 4), 
N025 (lane 5), and NQ22 (lane 6) and phage DNA designated N028 
(lane 7). Arrow shows the discrete transcript of about 250 nucleo
tides. Arrowheads indicate positions of markers, Electrophoresis 
was performed in an 8% polyacrylamide gel at 600 V for 4 hr.

a result that confirms the high sequence divergence among 
these clones.

A computer-assisted homology search nevealed that the 
iRNA-rclalcd region of the SK family was most similar to 

F3 iRNA1 ** from rabbit (19)(^ g 3 T ^ rhc extent of the similar
ities between the IRNA-rclalcd region of the SK family and 
the tRNA1 ys sccpicnccs from mammals and squid is about the 
same (Fig. 3). No other similar tRNA was detected in a 
computer compilation of tRNA sequences (•••) . Therefore, 
it is very like ly  that (RNA1̂ * is a progenitor of the SK family, 
although it is possible that some unknown tRNA species from 
a mollusk arc more similar to the SK family than the 
lRNALy\  The CCA sequence, present at the 3' end of all 
mature tRNA species, is retained in the IRNA-rclalcd region 
of the SK family, as is also the ease in several other SINEs 
with a lRNALys-likc structure (see Discussion).

DISCUSSION
A Stipcrfnmily or(RNA1 ^-Related SINEs. About 20 families 

of SINEs that arc derived from tRNAs have been reported to 
date. Among these SINEs, 9 families, including the squid SK 

T1 family, are similar to tRNALy5jTTnble IJ.>\11hough they arc 
similar to lRNALy,\  it is sometimes very difficult to identify 
the actual parental tRNA species of several families of 

[lA f SINEs, because some tRNA sequences arc very similar to
/  , " |  one another and the consensus sequence of a repetitive
/  Tjn X  y  -----'V family has often diverged far from the original tRNA sc-
\   ̂ J (jucncc. In the ease of the charr bole I family, however, it

seems likely that this family really is derived from tRNALy\  
given its extensive similarity to this tRNA (79% homology, 
including the aminoacyl-slcm region) (20). Since the IRNA- 
tmrelated regions of the Fok 1 family and the salmon Sinn I 
family arc similar to each other, it also seems probable that 
[\\eSma I family is derived from a lRNALys (20). The tortoise

.4

Proc. N all A cad Sci. USA 90 (í$)3)

Pol III/SINE resembles a tllNALys and a lRNAlhr to a similar 
extent, so the tRNA species that is the source of this SINE 
cannot yet be identified, even from an improved consensus 
sequence of this family (17). The origin of the Gala}y> type 2 
family (>d^vas originally proposed to be tRNA * (9). ■ 
careful reexamination of the similarities between the (mUt^o 
type 2 family and iRNAsshovycd that it is more likely to have 
originated from lRNALy* (§$. As for the parental tRNA 
species of the rodent type 2A lu  family (26), two 
have shown that this family most closely resembles tRNA y , 
whereas another group (9) has claimed that lR N A cr is the 
most likely parental species. Three families namely, salmo- 
nid Hpa I (20), octopus OK (unpublished data), and tobacco 
TS (16)—arc also included in this group, but the extent of 
their similarities to lRNAL>'* is low. We have tentatively 
listed these 9 families of SINEs in Table 1 as members of a 
superfamily of tRNAtys-rclatcd SINEs. However, it seems 
necessary to validate our hypothesis about the existence of a 
stipcrfamily of tRNALy5-rclaled SINEs by some other criteria 
before the final allocation of each family of repetitive se
quences to this superfamily (sec below).

Several SINEs in Distant Species Exhibit Similarities (o One 
Another. We found that, among the families of SINEs in the 
supcrfamily of lRNALy!!-rclaled SINEs in Table 1, the tRNA- 
unrelated regions of five families of SINEs—rodent type 2, 
charr Fok I, salmon Sma I, tortoise Pol III/SINE, and squid 
SK families—exhibit similarities to one another (data not 
shown). It is noteworthy that SINEs from phylogcnclically 
distant taxa such as rodent, tortoise, fish, and squid arc 
similar to one another. Tibs finding prompteduiJoattcmpt 
the alignment of these five SINEs, as shown in ^ g^ ^ W h en  
at least four nucleotides arc identical at the same position of 
the aligned sequences, they arc highlighted in black. Of 78 
positions in the lRNAty?i-rcialcd region, 39 positions are 
highlighted in this way. To our surprise, we found that in the 
lRNAL y unrc 1 alcd region, the two sequence motifs 
GATCTG and TGG, at a distance of 10-11 nucleotides, were 
highly conserved. Although two mismatches and one deletion 
are present in the l 7ok I and in the •Sma I sequences, 
respectively, the complete sequences of these motifs arc 
present in the SINEs from squid, rodent, and tortoise. 1 hese 
results provide convincing evidence that the similaiit-ies an, 
significant.

A Possible Model Tor the Initial Generation of (RNA-Dem ed 
SINEs. It is possible that the two conserved sequences 
GATCTG and TGG have functions that led to their genera
tion by convergent evolution. It is also possible, however, 
thatlhcsc motifs were generated from a common evolution
ary ancestor and have a function that has led It) their 
conservation during evolution.

Unexpectedly, sequences similar to these motifs were 
delected in sequences complementary to the U5 regions of 
several mammalian retroviruses [SRV-1 (27), SRV-2 (28), 
MPMV (29), MMTV (30), HIV-1 (31), SIVepz (32), EIAV 
(33), 13IV127 (3'I), SA-OMVV (35)), and these sequences 
were located at distances from the respective -.primer-binding 
sites similar to the distance between the 3' end of the 
iRNA-rclatcd region and these two motifs in the SINEs (big. 
M). All these retroviruses arc presumed to use tRNAL>* as 
a primer tRNA during reverse transcription because of the 
presence of a sequence complementary to IRNAU* ;ii their 
respective primer-binding sites. £ .

In our model for the initial generation of SINEs((Fig. 5),)thc 
3'-tcrminal sequence of a tRNALy* (15-18 nucleotides), in
cluding the CCA sequence, hybridizes to the primer-binding 
site in the viral genome. Reverse transcription proceeds from 
the CCA end toward the 5' end of the genome. The main 
product of reverse transcription in v ilro  is a single-stranded 
DNA with lRNAby5 at its 5' terminus, which is known as

> o

F4

F5
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N025
NO 6 

0022 

N028 
NO 4 
NQ31

BOX A B o x  B
TGGCNNAGT-GG GGTTCGANNCC
i mui! ti 20 4o iim iiim

C G C m ’rAGCTCAG'ICGG'rAfJAGCAl'CCGCC'IXTGGAACCACAAGCn’ rcCGGG’nX.'GATACiXJfJT'CCCCOCCAAC

tatAtatatatatAtatntatatAtatcncAnttngAanttntatqqgatttgca---
cohctttactt-

aaataaaltattacatgaaacaaatttaaagttttttccttcgtttattcactat» * • 
tatatatatalatatalgtatatatatgtacatalatatatatttctgtagtgtc*•• 
actccaggaqcgct at caca ttaat tact aaujtt lacla a tacactijincgggc »

t qat tcetccaa tátclact tata taca tacatttatgtgtgtgtcjtgtqtj* • *

•g* t •

**t*•*g*•* 

a*•••ttgg*

80 100 
CONSENSUS CAGCGTATGAGTAGCACGGCTPGGAT- -

120 140 1«0 180
-CTCTOCGGTA AAGlGGGGAGCTCATOGTAGGTGTOGCGCTCCA CCTCAGACGCAAAA AA-CAATCTCCClGGlCTAGCGCTAGCGA AAAGGrCA TA

N025 
NO 6 
0022  

N028 
NO 4 
N031 •g*aaletgat*

•g*g** *t*
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200 220 240

GACTCCClXTGCIGrrCGGCTCATACCGACAATAGGCCAClCCGCCTAC.... TITACTT

N025 
NO 6 
N022 
N028 
NO 4 
N031

.......... ........... .. .a.............. tttttacttgtgaggttcactgtaatgatacaggtcatacattgtgagagctc

...................... a* • -..... ttjatatatatatatatatatatatatatatatatatatatatatatataatga
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____________......g. .f  . *a* • — .........fltgtgtUagattcaagttgttgagaaattaactggcagcatagcaaaaatggt

Fig. 2. Sequences of members of Ihc squid SK family and a consensus sequence. 1 he iRNA^-rclalcd region is underlined. I he two interna! 
promoters arc indicated above the consensus sequence. Direct repeals arc boxed.

the transcribed DNA “jumps” to the 3' terminus of the viral 
genome because of the presence of the .duplicated K region. 
From the sequence similarities described above, we propose 
0 model wherein the strong stop DNA with the IRNA1̂ '* 
becomes a SINE after several further unidentified processes, 
'lire primer tRNA is not removed, and it is copied instead into 
DNA or inserted directly into the genome as a covalent 
I RNA- DNA hybrid, (hereby creating a IRNA1̂ * pseudo- 
gene. This model explains the peculiar presence of the CCA 
sequence at the 3' terminus of the iRNA-rclatcd regions of 
several SINEs (see Introduction).,A similar mechanism for 

j , the generation of a tRNA pscudogcnc was originally sug- 
y  y '  gested by Saigo (36)^md Okada and coworkers (13, 17) hijyo- 

discussed such a mechanism subsequently., The model pre
sented here has been briefly described elsewhere (37).

When Saigo’s model was proposed in 1986, it appeared to 
be vety difficult to delect any similarities between SINEs and 
U5 regions of retroviruses, since the evolutionary rate of

mutation of genes in retroviruses is 10r’ limes higher than that 
of nuclear genes (38). We suspected at that time that no 
similarities would remain, even if the model were correct. 
However, the present study has revealed sequence similar
ities between SINEs and retroviruses. Nonetheless, such 
similarities may not be extensive enough to convince us of an 
evolutionary relationship. If we could isolate a pair consisting 
of a new animal or plant SINE and a new retrovirus in which 
the sequences of the regions mentioned in this study were 
much more similar to one another, we would be more 
confident of the validity of our model.

Our model appears to support our original notion that the 
five families of SINEs described above, which include Ihc 
rodent type 2, may have been derived from tRNA,v* [the 
progenitor of the rodent type 2/l/n family was proposed to be 
lRNAScr by Daniels and Dciningcr (9), sec above).

With regard to the origin of SINEs, lRNAL>'* appears to be 
the most frequent progenitor of SINEs (13, 14). If this

t R N A L y  " ( R a b b i t )  

S K  f a m i l y  

t R N A L y " ( S q u i d  )

B o x  A  B o x  B

TGGCNNAGT-GG GGTTCGANNCC

i m i n i  i l  11111111111
GCCCGGCUAGCUCAGUCGGUAGAGCAUGGGACUCUUAAUCCCAGGGUCGUGGGUUCGAGCCCCACGUUGGGCGCCA

/ / /  if i i n  M i m i  m i  i n  i mi  i l / / l i  m i x  m i m m i  li / /
CGGUUUAGCUCAGUCGGUAGAGCAUCCGCCUCGGAACCACAAGGUUCCGGGUUCGAUACCGGUCCCCGCCA

\ \ \  11 i l  mi  mi  mi  mi  mi  /  i mi  il i i m i /  m m  i li \ \
GCCCGGCUAGCUCAGUCGGUAGAGCACGAGACUCUUAAUCUCGGGGUCGUGGGUUCAAGCCCCACGUUGGGCGCCA

Fro. 3. Sequence comparisons between (lie IRNA-rclatcd segment in the consensus sequence of the squid SK family and Ihc lRNAL>* 
sequences from rabbit and squid. The sequence of the rabbit tRNA’ x* is taken from ref. 19 and the gene sequence for the squid tRNA1-Xs is 
our unpublished result.
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Table t. Classification of (bree supcrfnmilics nf SIN Ils
SINE Species Ref.

(-"'Siipcifamily of IKNA'-^iclalcd S IN Ijp
Galago typc2*family Galago n
Rodent type 2 (132) family Mouse, rat, hamster 10
Toj Toisc J ’oljJ 11/SINE Tortoise 17
Charr.Fok L family Salvclinus spp. 21
Salmon gin a 1 family Chum and pink salmon 12
Squid SK family -SflukF This paper
Salmoid Hpa I family All salmon id species 20
Octopus OK family Octopus Unpublished
Tobacco TS family____.—..Tobacco--- -—- — 16

C'Supcrfamilv of tRNAA,p-rclatcd SINEs_>
SMer family Sch is tosoni a 111 ansoi i f 22
Pig PRIM family Pig 23, 24
Octopus ORI family Octopus Unpublished
Octopus OR2 family Q&Jtopus— .......rH-Unpublished

çSTTpcrim^ of (RNA(i|y-rclatcd S]NEsJ
10Rabbit C family % ' 

Bovine and goat 73-bp
rRabnii

repeat Bovine, goat 10
Rice pSINEi Rice 15

. Pol y.poly morase. ~

preponderance reflects llic rclallvc proportion of retroviruses 
that use lRN A , yR as a primer among all retroviruses, it can 
be concluded that such retroviruses arc abundant in the 
biological world. If retroviruses that use lRNALys were 
selectively utilized in the origination of SIN Es, it is likely that 
the sequences of SIN Es with a IR N A ^-Iikc  structure have 
some function(s) and may confer some selective advantage 
on the respective hosts (!22pif all retroviruses have • • •  the 
potential to generate a SINE from a strong-stop DNA, we 
should be able to find many kinds of SIN E with a variety of 
tRNA-like structures that correspond to the variety of primer 
IRNA species used by many kinds of retrovirus in the animal 
kingdom. As shown in Table 1, the second most abundant 
SINEs arc those with a IR N A ^-Iikc structure, and the third 
are those with a lRNAr',y-likc structure. We have tentatively 
designated these groups as supcrfamilics, hoping to find 
homologous retroviruses with the respective primer tRNAs 
in the future.

On (he Possible Generation of SINEs by Horizontal 'I rans- 
mission. Our model also suggests that SINEs in distantly 
related species may have been generated by horizontal 
transmission. With respect to the question of how several 
SINEs in distant species happen to have similar sequences, 
there are two possible answers. One possibility is that a 
similar retrovirus infected distantly related organisms, such 
as rodents and squid, during a very short evolutionary lime 
period and that the strong-stop DNA with a primer IRNA 
gave rise independently to the respective SIN E within each 
organism. Phylogenetic analysis of rctrons (39), based on 
their reverse transcriptases, has revealed the presence of 
related rctrotransposable elements in very different laxa, and 
it has been proposed that the rctrolransposons have spread 
horizontally (40, 41). In the case of the plant cro/z/V/-like 
rctrolransposons, more concrete evidence for horizontal 
transmission has been presented recently (42). Moreover, it 
is well established that many endogenous retroviruses have 
spread to new species by horizontal transfer, and (here is also 
every reason to believe that endogenous viruses arc the 
descendants of exogenous viruses that infected germ-line 
cells (40). The generation of SINEs by independent infection 
of retroviruses is not unlikely. However, it should be noted 
that sequences of the lRNALyi!-rclatcd regions of five SINEs 
(highlighted nucleotides in Fig. 4a) arc highly conserved 
among these SINEs. It is difficult to envision that such 
coincidentally highly conserved stretches arose as a result of

P ro c . N a il. A c a d  Se i, U S A  90 (1993)

the independent generation of SINEs within each organism 
unless these conserved regions were selected during a pro
cess of rclroposilion within a germ cell or during a fixation 
process in each species. The alternative possibility is that 
genetic information in a primordial SIN E in one oiganism 
was transmitted horizontally to another organism as the 
transcript of this SIN E or as the SIN E DNA itself. The fact 
that (he rice pSINEi is more similar to the rabbit C family 
than to lRNAG,y (our own alignment, not shown here) can be 
explained only by assuming such a process. The two possi
bilities described above arc not, however, mutually exclu
sive. More examples arc required if we arc to identify the 
dominant mechanism for the dispersion of SINEs throughout 
the biological world.

Doolittle ci al. (40) noted that, judged from their present- 
day distribution, genuine retroviruses must have appealed 
well after the evolution of vertebrates and perhaps even after 
the emergence of mammals. I f this were the ease and if SIN Es 
were generated from retroviruses as we propose, the SINEs 
evolved and have been amplified only after the time when 
mammals emerged. This view may explain why there arc 
many SINEs within mammalian genomes and fewer SINEs in 
nonmammalian genomes (see Introduction). Since the estab
lishment of mammals, SINEs with retroviral genetic infor
mation consisting of a long terminal repeat with a primer 
(RNA might have been flowing continuously into the ge
nomes of vertebrates and also invertebrates, contributing to 
the remodeling of the host genomes and endowing them with 
genetic variability during evolution.
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SINEs may have been generated from a strong-stop DNA. (n) Alignment of five SINEs that appear to be derived from tRNA y . 
cs at positions at which at least four nucleotides arc identical arc highlighted in black. When the highlighted nucleotides arc also 
o a nucleotide in lRNALys (rabbit), (he nucleotides arc indicated by a star. Two conserved regions of GATCTG and TOG arc indicated

F ig. 4.
Nucleotides
identical to a . . . . . . . . .  . v .....---- ------- - ......- ------   ̂ . . ... , , f. . f .. d ,
|,y phis signs. Deletions arc shown by bars. Fok I, Sma I, SK, B2, and 'PORT stand for the charr ¡ok  I family, the salmon Sma I family, the 
squid SK family, the rodent type 2(132) family, and the tortoise Pol 1II/SINE family, respectively. (/;) Alignment of sequences complcmcntaiy 
to the U5 regions of several retroviruses that use tRNALy* as a primer. The CCA sequences at the end of each primer-binding site and the two 
conserved regions arc highlighted in black. The two conserved regions arc indicated by plus signs. References for these retroviruses arc indicated 
in the text. Deletions arc shown by bars. 'Hie distance in nucleotides to the 5 ' end of the R region of the viruses is indicated.
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SINEs (see text for details). PBS, primer-binding site.
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ABSTRACT Severn! subfamilies of the snlmonid Ilpa I 
short interspersed element (SINE) family were isolated from 
snlmonid genomes and were sequenced. For each genomic locus 
that represented the subfamily, amplification by PCR of the 
orlhologous loci in (he 12 fish allowed us (o determine the order 
of branching of the Pacific snlmonid species.-The deduced 
phytogeny suggests three evolutionary lines, hnmety, a line of 
chum salmon^ pink salmon, and kokancc; a line of coho salmon 
and chinook salmon; and a lincof stcelhcad trout. Our data also 
support a change in the phylogenetic assignment oi stcclhcad 
trout from Salmo to Oncorhynchus. We present here an 
extensive phylogenetic tree constructed from an analysis i|f 
differential insertion of SINEs, and we propose (hat SINE 
insertion analysis is one of the best available methods for 
clarifying the order of divergence of closely related species.

I family, is present in all species in the family Salnionidac but 
not in other species (16). These results suggest that these 
SIN Es were amplified specifically within certain salmonid 
lineages during evolution.

Our data prompted tis to attempt to construct a phylogc* 
nctic tree for the salmonid species by using SIN E insertions 
as irreversible events that would serve as informative mark
ers of evolution. In this report, we present a characterization 
of the four subfamilies of the Iljja  I family.! These subfam
ilies were amplified in the four different ancestral species 
within the genus Oncorhynchus. Such characterization pro
vides a highly reliable order of branching of the various 
species of Oncorhynchus.

MATERIALS AND METHODS

A rctm poson is defined as a nucleotide sequence, present 
initially as a cellular RNA transcript, that has been rcineor- 
poratecl into the genome, presumably via a cDNA interme
diate. Rclroposons constitute roughly 10% of the human 
genome and are similarly abundant in other mammalian 
genomes (1, 2). As a result, the remarkable fluidity of 
eukaryotic genomes reflects the contributions of rclroposi- 
tion (2) as well as mechanisms operating at the DNA level 
such as mutation and recombination (1-4). Réim posons can 
be unique to one species, a few species, a genus, or in some 
eases a family, Rctroposilion is therefore a specialized form 
of geneduplication, which is believed to be of major impor
tance in (he creation of genetic diversity during evolution (5).

N onviralrclroposons are classified into three main groups: 
processed rctropscudogcncs, LIN Es (long interspersed ele
ments), and SIN Es (short interspersed elements) (6). Except 
for the rodent type 1 and human Aht families (7, 8), all of the 
SIN E families examined to date have been shown to be 

t f a  derived from tRNAs (9-14). A—famtfy—is—ideirttfietl—l>y-ft
§ 5 |  ic I ¡fill c nifmniefense-sitre-. In contrast to

DN A transposable elements, which arc often capable of 
being excised precisely^rdm fn-eeisely, SIN Es appear to be 
inserted irreversibly and should therefore provide an ideal 
evolutionary and phylogenetic marker (4).

The Pacific salmon and trout (Oncorhynclms) are a group 
of closely related species with complex life histories and an 
interesting global distribution (reviewed in ref. 15). Previ
ously, in an attempt to elucidate a possible role of SIN Es in 
the genomic organization and spéciation of salmonids, we 
characterized three families of iRNA-dcrivcd SIN Es in 
salmonid genomes (16, 17). Phe salmon Sma I family is 
restricted to the genom es of chum salmon and pink salmon. 
The chai r Fok Î family is present only in species that belong 
to the gemis Salvelinus. The third family, the salmonid I-Ipa

The publication costs of this article were defrayed In part hy page charge 
payment. This article must therefore be herebymarked *'advertisement” 
in accordance with 18 U.S.C. §1734 solely to indicate (his fact.

Experiments were performed by using standard techniques 
(18-21).

The fish species examined in lh,is study and their geo
graphic sources arc listed i^fTablc jDThc family Safnuuudac 
consists mainly of four genera: Oncorhynchus, Salmo, 
Salvclinus, and Hucho. The genus Oncorhynchus includes 
eight species, of which six species were analyzed in this 

-study. Genomic DNAs from chum salmon (O. kef a), kokancc 
(O. nerka adonis), and coho Salmon (O. kisutch) were used to 
construct three genomic libraries. Each genomic library was 
screened for phage clones that contained the salmonid llpa  
I family and their sequences were determined by the chain- 
termination method (19). When a unit of the family appeared 
to be integrated into a unique region of the genome, we 
synthesized 5' and 3' 20-mcric primers that flanked the unit. 
Then PCR was performed (20), using the DNAs from the 12 
listed species as templates. Each Iqcus was named after the 
number of the clone and the name of the species from which 
it was isolated. For example, when a phage clone was isolated 
from the genomic library of kokancc and the number of the 
clone was 345, the locus was named Hpa(ON)-345 (where ON 
stands for O .nerka). The orlhologous loci of chum salmon 
(O. keta), pink salmon (O. gorhuscha), coho salmon (O. 
kisutch), and stcclhcad trout (O. tnykiss), which could be 
detected by PCR, were named I Jpa(OI<)-345, I Ipa(OG)-345,
I Ipa(OKi)-345, and IIpa(OMy)-345, respectively. To confirm 
the presence or absence of a SIN E unit, Southern hybrid
ization experiments were performed (21) and several se
quences of products of PCR at the orlhologous loci were 
determined. To distinguish different loci from one another, 
different numbering systems were adopted for the different 
genomic libraries.

Abbreviation: SINE, short interspersed element.
•To whom reprint requests should be sent at the present address: 
Faculty of Bioscicncc and Biotechnology, Tokyo Institute of Tech
nology, 4259 Nngalsula-cho, Midori-ku, Yokohama 227, Japan, 

t-f hc sequences reported in this paper have been deposited in the 
GenBank data base (accession nos. ? •••••) .
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1



JOBNAME: Docket #  PAGE: 2 SESS: .1 OUTPUT: Thu May 20 10:01:50 1993 
/bs3/301/lcani5/pnas/onginnl/0600a8884

2 Genetics: Murala e t al. Proc. N a d  A c a d  Set. USA 90 (1993)

'rabie 1. Fish species analyzed
Fiunily Genas Species Common name Geographic source

Salmonidac Oncorhynchns kc(a Cluim salmon Okhotsk Sea
gorhttscha Pink salmon Japan Sea
nerka adonis Kokancc Lake Shikolsu, Hokkaido
tshàwyfscha Chinook salmon Willapa River, Washington
kisutch Coho salmon Lake Eva Creek, Alaska
tnykixs Slcclhcad trout Univ. of Washington

Sahno frntta Brown trout Nikko Branch, National Research
£7 Institute of A quaculture, /-/p/i.$A

sa far Atlantic salmon Atlantic Ocean
Salvelinus malnta Dolly Varden Montana Creek, Alaska

Icucontacnis Icucornacnis White-spotted charr Shakolan River, Hokkaido
lincho p e tty  t Japanese huchcn Sorachi River system, Hokkaido

Plccoglossidac Plecoglosstis affive lis Ayu fish Lake Biwa, Honshu

.....n T "

RESULTS
'Flic Genomes of the Pacific Salmon and Trout Arc Distinct 

from Those of the Atlantic Salmon and Trout. T he Hpa-345 
locus was isolated from a genomic library of kokancc. The 
sequence of this locus, which contains a unit of the I f  p a  I 

.t-" ^  subfamily, and dijiL-ijf flanking regions were determined 
b(Tig. LJ], and two primers flanking the unit 

((Jj>blc 2)3 were syn (Ties i zed. Using the 12 fish DNAs as 
templates, we amplified by PCR. As shown in Fig. 2A , the 
unit of (he Ilpa  I subfamily is apparently integrated in the 
genomes of the Pacific salmon and trout, whereas it is not 
integrated in those of the other fish. To confirm this result, 
two Southern hybridization experiments were performed. 
First, an agarose gel of (he products of the PCR experiment 
described inTig.^/f was blotted onto a membrane filler. The 
filter was then hybridized with a T7 transcript that contained 
only (he unit sequence of the Ilpa  I family (from nucleotides 

|fe— yS-LOl of the consensus sequence in ref. 16) as a probe. Fig., 
dhat the probe hybridized specifically to the upper

bands (395 bp) in the gel, confirming that the unit is integrated 
in the genomes of the Pacific salmon and trout. Second, after 
being washed, the same filler was hybridized with labeled 
cloned DNA of the IIpa-345 locus that contained the unit 
sequence as well as the unique flanking regions as a probe. 
This experiment was performed to ascertain that the loci into 
which the unit was not integrated were intact. Fig. 2C shows 
that the probe hybridized to the lower bands as well. Fur
thermore, to confirm that the genomes of the Atlantic salmon 
and trout do not contain the unit of the f fpa I subfamily at (his 
locus, (he sequence of a 255-bp fragment of DNA from brown 
(rout was determined [Hpa(ST)-345 in Fig. 1/i].

The above results clearly indicated that all the present-day 
Pacific salmon and trout, including (hcstcclhcad trout, which 
was recently moved from the genus Sahno to the genus 
Oncorhynchits (see D iscussion) (15), form a monophyletic 
group. The i lp a  I subfamily, including Hpa-345 as a member, 
was amplified in one individual of the ancestral species of ail 
the present-day Pacific salmon and trout, and the unit in this

A . jjp *  ( SX ) -  3 4 5  Q£ACl GI .TACCACATAG.'ErAGCAAGC rAGCTAGTrGOACAACTAGCAAGTGAATTGATCAAATAAATAAOCATGCATTCAAOCCACAC- -GTTTTTGTTTA1xrATTAGAAC.ACTGGCGTC.ACAri"T
* ’ * “  * *................ .......................................... t . . . . . . . . . . . c . . . . . . . . . . . . . . . . . . .  , a a .............. .... • .  c ................ e» • * • • n t .................

GTCAGTAAAC- " AGTTGTGTGTCGATGCTGCCTAATGTTTCAGCTGACATTTGACACGTGATTAGTCTAOCWOTTAOAOCOTTOOACTAOTACCCCCOAOCTOACAAOOTACAAATCTOTCOTTCTOCCCCTOAXCA. . . »C* • • *tg............ ........... ................. . .t . . . .  ................. .. • . . . t ............... - ............................__________ _ -r ̂ , _V| V.  ̂- T̂grîifi fil ~ ÎTÉM W  '

0qCAqTTJVACCCACTAq00qTCATTqAAAATAAqXATTTqTTCTTAACTOACTTOCCTAOTAAA^T^ AAATCTGTGTTAACTGTGTAGTGAGAGCTTGAAAAGTGTCAGGCCTCATAGTGCTGrTTnAGTnrTTAT- ---- ----------------- ------------  ̂ » t • » a c • » - » • . * *.................. ........................................

B I " g *  \ o t ] - 1 9  AAACACAIGGICACGilTGlGAAATGCCAGc Ac AGc AGTTCTCCTGTACTGTGGGTTACCAGATACACACACAC----TGCTGTCTCTGrrrrrCAGTCTGGAGC-CACTAOO<,TAOCCTAOTOOTC, » • ‘ • * . . . .  « » * • » » • . . . .  . e ..........• *.......................nene* ............ .. • *c» *.......................g*gn»c* ----------------------------

! ! i : : ! : : i I ! ! : ! : : ! I “ ! ! ! ” * ! ! I ! ! ! ? * ! I I " * ^ CCCCOÄOCIOAC,'* ,,OT* ,lÄ* » ICTOTCCITCTOCCCCT®*»':CO.C*OTT»»CCC.CTOTTCCT»<IOCT.TCATI.A».»T»»0 A .T T I.T

! ! ! ! : * CT° * CTT° CCT° ° TrAAAT,*A<,aT* AAAT>ATTTTJ 3 ” ” ; ; * AI; ^ Â ^^CC*TAAGCAOAAGArACAAACTTTCAACACCCGTCCrACCTAACTACTnAnTnrJ:TArAmAA.rATAr .

U  (O N )- 5 1 ^  QAGTTGAACATTACCAGTGACTACCA.T!EACCATCTTGTTACGCCTTGCAGAGTAAAAACCAAGCGACCAACTTCGGTrTTAGAAGTGTGTGGGGGGOGAGOCGGG__________ TATTT-ArAGTA
.............. ................................. . . . g . . .....................................g .g * c .» . <:»♦•<:• •nc*gacggatgnc* • • *t * ...........

? ? : ? : f î : : : ? T : : ? ? : ? ^ ? ^ ? : ? " : ? : : ? ? ? : : : : r f : : : : : ! ü ü ü ? AocoTAoccTAo” aiTAoA« aTT-wA" A->TAA'- :->oAA- ” ^ aA« T« AAAcc cc o A TCT<,ACAAOOT,cAAATCT

! : ! ! ! I ! I ! ! ! ! ? I ! Ai ! A! ! " ! I I AAf f ' Af ” J J f f ' Aaa^ " f A3 ” AAAATA* 0 » » TOT<’ TI« ” «COOACTTOCCTO.TTAAATAAAAO<.tCAATrTTTTIAAATTTTIAAATTTGAA.:TATTrr------- - ------- -  ̂ - - - • “ - •  f'c*
ctaccgaagaatagtgaagacatcaaaactgtgaattaacacatatggaatcatgtagtaaccaaaaagg*****....................................... ....................

D Ilpa (OK i -  3 4 i  ^̂ T̂CT̂ /̂ f̂íTííTCCGGTCAGGAGTTCCAAGATCCAGGGCATGGCAGCTTTTACATAGCAGCATTTATTCTGCCATGGAATGGAAGAAGAACAGTCCAAATTCATAACAGrrATGATACAA
lipa (OMÿ) >3 41 ................................................................................................ .........*...........*............. *............... t ...............a. «... .......... ........... .... ...........
GGTATACAAGGTTGATATCA-----ACCTTCTTCTTGATTAGCCATAATGATTATAG-_______

. . g .  ............................ g g g . - . . . .......................« ..................................... . . . . . . . .  g c a f l g c
TTAATOCAOO<JTAOCCTAOTOaTTAOAOCTTTOOACTAnTAACCO<JAAOOTTACAAOTTCAAACCCCCOAOCTOA

! : : ! ! ! : ? “ ” ! I ! I ? ! ! : ! ! ! " ! ! I ! AA! A! ! ' A! ” AA" ' " ” 3 3 ' ' ” a “ « " = A” « AA»TAA0 AAIIT0TTCTTAACT<.ACTT<,CCTA0TTAAATAAA00TAAAATTAAAAAAATTACAGTC

CTTTTTTTAGCTGAAATAA - ATGTGGTGCGCAGTGGATAGTTTrTGCCAr 
..........................................t ............... ..

m .  1. Sequences or lire orlhologous loci oi l tpa-345 (A), l lpn-19 (0), Hpa-51 (C), amt Mpn-341 (D). Primer sequences arc underlined A 
i u sequence o i lire ///w  I family is given in boldface. Idenlical nucleotides arc indicalcd as dols, and dclclions arc indicated as dashes.

7f\t nucAo tides in DMAs a/nptip ed PC/( y (dUcA. ehjf ere n't Zpost /)t PM/)
cJtoneS; arc sAeion SinaJt J&tters.

£
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Pable 2. Sequences of primers used for detection of the four loci v: N O

Locus 5' flanking 3' flanking

Ilpa-345 
4 1pa-19 
Hpa-51 
II pa-341

.V-GCACTGTTACCACATAGTTAG-.V

.V-AAACACATGGTCACGGTGTG-.V
5'-0AGTTGAACATTACCAGTGACTACCATT-3'
V-CGAGTGTATCTGAAGTGTCC-3'

3'-TCACGACGAACTCACAAATA-5'

3'-GTCACCTATGAAAGACGGTG-5'

locus was fixed among the population, most likely by random 
genetic drift. We have isolated several other loci that indicate 
a clear distinction between the genomes of the Pacific and 
Atlantic groups. A compilation of these loci, together with 
other loci that specify other subfamilies, will be published 
elsewhere.

Chum Salmon, Pink Salmon, and Kokance Korin a Mono
phylctic Group. 7'he II pa -19 locus was isolated from a ge
nomic library of chum salmon and its nucleotide sequence 
wns determined. Primer DNAs were synthesized (Table 2) 
and PCR was performed. Judging from additional DNA 
products amplified by PCR (Fig. 3/I), sequence polymor
phisms arc present in this locus among several salmonid 
species.However, it is evident that a unit of this l ip a  Í 

Jpl ^subfamily is integrated i it die-genomes of chum salmon, pink 
^ ^ sa lm o n , and kokancq^(Fig. 3)9 These results suggest the 

existence of a common ancestral species for the three prc- 
jc i i l ’dav species. The nucleotide sequences of the ITp- 
afON)jní locus in kokance and the Mpa(OT)-19 locus in 
aiinooK salmon were determined and confirmed the validity 
of this inference (Fig. 1U).

Coho Salmon and Cliinook Salmon Arc Sister Species. The 
Hpa-51 locus was isolated from a genomic library of coho

» salmon and its nudc^lide sequence was determined (Fig. 1C). 
As shown iiEFig. 4,)il is evident that a unit of the l ip a  I 
subfamily at ihrsibcus was integrated only in the genomes of 
coho salmon and Chinook salmon, although some of the 
orlhologous loci in species other than Oncothynchu*sr were lost

( )n corh \n cliti\ S alm o Salve linos

H

oc
F i g . 2. I lie Pacific salmonids form a moiioplvylclic group. (A) 

Analysis of the products of PCR of the orlhologous loci of Mpn-345 
by electrophoresis in an agarose gel. (//) Southern hybridization of a 
blot of the gel in /I , using the unit sequence of the llpa  l family as 
a '.-probe. (C) Southern hybridization of the same blot, using the 
Hpa(ON)-345 DNA as a probe. 1 lybridization was performed in 
buffer [50% (voi/voi) formamidc/1 % SDS/1 M NaCI| at 42"C for 16 
hr. In the experiment in C, I lie blot was treated with an alkaline 
Solution (0.4 M NaOI I) at 42*C for 30 min before hybridization. Black 
and white arrowheads indicate positions of DNA with and without an 
integrateti unit of the ¡¡¡la I subfamily, respectively.

during evolution (Fig. 4C). The sequence of the orlhologous 
locus Hpa(ON)-51 indicates that the.unit is present in the 
genome of coho salmon but not in that of kokance (Fig. 1C).

The Five Pacific Salmon Form a Monophylctic Group. The 
ITpa-341 locus was isolated from a genomic library of ko
kance. A unit of the Ifpa I subfamily was demonstrated to be 
integrated into the orthologous loci of the five Pacific salmon 

(^(Fig. 5J). Thus, chum salmon, pink salmon, kokance, Chinook 
Salnion, and coho salmon form a monophylctic group. The 
band in the lane for chum salmon in Fig. 5/1 has higher 
mobility than the other four bands, but a hybridization signal 
was delected in this lane (Fig. 5/1). The nucleotide sequence 
of the Hpa(OK)-341 locus in chum salmon indicated that a 
deletion of 160 bp of DNA has occurred specifically in this 
lineage, with only 42 nucleotides of the unit at the 5' end being 
present at this locus. Fig. ID shows the sequences of the 
three orthologous loci of kokance, chum salmon, and steel- 
head trout.

This locus docs not provide information about the diver
gence of the former Saltno (slcclhcad trout) from the genus 
Oncorhynchus (see D iscussion), because the unit was not 
integrated at the orlhologous locus of cherry salmon (O. 
m ason), which belongs to O ncorhynchus (data not shown). 
Therefore, the data indicate the existence of an ancestral 
species that was common to the above five salmon after the 
divergence of cherry salmon and slcclhcad trout. The rela
tionship between cherry salmon and slcclhcad troutps cur
rently unknown.

DISCUSSION
SINE Insertion Analysis Is an Excellent M ethod for D eter

m ining the O rd er of Divergence of Closely Related Species.

< 3

-C J

F ig . 3. Chum salmon, pink salmon, and kokance form a mono
phylctic group. (A) Analysis of the products of PCR of the orlholo
gous loci of Mpa-19 by electrophoresis in an agarose gel. (/J) Southern 
hybridization of a blot of the gel in A , using the unit sequence of the 
/ ¡pa I family as a probe. (C) Southern hybridization of the same blot, 
using the Hpa(OK)-19 DNA as a probe. The hybridization conditions 
were the same as those described in the legend to Fig. 2.
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F ig. 4. Coho salmon and chinook salmon arc sislcr species. (A) 
Analysis of the products of PCR of the orlhologous loci of Mpa-51 by 
clcclrophorcsis in an agarose gel. (/I) Southern hybridization of a blot 
of the gel in /I, using Ihc unit sequence of the f j p |  I fanfly as a probe. 
(C) Southern hybridization of the same blot, using the 1 Ipn(OKi)-51 
DNA as a probe. 'I hc hybridization conditions were the same as 
thosedescribed in the legend to Fig. 2.

Several types of variation in DNA and protein have been used 
to infer phylogenetic relationships among species (22). The 
methods based on comparisons of sequence data among 
species must, however, always involve statistical errors and 
often require a large quantity of sequence data to ensure the 
validity of the branching orders. Moreover, the fact that the

WNtft K mm, < 3

F ig. 5. The five Pacific salmon form a monophylctic group. (A) 
Analysis of the products of PCR of the orlhologous loci of Hpa-341 
by electrophoresis in an agarose gel. (/I) Southern hybridization of a 
blot of the gel in A , using the unit sequence of the l!pn I family as 
a probe. (C) Southern hybridization of the same blot using the 
I Ip:»(ON)-341 DNA as a probe. The hybridization conditions in the 
experiment of C were the same as those described in the legend to 
Fig. 2. In the experiment o f/l, hybridization was performed in buffer 
(1% SDS/0.9 M NaCI/0.09 M sodium citrate, pH 7.0/0.1% bovine 
scrum album in/0.1% Ficoll/0.1% polyvinylpyrroIidonc/Evt7/cw7/M 
coli DNA at 5 mg/ml) at 37°C for 16 hr.

rate of molecular evolution is sometimes not constant makes 
it very difficult to generate an accurate phylogeny.

We propose that SINE insertion analysis, as presented 
here, is one of the best methods for determining the branching 
orders of closely related species. Previously, several labora
tories demonstrated that the human Alu  family can be divided 
into several subfamilies, with each being inserted into the 
host genome at a different lime during evolution (23-26). 
Mritlen c( al. (24) and Jurka and Smith (23) clearly showed 
that the human Ala repeats that amse at eaitier times shared 
correlated blocks of nucleotides that were dilferenl fiom the 
current consensus sequence at diagnostic positions. On the 
basis of these findings, Ryan and Dugaiezyk (27) suggested 
the possibility that the distribution o(Al u  elements might be 
used to resolve the branching order in the evolution of 
primates. In this ease, however, only the loci specific to the 
human genome were analyzed, and no extensive classifica
tion using this strategy has been attempted to dale. We 
believe that our phylogeny is the first example of the full 
application of this methodology. We have isolated and char
acterized several loci per branching point, greatly reducing 
the probability of phylogenetic incongruence due to poly
morphisms in the ancestral species (28).

With regard to the four loci described in the present study, 
it is not precisely determined whether each inserted SINE is 
fixed or polymorphic in the lineages of salmonid species. 
Recently we isolated one locus which contains a member of 
the Ifp ti I subfamily amplified specifically in the chum 
salmon, and we showed that the inserted SINE in this locus 
is fixed in all the populations of chum salmon from various 
places in the Pacific Ocean (unpublished results). This result 
strongly suggests that the SINE members in the four loci 
described above may be fixed in all the populations of 
salmonid species, because they arc much older than the 
member of the species-specific SINE in the chum salmon.

Phylogeny of Pacific Sahnonid.s. Western American trout
consist of various species, which include stcclhcad trout___
(rainbow trout), cutthroat trout, and allied species. The 
phylogenetic position of these species, represented by the 
stcclhcad trout in this study, has long been disputed because 
of their close relalcdncss both to Pacific salmon (Oncorhyn- 
chus) and to Atlantic salmon (Salm o) (reviewed in ref. 15). 
Recently, these species, which were previously classified as 
SalniOy were officially renamed Oncorltynclius (29). The 
decision was based on studies of the osteology (30) and 
biochemistry (31) of trout ami salmon, which showed lhal 
stcclhcad I rout and their close relatives arc more dosely 
related to Pacific salmon than to blown (rout and Ailanlic 
salmon.

The SINE insertion analyses described herein support this 
change in classification. 'Flic data presented here and other 
data to be published elsewhere demonstrate that there arc 
several genomic loci that show clear distinctions between the 
Pacific salmonids and the Atlantic ones. Our results indicate 
that all the Pacific salmonids, including stcelhcad trout, have 
a common ancestral species and form a monophylctic group. 
Since all the present-day Pacific salmonids contain the in
serted SINE in the Hpa-345 locus, it is likely that the 
ancestral species lived as a unique species in the Pacific 
Ocean during a long enough period of time for several 
variations in the DNA to be fixed among the population.

Chum salmon, pink salmon, and kokancc were shown to 
have a commpn ancestral species and to form a monophylctic ^  
group^(Fig.^6)J2Wilh respect to the relationship among these 
three species, we suggest that the kokancc lineage diverged 
before the divergence of the remaining two species, because 
the salmon Sm a I family is present only in the genomes of 
chum salmon and pink salmon (16). The salmon Snw  I family 
may have been amplified in a common ancestral species of 
these two species, suggesting that kokancc is distinct from

5 u b s r ¿ i e S
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Hpal family PokI family ^  Smal family
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F ig . 6. Fhylogcnclic tree of I he salmonid species as deduced 
from SINE inscrlion analyses. Three different kinds of (RNA- 
dcrivctl SINEs, namely, the Sma I family, the Fok I family, and the

_________ Upa 1 family, were amplified at specific stages of evolution of
salmonid species. Multiple filled arrows show the / lpa I subfamilies 
described in thclcxl and ref. 10. ^  p}
,1 , • r • , . . [ t k w  three sNllutl pair of species and might occupy \an inter’mediate evo
lutionary position (16). The phylogenyJn Fig. 6 is well 
correlated with that of Thomas et al. (32), obtained from 
analysis of mitochondrial DNA, but not with that obtained 
from allozymc variations by Utter et a l (33) or with that 
derived from morphological comparisons (29).

On the basis of ecological, morphological, behavioral, and 
biochemical data, there is general agreement that coho

____salmon and chinook salmon are the most closely related
Te species (29, 30, 32, 33). Our SINE inscrlion data support this 

conclusion. A
With respect to the phylogenetic position of slcclhcad 

trout, our phylogeny (Fig. 6) indicates that slcclhcad trout 
diverged before the divergence of the other five Pacific 
salmon. This conclusion is in accordance with that from 
morphological comparisons (29^bul not with that of Thomas 
et al. (32), who showed, by analysis of mitochondrial DNA, 
that rainbow trout (slcclhcad trout), coho salmon, and chi
nook salmon form a monophylctic group. When a root of the 
phylogénie tree of Thomas et al. (32) is moved to the 
evolutionary line of rainbow trout, their phylogeny becomes 
the same as ours. Therefore, we suggest that the rale of

x __^molecular evolution altered in the lineages of rainbow and
cutthroat trout. With respect to the order of branching, we 
believe that our phylogeny (Fig. 6) is the most reliable of 
those presented to dale.
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ABSTRACT W c have characterized a family of IRNA- 
dcrived short in terspersed repetitive elements (SINEs) in the 
tobacco genom e. M em bers of this family of SINEs, designated 
TS have a composite struc tu re  and include a region s tru c tu r
ally sim ilar to a rabb it tRNALy5, a IRN A-unrcIatcd region, and 
a TTG  repeal of variable length at the 3 ' end. Southern  blot 
hybrid ization , together w ith a search of the G enBank data 
base, showed that various plants belonging to (he families 
Solanaccae and Convolvulaccac contain sequences homologous 
(o (he TS family in the n itrons and flanking regions of m any 
genes, w hereas Arabidopsis in the family C rucifcrac and scyci al 
species of m onocotylcdonous plants do not. The TS family is 
widely involved in s tru c tu ra l and genetic variations in the 
genomes of many plants tha t belong to the o rder T ubiflorac. All 
of nine sequences identified in a data base search arc  truncated  
al (heir 5' regions and lack the (RN A-rclatcd region of the TS 
family. W c characterized the entire sequence of the m em bers 
of the TS family and found tha t (his family can be categorized 
as a m em ber of a group of SINEs with a lRNALyMikc struc tu re , 
as can several anim al SIN Es. T he TS family can be divided into 
two m ajor subfamilies by analysis of diagnostic positions, and 
one of the subfamilies is clearly younger than the o ther. 
Amplification of many copies of the full sequence of the younger 
subfam ily occurred during the recent evolution of the tobacco 
lineage. Wc also discuss m echanism s that could be involved in 
the generation of SINEs in anim als and also in plants.

A rclroposon is a unit of information, initially present as in an 
RNA transcript, that has been incorporated back into the 
genome via a eDNA intermediate (1, 2). A mechanism that 
creates retroposons, called rctroposilion, was recently char
acterized as one that generates structural variability in eu
karyotic genomes (1, 2). Retroposons can be divided into 
viral and nonviral superfamilics (2). Nonviral retroposons are 
classified  into three main groups: processed retio- 
pscudogcncs, long interspersed repetitive elements (LINEs), 
and short interspersed repetitive elements (SINEs) (2). 
Among the retroposons, SINEs are predominant and most 
mammalian genomes typically contain large numbers of 
SINEs (3). Recent findings confirm the notion that amplifi
cations ofJLbS SINE^continuously generate genetic and struc
tural variations in tlic host genome even at the present lime
(2, 4, 5). r

In 1985, three groups demonstrated that most mammalian
SINEs arc derived from tRNAs or their genes (1, 6-8). 
Except for human/f/u and related families, most SINEs have 
a composite structure that consists of a region homologous to 
a tRNA, a tRNA-unrelatcd region, and an A- or (A-f T)-rich

region (8, 9). A major group of SINEs in the animal kingdom 
is considered to be derived from a tRNA >Vor to a l i ^ A  
species that is structurally related to tRNAL>'5, because of the 
marked structural resemblance of these SINEs to this tRNA 
(9). Because of the absence of such retroposons in avian and 
Drosophila genomes, it was believed initially that SINEs are 
restricted to mammalian species (1, 2). Recent reports from 
several laboratories have indicated, however, that the tR- 
ITALys-rcIaied SINEs arc widespread in the animal kingdom 
in vertebrates and invertebrates (9). In plant species, only a 
single SINE family, named p-SIN E /, has been characterized. 
It is found in the rice genome (10) but it has no significant
similarity to a tRNA. . t

Wc report here an example of a plant SINE family that may 
have been derived from a tRNA. Fhis SINE family, desig
nated the TS family, is probably a member of the class of 
SINEs with a tRNALys-iikc structure (11) that have been 
characterized in animals.

MATERIALS AND METHODS
For cloning of the TS family sequences and DNA sequencing, 
a tobacco genomic library of Nicotiana labaewn  L. var. 
NK326 (purchased from Clontcch) was screened using the 
32P-labclcd EcoVA-Dra I DNA fragment (Fig. 1) that contains 
the repetitive sequence present around .OWi target site for 
integration of transferred DNA (T-DNA) in clone D-2T (12, 
13) Three independent positive clones were obtained and 
were designated Nl2, Nt3, and Nt4. A 0.7-kb S«u3Al frag
ment of Nl2, a 0.78-kb .Sm/3Al-£coRI fragment of Nt3, and 
a 0.56-kb Sau3A\-E coR l fragment of Nt4 were detected by 
Southern hybridization (14) using the 32P-labelcd EcoRl-Dra  
I DNA fragment as a probe. These fragments were subcloned 
in the pUC18 vector (15). DNA sequencing was carried out 
by the dideoxy chain-termination method (16).

RESULTS
Characterization of Repetitive Sequences in Tobacco and 

Other Plants. Our laboratory previously reported that a 
repetitive sequence is present around the target site for 
integration of T-DNA (a specific DNA region of the Ti 
plasmid that can be trapsfened ixomAgrobactcriwn  to plant 
chromosomes) ( l^ ./E ig J ^ h o w s  a restriction map of the 
genomic DNA fragmCnTtfial contains the T-DNA integration 
site. The previous study showed that a repetitive sequence is 
present in the////idIII-£coR I fragment (Fig. 1) (12). When wc 
hybridized EcoKl digests of genomic DNA from leaves of 
nontransformed tobacco with the DNA fragments a, b, and c

The publication costs of this article were defrayed in part by page charge 
payment. This article must therefore be hereby marked " advertisement 
in accordance with 18 U.S.C. §1734 solely to indicate this fact.

A bbreviations: SINE, short interspersed repetitive element; 
T-DNA, transferred DNA.
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T-DNA

L _ L _____ L _ _
a ----------
b --------

1 kb

F ig. h  Restriction map of the DNA fragments around the target 
site of T-DNA integration in the transformant D-2T (12). E, EcoRI; 
H, /Ymdlll; D, Dra \\ R, Rsa I. An arrow indicates the integration site 
ofT-DNA.

ns probes, fragments b and c hybridized to many heteroge
neous DNAs, whereas fragment a hybridized to a single band 
of DNA (data not shown). This result shows that the Dra 
\-E co R \ fragment contains the repetitive sequence. The 
pattern of hybridization also indicates that this repetitive 
sequence is interspersed throughout the genome of tobacco.
>\Yc~Tictcrmincd the nucleotide sequence of this fragment 

F2 ((Fig. 2, N il) and found that the sequence was flanked by 
dfrc^Ficpcats of TTTTATAACA but had none of the char
acteristic features of DNA transposons, such as terminal 
inverted repeats. A search of the GenBank data base (release 
7 3 .0 )  using the f a s t a  program (24) revealed that related 
sequences arc present in introns and flanking regions of many 
ccncs in species belonging to the family Solanaccac, such as 
Tobacco, tomato, and potato. Nine sequences related to that

OB E 
■l.L-J

C—

Proc. N a tl  A cad. ScL USA 90 (1993)

of N il arc shown in Fig. 2 (designated GNT to CHN). With 
the exception of GNT, all sequences are about 60 nuclcoti^s 
shorter than that of N tl, although three of them (STH/2,
HSF8, and CHN) have no obvious target site duplications, 
and ambiguities of one or two nucleotides arc present around 
the 5' and 3' boundaries of these units.

Isolation of a IRNA-Dcrived Full-Length SINE from the 
Tobacco Genome. To isolate full-length members of this 
repealed family, we screened a tobacco genomic library using 
the Dra I-E coR l fragment as a probe and isolated three 
additional members of this repetitive sequence from the 
tobacco genome (designated Nl2, Nl3, and Nt4). An align
ment of these sequences showed that they constitute a typical 
SINE family, each of them composed of three distinct 
regions: a region homologous to a tRNA (thick line in Fig. 2)
(see below), a tRNA-unrclatcd region, and a simple repeated 
unit of (TTG)„ with a variable length of 7-45 nucleotides at 
the 3' end (Fig. 2). Thej^msen^s^quence^deduced from A g | |  
Nt2, Nt3, an<TNt4Contains two blocks of scqucnccsJrMJic .■ 
tRNA-rclatcd region that are homologous to the box A aruT/M 
box B sequences of the promoter for RNA polymerase III 
(23) (Fig. 2). We designated these SINEs as members of the 
T5 (Iobacco SINE) family. As described below, in vitro 
transcription indicated that the G residue marked +1 (Fig. 2) 
is a site for initiation of transcription, and it may be the5' end 
of this repetitive sequence. Therefore, Nt2 and Nt3 contain 
the entire sequence that is typical of the TS family, whereas

hox A
TGGCWJAGTGG

nox n
GGTTCGMJNCC

i m i nn -70
Cons
NU
Nl2
Nl3
N14
GNT

N11 
Nl2 
NI3

p i JQ ,| n  |||. . 3 0_______ ¡JO_______ . 5 0 llllimi _______ iS*

i # p g ! a s i f e ! g s a ^ p a ^ 3 a s B s ^

on 100 110 120 . 130 . 1 4 0 . 150 . 1 6 0 . 170 .180

■ • GTGGGGAGTTTCTTGGACGGAGGGA-GCC-GAGCCrCTA-TCGCftAACAGCCTCTCTACCC pS-CAn.CCAGGGCTAAGGTArGCGTACACfJ.TATCCTCCCCAC C
GTGGGGAGTT-CTTGGAGGGAAGGATGCC-GAGGGTCTA-TTGGAAACAGCCTCTCTACCT | 
GTGGGAAGTT-CTTGGAGGGAAGAATGTCGGGGGGTCTATTTGGAAACAGTCTCTCTACCC|

NM g TGGGGAGTT-CTTGGAGG-AAGGGAGCC-GAGGGTCTA-TCGGAAACAGCCTCTCTACCC |
GNT GTGGCGAGTT-CTTGAAGGCAAGGATGCOGAGGGTCAT-TTGGAAACAGCCTCTCTACCC |
C D 4A  a a r t g q t t t q a a a  t q c t U ttC t )t[Ta)\GCC-AAGGGTCTAATCAGAAACACCCTCTCTACCT •
U 6N  ta a a ta a tt t t t t ta tt t tc |^ g U r|a c ^ \ T G G A G A G T C T A -T T G G A A A C G A C C T C C C T A C C C  •
STH2 a tta ttc c c a a a a a tg a a c tta a c q A G C C -G A A G -T C T A -T C A T A A A T A A e T T C T T T A C T C J  
HSF8 agagtctagggaagacaaaaatttgAG CC-CAG G A TG TA -TCAA AA ACA G TCTCTG TA CACfc

GGGTAGGGGTAAGGTCTGCGTACAC/u . i i1;GCAGGGGTAAGGTATGCGTACAcFi;TATCCTCCCCAGAC 
1GTAGGGGTAAGGTCTGCGTACACA TTACCCTCCCCAGAC 
*,GTAGGGGTAAGGTCTGCGTACA(i CTACCCTCCCCAGAC

j g t a g g g a t a a g g t c t g c g t a c a c SCTA CCCTCCCTA G A A
3GTAGGGGTAAGGTCTGCGTACACA ITACCCTCCCCAGAC 
•J-TAGGGCTAAGGTCTGCATACAllj rTACCTTCCC-AGAT 
iGTAAGGATAAGGTCTTGTAAATtlj CCTACCCTCGCAGAC

; a t a - g g t t a t g g t c t a c a t a c a i5 : g t t - - t a c c c a c a c  
IGTAGGGA  ^TA q^rTACACTCC^CA GAT

agagtetagggaagae------------------ '----  ----- ----------------' '̂ ArrftTArrrtcCCC^
P R 1 C  a t n t a a q t t t a a ^ a t g g ^ a a c c t ^ A -C C C - GAACGTCTa - TCCCAAACA GA CTTTCTGCCCTA T-CAGGGTAGGGGTAAGGTCTGC^ACACAGTACCCTCTCCA AAC
P G 13 nctqcctttCCttttatCtttCchadGCC-GAGCGTCTT-TCGGAAACAGCCTCTCTGCCTTTCTGAAGGTAGGGGTAAGGTCTGCGTACATACTACCCTCGCCAAAC
C P R  tQ lq ^ o n t t c a c t c a a t t ^ ^GCC-GAGGGTCTG-TCGGAAACAGCCTCTCCACCTTCA~CAAGGTAGTGTTAAGGTGTGCGTACT--CTACCCTCCCC - - -
CHN t  teatgtggtgcttatgetttcqcG AG Te-G AGG GTCTC-TTGG AAATAACTTCTCTATCTCCA-CAAGG TTCGG GTAAGATCTGCG TACAAACTACCCTCTCCAAAC

.190 .200 .210 
COOS CCCACT-AGTGGGATTATACTGGGT-TG
NU C C C A C T^  
Nt2 CCCACT 
Nl3 CCCATTA 
N14 CCCACT 
GNT CCCACT-I 
CD4A GCCACC 
U6N CTCACT 
STH2 CTCACT 
HSF0 CCCACT

»TGGGATTATACTGGG1 
GTGGGATTATACTGGGl! 
1TGGGATTATACTGGG11 
GTGGGATTATACTGGG3 
GTGGAATTATATTGGA3] 
GTGGGATTACACTGGG1 
GTGGGATTATATTGGGH 
GTGAAAATATACTGA-T
g t g g g t t t a c a c t g a g t |

CGfcXi.t. aCika.ch tatttaaaCGIIillitqttqqaatqaactthaaqtggtcctgaacagagcagatggaaattgaggattcata
rG T T G T T G T T G T T G T T d itq q t 't t liq c  t  a t  c a  a 11 g c a  g g cg  1 11 a a t a a a t g a  c  11 t g e a  ag  
rj]TTGTTA1TGTTGTTGTTGTTAITGIIAyeXXaiXGXiaiIG|7fel îhatcatnrr.TTGTrGTTGTTGTTGcYicataaa~atctchaaaqtagettaacaattgagaggatctctggg

*' atttt
rGlffGttqaafcqaattcrattcattgtagaattttcttggaaaactttaaagttaacattttgatcaatc 
rGTTATGTTGTTGTTGTTGTTAtqtatqqtcaqtttCttatg

PRlC CCCACTTAGTGAGACTTTAGTGGGTAGHGIXGIIGIIAXIGItatggtaacctgggaaacaggataaata
PG13 rrrArr— r.TGG~ATTACACTGGGTIIGIXGXrGtqqila'a)taacaacaaaatagag
CPR -CCACTTTGTAGAATTACACTTGGTXXGXXGXXGUGXIGUfil^.qqttcactcaattjGaacja^t 
CHN CCCACTATGTGGGATTATA-TGTCTATGtatetat taggag gatttteat

F ig. 2. Sequences of members of llic TS fnmily. N il shows the nucleotide sequence of Ihc repetitive sequence within the t-HroR' 
fragment shown in l-i6 . 1. N(2, N(3, t.ncl Nl4 show the nucleotide sequences of members of the TS family from clones Nl2, Nl3, and N 
respectively GNT CD4A, U6N, STI12, I ISF8, PlUc, PG13, CPR, and CHN show (he nucleotide sequences of members of Ihc TS family 
associated with the genes indicated: G N T J^ .h e  auxin-inducible gene GNT35 {G W rfb i tobacco (17); PRlc the gene for pathogenesis-re a ted 
Ic protein (PRlc) of tobacco (18); PG13, the G13 gene for the TGAla-rclalcd protein in tobacco (19); CHN, the gene for class I chilinasc Cl IN50 
in tobacco (20); CPR, the gene for the chloroplast 29-kDa ribonuclcoprotcin in sylvcslris (21); CD^ ,  Oic genefor Ay-Oependent
protease CD4A of tomato (22); HSF8, ihc gene for heat-stress transcription factor 8 m tomato (accession no. X67599), UON, the gene for the 
UC, small nuclear RNA in potato (accession no. X6050C.); STM2, the STH-2 gene for the pathogenesis-related protein m potato (accession no. 
M29.041) Cons shows a consensus nucleotide sequence deduced from the sequences oi clones N tl, Nl2, Nt3, N(4, and GN I . Numbers above 
the consensus sequence represent nucleotide positions with respect to the first G residue, which was determined by the primer extension 
experiment, as shown in Fig. 4. Direct repeats arc boxed. The tRNA-rclalcd region is indicated by a thick line. The TTG repeat is indicated 
by a thin line. Deletions arc shown by bars. Box A and box B show consensus sequences for (he RNA polymerase HI promoter (23). Diagnostic 
positions arc highlighted. Horizontal arrows indicate a tandem direct repeat.



JOBNAM E: Docket §  PAGE: 3 SESS: 3 OUTPUT: Fri May 14 11:14:43 1993 
/bs3/301/tcam5/pnas/original/0507a8884

Genetics: Yoshioka c t al.

Nt4 lacks (wo nucleotides at the 5' end. These sequences arc 
flanked by perfect or nearly perfect short, direct repeals with 
lengths of 15 bp for Nl2, 8 bp for Nl3, and 7 bp for Nl4. The 
lengths of these units without their TTG repeats arc 204, 207, 
and 202 nucleotides, respectively. The flanking regions of 
these repetitive sequences arc slightly enriched for (A + T) 
pairs but differ completely from one another. Alignments of 
all of the sequences related to the TS family clearly showed 
that those detected by a search of GenBank arc truncated 
forms and that the truncation sites arc almost identical 
(positions 105-108, Fig. 2). It is possible that truncation may 
be a general feature of one subfamily of IhcTS sequences (see 
below).

IRNA-Rclnled Sequence of the TS Family. In a computer- 
assisted similarity search, we found that of plant tRNA 
species reported to date, tRNAPMc (A rabidops is) (25) and 
lRNATr,> (wheal) (26) arc the most similar to the tRNA- 
rclatcd region of the TS family and lhcy-arc~64% and 63% 

F3 identical to this region, .respectively ((Fig. 3/ij) Since the 
sequences of several tRNAs in angios^rrns-XTRNAAj;P, tR- 
NAG,U, (RNA1̂ ", lRNALys, and tRNAThr) are not yet avail
able, we cannot conclude that lRNArhc and tRNATrp arc 
definitively the most similar to the TS SINE. The TS family 
also exhibits considerable sequence homology to a rabbit 
lRNALys (27). Fig. 3/J shows the sequences and structural 
.'similarities between the tRNA-rclalcd region of members of

A

tRNAPhe 5 ’ -G-CGGGGAUAGCUCAGU-UGGGAGAGCG----UCAGACUGA-AG

TS family 5 ' - g- agggguu- gcucuga- uggua- agcaaccucc- acuucca- 

lRNATfP 5 ‘ -GGAUCCGUG-GCGCA-AUUGGUAGCGCGU-CUG--ACU-CCAG

AUCUGA-AGGUCGCGUGUUCGA-UCCACGCUCACC-GCACCA-3'

acca- agagguugugaguucgagu- caccc- caagagcaag- 3 '

AUCAGA-AGGUUGCGUGUUCGA-UUCACGU-CGGGUCCACCA-3’

B

(a) TS family (b) tRNA1**

j F ig. 3. Sequence and structural comparisons of the tRNA- 
jTchitcd region of members of IhcTS family and tRNAs. (A) Sequence 
homologies between two plant tRNAs and the (RNA-rclalcd region 
of the TS family. The IRNA-relatcd region of the consensus sequence 
of the TS family (Fig. 2) is aligned with ArabUtopsis (RNAr,,c (25) and 
,wheat tRNATrp (26). Identical sequences arc indicated by asterisks, 
jf/i) Sequence and structural homologies between the iRNA-relatcd 
.Tegion of members of the TS family (a) and rabbit tRNA^v* (b). 
Numbers along (he sequence of the TS family arc nucleotide se
quence coordinates of the consensus sequence in Fig. 2. The 
sequence of tRNAl-x* is taken from ref. 27. identical sequences arc 
boxed. Deletions arc shown by bars. Only the four unmodified 
Inuclcolidcs arc shown.t

Proc. N a tl  A cad. S c i USA 90 (1993) 3

the TS family and this tRNALy* from rabbit (27). Of the 76 
nucleotides in the tRNA-relatcd region, 48 arc identical to 
those in the tRNA (63% identity). It should also be noted that, 
in addition to box A and box B (Fig. 2), several nucleotides 
conserved and semiconservcd in all tRNA molecules arc 
present in the sequence of the TS family. For example, the 
conserved CU dinuclcotidc on the 5' side of the anticodon 
loop of all tRNAs is retained at positions 38 and 39 in the TS 
family. The semiconservcd AA dinuclcotidc on the 3' side of 
the anticodon loop and the semiconservcd GGU trinucleotide 
in the “ extra” loop arc also retained at positions 43 and 44 
and 51-53 of the TS family, respectively.

TheTS Family Can Be Divided into Two Major Subfamilies. 
We found five diagnostic positions in the sequences of the TS 
family that allow the TS family to be clearly divided into two 
major subfamilies, designated the TSa and TSb subfamilies. 
The TSa subfamily includes Ntl, Nt2, Nt3, Nt4. and GNT, 
whereas the TSi> subfamily includes CD4A, U6N, STIp2. 
and HSF8 ((fable')*). The nucleotides at the five diagnostic 
positions—iramciy, 143-145, 149, 174, 197, and 215—arc 
specific to each subfamily, as highlighted in Fig. 2. It is 
possible that the TSa subfamily can be further subdivided 
into smaller subfamilies but this hypothesis cannot be vali
dated at present because of the small size of the sample. The 
diagnostic nucleotides in PRlc, PG13, CPR, and CHN exhibit 
patterns intermediate between those of the TSa and TSb 
subfamilies. For example, in PRlc, the bases at positions 149, 
174, and 197 reflect the pattern in TSa, whereas those at 
positions 143-145 and 215 reflect that in TSb. It also remains 
to be determined whether these clones belong to subfamilies 
intermediate between TSa and TSb or whether they reflect 
divergence of the TSb subfamily generated by the accumu
lation of neutral mutations in these sequences (28).

The consensus sequence was deduced separately for TSa 
and TSb, and their average sequence divergences were 
calculated to be 4.8% and 14.1%, respectively. These values 
indicate that the TSb subfamily is far older than (he TSa 
subfamily.

Transcription of the TS Family tn  Vitro. We^performed in 
vitro  transcription in a HeLa cell extract. Fig. 4/4^hows an 
example of an assay in which the cloned NlZ-BNA (Fig. 2) 
was transcribed in vitro to produce a transcript of 350 
nucleotides. In view of the sensitivity of the transcription to 
a-amanitin, it appears that this RNA is transcribed by RNA 
polymerase III. When total genomic DNA of tobacco was 
used as a template, it did not serve as a template for RNA 
polymerase III (data not shown), consistent with the frequent 
observation of 5' truncated forms of the TS family, A primer 
extension experiment was performed to identify the sitc(s) of 
initiation of the transcription in vitro. As shown in Fig. 4Z?, 
three extension products were detected. The initiation site 
deduced from the longest extension product was assigned to 
the G residue at position T l, which is assumed to be the 5' 
end of members of the.TS family (Fig. 2).

Table 1. Nucleotides in the diagnostic positions

Class Location

Position «

143 144 145 149 174 197 215
TSa Nil — * _ — T A A

Nt2 —- ' — . — T A A _
Nl3 —  . — — i G A A _
Nl4 gSSgg — - . G A A

GNT — -, §8 G A A ' ■
TSb CD4A c C A A C T A

U6N c A c A C T A
STH2 c A c A C T A
HSF8 c A c A C T A

* Numbers indicate the positions shown in Fig. 2.
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F ig . 4. Transcription in vitro of the TS family by a IIcLa cell 
extract. (A) An extract of I IcLa cells was prepared as described 
elsewhere (29) with slight modification (30). RNA was synthesized/// 
vitro essentially as described elsewhere (29). Transcription of Nt2 
DNA was performed in the absence (lane 1) or the presence of 
cr-amanilin at 2 ^g/nd (lane 2) or 200 ¿ig/ml (lane 3). The transcript 
is indicated by the arrow and the positions of the size markers arc 
indicated by numbers (nucleotides). (D) Determination of the site of 
initiation of transcription by primer extension analysis (right lane). 
The transcript generated in vitro was isolated from a denaturing 10% 
(wt/vol) polyacrylamide gel (31). The solution of RNA was mixed 
with 1 pmol of 5'-cnd-labclcd synthetic oligonucleotide PI (5'- 
GGTGACTCGAACACACAACC-3'; sequence complementary to 
nucleotides 51-70 in Nt2; see Fig. 2). The mixture was heated to 
100°C for 2 min and then cooled on ice. RNA was synthesized with 
33 units of reverse transcriptase under conditions recommended by 
the supplier (BRL). The transcript was subjected to electrophoresis 
on a 6% polyacrylamidc/7 M urea gel with DNA sequencing mark
ers. The longest extension product is indicated by an arrow.

T2

Identification of Sequences Similar to the TS Family in the 
Solanaccae. Quantitative dot-blot hybridization showed that, 
assuming a tobacco cell contains 1.6 X 109 bp of DNA per 
haploid genome (32), at least 5.0 x 104 copies of the TS family 
arc present in the haploid genome (data not shown). To 
examine the distribution of sequences similar to the TS family 
in the genomes of various plants, we performed Southern 
hybridization experiments. Sequences that can be hybridized 
with the TS family were detected in the genomes of plants 
belonging to the family Solanaccae and in the genome of 
Pltarbitis nil (morning glory) but not in those of Arabidopsis 
tliciliana and several monocotylcdonous plants (data not 
shown). The systematic classification of plant species used in 
these experiments is shown in ^ablc j y These results indicate 
that many copies of sequences homologous to the TS family

Proc. N a d  A c a d  ScL USA 90 (J993)

arc interspersed throughout the genomes of species belonging 
to the order Tubiflorac.

DISCUSSION
Characteristics of the TS Family. In this study, we charac

terized a series of SINEs of tobacco, which were designated 
members of the TS family. The sequence of the TS family 
contains a region homologous to a few specific tRNAs and a 
tRNA-unrelatcd region (see Fig. 2). In addition, there is a 
TTG repeat of variable length at the 3' end. Most SINEs in 
the animal kingdom have A- or (A+T)-rich sequences at their 
3' ends (1, 2, 14). The presence of the TTG repeat at the 3' 
end is a characteristic feature of the TS family. Rogers (1, 33) 
has proposed a model for the generation of the 3' tail of a 
SINE, in which the 3' tailing by tciomcrasc of a nick in the 
chromosomal target for insertion of the SINE is postulated.
Because the Iclomcric motifs from various organisms have 
been shown to be (G-t-T)-rich (34), the TTG repeat of the TS 
family may have been generated by tciomcrasc at a certain 
step in its rctrotransposition. Tclomcric structures and tc- 
lomcrasc from tobacco remain, however, to be characterized 
experimentally.

Diagnostic Positions Reveal Unique Features of the TS 
Subfamilies. Britten ct a i (35) and Jurka and Smith (36) 
showed that the human Alu repeats that arose at earlier limes 
shared correlated blocks of nucleotides that were different 
from the current consensus sequence at diagnostic positions.
Using the same strategy, we identified two major subfamilies 
in the TS family. Unexpectedly, we found that all members ^
of the TS family of. full length (N^2 and Nt3) or nearly full ■ (cij 
length (Nt4 and GNT) fall into the TSa subfamily, whereas 
several other members (CD4A, U6N, STIty^, and HSF8) 
with truncated sequences fail into the TSb subfamily. The 
results suggest that members of the TSb subfamily tended to 
be truncated specifically at positions 105-108 during retro- 
position. From the average sequence divergences of the two 
subfamilies, the source gene of TSb seems to be far older than 
that of TSa. Indeed, the source gene of TSa may have been 
generated from TSb by accumulation of mutations at five 
diagnostic positions. Introduction of mutations at these po
sitions may have altered the secondary structure or the 
sensitivity to nucleases of the transcript from TSb, thereby 
creating repeated units of TSa of full length during rctropo- 
sition. These results also suggest that the first amplification 
of the T S a ' subfamily, which gave rise to dispersion of 
sequences of full length, occurred relatively recently in the 
evolution of the tobacco lineage.

Possible Mechanisms for the Generation of the TS Family in 
Plants. To our knowledge, a tRNA-dcrivcd SINE in plnnls 
has not been reported previously. It is fairly well established

Table 2. Plant species analyzed

Class Order Family Genus Species Common name
Existence of 

the TS family
Dicotylcdoncac Tubiflorac Solanaccae Nicotiana tabacum Tobacco

Nicotiana sylvestris +
Solanum tuberosum Potato +
Lycopcrsicon csculentum Tomato +
Datura stramonium +
Pétunia hybrida Petunia +
Hyoscyamus niger +

Convolvulaccac Pltarbitis nil Morning glory +
Rhocadalcs Crucifcrac Arabidopsis thaliana* -

Monocotylcdoncnc Gluminorac Gramincac Oryza sativa * Rice -
Triticum aestivum * Wheat -
Zea mays * Maize . -

'Unpublished data.
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that most animal SINEs have evolved from tRNAs (for 
review, see ref. 9). It is remarkable that the tobacco 1 S family 
is composed of three distinct blocks as arc animal SINEs, a 
feature that suugcsts that a general or similar mechanism may 
be involved iiHhc initial generation of SINEs in animals and 
plants. Among animal SINEs, members of several families of 
SINEs arc very similar to a vertebrate tRNALys, being 
categorized as a superfamily of tRNALys-rclatcd SINEs (11). 
Recently, it was found that five tRNAL*s-rclalcd SINEs fiom 
distant species, such as rodent, fish, tortoise, and squid, have 
similar sequence blocks in their iRNA-unrclatcd regions and 
that the sequences complementary to these blocks arc pre- 
fent in the U5 regions of several retroviruses, whose primer 
or reverse transcription is a tRNALys. On the basis of these 

findings, a model for the generation of SINEs has been 
proposed, in which SINEs are derived from a strong stop 
DNA” with a primer tRNALys that is an intermediate in the 
process of reverse transcription of retroviruses (11). If we 
assume that a similar mechanism is involved in the generation 
of the tobacco TS family, the most likely candidate for the 
origin of the tRNA-rclatcd region of the TS family is a primer 
tRNA of plant rctrolransposons because retroviruses have 
yet to be demonstrated in plants.

The distribution of copia-like rctrolransposons in higher 
plants has been studied extensively and they have been 
shown to be ubiquitous in such plants (37, 38). All plant 
rctrolransposons characterized to dale, including tobacco 
Tntl, utilize tRNAMcl as a primer for reverse transcription 
(39a 41)- Since the tRNA-rclatcd region of the TS family 
exhibits structural similarities to plant tRNAp,1c, tRNATrt\ 
and animal tRNALyV(Fig. 3), it is unlikely that theTS family 
originated from any of the plant rctrolransposons reported to 
date. The present results might predict the possible presence 
of an unknown plant rclrotransposon that can utilize a tRNA 
as a primer that might be an ancestor of the tRNA-related 
region of the TS family. (

Another possible mechanism for the generation of the TS 
family involves horizontal transmission of a member of the 
superfamily of tRNALys-rcIatcd SINEs from an animal to a 
plant. With regard to horizontal transmission among many 
plant species, such a mechanism has already been proposed 
to be involved in the generation and distribution of the 
copia-like rctrolransposons of plants (37,38, 42). On the basis 
of the finding that plant cellular RNAs are encapsulated by 
the coat protein of tobacco mosaic virus (43), I lirochika and 
Hirochika (42) postulated the plant-virus-mcdialcd transmis
sion of an RNA transcript of a rclrotransposon. They also 
proposed ilial insects play a role in transmission of retro* 
transposons because a number of plant viruses aic known to 
be transmitted by insects. In addition to horizontal transmis
sion among plant species, it has been suggested that a 
copia-like element was transmitted between A rab idopsis  and 
D rosophila  (44). The insect-mediated infection of plant vi
ruses has also been postulated to account for the transmission 
of the copia-like element between this plant and the fruit fly 
(42). A similar mechanism may have contributed to horizon
tal transmission of SINEs between the animal and the plant 
kingdoms.
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Box A

TGGCNNAGTGG
Il II III .30 .40 .50

Box B
GGTTCGANNCC

MI MI MI .70 .80
Cons
Nt1
Nt2
Nt3
Nt4
GNT

Cons
Nt1
Nt2
Nt3
Nt4
GNT
CD4A
U6N
STH2
HSF8

PR1c
PG13
CPR
CHN

Cons
Nt1
Nt2
Nt3
Nt4
GNT
CD4A
U6N
STH2
HSF8
PR1c
PG13
CPR
CHN

GACAAGAG-GGGTTGCTCTGATGGTAAGCAACCTCCACTTCCAACCAAGAGGTTGTGAGTTCGAGTCACCCCAAGAGCAAG
q a a t t c t a t a c a a t q q t t t t t t a c a t c t t |t t t ta ta a c a lAGAGGTTGTGAGTTCGAGTCACTCCAAGAGCAAG

a t a t t g t t a t a }tq ttq q aatq aactt]GACAAGAG-GGGTTGCTCTGATGGTAAGCAACCTCCACTTCCAACCAAGAGGTTGTGTGTTCGAGTCACCCCAAGAGCAAG
a t t t t g t t t t c a t a a g t ^ g tg g ttt t lGACAAGAG-GGGTTGCTCTGATGGTAAGCAACCCCCACTTCCAACCGAGAGGTTGTGAGTTCGAGTCTCCCCAAGAGCAAG
tg ta a t t ta tg t tg t t tg a { tg |g t |tgaat)CTAGAGTGAGTTGCTCTAGTGGTGAGCACCCTCCACTTCCAACCAAGAGGTTGTGAGTTCGAGTCACCCCAAGAGTAAG

c t c t a a t t a g a a a t t t c t t g t |gcataaaatctc[rGATGGTAAGCACCCTCCACTTCCAACTAAGAGGTTGTGAGTTCGAGTCATCCCAAGAGCAAG

.90 .100 .110 .120 .130 .140
GTGGGGAGTT-CTTGGAGGGAAGGATGCC-GAGGGTCTA-TTGGAAACAGCCTCTCTACCC— 
GTGGGGAGTTTCTTGGAGGGAGGGA-GCC—GAGGGTCTA-TCGGAAACAGCCTCTCTACCC 
GTGGGGAGTT-CTTGGAGGGAAGGATGCC-GAGGGTCTA-TTGGAAACAGCCTCTCTACCT 
GTGGGAAGTT-CTTGGAGGGAAGAATGTCGGGGGGTCTATTTGGAAACAGTCTCTCTACCC 
GTGGGGAGTT-CTTGGAGG-AAGGGAGCC-GAGGGTCTA-TCGGAAACAGCCTCTCTACCCl 
GTGGGGAGTT-CTTGAAGGGAAGGATGCC-GAGGGTCAT-TTGGAAACAGCCTCTCTACCC

i&GCC-AAGGGTCTAATCAGAAACAGCCTCTCTACCT 
lTGGAGAGTCTA-TTGGAAACGACCTCCCTACCC

.150 .160 .170 .180
-CAGGGTAGGGGTAAGGTCTGCGTACACACTACCCTCCCCAGAC

a a c tg g t t tg a a a tg c t t j t tc t  
t a a a t a a t t t t t t t a t t t t c t g t t g a c
attattcccaaaaatgaacttaacgAGCC-GAAG-TCTA-TCATAAATAACTTCTTTACTC
agagtctagggaagacaaaaatttgAGCC-GAGGATGTA-TCAAAAACAGTCTCTGTACAC

3GCAGGGGTAAGGTATGCGTACAC
GGTAGGGGTAAGGTCTGCGTACAC
GGTAGGGGTAAGGTCTGCGTACAC
3GTAGGGATAAGGTCTGCGTACAC
3GTAGGGGTAAGGTCTGCGTACAC*
3-TAGGGGTAAGGTCTGCATACATJ
3GTAAGGATAAGGTCTTGTAAATCÍ

ata- ggttatggtctacatacat|  
GTAGGG& ATACt

ATACCCTACCCTCCÇC 
AT

TATCCTCCCCAGAC
’TACCCTCCCCAGAC
:taccctccccagac
:taccctccctagaa
:taccctccccagac

[TTACCTTCCC-AGAT 
:CTACCCTCGCAGAC 
:GTT— TACCCAGAC 
TACACTCC^gAGAT

a ta ta a g t t ta a |ta tg g ta a cc tg ]A-GCC-GAAGGTCTA--TCGGAAACAGACTTTCTGCCCTAT-CAGGGTAGGGGTAAGGTCTGCATACACAGTACCCTCTCCAAAC
g c tg c c t t tc c t t t~ ta tc t t t c c |ta a jGCC-GAGCGTCTT-TCGGAAACAGCCTCTCTGCCTTTCTGAAGGTAGGGGTAAGGTCTGCGTACATACTACCCTCCCCAAAC
tg tg g ftg g ttc a c tc a a ttc a a g a |GAGCC-GAGGGTCTG-TCGGAAACAGCCTCTCCACCTTCA-CAAGGTAGTGTTAAGGTGTGCGTACT— CTACCCTCCCCA-----
ttcatgtggtgcttatgctttcccGAGTC-GAGGGTCTC-TTGGAAATAACTTCTCTATCTCCA-CAAGGTTCGGGTAAGATCTGCGTACAAACTACCCTCTCCAAAC

.190 .200 .210
CCCACT-AGTGGGATTATACTGGGT-TG
CCCACT-JjfcTGGGATTATACTGGGlfilGltttta ta a c a lta t t ta a a  
CCCACT -yGTGGGATTATACTGGGI 
CCCATTAgGTGGGATTATACTGGGT
CCCACT-yTGGGATTATACTGGGTflrGTTGTTATTGTTGTTGTTGTTATTGTTATTGTTGTTGTTGTTqQcjtQaatlt a t c a ta  
CCCACT-yGTGGAATTATATTGGA‘rBrGTTGTCGTTGTTGTTGg|gcataaaatctc ]ta a a g ta g c tta a c a a ttq a q a a a a tc tc tq q q  
GCCACC-|3TGGGATTACACTGGGTarGTTGTTGTTGTTGTTT ac[ttctga)tqqgqqtqaggQ tatttt 
CTCACT- jjGTGGGATTATATTGGGT grGljlG ttg ig ^ g a a tt  c
CTCACT-ÍgtGAAAATATACTGA-T g l a t t c a t t g t a g a a t t t t c t t g g a a a a c t t t a a a g t t a a c a t t t t g a t c a a t c
CCCACT-pGTGGGTTTACACTGAG'lQrGTTATGTTGTTGTTGTTGTTAta ta ta C T tc a a tttc tta tg  
CCCACTTAGTGAGACTTTAGTGGGTAGTTGTTGTTGTTATTGT|tatggtaacctgfcgaaacaqqataaata  
CCCACT— GTGG-ATTACACTGGGTTTGTTGTTGtqq|taa|taacaacaaaataqaq  
-CCACTTTGTAGAATTACACTTGGTTTGTTGTTGTTGTTGTTGT|tggttcactcaattcaaga[ct  
CCCACTATGTGGGATTATA-TGTCTATGtatctattaggaggattttcat
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Synopsis

Japanese freshwater fishes, including lampreys, comprise 15 orders, 35 families, and 96 genera, with 211 species 
and subspecies. Most belong to the families Cyprinidae (29% of species and subspecies), Gobiidae (21%), 
Salmonidae (10%), and Cobitidae (8%). Cyprinids and cobitids presumably originated from east Asia, gobi- 
ids from southeast Asia, and cottids and salmonids from the north Pacific. Japanese freshwater fishes include 
88 endemic species and subspecies, of which three have been extirpated. Fishes introduced into natural rivers 
and lakes for inland commercial fisheries and sport fishing, and by accident, include many exotic species, of 
which 23 now inhabit natural freshwaters. These often have destroyed the local fish fauna by predation, and 
caused genetic pollution by hybridization with local strains. Destruction of freshwater environments by land 
development also poses a threat to Japanese freshwater fish communities. In addition Japanese freshwater 
systems have been markedly altered by development of rice paddy fields which have caused some species to 
decline but others to flourish ones, and changed the distribution patterns of fishes between upstream and 
downstream areas. To conserve endangered species and declining communities of Japanese freshwater fishes, 
we need to clarify the characteristics of their original habitats and the effects of developing paddy fields, from 
both the ecological and historical points of view.

Introduction

The Japanese Archipelago extends from northeast 
and consists of four major islands (Hokkaido, Hon
shu. Shikoku and Kyushu) and other smaller island 
chains to the south, such as Ryukyu Islands, Oga- 
sawara Islands and numerous other smaller islands 
(Figure 1). The archipelago is located close to the 
eastern margin of the Eurasian continent and spans 
from the subarctic in the north to the subtropical in 
the south, with a wide range of seasonal temper

ature changes and a large amount of rainfall. There 
are numerous small mountain rivers; the longest, 
the Shinano, is 367 km, and the second longest, the 
Tone, is 322 km. There are also many small lakes 
and a few large ones, the largest is Lake Biwa 
(670 km2 in surface area), and the second largest is 
lake Kasumigaura (168 km2).

The geologic history and geography of Japan has 
had. profound effects on the freshwater fish fauna. 
In this paper, the composition and distribution of 
Japanese freshwater fish are reviewed with respect

V
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130° 140° E
Figure 1. Map of Japan. Average temperature (lines) and precipitation (bars) between 1961 and 1990 for three cities are shown: a -  Lake 
Biwa, b —River Shinano, c -  River Tone, d -  Lake Kasumigaura.

from marine and freshwater of Japan, and include 
some taxonomically undetermined forms. The 
freshwater fish fauna of Japan consists mostly of the 
families Cyprinidae (29% of species and subspe
cies), Gobiidae (21%), Salmonidae (10%), and 
Cobitidae (8%). In general, the cyprinids are widely 
distributed, while the salmonids and cottids are 
confined to the northern area and the gobiids to the 
south.

These freshwater fishes include 134 fluvial and la
custrine forms (63% of species and subspecies) and 
77 diadromous ones (37%). These include 88 en
demic species and subspecies (41%; 32 cyprinids, 17 
gobiids, 14 cobitids, 7 salmonids, 4 bagrids, 4 gaste- 
rosteids, 3 cottids, 2 silurids, 1 osmerid, 1 plecoglos- 
sid, 1 engraulid, 1 amblycipid and 1 salangid, and 23 
exotic ones, mostly cyprinids and salmonids (11%) 
(Table 1).

The freshwater fish fauna of Japan is composed 
of freshwater fishes like cyprinids and cobitids that
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Table 1. Number of freshwater fish species and subspecies in Japan after Kawanabe & Mizuno (1989) and Nakabo (1993). Fishes living 
mainly in brackish and marine waters were excluded. Scientific names follow Nakabo (1993).

Number of Number of Primary Diadromous Fishes Fishes only Fishes only Exotic
genera species & freshwater species endemic to in Hokkaido in Ryukyu fishes

•(%) subspecies fishes Japan & north Is. & south
(%>

Petromyzontiformes
Petromyzontidae 2 ( 2.1) 4 ( 1.9) 2 2 - - -

Acipenceriformes
Acipenceridae 1 ( 1.0) 1 ( 0.5) 0 1 - - - -

Anguilliformes
Anguillidae 1 ( 1.0) 2 ( 0.9) 0 2 m  , ■ - - -

Clupeiformes
Engraulididae 1 u 1.0) 1 ( 0.5) 1 0 i - - -

Cypriniformes
Cyprinidae 24 c 25.0) 61 ( 28.9) 60 1 32 1 - 5
Cobitidae 6 ( 6.3) 16 ( 7.6) 16 0 14 2 - -

Siluriformes
Bagridae 3 c 3.1) 4 ( 1.9) 4 0 4 - -
Siluridae 1 ( 1.0) 3 ( 1-4) 3 0 2 - - -
Amblycipitidae 1 ( 1.0) 1 ( 0.5) 1 0 1 - - -
Clariidae

Salmoniformes
1 ( 1.0) 1 ( 0.5) 1 0 - 1 1

Osmeridae 3 ( 3.1) 4 ( 1.9) 1 3 1 l 2 -
Plecoglossidae 1 ( 1.0) 2 ( 0.9) 0 2 l - 1 -
Salangidae 2 ( 2.1) 1 ( 0.5) 1 0 1 1 -
Salmonidae 5 I 5.2) 21 ( 10.0) 10 | | | 7 3 - 5

Atheriniformes
Atherinidae 1 ( m i 1 ( 0.5) 1 0 - - 1

Cyprinodontiformes
Poeciliidae 2 ( 2.1) 2 ( 0.9) 2 0 - 2

Beloniformes
Adrianichthyidae 1 1 1.0) 1 ( 0.5) 1 p - I  - - -
Hemiramphidae 1 ( 1.0) 1 ( 0.5) 1 1 - - È l i -

Gasterosteiformes
Gasterosteidae 2 ( 2.1) 8 ( 3.8) 7 1 4 1 -

Syngnathiformes
Syngnathidae 1 ( 1.0) 2 ( 0.9) 0 2 - - 2 -

Synbranchiformes
Synbranchidae 1 ( 10) 1 ( 0.5) 1 0 ¿ S i . I l l§  1 - -

Scorpaeniformes
Scorpaenidae 1 ( 1.0) 1 ( 0.5) 0 1 - - 1
Cottidae 2 ( 2-1) m 33) 3 4 3 1 - -

Perciformes
Ambassidae 1 ( 1.0) 2 ( 0.9) 0 2 - - 2
Perdchthyidae 1 ( 1.0) 1 ( 03) 1 0 - - -
Terapontidae 1 ( 1.0) 3 ( 1.4) 0 3 3 -
Kuhliidae 1 ( 1.0) 2 ( 0.9) 0 2 -  1 - - -
Centrarchidae 2 i 2.1) 2 ( 0.9) 2 0 - - ' “■ '' 2
Scatophagidae 1 % 10) 1 ( 0.5) 0 I - - -
Gichlidae 2 < 2.1) 3 ( 1-4) 3 0 - - - 3
Mugilidae 1 ( 1.0) 1 ( 0.5) o l - ' 1 -
Rhyancichthyidae 1 ( 1.0) m0.5) 0 1 - - . 1 -
Gobiidae 19 ( 19.8) 44 ( 20.9) 7 37 17 18 m
Belontiidae 1 ( 1.0) 2 ( 0.9) 2 0 - 1 l
Channidae 1 ( 1.0) 3 ( 14) 3 0 - - 1 3

Total 96 (100.0) 211 (100.0) 134 77 88 10 32 23
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originated from east Asia, and diadromous ones 
such as gobiids from southeast Asia and cottids and 
salmonids from the north Pacific (Aoyagi 1957, 
Okada 1959-1960, Mizuno 1987). According to Na- 
kabo (1993), 21% of the 188 indigenous freshwater 
fishes in Japan are also found on the Korean Penin
sula, 28% of them are widely distributed in south
east Asia (southern China, Taiwan and the western 
Pacific), and 15% of them are also found in eastern 
Russia (farther north than Sakhalin).

The distribution of Japanese cyprinids indicates a 
strong affinity with those of Korea, inasmuch as 
23% of the 56 indigenous Japanese cyprinids are al
so found on the Korean Peninsula, as compared 
with 13% in the Far East (Russia) and 4% in south
east Asia. As far as the freshwater gobiids are con
cerned, 52% of the 56 indigenous Japanese species 
and subspecies are widely distributed from Japan to 
southeast Asia, while 23% are found on the Korean 
Peninsula and only 9% in the Far East of Russia. 
Among salmonids and cottids, 48% of the 23 spe
cies and subspecies also occur in the Far East of 
Russia, 13% on the Korean Peninsula, and only 8% 
in southeast Asia.

The distribution of the freshwater fishes depends 
on the geological history of the Japanese Archipela
go and climatic conditions, primarily temperature 
(Goto 1987). Until the early Miocene (15-20 millipn 
years ago) the Japanese Archipelago was a part of 
the Eurasian Mainland, at which time it became 
separated from the mainland by tectonic plate 
movements. Until the mid-Pliocene (ca. 2.8-3 mil
lion years aso), a huge freshwater lake (the Paleo- 
Japan Sea) is thought to have existed at the location 
of the present Sea of Japan (Nishimura 1980). The 
primary freshwater fishes are considered to have 
been widely distributed around the Paleo-Japan 
Sea. The Paleo-Japan Sea then became a bay with a 
narrow mouth at the location of the present Ishikari 
Plain in western Hokkaido near Sapporo. During 
the Quaternary, there was a series of at least four 
marine transgressions and regressions. Freshwater 
fishes might have migrated between the Eurasian 
Mainland and the Japanese Archipelago by means 
of a land bridge during the times of marine regres
sion, and speciated there during the marine trans
gressions (Aoyagi 1957, Lindberg 1972, Nishimura

Table2. Freshwater fishes in ‘The list of endangered wild animals 
in Japan (Red Data Book in Japan): vertebrates’ published by 
the Environment Agency of Japan (1991). The list covers the fish
es living in fresh and brackish waters, and includes undescribed 
species, subspecies, and forms. Scientific names follow Nakabo 
(1993).

Extinct species
Oncorhynchus nerka kawamurae, Salmonidae 
Pungitius kaibarae, Gasterosteidae 

Endangered species
A form of Salvelinus leucomanis japónicas, Salmonidae 
Oncorhynchus masou ishikawae, Salmonidae 
A color variant of Oncorhynchus masou masou, Salmonidae 
Plecoglossus altivelis ryukyuensis, Plecoglossidae 
Salanx aria kens is, Salangidae 
Neosalanx reganius, Salangidae 
Aphyocypris chinensis, Cyprinidae 
Pseudorasbora pumila subsp., Cyprinidae 
Acheilognathus longipinnis, Cyprinidae 
Rhodeus ocellatus kurumeus, Cyprinidae 
Rhódeus atremius suigensis, Cyprinidae 
Tanakia tanago, Cyprinidae 
Leptobotia curta, Cobitidae 
Coreobagrus ichikawai, Bagridae 
Pseudobagrus tokiensis, Bagridae 
Pungitius sp., Gasterosteidae 

Vulnerable species 
Hucho perryi, Salmonidae 
SaWelinus leucomaenis imbrius, Salmonidae 
Tribolodon sp., Cyprinidae 
Gasterosteus microcephalus, Gasterosteidae 
Boleophthalmus pectinirostris, Gobiidae 
Trachidermus fasciatus, Cottidae 

Rare species
Entosphenus tridentata, Petromyzontidae 
Lethenteron kessleri, Petromyzontidae 
Coilia nasus, Engraulididae 
Salvelinus malma miyabei, Salmonidae 
Salvelinus malma malma, Salmonidae 
Oncorhynchus masou subsp., Salmonidae 
Pseudorasbora pumila pumila, Cyprinidae 
Acheilognathus typus, Cyprinidae 
Pungitius tymensis, Gasterosteidae 
Macropodus opercularis, Belontiidae 
Coreoperca kawamebari, Percichthyidae 
Lates japónicas, Centropomidae 
Hypseleotris cyprinoides, Gobiidae 
Chaenogobius sp. 3, Gobiidae 
Luciogobius pallidas, Gobiidae 
Luciogobius albas, Gobiidae 
Rhyacichthys aspro, Rhyncichthyidae 

Local populations
Coilia nasus Engraulididae, in the River Rokkaku, Saga Pref. 
Hemigrammócypris rasborella, Cyprinidae, in Shizuoka Pref. 
Liobagrus reini, Amblycipitidae, in the Kyushu District 
Oryzias latipes, Adrianichthyidae, in Okinawa Pref.
Monopterus albus, Synbranchidae, in Okinawa Pref.
Gasterosteus sp., Gasterosteidae, in the Aizu District, Fukushima 
Pref. *
Gasterosteus sp., Gasterosteidae, in the Ohno Basin, Fukui Pref.
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Figure 2. Kuni-masu, black kokanee, Oncorhynchus nerka kawamurai'Ipecimen from the Center for Ecological Research, Kyoto Uni
versity. Photograph by H. Akiyama.

1980, Mizuno 1987). Thus, the species and genera 
endemic to Japan are considered to have immigrat
ed from the mainland in earlier times of marine re
gression, while the species and genera held in com
mon with those of the mainland are considered to 
have immigrated during subsequent marine regres
sions (Lindberg 1972, Nishimura 1980).

There may have been two different routes of mi
gration over the land bridge during the times of ma
rine regression, one through the Korean Peninsula 
and the other through Sakhalin. The latter route is 
indicated by the distribution patterns of the*£akha<-? 
lin lake minnow, Phoxinus percnurus sachalienesis^ 
the Siberian stone loach, Noemacheilus barbatulus: 
toni and the4lokkaido eight-barbel loach, Lefual 
nikkonis, for each of which the southern limit is lo
cated in the Ishikari Plain (Goto et al. 1978). The 
former route is indicated by many fishes commonly 
distributed in southwestern Japan and the Korea- 
China Region (Aoyagi 1957, Mizuno 1987).

Some fishes might have spread to northern Japan 
with the propagation of paddy-field cultivation dur
ing historical times, such as tjie'fopmouth gudgeon; 
Pseudorasbora parva§ the field gudgeon, Gnatho- 
pogon elongatus elongatiii, the^ike gudgeon, Pseu-§ 
dogobio esocinus esocinus§the ¿teed barbel, Herrd4 
bar bus barb us, the Common carp, Cyprinus carpiof 
the silver crucian carp, Carassius auratus langsdorfif 
theslender bitterling, Tanakia lanceolatct; thef^Asian 
pond loach, Misgurnus anguillicaudatu% the »¿and 
loach, Cobitis biwa4 and thenar Eastern catfish, Si4 
lurus asotus (Nishimura 1980, Balon 1995). The

original distributions of Japanese freshwater fishes 
are, therefore, becoming obscured due to human 
activities including the transplantation of fishes and 
the alteration of the natural environment.

Endangered species

In 1991 the Environment Agency of Japan publish? 
ed ‘The list of endangered wild animals in Japan 
(Red Data Book of Japan): vertebrates’. The list in
cluded 2 extinct, 16 endangered, 6 vulnerable, and 
17 rare species of freshwater fishes, and 7 declining 
local populations of widely distributed species (Ta
ble 2).

One of the extinct species is the mack kokanee§ 
Oncorhynchus nerka kawamurai (Salmonidae) 
(Figure 2). The fish, called kuni-masuf or kinosiri- 
maru In Japanese, once occurred in ta k e  Tazawa J 
Akita Prefecture. Kawanabe & Watanabe (1993a) 
cited-a work entilted ‘History of Akita Region’, or 
‘Akita fudoki’ in Japanese, written during the mid- 
Edo Period (ca. 1700 AD), which notes that ‘there 
are fish called kuni-masu. They provide the usual 
food resource for the people around the lake’. The 
kuni-masu seems to have exhibited a black nuptial 
coloration throughout the year, which deepened 
particularly in January-March and July-October 
(Oshima 1941). Among the salmonid fishes, such re
productive changes are unique.

Lake Tazawa is the deepest lake in Japan with a 
surface area of 25.8 km2, a maximum depth of
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Figure i.'Minami-tomiyo, Kyoto ninespine stickleback, Pungiti- 
us kaiborae|  holotype ZUMT 8197 (Zoology, University Mu
seum, the University of Tokyo). Photograph by K. Hosoya.

423.4 m, and once had transparency to 30 m (re
corded in 1926; it is the second clearest record for 
lakes in Japan, but dropped to 4 m in 1993 by recent 
eutrophication). However, in 1940, strong acid wa
ter was diverted inU/Lake Tazawa from the adja
cent River Tama to work a hydro-power station, at 
which time the pH of the lake abruptly dropped to 
4.6 and almost all of organisms in the lake including 
the kuni-masu were extirpated, thus preventing any 
study of their biological and ecological features. 
Apart from the type specimens in the Field Mu
seum of Natural History, Chicago, only a few speci
mens remain, eight at the Center for Ecological Re
search (formerly the Otsu Hydrobiological Station) 
of Kyoto University, three at the Fisheries Research 
Station, Faculty of Agriculture, Kyoto University, 
two at the Lake Tazawa Regional Museum, and sev
eral at Akita University and the Akita Prefectural 
Museum. Thciapanese dace, Tribolodon 
sist is the only species of fish now living in the lake.

Another extinct species is theTCyoto ninespine 
stickleback (minami-tomiyo),
(Gasterosteidae) (Figure 3). This species inhabited 
springs and small streams around Kaibara Town, 
Hyogo Prefecture, and the southwestern part of 
Kyoto City. Tan (1928) and Kobayashi (1933) re
ported that the fish was found in paddies of Japa
nese parsley with cool spring water (Figure 4) and in

Figure 4. The paddy field of Japanese parsley where“i i mgitius 
kaibaraevurvivtd until the 1960s. Photograph by K. Hosoya.

shallow spring ponds. However, these populations 
declined after reclamation of paddies and ponds 
for land development. An attempt to transplant a 
population into the Kyoto City Zoo in 1959 was un
successful, and the fish disappeared after the early 
1960s (Kawanabe & Watanabe 1993b). Type speci
mens have been preserved at the University Mu
seum, University of Tokyo, and there are more 
than 20 specimens at the Center for Ecological Re
search, Kyoto University. In addition to these two 
fishes, the'Suwa gudgeon, Gnathopogon elongatus, 
suwae\(Cyprinidae), which was endemic to Lake 
Suwa in Nagano Prefecture, must have become ex
tinct following its replacement by <?. elongatus 
elongatus (Miyadi et al. 1976; Hosoya in Nakabo 
1993).

The endangered, vulnerable, and rare fishes list
ed in the Red Data Book include (1) those confined 
to restricted areas which are referred to as local spe
cies and subspecies such as the Swampy bullhead, 
Coreobagrus ichikawai,! the 'Cuttailed bullhead, 
Pseudobagrus tokiensis, the ‘Ryukyu-ayu, Pleco- 
glossus atlivelis ryukyuensis, the'Miyabe charr, Sal-
velinus malma miyabei, and the'fiiwa trout, Oncor- 
hynchus masou subsp.; (2) those living in small 
streams and shallow ponds such as the Venus fish; 
Aphyocypris chinensis;the dWarf topmouth gudge-f 
on, Pseudorasboro puntila puntila, an undescribed 
gudeon.'K puntila subspj the «Japanese rose bitter-1 
ling, Rhodeus ocellatus kurumeus, the*5uigen rosé 
bitterling, R. atremius suigensig, the^fietted bitter- 
ling, Acheilognathus typusl and the-kissing loach; 
Leptobotiacurta%s well as (3) diadromous fishes in
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large rivers such as the fed-spotted masu trout, On% 
corhynchus masou ishikawae.

Following the publication of many full-colored 
books and introductory essays on endangered spe
cies, the appearance of the Red Data Book further 
publicized the threatened status of organisms and 
their natural environments. It also may have con-

Table 3. Fishes registered and protected as National Natural 
Monuments of Japan. Scientific names follow Nakabo (1993).

Species registered and protected in all of Japan 
Acheilognathus longipinnis, Cyprinidae 

Designated in 1974 
Tanakia tanago, Cyprinidae 

Designated in 1974 
Leptobotia curta, Cobitidae 

Designated in 1977 
Coreobagrus ichikawai, Bagridae 

Designated in 1977 
Local populations 

Anguilla japónica, Anguillidae 
In Kayugawa, Minami-mura, Gujo-gun, Gifu Pref.
Designated in 1924 

Anguilla japónica, Anguillidae
In Kashiko-numa, Hiranuma-no-uchi, Iwaki City, Fukushima 
Pref.
Designated in 1939 

Anguilla marmorata, Anguillidae 
In Shirahama-cho, Nishimuro-gun, Wakayama Pref 
Designated in 1923 

Anguilla marmorata, Anguillidae 
In Hahagawa, Kaifu-cho, Kaifu-gun, Tokushima Pref 
Designated in 1923 

Anguilla marmorata, Anguillidae 
In Nomozaki-cho, Nishisonogi-gun, Nagasaki Pref.
Designated in 1923 

Tribolodon hakonensis, Cyprinidae 
In Yokoyama, Tsuyama-cho, Motoyoshi-gun, Miyagi Pref. 
Designated in 1935 

Tribolodon hakonensis, Cyprinidae 
In Yanaizu, Yanaidu-cho, Kawanuma-gun, Fukushima Pref. 
Designated in 1940

Carassius auratus langsdorfl, scarlet morph, Cyprinidae 
In Lake Harutori, Harutori, Kushiro City, Hokkaido 
Designated in 1937

Carassius auratus subsp. var., Cyprinidae 
In Yutori-numa, Miyazaki-cho & Onoda-cho, Kami-gun, Miya
gi Pref.
Designated in 1933

Gasterosteus aculeatgus, Gasterosteidae 
In Hongan-shouzu, Itoyo-cho, Ohno City, Fukui Pref. 
Designated in 1934 

Cottus kazika, Cottidae
In River Kuzuryu, Ohono City and Fukui City, Fukui Pref. 
Designated in 1935

Figure 5ylta-sen-para, deepbodied bitterling, Acheilognathus 
longipinnis. Photograph by Y. Nagata.

tributed to enactment of the Basic Environmental 
Law of 1993 and to the increased use of improved 
techniques to conserve natural organisms and their 
environments associated with public works such as 
channelization of rivers and revetment of their 
banks.

Before the Red Data Book was published, four 
species of freshwater fishes confined to restricted 
areas had been designated as National Natural 
Monuments (tennen-kinenbutsu) and were pro
tected by the national government under the Cul
tural Properties Protection Law (Table 3, Kato et al. 
1995). One is the'lleepbodied bitterling, Acheilog
nathus longipinnis i(Cyprinidae, Figure 5), which 
was designated a National Natural Monument in 
1974. This bitterling is confined to theTRiver Yodo 
system and its tributaries (Osaka and Kyoto prefec
tures), rivers in the Noubi Plains (Aichi and Gifu 
prefectures), and the Toyama Plains (Toyama Pre
fecture). In the Yodo, it is found in small inlets be
tween the spur dikes, which.were constructed 110 
years ago to facilitate boat passage. Thef'fnetropoli* 
tan bitterling, Tanakia tanago (Cyprinidae), also 
was;, designated a National Natural Monument in 
1974. It is now confined to small streams near 
springs and small ponds in the Tochigi, Saitama, and 
Chiba prefectures, although it seems to have be
come extinct in the Tokyo and Kanagawa prefec
tures. The third is thel(issing loach, Leptobotia cur§ 
ta^Cobitidae, Figure 6), which was designated a Na
tional Natural Monument in 1977. It is distributed 
only in the River Yodo system through the Shiga, 
Kyoto, and Osaka prefectures and the Yoshii, Asa-
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Figure 6. Ayu-modoki, kissing loach, Leptobotia curt% Photo
graph by H. Akiyama.

hi, and Takahashi rivers in Okayama Prefecture.
5  The last species is t h e ^ ^ S y  bullhead, Coreoba-

grus ichikawal (Bagridie)7designated a National 
Natural Monument in 1977. Its distribution is con
fined to the mid-reaches of rivers around the Ise 
Bay and Mikawa Bay in Mie and Aichi prefectures.

In addition, 11 local populations of 7 species of 
freshwater fishes have been registered and protect
ed as National Natural Monuments, although these 
seem to have been nominated more in response to 
regional or social demands than for biological or ec
ological reasons (Table 3). Many other populations 
of freshwater fishes have also been registered and 
protected as natural monuments at the prefectural, 
city, town, or village level. Thus, the endangered 
and protected fishes described above are those con
fined to restricted areas either because they are lo
cal species or subspecies in a biological sense, or be
cause their distribution was reduced by human ac
tivities.

Human activities and freshwater fishes

Inland fisheries, fish stocking, and culture o f  
' indigenous species
7w>

Japanese freshwater fishes, as well as marine ones, 
have served as an important source of food. For ex
ample, the abundant populations of salmon in rivers 
supported many people during the Jomon Period 
(ca. 10 000-300 BC) (Ichikawa 1977), and bones of 
freshwater fishes have been found in ruins of their

c u J h ii /c  Ui

shell mounds. The oldest Japanese literature, ‘Re
cord of ancient matters’ (Ko-ji-ki) (712 AD) and 
‘Chronicles of Japan’ (Nihon-shoki) (720 AD), re
fer to &y u, Cbmmon carp, and Crucian carf) together 
with marine fishes such as sea bream, tuna, perch, 
and shark.

Among the protocol manuals for the Shinto reli
gion, ‘Engi-shiki’ (905-927 AD), the eight volume 
describes dishes of salmon, trout, ayu, common 
carp, and crucian carp. The traditional cooking style 
since the early Heian Period (ca. 800-1200 AD), 
Shijo-ryu, transmits a typical traditional prepara
tion of common carp called ‘Carp at the gate of the 
dragon’ (Ryumon no koi) derived from Chinese 
culture, even though the Japanese, during the Nara 
and early Heian periods, generally had inhibitions 
about eating fishes and mammals because of Budd
hist precepts (Yano 1981).

Thus, Japanese freshwater fishes were highly ex
ploited as a source of food. Since 676 AD, on the 
other hand, they were also stocked into rivers and 
ponds in order to compensate for their consump
tion :as food, according to the protocol of shrines 
and temples called ‘Houjou-e’ (Masutani & Kanao- 
ka 1994). ‘Chronicles of Japan’ (Nihon-shoki) 
(720 AD) mentions how the Emperors Tenmu (re
gion 673-686 AD) and Jitou (690-697 AD) or
dered the local people to release living organisms. 
This protocol has been continued up to the present 
with people releasing common carp, crucian carp, 
eel, and soft-shelled turtles. In addition, the aqua
culture of common carp in paddy fields has been 
carried on from at least the early Edo Period 
(16th-17th centuries) (Matsui 1948).

At present, the harvest of inland water fishes is 
much less than that of marine fishes. In 1994, the 
annual harvest of inland water fishes was 138 506 
metric tons, but this was only 2% of the total fish 
harvest in Japan including marine fishes and aqua
culture. Among freshwater harvest in 1994, 36% 
was from rivers (61388 mt, 18% from lakes (31122 
mt) and 45% from aquaculture facilities (76 579 
mt).

In 1984 and 1994 respectively, the major fish spe
cies taken from inland waters were ayu (22% and 
22% of the annual fish harvest), anadromous salm
on and trout (13% and 28%), crucian carp (12% and
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7%), and common carp (11% and 8%) (Table 4). 
The major species produced by aquaculture were 
eel (40% and 38% of freshwater fish culture yield in 
1984 and 1994, respectively) Common carpi (22% 
and 18%),i“rainbow trout (18% and 18%), and ayu 
(12% and 15%).

To support these inland water fisheries, many 
eggs and juvenile fishes have been transplanted into 
natural rivers and lakes (Table 5). From 200 to 250 
million juvenile ayu per year were released into riv
ers between 1973 and 1988. The ftyu, Plecoglossui

altivelis altivelisf is an amphidromous fish, young of 
which swim upstream to grow in the middle reaches 
of rivers. The adults spawn downstream in the low
er reaches, and the early juveniles move down
stream to grow in a littoral marine environment. A 
population of ayu in*£ake Biwa amd its tributaries is, 
however, a fluvial-lacustrine one. In the spring, 
some fish move from the lake into its tributaries 
where they graze on the algae attached to stones 
(amphidromous life history), while the others re
main in the lake, feed on zooplankton, and mature

Table 4. Fish landings (in metric tons, mt) from inland water fisheries and fish culture. Data are from the ‘Annual report of fisheries and 
culture (1996)’ by the Statistics and Information Department, Japan Ministry of Agriculture, Forestry and Fisheries.

1984 1994

mt % mt %

Inland water fisheries
Anadromous salmon and trout Salmon 8639 1 12.9) 17460 ( 27.8)

Pink salmon 317 ( 0.5) 3598 ( 5.7)
Masu salmon 45 I  0.1) 91 ( 0.1)
Subtotal 9001 ( 13.5) 21149 ( 33.6)

Landlocked salmon and trout Kokanee 114 I 0.2) 83 ( 0.1)
Rainbow trout 530 ( 0 .8 ) 567 ( 0.9)
Masu salmon 645 ( 1.0) 761 ( 1.2)
Japanese charr 256 ( 0.4) 403 ( 0.6)
Others 554 ( 0.8) 703 ( U )
Subtotal 2099 §3.1) 2517 ( 4.0)

Japanese smelt : 3872 ( 5.8) 2082 ( 3.3)
Ayu 14919 ( 22.3) 14272 ( 22.7)
Japanese icefish 1196 ft 1.8) 1119 ( 18)
Carp 7594 (11.4) 4968 ( 7.9)
Crucian carp 8034 1 12.0) 4402 ( 7.0)
Japanese dace 5216 ( 7.8) 3216 ( 5.1)
Dark chub 3248 ( 4.9) 1672 ( 2.7)
Japanese eel 1573 ( 2.4) 949 ( 15)
Asian pond loach 647 ( 10) 223 ( 0.4)
Mugilid species 2011 ( 3.0) 973 ( 1.5)Gobiid species 1919 ( 2.9) 1338 1 2.1)
Others 5556 ( 8.3) 3983 ( 6.3)

Total 66885 (100.0) 62863 (100.0)
Fish culture

Trout Rainbow trout 16773 ( 17.5) 132S0 ( 17.6)

Ayu
Others 3047 ( 3.2) 4628 ( 6.1)

11705 ( 12.2) 11554 ( 15.3)
Carp 21071 ( 22.0) 13284 ( 17.6)
Crucian carp 1492 ( 1.6) 1014 ( 1.3)Eel 38030 (39.6) 29431 ( 38.9)
Tilapia 3544 ( 3 . 7 ) 2125 ( 2.8)
Others 280 ( 0.3) 327 ( 0.4)

Total 95942 (100.0) 75643 (100.0)
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at a smaller size (lacustrine life history) (Miyadi 
1960).

In 1913, C. Ishikawa discovered that when juve
niles of the lacustrine 6yu population in ta k e  Biwa 
were transplanted to other rivers they grew as large 
as amphidromous ayu (Ishikawa 1932, Miyadi 
1960). Inasmuch as juvenile ayu in the lake are easy 
to catch in large quantities, the transplantation of 
ayu from Lake Biwa to other Japanese freshwaters 
has become well established. Moreover, because 
the ayu in Lake Biwa are more aggressive in guard
ing their territories than those from any other area 
(Kawanabe 1976,1977), they are favored as a game 
fish and recently have been transplanted more for 
sport fishing than for the commercial fishery.

Ayu in Lake Biwa are genetically different from 
other populations in Japan (Nishida 1985, Tsujim- 
ura & Taniguchi 1995). However, because Lake Bi
wa ayu reproduce earlier than sea-run populations, 
transplanting ayu from Lake Biwa does not seem to

Table 5. Fish stocking for Japanese inland fisheries. Data are 
from the ‘Fisheries Census in Japan’ by the Statistics and Survey 
Division, Ministry of Agriculture and Forestry, Govenment of 
Japan.

1973 1978 1983 1988

Young of fishes (millions of indiv.)
Anadromous salmon and trout 47 113 489 766
Landlocked salmon and trout 20 130 31 59

Rainbow trout - - 20
Red-spotted masu salmon È ; „ ‘¿Ps ' : -  1 13
Masu salmon - - _ 13
Japanese charr - — 6
Others 08 - m 8

Ayu 230 204 219 251
Common carp 43 64 26 29
Crucian carp 23 74 16 24
Eel 10 16 10 7
Other fishes 469 960 113 498
Total 841 1561 905 1633

Eggs of fishes (millions of eggs)
Anadromous salmon and trout 17 Me
Landlocked salmon and trout + _ —

Ayu 341 -

Common carp 85 ' _ _  ■

Crucian carp 13 - -

Japanese smelt - - 8679 17886
Other fishes 16021 - % 1009
Total 16392 86436 8679 18894

cause any genetic contamination of the sea-run 
populations (Nishida 1985). Furthermore, because 
Lake Biwa ayu show only a weak tolerance to ma
rine salinity, they are unlikely to spread to other 
freshwater accessible only via the ocean (Azuma 
1980). On the other hand, the transplantation of ayu 
from Lake Biwa has resulted in the chance intro
duction of other fishes such as 'tipsariichthys ^

Qrostris ufyrostriS and &acco platypus which are 
captured with the juvenile ayu (Sunaga 1980, Mori 
& Nagoshi in Kawanabe & Mizuno 1989).

Another fish that is becoming popular for sport 
fishing is the deepbodied crucian carp which is a va
riety developed from the^arassius cuvieri endemic 
to Lake Biwa. This species lives in the offshore wa
ter of the lake and feeds on phytoplankton (Tokui & 
Kawanabe 1984), so it is transplanted into artificial 
ponds and reservoirs with open waters. The fish is 
both easy for beginners to catch and of angling in
terest to veterans, so it has been introduced all over 
Japan and has often hybridized with the local cruci
an carps.

The number of stocked juveniles of anadromous 
salmon and trout, mainly the^hum salmon, Oncor- 
hynchus keta, has greatly increased, from 47 million 
fish in 1973 to 766 million in 1988. Since 1877, trans
planting salmon and trout has been recommended 
as public projects for promotion of inland fisheries 
by national and local governments. In addition to 
indigenous salmonids, exotic ones such as the'fain^ 
bow trout, Oncorhynchus rnykisH, have been 
stocked widely in natural rivers and lakes (see be
low).

•The number of transplanted eggs of the’Japaneseg 
smelt, Hypomesus transpacificusnfflnensiS® has in- 
creased markedly, to nearly 18 billion in 1988. The 
original purpose of this stocking was to improve the 
inland fisheries but it now has changed to serve for 
sport fishing.

Japanese freshwater fishes have also played a vi
tal role in the hobby aquarium trade» The first re
cord of this pasttime can be found i[n ‘Nihon-shoki’ 
(chronicles of Japan); when people in the 7th centu
ry enjoyed keeping common carp imgarden ponds. 
Although the colored carp ‘nishikigorare now pop
ular throughout the world, these colonvariants of 
the common carp appeared only in laterWears (Ba-

1 V
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Ion 1995). The primitive forms of colored carp with 
orange, white, and dark-blue colors are mutant 
forms of the common carp that first appeared in Nii
gata Prefecture during the Bunka and Bunsei eras 
(1804-1830) (Kuroki 1986, Kataoka 1989), Kataoka 
(1989) suggested that these forms were produced 
from wild common carp, because Suzuki (1836- 
1842) reported that common carp, ayu, trout, and 
salmon were common in the River Uono, a tribu
tary of the Shinano. The white and red form, ‘kou- 
haku\ was claimed to have been crossbred during 
the Tempou Era (1830-1843) and treated as one of 
the important local products from the domain of 
Nagaoka (now in Niigata Prefecture) (Kuroki 
1986). The beautiful colored carp, nishikigoi, to to
day were produced by also crossbreeding with the 
German common carp by the people of Ojiya City, 
Nagaoka City, and Yamakoshi Village in Niigata 
Prefecture during the late-Meiji and Taisho periods 
(ca. 1910-1925) (Kuroki 1986). More beautiful col
ored strains were developed after World War II 
from selected strains which were saved from con
sumption as food during the acute food shortages of 
the war (personal communication with residents of 
Yamakoshi Village in 1994).

Fancy goldfish are another renowned home 
aquarium fish that was developed in Japan. The an
cestor of the^oldfish is considered to have been a 
red form ot^Carassius auratus auratus(Balon 1995) 
in China during the Chinese Jin Dynasty (265- 
419 AD), which was introduced into Japan in 1502 
(Ojima 1988, Ojima & Takai 1995). Since then, 
many different forms of goldfish, like the ‘wakin’ 
and ‘ranchuu’, have been produced in Japan, as de
scribed by Matsui (1935,1971).

V  f t iU s  <■'*» 

Introduction o f  exotic

Many species of foreign freshwater fishes have 
been introduced into Japan. The records of intro
duction of freshwater fishes after 1877 have been re
viewed in detail by Maruyama et al. (1987). The in
troduction of 103 species and subspecies of fresh
water fishes into Japan has been recorded, exclud
ing those introduced only for hobby aquaria, but 
including those accidentally introduced into the

natural environment as a result. These belong 
mainly to the Cyprinidae (33 species and subspe
cies), Salmonidae (18), Cichlidae (11), Acipenseri- 
dae (9), Anguillidae (5), Centrarchidae (5), and 
some others. They include fishes important for in
land fisheries, and some have been intensively used 
in attempts to stock ponds, lakes, and rivers. As a 
result, at least 23 species and subspecies are now es
tablished in natural freshwaters in Japan. These be
long to the Salmonidae (5 species and subspecies), 
Cyprinidae (5), Channidae (3), Cichlidae (3), Poeci- 
liidae (2), Centrarchidae (2), Atherinidae (1), Clar- 
iidae (1), and Belontiidae (1).

Suzuki (1992) has categorized the various reasons 
for fish introduction: (1) to promote commercial 
fishing from the 1880s to the 1940s, (2) to increase 
food/protein resources during the 1940s, and (3) for 
culture or multiplication of fish stocks after the 
1950s. The purpose of introduction of mosquitofish,! 
Gambusia affinis,$was unique, that is, to control 
mosquito populations. In recent years, the importa
tion of aquarium fishes has increased sharply, which 
probably increases the chance of escape of exotic 
aquarium fishes. In addition, stocking fishes for 
sport angling also has increased, as sport fishing has 
become a booming leisure activity. Stocked fishes 
include indigenous species such as ayu and trout but 
also exotic species such as the fainbow trout, 
corhynchus mykiss- andlargemouth bass, Micropte^ 
rus salmoideâ The largemouth bass has become a
predatory piscine pest that has likely destroyed na
tive fish communities in may Japanese freshwaters 
(Ohtani & Kikukawa 1980).

The introduction of subspecies or other geneti
cally different strains often pollutes the genome of 
the indigenous form of the same species by hybrid
ization. A typical case is the interaction between the 
Japanese rose bitterling, ocellatus *
mens, and an Exotic rose bitterling, R. ocellatus ocef 
latus (Nagata et al. 1996). The latter subspecies was 
introduced accidentally with the 1942 introduction 
of the "grass carp, Ctenopharyngodon idellu§\ from 
China. In later years, it was introduced probably for 
aquarium purposes, and became widespread in nat
ural habitats of the indigenous Japanese rose bitter
ling. As a result of hybridization between the two 
subspecies or replacement of the native subspecies
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by exotic one, the indigenous subspecies now faces 
extinction (Nagata 1980, Nagata et al. 1969).

Another case of widespread introduction con
cerns the common carp. At least nine subspecies or 
forms of this species have been introduced into Ja
pan from Indonesia, Taiwan, Israel, and Germany 
(Maruyama et al. 1987). Hitherto, the common carp 
in Japan was thought to be the form brought with 
the technique of carp-culture in paddy fields as one 
of the tools of rice farming, and Jordan & Fowler 
(1903) claimed that the common carp in Japan was 
an introduced species (see also Balon 1995). How
ever, a native species of common carp might have 
existed in Japan because many fossil species of 
prinus have been found from Tertiary formations in 
the Fukui, Gifu, Shiga, and Nagasaki prefectures 
(Hosoya, in Kawanabe & Mizuno 1989). Nakajima 
(1994) demonstrated the process of evolution in 
species ovCyprinus from ancient Lake Biwa (ca. 3 
million years ago) to recent Lake Biwa, based on 
the fossil record. Pharyngeal teeth of the common 
carp were found in ruins of shell mounds from the 
early Jomon Period (ca. 10 000-6000 BC) in Ibaragi 
Prefecture (Kafuku 1980) which was long before 
rice culture appeared in Japan. Based on this evi
dence, some form of common carp probably existed 
in Japan, but a detailed comparative analysis with 
the common carp in recent Japan has yet to be car
ried out.

Lake fish fauna

There are numerous lakes, created by volcanic and 
tectonic activity, especially in the middle and east
ern mountainous areas of Japan. Originally, few 
fishes inhabited such lakes because they were iso
lated from rivers by falls, but various species, espe
cially salmonids and cyprinids, have been intro
duced to provide inland fisheries.

A typical example is“Lake Chuzenji€n Tochigi 
Prefecture. The lake is situated 1271 m above sea 
level and has a surface area of 11.6 km2 and a maxi
mum depth of 161.5 m. The Kegon Fall (97 m) inhib
ited upstream migration of fishes from the River 
Daiya. Tanaka (1936) mentioned that there had 
been no fish in the lake. However, Tochigi Prefec

ture (1980, 1993) recently reported more than 17 
species and subspecies of fishes from the lake. Of 
course, these fishes are considered all to be intro
duced species, such as theJapanese ell, Anguilla ja- 
ponica, ‘Japanese charr, Salvelinus leucomaenis, 
crook charr, S. fontinalis,lake charr, 5. 
brown trout, 'Salmo trutta, <ainbow trout and steel- 
head, Oncorhynchus mykiss, Biwa trout, O. masou 
subsp., ‘icokanee, O. nerka Japanese smelt,
Hypomesus transpacificus nipponensis, Japanese 
dace, Tribolodon hakonensis, e&mmon carp, Cypri- 
nus carpio, Jllver crucian carp, Carassius 
langsdorftja species of cobited loach S{f, a
cottid ,Coitussp, and the common freshwater goby, 
dihinogobius sjf

Another example isdlake Ashinokodn Kanaga- 
wa Prefecture. It is 724.5 m above sea level with a 
surface area of 7.0 km2 and a maximum depth of 
40.6 m. Ishihara et al. (1986) presented a list of fish
es in the lake (Table 6), including eight species 
thought to be indigenous, five introduced Japanese 
ones, three introduced exotic ones, and nine which 
were; probably accidentally introduced without any 
commercial purpose. The year of introduction was 
included when known and records of unsuccessful 
introductions were also listed.

Fishes in Lake Biwa

Lake Biwa is the largest lake in Japan with a maxi
mum depth of 104 m. The catchment area is 
3848 km2 with about 120 rivers flowing into the lake, 
one natural outlet, the River Seta, flowing into Osa- 
k£ Bay and one artificial outlet, the Kyoto Canal, 
constructed in 1890 to provide water for neighbor
ing Kyoto City.

There are two outstanding characteristics of the 
fish fauna in the lake; first, the large number of spe
cies, more than in any other lake in Japan, and sec
ond the high number of endemic species and sub
species (Ueno 1984, Kawanabe 1996). At present, 
there are 71 species and subspecies of freshwater 
fishes found in Lake Biwa and its tributaries (Table 
7), which represents more than half of the primary 
freshwater fish fauna of Japan. More than half of 
the fishes of Lake Biwa belong to the family Cypri-
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nidae (37 species and subspecies), and the rest to 
the Cobitidae (6), Gobiidae (6), Salmonidae (5), Si- 
luridae (3), and others. This accounting includes 
nine exotic species and subspecies and four intro
duced species from other Japanese waters, but ex
cludes three extinct species (the deepbodied bitter- 
ling, the Japanese rose bitterling, and the kissing 
loach). Also excluded from the list are species that 
seem to have appeared accidentally, e.g., having es
caped from private aquaria.

The greater part of the Lake Biwa fauna is of bo
real origin, believed to be derived from the Eur
asian freshwater fauna and some brackish water

and marine stocks (Ueno 1984). Fishes like the pis
civorous chub,"Opsariichthys uncirostris 
and the ifikeweed chub, Ischikauia are
considered to be relics of an old freshwater fauna 
that was once distributed widely in Eurasia before 
the most recent ice age.

There are 13 species and subspecies of fishes en
demic to lake Biwa (Table 7). These represent 22% 
of the 58 species and subspecies indigenous to the 
lake and 15% of the fishes endemic to Japan. The 
ratio of endemism is the highest of any lake in Ja
pan. In Lake Biwa there is also an endemic genus or 
subgenus of snail, Biwamelanic^ which consists of at

Table 6. Fish fauna in Lake Ashinoko (after Ishihara et al. 1986). Scientific names follow Nakabo (1993). @= successful introduction, x = 
unsuccessful introduction, A = uncertain record.

Japanese name Native
indigenous
fish

Introduced
Japanese
fish

Introduced 
exotic fish

Accidentally Year of 
introduced introduction 
fish

1 Anguillidae Anguilla japónica Unagi A X A 19192 Cyprinidae Cyprinus carpió Koi A © 19383 Cyprinidae Tribolodon hakonensis Ugui A © 19814 Salmonidae Oncorhynchus masou masou Yamame A © 19755 Salmonidae Oncorhynchus masou ishikawae Amago A © 19856 Siluridae Silurus aso tus Namazu A A
7 Gobiidae Rhinogobius sp. Yoshinobori sp. A
8 Gobiidae Chaenogobius urotaenia Uki-gori A S
9 Cyprinidae Carassius auratus langsdorfi Gin-buna © 194010 Cyprinidae Carrasius cuvieri Gengorou-buna © 196711 Osmeridae Hypomesus transpacíficas

nipponensis Wakasagi © 191812 Salmonidae Oncorhynchus masou subsp. Hon-masu © 188013 Salmonidae Oncorhynchus nerka nerka Hime-masu © 190914 Osmeridae Plecoglossus altivelis altivelis Ayu X 194015 Salmonidae Salvelinus leucomaenis subsp. Iwana X © 188916 Salmonidae Oncorhynchus masou subsp. Biwa-masu X 190717 Salmonidae Oncorhynchus nerka nerka Beni-mass X 192818 Salmonidae Oncorhynchus keta Sake X 193819 Salmonidae Salmo trutta Brown trout © 197220 Salmonidae Oncorhynchus mykiss Niji-masu © 191021 Centrarchidae Micropterus salmo ides Ookuchi-bass © 192522 Salmonidae Salvelinus fontinalis Kawa-masu x 192823 Atherinidae Odonthestes bonariensis Peherei X 197424 Cyprinidae Carassius auratus subsp. 2 Kin-buna ©25 Cyprinidae Zaceo platypus Oikawa © 197726 Centrarchidae Lepomis macrochirus Bluegill © 198427 Cyprinidae Sarcocheilichthys variegatus subsp. Higai sp. A
28 Cyprinidae Pseudorasbora parva Motsugo A
29 Cyprinidae Phoxiniis lagowski steindachneri Abura-haya A
30 Cobitididae Misgurnus angidllicaudatus Dojou A
31 Gobiidae Tridentiger obscurus? Chichibu? A
32 Cyprinidae Rhodeus ocellatus ocellatus Tairiku-bara-

tanago x 1977
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Table 7. Fishes in Lake Biwa and its tributaries. Scientific names follow Nakabo (1993). Naka (1991) shows the year of introduction of 
Japanese and alien Ashes. Symbols referring to origin of taxa are defined in the footnote. Our assessment of the origin of each species is 
shown by symbols to the left of scientific names.

Japanese ñame Mori
(1970)

Mori & Tokui & 
Miura Kawanabe 
(1980) (1984)

Kawanabe 
& Mizuno 
(1989)

Biwako
bunkakan
(1991)

Naka Nakabo 
(1991) (1993)

Petromyzontidae
o 1 Lethenteron reissneri Suna-yatsume o o o o o
AnguUlidae -
o 2 Anguilla japónica Unagi o o o o o
Cyprinidae
o 3 Zaceo temminckii Kawamutsu B
o 4 Zaceo sp. Kawamutsu A o o o o o
o 5 Zaceo platypus Oikawa o o o o o o
° 6 Opsariichthys uncirostris uncirostris Hasu ★ ★ o 0 o o o
0 7 Hemigrammocypris rasborella Kawabata-moroko o o o o o o
o 8 Tribolodon hakonensis Ugui o o o o o
o 9 Phoxinus lagowski steindachneri Abura-haya o o o o o
o 10 Phoxinus oxycephalusjouvi Taka-haya o o o o o
+ 11 Ctenopharyngodon idellus Sougyo o o + o o + 1916
+ 12 Mylopharyngodon piceus Ao-uo o + 1956?
★  13 Ischikauia steenackeri Wataka ★ ★ o ★ o ★  ★
+ 14 Hypophthalmichthys molitrix Hakuren o o +1957?
o 15 Gnathopogon tlongatus elongatus Ta-moroko o o o o o o
★  16 Gnathopogon caerulescens Hon-moroko ★ ★ ★ ★ o ★  ★
o 17 Pungtungia herzi Mugitsuku o p o o o
o 18 Pseuudorasbora parva Motsugo o o o o o o
★  19 Sarcocheilichthys variegatus micro o cuius Biwa-higai o o o ★ o ★  ★
★  20 Sarcocheilichthys biwaensis Abura-higai ★ o ★  ★
o 21 Pseudogobio esocinus esocinus Kamatsuka o o o o o
A 22 Abbottino rivularis Tsuchifuki o o © o A1937?
o 23 Biwiazezera Zezera o o o o o o o
★  24 Squalidus chankaensis biwae Sugo-moroko o o o ★ o O ★
o 25 Squalidus japonicus japonicus Deme-moroko o o o o o o o
o 26 Squalidus gracilis gracilis Ito-moroko o o o
o 27 Hemibarbus barbus Nigoi o o o o o o
o 28 Hemibarbus labeo Kourai-nigoi
o 29 Hemibarbus longirostris Zunaga-nigoi o o o
o 30 Cyprinus carpio Koi o o o o o o o
★  31 Carassius auratus grandoculis Nigoro-buna o Ò ★ ★ o ★  ★
o 32 Carassius auratus langsdorfi Gin-buna o o o o o o
★  33 Carrasius cuvieri Gengorou-buna ★ ★ ★ ★ o ★  ★
o 34 Tanakia lanceolata Yari-tanago o o o o o o
o 35 Tanakia limbata Abura-bote Q o o o o o
+ 36 Rhodeus ocellatus ocellatus Tairiku-bara-tanago o + o o +1960s
•? 37 Rhodeus ocellatus kurumeus Nippon-bara-tanago o o o o o o
o 38 Acheilognathus cyanostigma Ichimonji-tanago o o o o o o
o 39 Acheilognathus tabira tabira Shiro-hire-tabira o o o o o o o
o 40 Acheilognathus rhombeus Kanehira o o o o o o
•  41 Acheilognathus longipinnis Ita-sen-para
Cobitidae
• 42 Leptobotia curta Ayu-modok¡ o o o o o o o
o 43 Misgurnus anguillicaudatus Dojou o o o o o
★  44 Cobitis sp. 1 Suji-sima-dojou (large) o o o ★  ; ;v;: o ? ★
★  45 Cobitis sp.2 subsp. 4 Suji-sima-dojou

(small-Biwako) ★ ? ★
o 46 Cobitis biwae Shima-dojou o o o o o
o 47 Niwaella delicata Ajime-dojou o Ò o o
o 48 Lefua echigonia Hotoke-dojou o o



I l l

Table 7. Continued.

Japanese name Mori
(1970)

Mori & Tokui & 
Miura Kawanabe 
(19S0) (1984)

Kawanabe 
& Mizuno 
(1989)

Biwako
bunkakan
(1991)

Naka
(1991)

Nakabo
(1993)

Bagridae
o 49 Pelteobagrus nudiceps Gigi o o o o o o
Siiuridae
o 50 Silurus asotus Namazu o o o o o o
★  51 Silurus biwaensis B i wako-oo-namazu ★ ★ ★ ★ o ★ ★
★  52 Silurus lithophilus Iwatoko-namazu ★ ★ ★ ★ o ★ ★
Amblycipitidae
o 53 Liobagrus reini Akaza o o o o
Osmeridae
A 54 Hypomesus transpacificus nipponensis Wakasagi o o o o A1910
Plecoglossidae
o 55 Plecoglossus altivelis altivelis Ayu o o o o o o
Salmonidae
o 56 Salvelinus leucomaenis japonicus Yamato-iwana o o o o
+ 57 Oncorhynchus mykiss Niji-masu o o + o +1911
A 58 Oncorhynchus masou masou Yamame o
o 59 Oncorhynchus masou ishikawae Amago o o o o o
★  60 Oncorhynchus masou subsp. Biwa-masu ★ ★ o o ★ ★ ★
Adrianichthyidae
o 61 Oryzias latipes Medaka o o o o o
Gasterosteidae
o 62 Gasterosteus microcephalus Hariyo o o o o o o
Cottidae
o 63 Coitus pollux Kajika o o o o
o 64 Coitus reinii Utsusemi-kajika o ★ o ★
Centrarchldae
+ 65 Micropterus salmoides Ookuchi-bass o + o o +1974
+ 66 Lepomis macrochirus Bluegill o + o o +1965
Cichlidae
+ 67 Tdapiazillii Zilli tilapia
Gobiidae
o 68 Odontobutis obscura obscura. Donko o o o o o
o 69 Rhinogobius sp. OR Tou-yoshinobori o o o o o o
o 70 Rhinogobius flumineus Kawa-yoshinobori o 0
A 71 Tridentiger brevispinis Numa-chichibu A1989
★  72 Chaenogobius isaza Isaza ★  1 ★ ★ ★ o ★ ★
o 73 Chaenogobius urotaenia Uki-gori o d o o o o
Channidae
+ 74 Channa argus Kamuruchii o o + o o +1933

★  = species or subspecies endemic to Lake Biwa.
o = indigenous species or subspecies of Lake Biwa.
•  = extinct species or subspecies.
A = introduced Japanese species or subspecies.
+ = exotic species or subspecies.

least 14 nominal endemic species (Watanabe & 
Nishino 1995). Such high endemism in the animals 
of Lake Biwa is evidence that the current lake is an
cient, perhaps as old as 300 000 to 500 000 years 
(Horie 1984, Yokoyama 1995, Kawanabe 1996). 
However, also there was an old lake Biwa in the Ue- 
no Basin in Mie Prefecture 4 to 6 million years ago.

The endemic species and subspecies of fishes in 
Lake Biwa contain those living in offshore water of 
the lake, such as the piscivorous chub, the^iw a gud
geon, Gnathopogon caerulescens;2 the ¿deepbodied, 
crucian carp, Carassius cuvieri, the fiiwa catfish, Si- 
turns biwaensisj; theciw a salmon, and the^iw a gof 
by, Chaenogobius isaza. No other fish is found in
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Lake Blwa________ Inland waters____
Attached

Fish species Japanese name Offshore Lakcshorc lagoon River
—I | | i |

Oncorhynchus uasou subsp. Biwa-masu j e 1
P lccoglossus n l t i v e l i s  a l t i v c l i s Ayu j e a 1

a e e T~
Cottus re  in i l Utsuscmi-kajika 1 a j e a
Tribolodon hakonensis Ugui 1 a j c a
Rhìnogobius sp. OR Tou-yoshinobori ! a j - e a
Hemibarbus barbus Nigoi J a c a 1
Cobi t i s  sp. 1 Suji-sima-dojou(largo) 1 a e
Zaceo p ia typu s Oikawa 1 a j e a j e|
Pseudogobio esocinus esocinus Kamatsuka ! a j e a j e|
Pungtungia h erzi Mugitsuku 1 a j 0 a j e|
Opsuriichthys unciros t r i s  unciros t r i s Itasu 1 a j c c "1 ii
Pelteobagrus nudiccps Gigi 1 a j e
S ilu ros aso tus Namazu 1 a J e
Gnathopogon caerulesccns Hon-moroko 1 a j c 1
Chaenogobius isaza Isaza 1« j c 1
S ilu ros  biwacnsis Biwako-oo-namazu L«_ j 0 1
Carrasiu s  cu v icri Gcngorou-buna R— j e j e I
Carassius aura tus grandoculis Nigoro-buna 1 a j e j e j
Carassius aura tus langsdorfi Gin-buna )' a j e 1
Cyprinus carpio Koi 1 a j e _J
Pseudorasbora parva Motsugo ! a j e
Ischikauia stecnackeri Vataka 1 a j 0 H
Chaenogobius urotacnia Uki-gori 1 a j e _ l
Siluru s lith o p h ilu s Iwatoko-namazu l a j e 1
B ivia  zczera Zczera 1 a j e 1
Squalidus chankaensis h i trac Sugo-moroko ! * j c 1
Squalidus Japónicas jupón i  cus Deme-moroko 1 a j e 1
Sarcocheilich thys b ivaen sis Abura-higai 1 a e 1
Acheilognathus tab ira  tabirn Shiro-hirc-tabira 1 a c 1
U icroptcrus sa lnoides Ookuchi-bass 1 a j c 1
Lcpomis macrochirus Blucgill 1 a j c 1

J_____ 1______ I____ I_____ I
Figure 7. Habitat utilization by fishes in Lake Biwa: a-adults, j -juveniles, e -  embryos. After information in Kawanabe & Mizuno (1989), 
Biwako Bunkakan (1990) and Naka (1991).
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offshore water of the lake except the ayu, which has 
a unique subpopulation adapted to offshore water 
of the lake (see above). This suggests that these fish
es speciated in response to the unexploited habitat 
offshore (Tokui & Kawanabe 1984, Kawanabe 
1996).

However, all fishes in Lake Biwa, including those 
living offshore, need the shallow littoral zone to re
produce (Figure 7). For example, numerous indi
viduals of the deepbodied crucian carp, the I'ound5' 
crucian carp, C. auratus grandoculk and the com
mon carp, are known to migrate to the lakeshore 
and associated lagoons from spring to early summer 
for reproduction (e.g. Kawanabe 1996). The spawn
ing behavior of Lake Biwa fishes can be categorized 
into four types those attaching eggs to weeds near 
the surface as do common carp, crucian carps, and 
gudgeons; those attaching eggs to the undersides of 
stones as do gobiids and cottids; those scattering 
eggs on the bottom or covering them over as do silu- 
rids, chubs, ayu, and salmonids; and those inserting 
the eggs inside mussels as do bitterlings. No Lake 
Biwa fish spawns in open water or on the deep bot
tom, and all spawning takes place in shallow waters. 
Many fish species also migrate into the tributaries 
to reproduce and their eggs and juveniles develop 
there (Figure 7).

People, however, have disturbed the lake’s envi
ronment to satisfy the demands of an increasing 
population with its need for more cultivated fields. 
For example, they have reconstructed the lakeshore 
and reclaimed the estuaries and lagoons connected 
with Lake Biwa, reducing the area of the lagoons 
from about 3440 ha before 1944 to about 570 ha in 
1991,1,2 and the area of reeds beds along the lakesh
ore from 260 ha in 1953 to 130 ha in 1991 (Itoh 1992). 
These areas served as spawning and nursery sites 
for Lake Biwa fishes (Kawanabe 1996). The Ama
gase Dam was constructed for hydropower on the 
lower reach of the River Seta (Uji City, Kyoto Pre
fecture) in 1964, and this completely blocked up-

1 Lake Institute, Shiga University (ed.) 1974. Lake Biwa II. The 
future development. Sankyo Shuppan, Tokyo. 190 pp. (in Japa
nese).
2 Shiga Prefecture. 1993. Report on lake environment at the 4th 
basic survey for conservation of natural environment. Environ
ment Agency of Japan 25:1-124 (in Japanese).

stream migration of catadromous fishes like the Ja
panese eel and the ayu. In 1905, the Seta Weir was 
constructed 5 km downstream from the outlet of 
Lake Biwa to control the water level of the lake for 
flood prevention and water supply for downstream 
cities. It was rebuilt in 1961. However, water level 
control is disadvantageous for fishes because the 
lake is kept at low level during the rainy season 
when the fishes migrate into the shallow shores and 
adjoining waters to spawn.

The environmental alteration of the lake and sur
rounding areas has increased since 1972 due to a na
tional comprehensive development project for 
Lake Biwa. A significant change in the aquatic envi
ronment resulted from installing a drinking-water 
system for more than 90% of the houses around the 
lake in 1975. Previously, in 1955 only 5 % had been so 
provided (Kada 1995). Dams were constructed in 
the lake tributaries to provide drinking-water, and 
the number and area of artificial poinds decreased. 
The development of this water supply system also 
reduced the need for water in small canals and 
ditches that had played an important role in the dai
ly lives of the people, so these were covered over or 
even diverted. Water systems around paddies were 
also made more effective by using concrete bottoms 
and water gates. Many steps were also constructed 
in the river beds to moderate their gradient.

These changes in the lake and its tributaries 
threaten the freshwater organisms, especially fishes 
that migrate between the lake and inland waters. 
For example, the Biwa salmon has been forced to 
spawn in rivermouths because its upstream migra
tion was interrupted by weirs and steps (Y. Fujioka 
personal communication), and Shiga Prefecture 
was forced to construct artificial streams to provide 
spawning sites for the ayu.

Some changes in the fish community of Lake Bi
wa can be surmised from a study of the fish harvest
ed from the lake. Although fishery activities have 
gradually decreased, the catch of ayu has increased, 
and the catches of oikawa, hon-moroko, and hasu 
have remained unchanged (Table 8). Since 1985, 
catch of the exotic largemouth bass has increased. 
The species was discovered in the lake in 1964 and 
eight years later it had spread over the entire lake 
(Biwako Bunkakan 1991). The population of the Bi-

m -
UZ '
fa ff; ,
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wa goby (isaza) has been known to fluctuate with 
the population of ayu, which competes with it for 
food, both being zooplankton-feeders in the off
shore water (Miura 1996). Meanwhile, the catch of 
crucian carps (funa) decreased abruptly after 1985, 
especially of the nigoro-buna which is an important 
rural food fish. In the inland waters around Lake 
Biwa, fishes such as eel, chub, bitterling, loach, and 
catfish were reported to have decreased during the 
last 20-30 years (Yuma et al. 1995).

Another problem faced by the lake fish fauna is 
the introduction of exotic species; as of now, there 
are 14 exotic species and subspecies in Lake Biwa. 
Fishermen have paid much attention to the preda
tory largemouth bass, because of its effect on the 
populations of commercially important fishes like 
the ayu. As mentioned earlier, many attempts have 
been made to introduce species of fishes into Lake 
Biwa. According to Furukawa & Awano (1969),

since 1883, 24 potentially important fishes have 
been introduced into the lake, but only the rainbow 
trout and the grass carp have become established.

.In addition to these two deliberately introduced 
species, some fishes have been accidentally but suc
cessfully introduced into the lake. One is the‘Slue- 
gill, Lepomis macrochirut This species was cultur
ed in ponds to serve as a host fish for the glochidia of 
the Biwa pearly mussel, Hyriopsis schlegelUfLt ap
peared in the lake unnoticed in mid 1960s and 
spread throughout the lake in the early 1970s (Furu
kawa & Awano 1969, Terashima 1980). Terashima 
(1980) suggested that the bluegill occupied a vacant 
niche in the lake fish community due to its unique 
breeding habit and wide range of prey. Another is 
the fcfiort-spined Japanese trident gob^jn^rfgnr^gr g z ^  
brevispinis,\Iwhich became common in Lake Biwa 
after 1989 (Takahashi 1990, Ohno 1994). Ohno 
(1994) suggested that the algal feeding habit of this

Table 8. Fish harvest (annual mean, metric tons in Lake Biwa. Data are from the Shiga Statistics Information Office, Bureau of Agricul
ture and Fisheries of Kinki District. Japanese names for fishes are employed (see Table 7 and Appendix) because the classification in 
fisheries literature is often not consistent with the accepted scientific one.

1954/1955 1959/1963 1969/1974 1975/1979 1980/1984 1985/1989 1990/1994

Masu-salmon 53.4 36.0 32.9 16.4 26.6 25.0 32.4
Ayu 377.7 327.7 842.2 1050.0 1285.0 1614.0 1580.0

juveniles - (327.7) (527.3) (614.2) (699.1) (920.8) (921.8)
subadults - - (314.9) (435.8) (585.9) (693.8) (658.1)

Koi 80.5 92.2 166.3 162.7 132.7 86.2 62.4
Funa-group 653.9 810.3 616.2 628.8 702.0 476.5 167.6

Nigoro-buna - -  ■ - - 177.6 82.0
Ugui 33.0 27.3 53.6 60.6 56.7 27.6 17.9
Oikawa 10.9 15.0 30.8 39.3 48.7 31.8 31.8
Unagi 27.0 23.6 29.3 |  10.5 7.9 8.4 9.0
Isaza 24.7 113.7 420.1 397.4 422.4 293.4 21.1
Moroko-group - 297.2 404.3 227.2 271.5 291.7 365.9

Hon-moroko (178.6) (330.0) (200.8) (222.8) (242.0) * (223.1)
Hasu — 75.8 139.4 106.4 110.1 102.7 100.8
Other fishes 732.0 375.2 512.5 397.2 256.2 361.8 330.4

Wataka - (47.8) - - - - -

Gori (gobiids) - (99.7) - - ; -  :< - -

Gigi - (19.2) - - - - • -

Higai-group - (3.6) - - - - -
Largemouth bass -, - |  pf| - (76.5) (88.7)

Total 1993 2194 3248 3097 3319 3320 2719

No. of fisherman 1704 1536 1597 1377 1242 1113
No. of fishing boats - 1961 2058 2272 2167 2006 1750
Cumulative days of fishing ■ - 211939 209967 227975 185619 180013 156134
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Figure 8. A schematic of changes in landscapes and water systems in Japan from ancient times to the present.

species might have helped it become established in 
the fish community along the lakeshore where no 
fish used the attached algae. It is noteworthy that a 
cichlid^ilapia zillii§is confined to a restricted area 
of a lake tributary polluted with warm water from a 
factory. More recently, the Japanese smelt was 
found alive in the lake. This species had been in
troduced repeatedly from 1910 to 1919 and from 
1939 to 1953 (Furukawa & Awano 1969), but only a 
few fish were ever found. However, its population 
increased abruptly from 1994 (The Kyoto Newspa
per 17.3.1996, an interview in Kohoku Town), de
spite the fact that no more introductions of this spe
cies had been carried out since 1954. This may sug
gest some unknown changes are taking place in the 
lake ecosystem.

Development of paddy-fields and the distribution 
of fishes

To understand the distributions of Japanese fresh
water fishes, we need information on the geological 
influences on migration and isolation of organisms 
as well as the patterns of ecological and physiolog

ical adaptation. We also have to understand chang
es in the natural environment during historical 
times because humans have greatly modified the 
landscape, including water systems. Especially in 
Japan, the role of rice paddies is very important for 
understanding the current distributions of freshwa
ter organisms because the Japanese have operated 
artificial water systems for irrigation on a huge 
scale.’ Such artificial water systems included canals, 
ditches, and ponds near the paddies, and similar sys
tems developed around each family’s house for dai
ly use.

In Japan, paddy fields occupied a large part of the 
land, with a maximum area of 3.4 million ha in 1969 
and 2.8 million ha in 1990. This is more than twice 
the surface area of natural freshwater lakes and riv
ers,, which accounted 1.3 million ha in 1989.3 Paddy 
field cultivation started as long ago as the Jomon 
Period (ca. 1000 BC) (Kubodera 1993). The area of 
paddy fields was estimated to reach 1 million ha dur
ing the Nara Period (610-784 AD), and was en-

?Yano Kataro Memorial Foundation (ed.) 1991. A hundred 
years of Japan, showing by numerals, 3rd ed. Kokuseisha, Tokyo. 
542 pp. (in Japanese).
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larged during the Kamakura and early Edo periods 
and the early Meiji Period (Furushima 1967).

Paddy fields were developed on valley slopes at 
the foot of the mountains, and on the plains sur
rounding the estuary near the sea. They replaced 
natural environments like riparian forests in the 
valleys, the dry land on alluvial fans near the foot
hills, and the plains and marshes around estuaries 
(Figure 8). Paddy fields were constructed on allu
vial fans by diverting water from mountain streams 
and irrigation ponds, changing the dry land into ar
tificial wetlands. Surface waters had originally been 
scarce on alluvial fans because they were well 
drained. Deep marshes around the lower reaches of 
rivers were changed into shallow wetlands by elim
inating water from the marshes. As a result, the rel
atively homogenous environment of paddy fields 
with their artificial water systems became contin
uous from the estuaries all the way to the foothills, 
including the area that was once dry land on alluvial 
fans and plains.

Following these environmental changes, fresh
water organisms inhabiting shallow waters expand
ed their distribution through the paddy fields and 
artificial water systems, while freshwater organisms 
in deeper waters likely decreased or become ex
tinct. To analyze and understand the current distri
bution of freshwater organisms in Japan, it is essen
tial to remember that some species living in the low
er reaches or rivers have expanded their distribu
tions through the alluvial fans up to the foothills 
(Yuma 1995).

In mountains, small, rapid streams often have 
been changed into significantly slower ones by con
structing small weirs for irrigation and flood con
trol. This may cause organisms adapted to rapid 
streams to move into more mountainous areas, and 
result in their replacement by organisms adapted to 
slower streams.

Recent land development creating towns, cities, 
and factories has decreased the paddy fields and ar
tificial water systems, especially in the lower and 
middle reaches of rivers, and altered the land use 
from wet to dry. Such human activity forced fresh
water organisms out of artificial wetlands around 
the lower and middle reaches of rivers, and may 
cause the loss of freshwater organisms, especially

those living in stagnant waters on the plains. It also 
might bring about the decline of aquatic biota that 
inhabit stagnant or shallow water during certain 
parts of their life cycles, such as during reproduc
tion. The latter organisms include fishes like cypri- 
nids and cobitids which constitute the major part of 
the freshwater fish fauna of Japan. The same might 
occur for the lacustrine-riverine fishes arouncfTake 
Biwa, as mentioned above.'

With regard to the present distribution of fresh
water organisms, it can be said that some species 
that originated in wetlands around the lower and 
middle reaches of rivers can maintain their popula
tions in small artificial wetlands such as paddy 
fields, canals, ditches, and irrigation ponds in the 
upper zone of the alluvial fans and the lower part of 
the valley (Yuma 1995). Examples of fish with such 
distribution patterns are the ‘Japanese rose bitted 
ling, the Mpmouth gudgeon Pseudorasbora parva$ 
and the golden Venus fish, Hemigrammocypris m% 
borelM which are found in irrigation ponds, and the 
hissing loach, and the Metropolitan bitterlingi 
which occur in irrigation canals (Kawanabe & Mi- 
zuno 1989). These patterns suggest that original 
habitats of such species have already disappeared 
and that they inhabit artificially managed freshwa- 
ters which may resemble their original habitats.

The distribution pattern of Japanese freshwater 
fishes was originally established by migration and 
speciation of fishes throughout the geological histo
ry of the Japanese Archipelago. Recent human ac
tivities such as destruction of freshwater environ
ments by land development, and fish introductions 
in natural habitats, apparently caused a decline in 
Japanese freshwater fish communities. In addition, 
the historical changes of Japanese freshwater sys
tems by development of paddy fields has caused 
some species to decline but others to flourish, and 
changed the distribution patterns of fishes between 
upstream and downstream areas. To conserve en
dangered species and declining communities of 
freshwater fishes, we need to clarify characteristics 
of their original habitats and also the ecological ad
vantages and disadvantages of modification and 
maintenance of freshwater systems by humans.
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Appendix. Freshwater fishes shown in Kawanabe & Mizuno (1989) and Nakabo (1993). Fishes living mainly in brackish and marine waters are 
excluded. Scientific names follow Nakabo (1993). English names follow Miyadi et al. (1976). Habitat: F, freshwater; B, brackish water; M, 
marine; ®= main habitat; O = common habitat. Distribution: H, only in Hokkaido and north; R, only in Ryukyu Islands and south.

English name Japanese name Habitat Distri
bution

H R

Endemic 
to Japan

Alien fish 
(origin, yea 
of intro
duction)

F B M

Pacific lamprey Mitsuba-yatsume O O O
Arctic lamprey Kawa-yatsume O O O
Landlocked Siberian lamprey Siberia-yatsume O Á
Sand lamprey Suna-yatsume O

Sakhalin green sturgeon Chouzame O 0 O

Japanese eel Unagi O 0 O
Marbled eel Oo-unagi O 0 O

Etsu O 0 ★

0 .
Dark̂ hub type B Kawamutsu B
Dark chub type A Kawamutsu A ©
Pale chub Oikawa ©
Piscivorous chub Hasu ©
Venus fish Hina-moroko ©
Golden venus fish Kawabata-moroko © ★
Japanese dace Ugui © 0 O

Ukekuchi-ugui © 0 ★
Far Eastern dace Maruta-ugui © ★
Rosyface dace Ezo*ugui ©
Sakhalin lake minnow Yachi-ugui © A
Japanese fat minnow Abura-haya © A
Yamanaka minnow Yamanaka-haya © ★  (subsp)
Chinese minnow Taka-haya ©
Grass carp Sougyo © •  (China)
Black Chinese roach Ao-uo © •  (China,

1943)
Lakeweed chub Wataka © +
Striped bighead Kokuren © •  (China)
Silver bighead Hakuren © •  (China,

1943)
Field gudgeon Ta-moroko © ★  (subsp)
Suwa gudgeon Suwa-moroko © ★  (subsp)
Biwa gudgeon Hon-moroko © ★
Black stripe gudgeon Mugitsuku ©
Topmouth gudgeon Motsugo ©
Dwarf topmouth gudgeon Shinai-motsugo © ★  (subsp)

Ushi-motsugo © ★  (subsp)
River gudgeon Kawa-higai © ★  (subsp)

Biwa gudgeon Biwa-higai © ★  (subsp)

Oily gudgeon Abura-higai © ★
Pike gudgeon Kamatsuka ©
Chinese false gudgeon Tsuchifuki ©
Biwa gudgeon Zezera © ★

Sugo-moroko © ★  (subsp)
Kourai-moroko ©

Pctromyzontifoimes 
P etrom yzon tidae  

■"1 Entosphenus tridentata 
/  2 Létthenteron japonicum 

y  3 Uhimenteron k essieri 
y4 Lejpphenteron re issneri 

Acipenseriformes 
A cipenceridae  

/ 5  Acipenser medirostris 
Anguilliformes 

A nguillidae 
v 6  Anguilla japónica 
U1  Anguilla marmorata 

Clùpeifonnes 
E ngrau lid idae  

j /8  Coilia nasas
Cypriniformes 

C yprin idae  
A  9  Zaceo temminckii 
A 0  Zaceo sp.
/ 1 1 Zaceo platypus

^ 1 2  Opsariichthys uncirostris uncirostris 
^13 Aphyocypris chinensis 
✓ 44 Hemigrammocypris rasborella 
iA5 Tribolodon hakonensis 
/16 Tribolodon sp. 

ì/ 1 7  Tribolodon brandii
18 Tribolodon ezoe
19 Phoxinus percnurus sachalinensis 

p/20 Phoxinus lagowski steindachneri 
p*2Ì Phoxinus lagowski yamanotis 
A ll Phoxinus oxycephalus jouvi 

A23 Ctenopharyngodon idellus
t/ 24 Mylopharyngodon piccus

ts25 Ishikauia steenackeri 
y26 Hypophthalmichthys nobilis 
J,27 Hypophthalmichthys molitrix

*28 Gnathopogon elongatus elongatus 
/2 9  Gnathopogon elongatus suwae 
t/30 Gnathopogon caerulescens 

Pungtungia herzi 
y32 Pseudorasbora parva 
/33  Pseudorasbora pumila puntila 

/ 3 4  Pseudorasbora pumila subsp.
/3 5  Sarcocheilichthys va riega tus 

variegatus
v 36 Sarcocheilichthys variegatus 

. micro ocultis
y 37 Sarcocheilichthys biwaensis 
/3 8  Pseudogobio esocinus esocinus 

Abbottino rivularis 
/40  Biwia zezera 
/4 1  Squalidus chankaensis biwae 
¿42 Squalidus chankaensis subsp.
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Appendix. Continued.

English name Japanese name Habitat Distri- Endemic Alien fish 
bution to Japan (origin, year
____  of intro-
H R duction)

F B M

V43 Squalidus japonicus japonicus Deme-moroko © ★  (subsp)
A4 Squalidus gracilis gracilis Slender gudgeon Ito-moroko © ★  (subsp)
/45 Hemibarbus barbus Steed barbel Nigoi © © ★
A6 Hemibarbus labeo Kourai-nigoi © © ★
/47 Hemibarbus longirostris Longnose barbel Zunaga-nigoi © ★
/4S Cyprinus carpio Common carp Koi © ©
y/49 Carassius auratus subsp. 1 Naga-buna © ★  (subsp)?
/50 Carassius auratus subsp. 2 Golden crucian carp Kin-buna © ★  (subsp)
/5\ Carassius auratus buergeri Oo-k in-buna ©
/ 52 Carassius auratus grandoculis Round crucian carp Nigoro-buna © ★  (subsp)
jS3 Carassius auratus langsdorfi Silver crucian carp Gin-buna ©
/54 Carrassius cuvieri Deepbodied crucian carp Gengorou-buna © ★
y/55 Tanakia lanceolata Slender bitterling Yari-tanago ©
/56 Tanakia limbata Oily bitterling Abura-bote ©
/57 Tanakia tanago Metropolitan bitterling Miyako-tanago © ★

5̂8 Rhodeus ocellatus ocellatus Rose bitterling Tairiku-bara-tanago © ▲ (China,
1940s)

/S9 Rhodeus ocellatus kurumeus Japanese rose bitterling Nippon-bara-tanago © ★  (subsp)
y 60 Rhodeus atremius atremius Kyushu rose bitterling Kazetoge-tanago © ★  (subsp)
s6 l Rhodeus atremius suigensis Suigen rose bitterling Suigen-zeni-tanago ©
/  62 Acheilognathus melanogaster Broadstriped bitterling Tanago © ★
i  63 Acheilognathus cyanostigma Striped bitterling Ichimonji-tanago © ★
v 64 Acheilognathus tabira tabira White rock bitterling Shiro-hire-tabira © ★  (subsp)
/65 Acheilognathus tabira subsp. 1 Red rock bitterling Aka-hire-tabira © ★  (subsp)
/66 Acheilognathus tabira subsp. 2 Spotted rock bitterling Seboshi-tabira © ★  (subsp)
j 61 Acheilognathus rhombeus Flat bitterling Kanehira ©
/68 Acheilognathus longipinnis Deepbodied bitterling Ita-sen-para © ★
V69 Acheilognathus typus Netted bitterling Zeni-tanago © ★

Cobitidae
*70 Leptobotia curta Kissing loach Ayu-modoki © ★
f¡\ Misgurnus anguillicaudatus Asian pond loach Dojou ©
j/72 Cobitis matsubarai Spined loach Yamato-sima-dojou © ★
/l3  Cobitis sp. 1 Striped spined loach (large) Suji-sima-dojou (large) © ★ ?
/74 Cobitis sp. 2 subsp. 1 Striped spined loach (small- Suji-sima-dojou (small- © (subsp)?

San’you) San’you)
/75 Cobitis sp. 2 subsp. 2 Striped spined loach (small-Toukai) Suji-sima-dojou (small- © ★  (subsp)?

Toukai)
/76 Cobitis sp. 2 subsp. 3 Striped spined loach (small-spotted) Suji-sima-dojou (small- © ★  (subsp)?

tenkogata)
k 77 Cobitis sp. 2 subsp. 4 Striped spined loach (small-Biwako) Suji-sima-dojou (small- © ★  (subsp)?

Biwako)
w8 Cobitis sp. 3 Striped spined loach (middle) Suji-sima-dojou (middle) © ★ ?
*/79 Cobitis biwae Sand loach Shima-dojou © ★

/SO Cobitis takatsuensis Secret loach Ishi-dojou © ★  ■"
/SI Niwaella delicata Delicate loach Ajime-dojou © ★
\Al Noemacheilus barbatulus toni Siberian stone loach Fuku-dojou © A
/S3 Lefua echigonia Japanese eight barbel loach Hotoke-dojou © ★  •
/S4 Lefua nikkanis Hokkaido eight barbel loach Ezo-hotoke-dojou 'w © A ★
✓ S5 Lefua sp. Nagare-hotoke-dofou © ★

Siluriformes
Bagridae

*¡$6 Pelteobagrusnudiceps Folktail bullhead Gigi © ★
/SI Pseudobagrus tokiensis Cuttailed bullhead Gibachi © ★
fSS Pseudobagrus aurantiacus Kyushu bullhead Ariake-gibachi © ★

8̂9 Coreobagrus ichikawai Swampy bullhead Neko-gigi © ★
Siluridae

/90 Silurus asotus Far Eastern catfish Namazu ©
/91 Silurus biwaensis Biwa catfish Biwako-oo-namazu © A
/92 Silurus lirhophilus Amblycipitidae Rock catfish Iwatoko-namazu © ★
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Appendix. Continued.

English name Japanese name Habitat Distri- Endemic Alien fish
----------- bution to Japan (origin, year
F B M ------  of intro-

H R duction)
9̂3 Liobagrus reini Reddish bullhead

Clariidae
/94 Clarias fusais

Salminoformes
Osmeridae

✓ 95 Sp ir induis lanceolatus Shishamo smelt
✓ 96 Osmerus ep erlan us mnrdax Olive rainbow smelt
y/97 Hypomesus transpacificus Japanese smelt

mpponensis
v/98 Hypomesus olid us Pond smelt

Plecoglossidae
✓ 99 Plecoglossus alrivelis altivelis Ayu
AOO Plecoglossus altivelis ryukyensis Rvukyu ayu

Salangidae
✓ 101 Neosalanx reganius Regan icefish

Salmonidae
✓ 102 Hucho perrvi Sakhalin huchen
✓ 103 Salvelinus mabna malma Dolly varden
✓ 104 Salvelinus malma miyabei Miyabe’s charr
s 105 Salvelinus leucomaenis leucomaenis Whitespotted charr
vi06 Salvelinus leucomaenis pluvius Japanese charr
✓ 107 Salvelinus leucomaenis japonicus Japanese charr
✓ 108 Salvelinus leucomaenis imbrius Head spotted charr
/ \  09 Salvelinus fontinalis Brook trout

y
✓ 110 Salvelinus nama/cush Lake trout

vili Salmo trutta Brown trout
/112 Oncorhynchits my kiss Rainbow trout

13 Oncorhynchus masou masou Masu salmon, Masu trout
✓ 114 Oncorhynchus masou ishikawae Red-spotted masu trout
/115 Oncorhynchus masou subsp. Biwa trout
✓ 116 Oncorhynchus kisutch Coho salmon
✓ 117 Oncorhynchus tshawytscha Chinook salmon
/118 Oncorhynchus keta Chum salmon
✓ 119 Oncorhynchus gorbuscha Pink salmon
✓ 120 Oncorhynchus nerka nerka Sockeye salmon, Kokanee
y\2l Oncorhynchus nerka kawamurai Black kokanee
A  22 Coregonus larvaretus maraena Sig

Atheriniformes
Atherinidae

A 23 Odonthestes bonariensis Peherei

Cyprinodontiformes
Poeciliidae

/124 Gambusia affinis Common gambusia

A  25 Poecilia reticulata Guppy

Beloniformes
Adrianichthyidae

✓  126 Oryzias latipes Nledaka
Hemiramphidae

v!27 Hyporhamphlts intermedius Japanese brackish halfbeak

Akaza © ★

Hire-namazu © •  (Taiwan)

Shishamo O o o -
★

Kyuuri-uo O o o A
Wakasagi © o o
Ishikara-wakasagi © A

Ayu © o o
Ryuukyuu-ayu o o o Y ★  (subsp)

Ariake-hime-sirauo © o ★

Itou © o o (A )
Oshorokoma © o o A
Miyabe-iwana © o ★  (subsp)
Ame-masu, Ezo-iwana © o o
Nikkou-iwana © o o ★  (subsp)
Yamato-iwana © ★  (subsp)
Gogi © ★  (subsp)
Kawa-masu © •  (USA,

1902)
Lake trout © +  (Canada,

1966)
Brown trout © •  (USA?)
Niji-màsu © •  (USA,

after 1877)
Sakura-masu, Yamame © o o
Satsuki-masu, Amago © A A ★  (subsp)
Biwa-masu © ★  (subsp)
Gin-zake o o o
Masu-no-suke o o o
Sake o o o
Karafuto-masu o o o
Beni-zake, Hime-masu © o o A
Kuni-masu © ★  (subsp)
Shinano-yuki-masu © •

(Europe?)

Peherei © •
(Argentina,
1966)

Ka-dayashi © © •  (through
Taiwan,
1916)

Guppy © © •
(Aquarium
trade)

Medaka © © ©

Kurume-sayori © ©
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Appendix. Continued.

English name Japanese name Habitat Distri- Endemic Alien fish
_______ bution to Japan (origin, year
F B M ------  ofintro-

H R duction)

J
I

Gasterosteiformes 
Gasterosteidae 

A 28 Gasterosteus aculeatus

A29 Gasterosteus sp. 
i/130 Gasterosteus microcephalus 
✓ T31 Punditius tymensis 

32 Pungitius pingitius

-/133 Pungitius sp.
/i34 Pungitius sinensis 
t/135 Pungitius kaibarae

Syngnathiformes
Syngnathidae

#̂ 136 Microphis (Oostethus) brachyurus 
brachyurus

I *437 Microphis (Coelonotus) leiaspis 
Synbranchiformes 
Synbranchidae 

✓ J3S Monopterus albus
Scorpaeniformes 

Scorpaenidae 
i/139 Tetraroge niger 

Cottidae
A 40 Trachidermus fasciatus 
/141 Cottus kazika 
J42 Cottus hangiongensis 
443 Cottus amblyostomopsis 
A 44 Cottus nozawae 
/145 Cottus pollux 
Jt46 Cottus reinii

Perciformes 
Ambassidae 

«447 Ambassis miops 
v448 Ambassis urotaenia 

Percichthyidae
\A49 Coreoperca kawamebari 

Terapontidae 
¥  150 Mesopristes sp.
•̂ 151 Mesopristes argenteus 
A  52 Mesopristes cancellatus 

Kuhliidae
/153 Kuhlia marginata 
•454 Kuhlia rupestris 

Centrarchidae 
xA55 Micropterus salmoides

/156 Lepomis macrochirus

Scatophagidae 
A57 Scatophagus argus 

Cichlidae
*458 Oreochromis mossambicus^

A  59 Oreochromis niloticus 

Al 60 Tilapia zillii 

Mugilidae
✓ 161 Crenimugil heterocheilos

Threespine stickleback 
(anadromous)

Itoyo; anadromous form
° o o

Threespine stickleback (landlocked) Itoyo; landlocked form - ★
Naked threespine stickleback Hariyo © ★
Short-spined ninespine stickleback Ezo-tomiyo © o
Ninespine stickleback Ibara-tomiyo, Kita-no- 

tomiyo
© ©

Musashi ninespine stickleback Musashi-tomiyo © ★
Chinese ninespine stickleback Tomiyo ©
Kyoto ninespine stickleback Minami-tomiyo © ★

Tengu-youji 0 o 0 Y

Coelonotous pipefish Issen-youji o o o Y

Swamp eel Ta-unagi @

Higesori-okoze o o o Y

Roughskin sculpin Yama-no-kami o o
Fourspine sculpin Ayu-kake, Kamakiri o o o ★
Tyuman-river sculpin Kankyou-kajika o o o

' IftH | | • Ezo-hana-kajika o o o ★
Wrinkehead.§culpin Hana-kajika © o o ★
Japanese sculpin Kajika © o o ★

Utsesemi-kajika © ★

Sesuji-takasago-ishimochi 0 0 o Y
Takasago-ishimochi o o o Y

Japanese aucha perch Oya-nirami ©

Misuji-sima-isaki o o o Y
Nise-sima-isaki o o o Y
Yoko-sima-isaki o o o Y

Spotted flagtail Yugoi 0 o o (▼)
Rock flagtail Ookuchi-yugoi o o o (▼)

Largemouth bass Ookuchi-bass © •  (USA, 
1925)

Biuegill Biuegill © •  (USA, 
1960)

Kurohoshi-manjuudai o o o
Mozambique tilapia Mozambique tilapia © © © •

(Thailand,
1954)

Nile tilapia Nile tilapia © © •  (Egypt, 
1962)

Zilli tilapia Zilli tilapia © © © •  (Egypt, 
1962)

Nagare-fuurai-bora o o o Y
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Appendix. Continued.

English name Japanese name Habitat Distri- Endemic Alien fish
_______  bution to Japan (origin, year
F B M

H R
of intro
duction)

Rhyncichthyidae
/162 Rhyacichthys aspro Rhyacichthyid fish Tsubasa-haze O o o T

Gobiidae
x/163 Eleotris oxycephala Spined sleeper Kawa-anago O o o
✓ 164 Eleotris fusca Indian spined sleeper Tenjiku-kawa-anago O o o T
✓ 165 Eleotris acanthopoma Chichibu-modoki O o o
*466 Ophieleotris sp. Tametomo-haze O o o Y
/167 Odontobutis obscura obscura Dark sleeper Donko © ★  (subsp)
✓ 168 Hypseleotris cyprinoides Carp-like sleeper Tanago-modoki o o o ▼
/I 69 Schismatogobius roxasi Eso-haze o o o ▼
/170 Schismatogobius sp. Shima-eso-haze o o o Y
/171 Awaous melanocephalus Kuro-minami-haze o o o Y
/172 Awaous ocellaris Ocellated river goby Minami-haze o o o Y
ATS Redigobius bikolanus Blackspotted goby Hina-haze o o o
/174 Rhinogobius giurinus Paradise goby Gokuraku-haze © o o
y!75 Rhinogobius sp. cross-band CB Common freshwater goby (CB) Shima-yoshinobori © o o
✓ 176 Rhinogobius sp. dark DA Common freshwater goby (DA) Kuro-yoshinobori © o o ★ ?
✓ 177 Rhinogobius sp. depressed large Common freshwater goby (DL) Hira-yoshinobori o o o Y * ?

dark DL
✓ 178 Rhinogobius sp. large dark LD Common freshwater goby (LD) Oo-yoshinobori © o o ★ ?
v/179 Rhinogobius sp. cobalt CO Common freshwater goby (CO) Ruri-yoshinobori © o o ★ ?
✓ 180 Rhinogobius sp. orange OR Common freshwater goby (OR) Tou-yoshinobori © o o ★ ?
/181 Rhinogobius sp. mosaik MO Common freshwater goby (MO) Aya-yoshinobori © o o Y ★ ?
/  1S2 Rhinogobius sp. yellow belly YB Common freshwater goby (YB) Kibara-yoshinobori © Y ★ ?
/183 Rhinogobius sp. blue belly BB Common freshwater goby (BB) Aobara-yoshinobori © Y ★ ?
y  184 Rhinogobius flumineus Lizard goby Ka wa-yoshi nobori © ★
/185 Stenogobius sp. Filletcheek goby Tanekawa-haze o o o
/186 Tridentiger obscurus Japanese trident goby Chichibu © © o
V187 Tridentiger brevispinis Short-spined Japanese trident goby Numa-chichibu © © o
✓ 188 Tridentiger kuroieae Nagano-gori © o o ★
✓ 189 Glossugobius celebius Iwa-haze o o o Y
✓ 190 Glossogobius aureus Konjiki-haze o o o
1̂91 Pandaka trimacula ta Mitsuboshi-goma-haze o o o Y

°Í92 Chaenogobius laevis Juzukake-haze © ★ ?
✓ 193 Chaenogobius isaza Biwa goby Isaza © ★
w/194 Chaenogobius urotaenia Floating goby Uki-gori © o o
/ l  95 Chaenogobius sp. 1 Sumi-uki-gori o o o
✓ 196 Chaenogobius sp. 2 Shima-uki-gori o o o
✓ 196 Luciogobius guttatus Flathead goby Mimizu-haze o o o
✓ 197 Luciogobius pallidus Well goby Ido-mimizu-haze o o o ★
✓ 198 Luciogobius albus Cave goby Doukutsu-mimizu-haze o o ★
'"199 Leucopsarion petersii Ice goby Shiro-uo o o o
✓ 200 Sicy op us leprurus Kaeru-haze o o o Y ★ ?
✓ 201 Sicyopus zosterophorum Fude-haze, Aka-bouzu-haze O o 0 Y
✓ 202 Lentipes armants Yoroi-bouzu-haze o o o Y i r
✓ 203 Stiphodon elegans Nan'you-bouzu-haze o o o
✓ 704 Stiphodon stevensoni Hayase-bouzu-haze o o o Y
✓ 205 Sicyopterus macrostetholepis Ruri-bouzu-haze o o o Y
v206 Sicyopterus japonicus Parrot goby Bouzu-haze o o o

Belontiidae r  Roundtailed paradise fish Chousen-buna © #  (Korea,
4207 Macropodus chinenis ------ -------- ca. 1914)
✓ 20S Macropodus operations Paradise fish Taiwan-kingyo © Y

Channidae
✓ 209 Chauna argus Northern snakehead Kamuruchii © •  (Korea?,

1923-24)
* 4 10 Chauna maculara Formosan snakehead Taiwan-dojou © #  (Taiwan,

1906)
✓ 211 Chauna asiático Koutai © Y •  (Taiwan)



Subject: RE: Tenkara
Date: Sun, 8 Mar 1998 01:37:25 +0900 

From: "Yoshikazu Fujioka" <yoshikazu@hi-ho.ne.jp> 
To: "Gary Soucie" <wf5f@usa.net>

Dear Gary,

How are you ?

I'm glad to read the news about your wife.
I hope your wife will get out o f the hospital and go back your home soon.

Well, I will respond to your inquiries.

About Japanese salmonids:

1) About Yamame(Sakura masu), Amago(Satsuki masu):
There is not decisive difference between these two trouts.
But Biwa masu became subspecies because o f special evolution 
in isolated environment, Lake Biwa. This is a general trend now.

Yamame(Sakura masu), Amago(Satsuki masu) are named various 
scientific name with various specimens.
These are more and more contused us.

Feature o f specimens are as follows:
— O. masou rhodurus — That specimen has not orang color spots.
— O. masou ishikawae — That specimen has orange color spots.
— O. masou macrostomus ---It is impossible to make the decision

about existence o f orange color
spots.

If it dare to classify, Scientific name and Japanese name are 
as follows.
— Yamame(Sakura masu) — O. masou masou 
-- Amago(Satsuki masu) — O. masou ishikawae 
-- Biwa masu — O. masou subsp. (rhodurus ?)

A specimen o f rhodurus was got by Jordan and Mcgregor in Lake Biwa 
in 1925.
But I feel uneasy about that specimen has not orange color spots.
I can't trust a specimen macrostomus that it was bought by Gunther 
in market o f Yokohama in 1880.

Yamame, Amago are landlocked form and Sakura masu, 
Satsuki masu are anadromus form as your reference about 
Beni sake and Hime masu.
There are to go down the sea or not in a river.
And they tends to stay in river in the southern part o f Japan.

mailto:yoshikazu@hi-ho.ne.jp
mailto:wf5f@usa.net
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2) About Iwana:
Japanese char is malma, leucomaenis and leucomaenis imbrius 
that is two species and one subspecies.

Scientific names and Japanes names are as follows.
— Oshorocoma, Karaft iwana, Miyabe iwana — S. malma
— Ame masu, Ezo iwana, Nikko iwana, Yamato iwana

- -  S.
leucomaenis

— Gogi (This is iwanas name in Sanin.) — S. leucomaenis imbrius

In conclusion, Yamame and Amago are not different species 
so they are concluded one species.
Japanes char(iwana) is two species and one subspecies.
This theory is based on "Iwana and Yamame"(1951),
"Salvelinus - The distribution in Japan" (1967) 
by the late Dr. Kinji Imanishi.
His theory about Yamame and Iwana are accepted by the society now.

We are angler.
I think it is doubtful whether it is right for us to classify species 
in detail as a scholar.
Because we had called "Amago" both o f trouts with orange color spots 
and not in Kansai at one time.
And moreover Amago has a variety o f pattern.
There are Amago which has not few orange color spots.

I checked over many books again.
And I will correct former classification.
I changed clasification o f my web site not to make confusion.
I am convinced that these are best classification now.

Sincerely,

Yoshikazu Fujioka
E-M ail: yoshikazu@hi-ho.ne.jp
Trouts and Seasons o f The Mountain Village in Japan
U R L : http://www.itow.com/amago/index2.html

2 of 2 3/19/98 10:52 P
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University

Department of Fishery and 
Wildlife Biology 

Fort Collins, Colorado 80523-1474 
(970) 491-5020 

FAX: (970) 491-5091

April 30, 1998
Dr. S. Kimura 
4 -2 -24  Kashii 
Fukuoka, 813-0011 
Japan

Dear Dr. Kimura:

Thank you for the reprints. It is good tha t you remain active in your fish 

research after re tirem ent-keep ing busy keeps you young.

I am particularly interested in resolving the subspecies names in £). m ason. 

The im portant points concern dates o f original descriptions, the type specimen and 

the type loca lity on w hich a name is based. Obviously, B revoort's  name mason is 

the earliest description and the valid name fo r the species. There is no type 

specimen nor type locality for the name, only ‘'Salmo mason” illustrated and named 

on plate 9. In the tex t, Brevoort must have changed his mind and regarded masou 

as Salmo orienta lis (= £ ). tshaw ytscha). A lthough an original description, based 

only on a name on an illustration, is no longer valid, in 1856, it was a valid original 

description o f the species masou. Brevoort's descriptions were based on 

illustrations prepared by artists o f the U.S. Japan Expedition. No specimens were 

brought from  Japan to the U.S. The illustration o f m asour w ith o u t markings, is 

almost certa in ly o f a sea-run fish from  an unknown loca lity. It is a “masu”, not a 

“sake" (Q. keto), thus, it serves to fix  the subspecies Q.. masou masou for yamame



and anadromous masu. Jordan and Snyder (1902), probably acted as the "firs t 

revisors” o f the type loca lity o f masou. They gave a “type loca lity" fo r the 

specimen illustrated as Salmo masou to  be Hokodate. First revisors o f mason to  

firm ly  associate the name in its present con text fo r masu salmon could be Kitahara 

(1904) and fu rthe r clarified by Kitahara and Tanaka (1929). Jordan and McGregor 

(1925) were so confused on Japanese salmon taxonom y tha t they concluded tha t 

masou was a synonym  o f £). ke ta .

Gunther's Salmo macrostomus from  Yokohama market in 1879, almost 

certa in ly must be an amago. The scale you illustrate, I in terpret to be from  a fish 

tha t completed four years o f life, w ith  re latively rapid grow th  in its last year. Its 

size indicates it lived all its life in freshw ater. It was most likely an amago caught 

by a local fisherman and sold at the market (lack o f refridgeration and rapid 

transporta tion in 1879 w ould indicate the “type loca lity" was not fa r from  

Yokohama).

If only tw o  subspecies are recognized, I w ould use macrostom us fo r all red- 

spotted salmon (amago), based on the above interpretation. If a subspecies name 

restricted to  Lake Biwa salmon is recognized, the name ishikawaa w ould be 

correct based on the type specimen designated by Jordan and McGregor (Carnegie 

Museum number 7786). This type specimen is from  Lake Biwa (w ith  a 

“Rhinogobius in its stomach"). A lthough Jordan and M cG regor's w o rk  is badly 

confused-specim ens included as ishikawa represent all three subspec ies-the ir 

designation o f the type specimen o f ishikawae from  Lake Biwa, fixes the name 

ishikawae to  a type loca lity -Lake  Biwa.



The type specimen for the name rhodurus (Carnegie 7794) has the type 

locality o f Lake Hakone. If the type specimen represents a native population o f 

Lake Hakone salmon and someone believes they are subspecifica lly d is tinct, sim ilar 

to the Biwa salmon, then rhodurus could be recognized fo r the L. Hakone salmon. 

O therw ise, rhodurus is a synonym  (of m acrostom us, in my opinion).

Much transplanting o f trou t and salmon had already occurred in Japan 

before the collections o f Jordan and McGregor were made. Note the ir description 

o f a new  species, £). adonis, (introduced Q. nerka) from  Lake Hakone and 

collection o f ra inbow tro u t from  Lake Biwa. Berg (1948. Freshwater Fishes o f the 

USSR) quotes from  Oshima tha t in 1923, juvenile masou from  anadromous 

Hokkaido masu were stocked into Lake Biwa and in 1926, mature spawners 

entered Biwa tributaries.

Jordan and M cGregor's specimens were collected in 1922 but they mention 

a private hatchery “in O tsu” on Lake Biwa at the tim e. Thus, the possib ility exists 

tha t the type specimens o f ishikawae and rhodurus were introduced or a hybrid 

m ixture o f native and nonnative Q. m asou.

Sincerely,

Robert Behnke 
Professor


