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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:

1. Their Hb patterns were almost 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 Oshima" classified all the Salvelinus fishes (chars) indigenous to Japan into five
species, several proposals have been presented on the classification of the fishes.>* 1In
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.)” 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.®’ 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.®~® Among them, YAMANAKA et
al.” 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.

o An bhtline of this article was presenféd to the Ann. Meetg. of Japan. Soc. Sci. Fish., Mie, E)ct. 14,

1970.
** Dept. of Otolaryngology, Faculty of Medicine, Osaka University, Osaka, Japan (F%&EE: K
P K 52 B 52 )
*#% Laboratory of Fishery, Faculty of Education, Kobe University, Kobe, Japan (& #igE: 5
KEHE FH)
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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 Place
dialectal of No. of specimens*
name catch
Sodezawa,
“Iwana” River Tadami, 5 (At-1, At-2, At-3, At-4, and At-5)
Fukushima Pref. '
“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, 3 (Tk-1, Tk-2, and Tk-3)
Nara Pref.
Kamisuisho Valley,
“Imona” River Kanzaki, 5 (Ek-1, Ek-2, Ek-3, Ekm-4, and Ekm-5)
Shiga Pref.
“Gogi” Kijiyama Valley,
or River Kannose, 5 (Gk-1, Gk-2, Gk-3, Gk—4, and Gk-5)
“Kogi” Hiroshima Pref.
“Iwana” River Nishidani, 2 (In-1, and In-2)
Gifu Pref.
“Tanburi” River Yoshino, 3 (Yy-1, Yy-2, and Yy-3)

Okayama Pref.

* Numbers in parentheses give a serial numbers of specimens at each place of catch.
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Fig. 1. Natural distribution of Genus Salvelinus fishes in the southwestern part of Japan (shaded
areas). Numbers @-® 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,'? together with the rivers where the specimens were caught this time.
Since the 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.?’

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.'»*  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 0.105g, “‘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 x 6 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.

*#4% 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 YAMANAKA et al.”
In this connection, the pattern of human Hb agreed well with that reported by other
authors.!®

“Kirikuchi”

“Kirikuchi”

Plecoglossus altivelis,

(B) “ayu”

Opsariichthys uncirostris,
“ketabasu’

Moroco steindachneri,
‘“‘aburahaya”

Homo sapiens, human
i

el i sy

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 densitometric 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. 4. Hb patterns of “imouo’ caught at Kashio Valley of River Hino, Fukui Pref.

Sample No.
TK-1

TK-2

TK-3

=) (i)
Fig. 5. Hb pattarns of “kirikuchi” caught at Kotsubo Valley of River Kouse, Nara Pref.
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Fig. 6. Hb patterns of “imona” and “‘muhan-iwana”, caught at Kamisuisho Valley of River
Kanzaki, Shiga Pref.
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Fig. 7. Hb Patterns of “gogi’’ or “‘kogi’’ caught at Kijiyama Valley of River Kannose, Hiroshima
Profs

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.

YAMANAKA et al.” 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.

YosHIvASU, one of the present authors, examined many Salvelinus fishes distributing
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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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Fig. 9. Examples of densitometric 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 IMANISHI” who regards, on the basis of some morphological and ecological observations,
“Hokkaido-oshorokoma™ and “Karafuto-iwana” as Salv. malma and all of the rest as
Salv. leucomaenis in the classification of Salvelinus 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 YosHIYAsU® 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.'®1®)  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.*”

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 having neither spot nor parr-mark) specimens as
compared to the ordinary “iwana”, char (middle).
b: “Muhan-iwana”. Zigzag stripes can be seen on the dorsal side.
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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,” the author et al. 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.? However, some
proposed to treat both fishes as quite different species (personal communication from
T. KAMADA, 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.¥ The
present author® 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. (HF&LRE:
KR K2 B 5 )




98

given a scientific name, O. iwame.
Salmonid fishes of other genera.

of cinnabar sports, etc., are given in Table 1.

Table 1. List of Salmonid Fish Specimens.

“iwana”, char Salvelinus leucomaenis, were also analyzed for comparison.

which a scientific name, O. rhodurus is usually given; “yamame” to which is given a
scientific name, Q. masou; “iwame” which is living in a limited area in Oita Pref., and is

“Nijimasu’’, rainbow trout Salmo gairdnerii, and
i] s

Details of those specimens such as the place of catch, age, sex, the presence or absence

Place of catch Common name

Specimen
No.*

Age
(years)

Sex

Cinnabar or
red spot

“Nijimasu’

(NS-1)

3

Male

I

Samegai Hatchery, “Biwamasu’
Shiga Pref.

Lake Biwa,
Shiga Pref.
Offiing of Imazu

Lake Biwa,
Shiga Pref.
Offing of Chikubu Is.

BS-1
BS-2
BS-3
BS—4
BS-5

Female

+ 44+

BB-1
BB-2
BB-3
BB—4
BB-5

BB-6
BB-7
BB-8
BB-9
BB-10
BB-11

“Iwame”

River Ono,

AOi-1
AOi-2
AOi-3

NN = NN NDDN| = WDNDN~|WWWWww

M e i B i b R o By

Oita Pref.

“Amago”

River Yoshii,
Okayama Pref.

AO-4
AO-5
AO-6

AY2-1
AY2-2
AY2-3
AY2-4
AY2-5
AY2-6
AY2-7
AY2-8
AY2-9
AY2-10
AY2-11

WINNNEE,DNDNDNMDDNDDDNDNDINDDNDND
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(Continued)
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Place of catch

Common name

Specimen
No.*

Age
(years)

w2
[¢)
o

Cinnabar or
red spot

River Totsu,
Nara Pref.

River Kitayama,
Nara Pref.

River Yoshino,
Nara Pref.

River Ibi,
Gifu Pref.

River Hiki,
Wakayama Pref.

“Amago”’

AT-1
AT-2
AT-3
AT-4
AT-5
AT-6
AT-7
AT-8
AT-9

AK-1
AK-2
AK-3
AK-4
AK-5

AY1-8

N DM~ RPN WD

mmmzmg|mmgmg g

FlH+ 4+t

Als-1**
Als—2%*
ATs-3**
Al-+4
AI-5

AH-1
AH-2
AH-3
AH-4
AH-5
AH-6
AH-7
AH-8

River Saji,
Hyogo Pref.

“Amago”
(Hybrid?)

AYS-1
AYS-2
AYS-3
AYS-4
AYS-S
AYS-6
AYS-7
AYS-8
AYS-H9
AYS-10
AYS-11
AYS-12
AYS-13
AYS-14
AYS-15
AYS-16
AYS-17
AYS-18
AYS-19
AYS-20
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(Continued)




Place of catch

Common name

Specimen
No.*

Age
(years)

w
o
>

Cinnabar or

red spot

River Saji,
Hyogo Pref.

River Ado,
Shiga Pref.
Shiga Pref.

River Hattori,
Mie Pref.

River Nagata,
Mie Pref.

“Amago”
(Hybrid?)

AYS-21
AYS-22
AYS-23
AYS-24
AYS-25
AYS-26
AYS-27
AYS-28
AYS-29
AYS-30

ABA-1
ABA-2
ABA-3
ABA-3
ABA-4
ABA-5
ABA-6
ABA-7

ABB-1
ABB-2
ABB-3
ABB-4
ABB-5
ABB-6
ABB-7

ABN-1
ABN-2
ABN-3
ABN-4
ABN-5
ABN-6
ABN-7
ABN-8
ANB-9
ABN-10
ABN-11
ABN-12
ABN-13
ABN-14

i e o i i e T i T S S 5 [ ol S KIS RS P S SR RO R

River Mimi,
Fukui Pref.

“Yamame” X Fy
“Nijimasu”
Artificial

hybrid

(YNM-1)
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‘“Yamame”

YM-2
YM-3
YM-4
YM-5
YM-6
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(Continued)
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Cinnbar or
red spot

Specimen Age
Place of catch Common name No.* (years)

7]
o

X

River Kita, “Yamame” YK-1
Fukui Pref. YK-2
YK-3
YK—4
YK-5
YK-6
YK-7
YI-1
River Maruyama, YI-2
Hyogo Pref. YI-3
YIi+4
YI-5
YAK-1
River Kuroko, “Yamame” YAK-2
Fukui Pref. (Hybrid?) YAK-3
YAK-4
YAK-5
YAK-6
YAK-7
“Nijimasu” (NK-1)
River Kita, “Yamame” (NYK-2)

Fukui Pref. X Fi (NYK-3)
“Nijimasu’ (NYK—4)

River Ibi, “Iwana” (Yy-1)
Gifu Pref. (Yy-3)
* Mark of ( ) indicates salmonid fishes except genus Oncorhynchus.

** A smoltified “amago”.
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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 salmonid specimens were
treated in the same way as described previously® to prepare the cyanmet Hb solutions.
The Hb solutions thus prepared were analyzed by SMITHIES’ starch-gel electrophoretic
technique as reported previously.’="

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 my) and a slit, 0.5 x4 mm.




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”, OSHIMA? 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.

OsHIMA? 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 MizuNo®, 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 author®, 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
MizuNO’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

3

Biwa, causing a possible hybridization between “biwamasu” and ‘‘sakuramasu’.
OsHIMA? 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, Als, AI, AH, and AYS, “amago”; YAK, “yamame”; BS, “biwamasu”; Yy, “iwama”.
Refer to Table 1 for further details of those specimens.




Specimen No. Specimen No. Specimen No.
P R e 0

AYS-15
AYS-16
AYS-17
AYS-18
AYS-19
AYS-20
AYS-21
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Specimen No. Specimen No. Specimen No.
ABN-1 ABN-8
ABN-2 ABN-9
ABN-3 ABN-10
ABN-4 ABN-11
ABN-5 ABN-12
ABN-6 ABN-13
: . ABN-7 ABN-14
(=) Fig. 16. Gip) &) Fig. 17. (+) (=) Fig. 18.

Figs. 13-18. Starch-gel electrophoretic patterns of Hb’s of salmonid fishes.
AYS, ABA, ABB, and ABN, “amago”. Refer to Table 1 for further details of those
specimens.
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Specimen No. Specimen No. Specimen No.
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Figs. 19-23. Starch-gel electrophoretic patterns of Hb’s of salmonid fishes.
YM, YK, YI, and YAK, “yamame”; YNM, and NYK, hybrid of “yamame” and “nijimasu”’;
AYS, “amago”; NK; “nijimasu”. 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 previously* 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”, OsHIMA® 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, TANAKA® raised an objection to it, stating that the cin-
nabar spots are not so reliable character in their discrimination. IMANISHI®, 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, OsHIMA® 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.

Cathode Origin
' @ ' :‘w O “‘Nijimasu’’
8
(=]
Q
. . @ O ‘““Yamame”’ E
-}
=]
‘ W ' @D @ O “‘Biwamasu’’ 'g
&
Q00 @& o
12}
£
“Amago” ____ ¥
=%
DO DO ®O o op@Pe eo :
k\':\ a f’
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<
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g F T RIGUERORINT oS (ent)

A
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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 OsumMA’s Line (see Fig. 25).
Outside OsuIMA’s Line are naturally distributed “‘yamame” without cinnabar spots.
_ As indicated by the densitometric 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 [ is observed.
Among the Hb patterns of “amago”, the pattern of the specimen AK—4 in Fig. 8
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@ Habitat of ‘“amago”, native or resulting form the artificial stogking of the fry of
“‘amago”, in the ““yamame” area.
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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. MATSUURA
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 fishes”.
Further discussion in this respect is omitted here because the present study is focused on

* The Ann. 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 MATSUURA et
al

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., KIMURA1D 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 KIMURA ef NAKAMURA.
According to NAKAMURA,'? “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 Salvelinus®.

Some years ago, in this connection, NAKAMURA'"'* reported that “‘iwame” lives in
Sakawa River in Shizuoka Pref., Niyodo River in Ehime Pref., etc. as well. In June, 1971,
MIMORI™® 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 KAT0’s one'®, 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 TOSHISHIGE'.
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 ha\(e 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 investigators™'® 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 ago'®. KoIDE>”
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 IMANISHI® 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
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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 2’ 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 correlatively,
as do Hb 2’ 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
“npijimasu”. In the intergenerically artificial hybrids F; 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 ¢, 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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THE OHARA INSTITUTE FOR AGRICULTURAL BIOLOGY

OKAYAMA UNIVERSITY
KURASHIKI, JAPAN

20th, December, I972.

Dr. Robert Behnke,

Colorado Cooperative Fishery Unit,
Colorado State University,

Fort Collins, Colorado 80521,
USA.

Dear: Six;

Thank you for your letter of November 30th,I972 again.
I am very glad to inform to you that I have recently obtained
two small specimens of Iwame which was captured at the type
locality of Mennotsura stream,Mt.Sobo, Oita Pref.Kyushu and an
Iwvame like fish which was captured at Mikuni stream,Mt.Suzuka,
Mie Prefy, Both of them forwarding to me by courtesy of the exe-
cutive director, Mr.Eizo Kimura, The freshwater Fish Conservation
Association,Osaka City.

After taking the photography of them, I will send these
two specimens to you by the air mail before the new year. Mr.
E.Kimura told me that the Iwame like fish of Mie Pref. was already
identified as the same species of Oneorhynchus iwame by Dr.Seiro
Kimura,Fishery Institute of Kyushu University (not yet published).

As the results of our searching literatures on ichthyo-
logy, I have found the two important scientific reports preceding
two years before Jordan & Oshima,I9I9 ; Oshima,I9I92 's first des-
eription on Salmo formosanus ( Salmo saramao).

a) Takeo AOKI Nov.(I9I7) : Occurence of trouts in Taiwan.
(A Preliminary report). Taiwan Suisan Zasshi (Formosan
Fishery Journal),Taihoku,Formosa, No.23,pp.5I-54. Tab.I.

b) Takeo AOKI (Dec.,I9I7): Occurence of a trout in Taiwan
(A Preliminary Report). Suisan Kenkyu Shi (Fishery Res-
earch Bulletin),Tokyo, V0l.12,305-306. Fig.I.

It is very curious and tremendous fact te me that none of
the Japanese ichthyologists ineluding Dr.Oshima ! cited these art-
icles in any other scientific journals in Japan.

CI)

TELEPHONE: 20 55 7 O, CABLE ADDRESS: NOKEN KURASHIKI.
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THE OHARA INSTITUTE FOR AGRICULTURAL BIOLOGY

OKAYAMA UNIVERSITY
KURASHIKI, JAPAN

Only once a time, Dr.Oshima (I9I9) cited (a) in his des-
cription on Salmo saramao. Dr.H.T.Teng(I959),now director of the
Fishery Experiment Staion of Taiwan,Kielung also cited (b) in his
report, "Ecology and morphology of the landlocked salmonid fishes
in the central highlands of Taiwan",Bull.Fish.Exp.Sta.Taiwan, No.5
pp.T7-82. (in Chinese).

Mr.Aoki (pronouncing " 36UKi") at that time,was a junior
ichthyologist of the Government Research Institute at Taihoku (now
Taipei). From March,I9I7 to December,I9I8, Dr.Oshima went abroad
to the laboratory of Dr.D.S.Jordan, Stanford University,Palo Alto,
California for the study of Ichthyology.

During the absence of Oshima,in summer of I9I7, Mr.Acki
travelled to the central highlands of Formosa for collecting fresh-
water fishes. In the fall of the same year, after returning from
his exploration, he was forwarded an adult trout in salted ones
from a Japanese policeman of the central highlands. It was I8th,
Octover,I9I7. As soon as receiving this salted specimen , he pro-
mptely informed the big finding to Oshima at Stanford University.

Mr.Aoki began to describe quickly in details of the fish
to a local fishery bulletin,Taiwan Suisan Zasshi, No.23 issue pub-
lished early at Taihoku in November,I9I7. His description on the
journal (ref.my complete English translation) is very accurate and
more details than that of Salmo formosanus,Jordan et Oshima,I9IS.

It is very important that Mr.Aoki didn't describe the
presence of red spots on the fish such as Amago in his original
article. Although Jordan & Oshima have deseribed the red spots
on the back of the same type specimen, I am of the opinion that
this description had been written by none of any evidence, only

written Oshima's wrong assumption indeed]).
s
In later years,Oshima have mentioned that owing to taking

the wrong report of Mr,Aoki, he had miss-described on the red spots.
( M.0shima(I934);Some biological contributions on the problems of
Glaciation.(in Japanese),Shokubutsu oyobi Dobutsu,Vol.2,I1657-64.
M.0shima(I936); Ecological studies on the trouts of Taikeo River.
(in Japanese), ibid,Vol.4,337-349. M.Oshima (I957);Studies
on the dimorphie Salmon- - —,Sapporo,79pp.)

It is very regrettable that having written the accurate
deseription, = Aoki didn't concern theinew specific name of the
fish on his exellent articles. I assume he would gave the honor
of the nomenclature of new species®Jordan et Oshima.

(2)

TELEPHONE: 02 55 7 0. CABLE ADDRESS: NOKEN KURASHIKI




Dr. R.Behnke,
December 20th,I972,
page 3.

Lately, Mr.Aoki appointed to the director of the Govern-
ment Fishery Experiment Station in Taiwan. at the Japanese sox¥vereign.

Recently, The Chinese Government established a rainbow
trout hatchery station at the middle part of the Taiko River.
Two years ago, I have visited the station and the director told me
that the young parr of the rainbow trouts was planted in the upper
Taiko River,

Dr.M.Oshima or some other Japanese ichthyologists believed
that the source of Taiko River is the somthern most region of Salmo-
noid fishes on Northern Hemisphere ( the north face of Mt.Gokan or
Mt.Hohuan Shan, Gokan Kei sjream or Ho Huan Chi stream, IZI°172E,;
24°IT’N). I think this is,fhe southern most region on Eurasian
Continent and adjacent regions. The ,southern most region of sal-
monoid fishes on Northern Hemisphere is now apparently the riverhead
of Rio Del Presidio, near Durango in Mexico, 24°00' N. The region
have been already reported by Cope,E.D.(I886) or P.R.Needham & R.

Gard (I959).

On. the early on this December, I visited to The Lake-side
Biological Station,Faculty of Science,Kyoto University, Otsu City.
and examined some specimens of " Saramao Trouts" of Formosa which was
captured by the emeritus Prof.Dr.M.Uéno in I985 at the upper Taiko
River,Formosa (Rf.eneclosing coloured photographs taken by me).

with best wishes,

Yours sincerely,

BES ] o senoling T you He bovk " Natiural

/L/l'wa?#-‘ Ecaéo;»v’u/ SZuclyes 2 ﬂj Sf/bqrafe
sea-mall on 1574, Rec. fwdf/m.w»d /)

34ru g

Prof.Dr. Y.Yasue
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P2t Dr. L.lasue,
THE OHARA INSTITUTE FOR AGRICULTURAL BiOLOGY
OKAYAMA UNIVERSITY

KURASHIKI, JAPAN

Dr.. R.J.Behnke,Esq., : VIA AIR MAIL

Coloradio State University,

Colorado Cooperat,F.T.,

Collins, Colorado 8052I,
el U.S.AO
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Starch-gel Electrophoresis of Hemoglobins of Freshwater
Salmonid Fishes in Northeast Japan

Katsuhiko YoSHIYASU**
(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 NAKAMURA 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
clines of pyloric caeca and gill rakers.

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

In the previous papers’*, 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: “‘Suginoke”. 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 Oncorhynchus
fishes analyzed here were from River Inabe, a tributary of River Machiya in Mie Pref.

“Oshorekoma”, 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 (F%&ZmE: KK
K E )
(ED R e £ 48)
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Shikaribetsu, Hokkaido.
For comparison with those Salvelinus fishes, some specimens of “kawamasu”, Saly.
fontinalis (MiTcHILL) 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 paper®.
Electrophoresis: Starch-gel electrophoretic analysis was performed in 0.03 M borate
buffer solution by the vertical system as reported previously”. 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”: NAKAMURA et al.® 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
rivers®, 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
Pref>®. On the other hand, KuBo” 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 paper®. 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 IMANISHI®,
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 JORDAN®, DYMOND et al.'?, OSHIMA'™Y,
INAMURA et al.'» 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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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.1s)*

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 previously*® 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 Salv. leucomaenis in this respect.

* Personal communication from T. MivazaAxk1, Sapporo, 1973.




Dear Dr. Robert J. Behnke

I should greatly appreciate a reprint of your

article —-- The systematics of salmonid fishes of
recently glaciated lakes., J. Fish., Res. Bd. Canada
29 : 639-671. (1972)==-

and any other reprints of similar nature---

With many thanks, I am, aﬁz;?bd¢ii;;¢mzég;¢__,

Sincerely yours
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Table 1. Details of the Salmonid Fish Specimens

7SVpecimen Sex

“yamame” in much lower streams.

In the boundary zone they were found to live mixedly.

Migration distance

Kind of Specimen  Sex Age Kind of Age
fish No. (years) fish No. (years)
SO-1 F. 2 OM-13 F. 1
SO-2 F. 4 OM-14 F. 1
SO-3 B 3 “Oshorokoma” OM-15 F. 2
SO-4 M. 2 OK-1 F. 2
SO-5 M. 3 OK-2 F. 1
“Suginoko™ SO-6 F. 3 OK-3 F. 1
SO-7 F. 2 OK-4 M. 1
SO-8 M. o) OK-5 F. 1
SO-9 F. 2 OK-6 M. 1
SO-10 F. 3 OK-7 F. 1
SO-11 B3 4 = 7
SO-12 M. 2 Im-1 M. 2
SO-13 M. 2 Im-2 M. 3
SO-14 F. 2 : Im-3 F. 3
SO-15 F. 2 “Amemasu’ Im—4 F. 2
SO-16 I, 3 Im-5 M. D
SO-17 B 3 Im-6 M. 2
SO-18 M. ) Im-7 M. 2
SO-19 M. 2
ST o = 0S-1 M. 2
Amago AM-1 18, 2 ©S=Di M. 3
e ” : 0S-3 M. 3
Iwame AMi-2 M. 1 | 0S-4 M. 3
. “Miyabe-iwana” 0OS-5 B 3
B 0S¢ M. 2
“Oshorokoma” OM-3 M. 2 0S-7 M. 2
OM-4 F. D 0S-8 F. 3
OM-5 M. 3 0S5-9 M. 2
OM-6 F. D) OS-10 M. 2
OM-7 Bl a OS-11 M. 1
OM-8 F. D) OS-12 M. 2
OM-9 M. 2
OM-10 F. 1 KK-1  F. 2
OM-11 M. 2) “Kawamasu’ KK-2 M. 2
OM-12 M. 1 KK-3 Intersex 2

Very strong . H
Faint @ 5

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

Figs. 5~8 show the Hb patterns 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 Proper®.

The difference between “oshorokoma” and “amemasu” is very clear. In this con-
nection, the present results were close to those reported by YAMANAKA ef als

On “miyabe-iwana”: ‘“Miyabe-iwana”, which was given a scientific name *“Salvelinus
miyabei OSHIMA” by Oshima' in 1938, is a unique “iwana’ which has been land-locked
in Lake Shikaribetsu at Tokachi in Hokkaido since ancient times. INAMURA and NA-
KAMURA?, considering “miyabe-iwana” as belonging to Type A, included it in Salvelinus
malma, but later NAKAMURA' 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

Anode

000
% @ % % @ID § ée@ O -- “Kawamasu”

-~ Or‘igin R +)

Cathode

(cm)87e'543216123456,789(cm)

Migration distance
Less strong § 3

Very strong ‘ H Strong H
Faint @ H Very faint O :

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,

ImanisHI® 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, YASUE!*'", 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 YASUE’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 chains'®, 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. YAMANAKA et al.,'® 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 reports™® 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 report®).
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 Salvelinus 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 Salvelinus naturally distributed in North America,
the number of Hb components is 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,” or artificial F; hybrids, e.g., between “himemasu” and chum salmon,'®
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 NAKAMURA 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 IMANISHI® and later supported by the present author, both on the basis of the clines
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 previously» 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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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:
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Fig. 2 Semi-diagrammatic representation of body growth, phase differentiation and smolt
transformation.
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BEROBEIGAGRT 258, ZORDBEUCOBRIIERL, F 7282 L GUFTL THREHZDHLMME 2 L5
»HhiLs,

FRE L NN —

AR & 5 Ze B s—70 b NS BME <—D5HMEABIE & % 5 70358, Z MU OBRIZBLEI MK B |-
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mﬁmiam%uumﬁém%ﬁﬁétmu—ﬂn%i@mﬂBﬁ#ﬁ@mﬁ;0b?w@M#ﬁéo
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B L BEFMNT ) > FHEED B - 72 N HKIER O ETEEE KT, 21U 5 BERAR OB R (Lo
i D I A
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WDBTIE, SMRE, AT T = RBOTIZ —=—hF 0% ) BLBH LN D, KDB )BT LT
u#&O%wﬁﬁﬁﬁ%%L,itﬁnnuﬁﬁuﬁﬁTwﬂﬁu&ofwboLﬁ—omﬁh&ﬁ&tLT%
ELOEaAHRCYEY), FL2OREIWHLILABEESLZ EH %,

Lo L2 ZDBFEDSENONBUIKDBIL s—DZ D TR ITE Y, Bz Z0BEENAL S kL 7>
B, IZEAEERIL#EZ Eh B, :
EEIILIBIOTE (ATR, 1965) 1250, T T2 ZOBRBEOMIC THBIZEL L, “pre-smolt”n% %5 2
T3,

ZEREDHD X EIL b DHAR

— R ALHBERER T3 4 B Ea2 5 5 A LA E TIOKES R, ThbLERD ~——— 212 F 7507 ) B
WO H B5Y, ZDOLEHED T T = I2REAEIIEL B b, KNBA TR, ——— 7 L8 70 3
L#LWM@H&%H;U%EV.yUEva%mﬁfﬂéu&ﬁ#?#&#%%&%néoﬁuﬁ%&ﬁﬁ
ELTOBEL OB EIIAHLIZEC A, LIZRREROILEBITIILEALEETLIZED, L2 <
K< %5,

FHIIZOBFEOBIZHIZ THRIZELE ), “mid-smolt” D& E 52 T d (AR, 1965),

ZDORIDB OB L D E K 1 — DIZmRL 72,

ZTHRERHIND X EIL P DIEAE

LHBERER T3 4 AT aD 5 5 AT b7z > T DEBOBA D LN S, /—w— 73T ALE
HECFIZERRAORAGILIIEL K4, MBIZOMOWAAEIZEHEL, FEL ORI & X007
BEEIZREY), RELVOKRGMLAL ) BT B2 0% 5, 703 LEEMIZIZFRT 43, FHofml =
N TORBD HIZHFREFUD L H12%4 3,

TNz EBY), ZOBRBEICASL Y, REENBNNIERH TEL L LY, $2ROKEEIZTRIND &
B, HOHRHNZNEHNTEDOENVERDETHEL Z A EHEN S,

Z DEFHNBAIN L 2RI 1 — EISRL 72,

FHIIFIC ZOBRPEDBISHT L T TR ELF 4, “post-smolt” D& EE z T2 (AfR, 1965),

LR EIL P DOHIE

ﬁMX{wF#ﬁKWM%fofmukéﬁ,T&h%tﬁﬁﬁ%mWMTusﬁ¢@u&6t,—%LTZ
TNEELKIED =& Likvh a b % BT B b8 2 Rt 5, SBUIIC~2BIIZ T MMz BY
WUT22, LA LZid ) LEIZ—RRAGBHIEC, 7035030503, KIZEIAIZAE (, B LBz
BABNDMEIZEAEED L, L, RREEDFHCZ EIZRENL L R DEHRO—DTH B, Mo
IZDWTBET UL, MOMIZHI S —Th -7 L& X5 L THTE L 7235812 20 % ) R0 % ( BE
T3, #-T, ANMNIZRLILE ZEN BN — L, BHOKEEDZ HREBIFChh > 12 b ods, FHZA
ST HLBEERNIWECTDIZZNE ) LRDBEL B LNDTH S LHEES LD,

b (EERDBIMED L - L BCES LT UL, RELFOMEICD 25 LELL Y,

BHFD KL EICHAN T I N BAROMERTH ) tifuc BNz L O 2R ), B, REATH-72
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BKiZH ) TH DA, BROMNIADRERIDEARL TT TIHRAL 72 L Dh & ) i, SHBRT X E -
LB THHI), g

Zel, MPEEICL > TELZ ZoBMI, REILMNIHNTHEHABEGEORENDE L (v & v FEL,
HFIBSCBERL L2 e N—D0BEE L) £ ) TH,

FHHIITNDE I L IATORIKLT, 22T TBAENLL,, “pseudo-smolt” DA 52 52 & %1%
833,

Zrh, tEBEER T BoEE LU BT AR () 12K L T8N THEY =~ 0&irEz
T s,

BHIAZ ® L P o BINy 7 L D& R 1 — FISRT,

BEFEXEIL B

BHAZ BN 22D F MR THET 2358, @EDOERHENT TE, 6 ANEEHr s, B2 EL 7 AL
137 DBADEARD BDIEDH TREIZ/ —=—7HBLDE LY, FLEELOXKRDEZ LHHT, ki
138 ZELE E L TOBFEOREE K, HHD —DKEIZL 5, TLOBHDD, S—h 5 ZEIL FADE
BB, whit TRY |, OB S, ZOREIZ OWCIE KR (1933) ¢ TiofedEl Ts Y, E¥ 4 &
HDOHKRDTNIZ BN TUL, BHTILWELDTH A ) EEZ LD, TiRBDEEZ DUOBEED 72612 i
U LT, NPICERT A5A121E, SRINE I LRI BETHS ),

TNk ) wBE % “smolt—parr regressive transformation” XM, F72, FOE{LOEFEZH
2 ZFNL IS “regressive smolt”, HGRITRIZENL b, D% 52 52 & #1187 5,

FHOPNDERBEE (K) 12k 5L, Kiog iz A, HE, EHNT7 S (77RF v 7)) &»iF
A, Tk ) BITHEZMIEL T, FHh» 4 ) SVWEIE TR 'L MIRAMEDRREL 365 2 EATRET
Hb, LOLRAEICENT, RENLLFIKICEL TEET 53546, BEDEEDKEH TIZFKOMIZ BT 5
ERILL, E, K3 ZOFDELED L DHF R L s— AR T L) 124 ), sk EhotE
SHBEAMEDEIZHANTHEENIIECZ 22 HH L T, BITHEH WS LI, KAMESOFERERE (kK
TI3HER) PIETT2LNERLENSE, BHLA ML R (LFED) PNMTEL TRERIBETHS ) LEZ LiLs,

RS UBEOMEICEED 2 MRMEKRNZEL

FZ, MEAOINER T ERDL D5, HEMEZRETRIZEBZBOLFHENMmMHEN — =tk % s
DEZOWTHANIHERLZE 1 ERIZIBITS,

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

S Stage Density Water content Red blood cell count Hematocrit Serum ni trogen content
eason PE (sp. gr.) %) (cells/mm?) (%) (mg/d1)
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)
BURS 1.0372+0.0040(23) 88.06+1.81(16) 996000+237300(9) 234+3.6(15) 467150(9)
Early September
R T D 1.0453+0.005 (8) 83.14+2.23(5) 1356700+211300(3) 34.8 (1) 630+141(5)
Late Oe‘t’ ‘;‘" e"[sp 1.0407£0.0023(12) 86.08+1.51(12) 1085600 90000(9) 26.0+2.9(8) 452+ 97(10)
ate October | 1'1390,0.0019(6) 87.76+1.39(7) 1000000+207300(3) 26.9+6.7(5) 386+104(5)
Late November~{ SP  1.0410+0.0036(15) 86.56+1.04(9) 1100000,1210000(2) 25.1+2.1(9) 430+145(5)
Mid December 1% 1.0387+0.0023(9) 88.41+2.0 (16) 1080000,1090000(2) 20.8+1.7(7) 390+435(3)

* mean + standard deviation
e :
number of fish
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DNDGEIZ L, BIOERMN8 A, 9 Anmit ") LiBEAIAL TWwWaEE2L9,

BRSO MBOMRKII R LR LBHZ R Th)), KPOEDRHNEL Y LiBEOS  EfMI Hh 5,
ZDOEE, BkaR, SRECEAEIREIZAL (1961) DRET ARMFTIOB~ 2N ZF 1z LT3 L
NDTH5,

AL S —DMPBUI KRR N ZHLE D L% ) BOIKIEZIRL, Fors— (, IEEIbELFD) OMIC
HBLDIFEIZ—GHMEEET L L 2T,

% (11~12R) DL, s~ LU —nilHid, BIOBRFED LD &k & ZRE—DHKED % { .

KiZ, MEOPEROP TRUZ EE L B L 4 2 35EEBIEIZDWT, 7 B s—h 5 F % 8- Tk, —,
FIZHEDZAEIN MELHMNERHRABO L7 LOHEIXTH S, FANZFEL WBET- 2RI Ofk

! Smolt stage
Silvery parr stage A 9
340 o2 et ~ /- %
arrAs age 2 83 o (¢0
=i o o) 8 o
(E) 320 (o] A (o) A o O ® o
8 8 A 8 o SwAt ’3/% A . ® é
- A A O O O a A

£ S i a~ Yo Ao Ul 2 \‘A @
’>__ 8 o & 0 O A A A
i | |
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7] l | | | |
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Fig. 3 Seasonal changes of serum osmoconcentration of the fish in natural streams;
O ---fish of the Yurappu River, @ ---fish of the Moheji River, a ---fish of other
rivers.

DENEBED T LR D L D LB F D) T Y ofdiiighibhs 5,

ZORTHYD7 ADtS, 8 An i 9 Alzhr 2T ofgiin, 9 Ak 510 Biz ks Fioidists £ o118
K512 RIZ/T TOMGIL, 55 1 KO DBM BN LA 2 IEN LB D FHE - —IRAE T 2 L% 5 H
TS Y ;

Gb, ZORDI0HHEN—DDIUNIERIZ B S 15 B OEREHOFEHLEE ), 4 b NIZILED AL
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Fig. 4 Progress of smolt transformation of the fish MY LARIN & L CMBOBEEIE & 555 O
in an artificial brooklet characterized by UZE %2 BET 2 2 LHTRETH 275, e

changes of serum osmoconcentration. Y 5E2DBEENT— 7 4 BAETZ L, 4T

L L3058 BREED LY FY) 2 KB €
V5 LIIKTEL HEV, UL SB0EBNE L RBICBLEN K S FOIEBREEEELAY, B2 XTI B, FBED
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195948, SOz BT 5 2 €L F DmHEas

B OB Al HA i % #

¥ il — Nl L 7o
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Y25 : Cl 37577360 38561 /385 7 385@MIZ9n" tag() 375 375
(mg/dl) e =V R o AR R
E ¥ 376.2 386.7 375.0
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mmuﬂTéﬁmm%éuxwfgm%umbnéo:m%ﬂu%Lf,éiubtn(&ﬁLtz<m%§u
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s Thbb, SHHKRCHERASNIES, LM% (22Tl
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A Pt 7 BHWAKIZR GEIE LI W I EDREEE 55 LD TH B,
T BOBTESE, HAKIS A EEOMRIZ L B2 s ), 3 AORIZ
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G by : EBIEEL T 5, KEHNCKROBEN 50T 3 ADAITIE, i
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Fig. 5 Seawater adaptation of ETEIEORERIE LT E A CERT, #EARIC K 2@ 3 TR
Masu smolts at various HTHBD, BITHDRENLE EL 72 LDTE, 20k 5 L EBSEE
seasons ; changes of DFFRC RIF 7 HKEIGIE 5 LS L % (BB 5,
porum OSTROCONCENANION 4 b, 4L NEBEEROT R TR REOREA BORES
by immediate transfer W i 5 A
to full seawater : each DU HKEIE NS L FEHABIREATL L) Th-T, B
symbols show the mean IZEDHEPNATY, BEMHZEORD 9 HH S WII0HIZEWT
value. L X DI B BISORENIF Kb,
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2> T,

—1, BRI ED L DIZEHE S5~ EfiEEE L C Hubbs (1944) D3IEL 72 L DI & 5 & prolarva,
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NELNELTVBD, RRHVFVLRIATHS, 21N, BHE (1933) A9RL A, IPEHFEIC L
X534 b bETHEY pre-larval stage $ L UEHEY  post-larval stage & vs ) fEEIZ L L A9REL &
HThd, Thbb, Rl alevin DERE, #%EI2 fry LD EZETHIT TH S,

o TALTH Fo=exnkiFE# L T s =28 L T3 EEEo alevin A2 5 smolt (2FE 3 lUHD3E
DEANLLDE L TRLEVHV L) ICEZ L5,

Lp, BAZED THE, BLO T, v IFERY r=RBICEL T, I TOEBOBBIZHES &,
W13 THES (3 alevin & fry 230U THEL B ZNE D RRBE L LOERTONERENL ) Thd, &
HILZ ZTIIRAERD T IS L T “part” %, Z L TRFED "4, 1oL TUdfry 2L 80 HENHD
FTATOBHE L T “juvenile” " DFEXFEN LN E L TETUIHLE I T2 LDTHS,

&C, V7 722 MBDEE, LHEEMTHOLNLD (e~ 20 E LT, ZHXRREEOENEH S
WIZABUZIE L T, ) EL MDD Y, FEENRMD 5 W IZEHRAIES S L B HIEELIR T 2 VB AT
BFEL i, 1o, EWEEIONEN LR TYH, £ DBEBESCHOR S OLETHSH Z LIZRIEDE B TH 1),
I TMEN O THREEREIT A2 Lid, 1 —0EBELRMEL LR TH D,

SEIDEYD F EDICHEWTIL, S Toe—) & TRENLL ) DTHELZESANCEY) BT, Shs 2iB8%E LT,
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2EIRENIZEBY, RXEELHCH L 5> TW T, ZREHOME, FHEEZ RT3 03 L LEn
LOLIZRZLEENLNDLH B, HFTLHENLHEL L HERT2LDTH B,
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parr S et O HrF
dark parr R, ~— BT HEro~, ETo~
I KHor v— 5 '
silvery parr } il $1t \J_} PN BT
medium-sized parr Fifzs ~— "

T BIzIE THoRERL 2w ko
“TAYAB LU AT T T fry Hosmolt (27 B EVGIEN TS L - T juvenile & young NDliFE #E L L ) IfFRET
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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 leucomaenis having 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),
“nagaremon-iwana ”

and not hybrids between other salmonids and the char.
is proposed for these variants.

Japanese name

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

WY I & Bl oo Bk T, BKEED
At T L 2 A, WEDA v F Salvelinus leuco-
maenis Pallas @3z, EKANC BEREREA & 20,
INEMR 2 — = — 2 234 sy, A 7 B B EG
PEE L., AMD A 7 OB & AR D T
Bz Lk ABTCw5D (KB, 1961; fi
Koo kb, 19625 476, 1967), & o X 5 4Bk D
HDOEDNWTIE, RATRELAOR T\ DT,
ThHOHE L FESHTR S o TRBEICHRET 5.

Z DHETH D o BB OEALE, 197242 &
1973 4Fvz, REAE RS FELRR P BT e o i) I D K
% (Fig. 1. B) 35 X O B s A A U S5y b 56 0 2501
DFMAS (Fig. 1.C) T, & LTHC L DiRE
Lok

KEAOEKHMEEKICOWNT

WRe KEOGTHECERMEKOFEGL 10 B (2K 145
~309mm; 95, 54, HHARE 1) OFEEEL AL
Tel e A mD A Uk =ik e,

AR TSI R AT, IR B BES
E#é#,kﬂ@@%1m$%%.%@@w&i%ﬁ
ié<‘f)
L#L%ﬁtmﬂ%(ﬁﬂ%ﬂﬁ%%ﬁbt

R—= =7

gy,

=Bk

B OO A bR D., & OB OIEILE

, MRER
L DL, REO(EGE T E DD LRI 7

5. Fio, EAC X - TUXERDO FHCBEDOBE S
HAbhb., LOFELRBETHEITAD b,
fig, JEiEy X OBiEoRRIILae T, Bigo k, T
BRI EEDNRS.

CHHDEERDFEN EH, &R OIE & FHIE %
iTables =10/ |

R&EEA _Ricih «t’fff%}xiiﬁw)fiﬁﬁ%i‘}xibt
RAE, WH, WRERSEOWL (EHE 1200 m) 7

LI F LT, WA S 1.5km opnre b
R OB FERTH S (Fig. 1. B), ozl &
DTS LD 100m £ R, %= 2m £H0/h&
RSB B, FERBSOMEMEE 1 flxkkE, TS
DL h IR CRESN I (BHERK 39 B, 2o
54 29 BITEIZEBIRT) . FEEIZ OB TERD 1
iosas PEAE (D7 SRR = d S0 Ts s S e I DShaT
LEMEMEDAE, ZMTIXEEDA v Fh8oh,
BRI O L DL ER Th o7, FlziE 19724 4 1
A7 1973 4 9 F 30 H e 10 B oFHE 2177
W, $9 150 BoA v wEBICH, BHBER O MEELEE
DF ST T 1 BDLTH T,
ZDLOICKEATIE, WEIEEZECLT T4
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Table 1. 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) 145~309mm 105~218mm 160~290mm 127~220 mm
Body length (mm) 125~274 85~197 142~271 107~197
Body depth (%) 20.3~22.49 19.4~22.5% 19.5~22.6% 19.6~25.4%
(x+standard deviation) (2063 -5 047) (224 TSS90 -2 0 9 (29 7 2 il )
23040 sERD AR o7 B (N5 o’ RER 1o Flo T
Hee Lol @55: 18 (591 (Hasoa mena )
Gpo o Spe e el gl S e 8 R
e LT @06 T2 0D 0D Ol 05
5 309 Ao 4750 4.0~ 4.9 4.5 52
Diameter of eye G U8 (Gl DS (@5 0.8 G 1LY
i 187016710 10 =0 2GR [0 EO ol Mo ia ie 1080
. Upper jaw length (1545 1.1 13 4100 0 {1555 2.8 (14 05 3)
Dorsal fin rays 11212 HED 1 12 1l 16
(x=standard deviation) (11.3% 0.45) (1.6 0.49) (11.6% 0.49) (il 7% 0,47
9 9 9 9, 10
Anal fin rays 9.0+ 0) 9.0+ 0) 9.0+ 0) 9.2% 0.4)
- 0=178 117121 115~126 113~126
Pored scales on lateral line (119.9+ 6.0) (119.3+ 1.7) (121.9+ 4.2) (120.0+ 4.8)
; 210~220 200~210 210~220 200~210
Scales on one row above lateral line (215.0+ 4.1) @05.0+ 4.08) (214.3+ 4.2) (206.0+ 3.7)
: 13, 14 DB 13, 14 12~14
Gill-rakers MR- 08 (D30 a0 (127 05
. Wi 2 70 18900 17~20
Pyloric caeca (= 0 (86 15 (0 1@ (85013
Sexuality QSR skl @ o) ] Q6+ 54 93453

Nakatsu-dan;

Onaga-tanj

Kotsuhara

35° N~
Otsu City 0 10 20km 0
e e

©
e i A His c

Fig. 1. (A) A map showing the locations of Ane River and Echi River in Shiga Prefecture.
(B) A map showing the locations of Onaga-tani, a branch valley on the upper reaches
of Ane River. In Onaga-tani live atypical char (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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BERCLTWALicBihic. ¥k, 83z 0
RESR L EDMEDMIIA, ZRT, HOHMHEL
fliD 4 <~ AfHA FICHRE, MRLCZ Lk, 7o
¥, 7 < = Oncorhynchus rhodurus Jordan et Mc-
Gregor mARIIL, KE®, WIEMML DK 2.3
km FiioPEEHch ¥ TTHS (Fig. 1. B).

A OEHHSEEICOWT

R AR TEE LICEBREROEA 6 B (&R
105~218mm; 93, 52, HRIARH )iz oWT, DI
REEDHEH & JEfE (Table 1) &5 &, IR BHT
HROKRER DA L IXWHECITX G L. FAIOR
B OBRL BRI EL, Bk {5, L
2 LEBNOEATIIREAD L O X h b BRI 1T
bTEDlEALRIA L (Fig. 3, T2 R) fE7lk, i
FOHS X OPTER O FEGMERS, T SR
MEbh e (Table 1). Fofll, #E & 0ZEFOWE
R OEIIC R b s iy, mHERECEVLTERIX
D bhish o e,

BRELT ASINESkFr 0 (fgtk 1077 m) @ iz
L, 3km Bit~ph CEHIICECERT (Fig.
1.C), 4 v Hix&lELDb 0.7~2.3km EHROXIRK
CTHh b s, BAN QT kB EES R H D . £ O
SERi kI hio7 = 2 & = o< A Salmo gairdneri
Richardson 233 %sA%, Rt A 7 FCiZZh b0
Bixmbhicl. TOEBRTIRREDH LR,
HEBRBER ORISR DA 7+ LT T4, oKL
ML B THA. FlzxiE 1973 0 9 EfTe -7
HOBIT, EEIEFOI 7 70 BEEEHHOL
D6 BABIICHEBEIR.

% %=

KEL B L OES OBHRISOFEEE, Wwihd
4 fte L TRREFIg % <, 200 DI Ex%%, B4
Favbic 2 & (Table 1), @hF & REF OMFERH
DEFIA TM] FRTHBCZ &, BITBEEERE,
TR EODOR SR b A 2 &, Mg L B OFIR
BENC i &, WA v > ROBME ML T
e e e Bl

EENMB L OARTHLEBROM T L e D
T, ZOEEIRNLKE (1961) wis v~ Ay
5 Salvelinus japonicus, Fikt e fikt (1962) @k %
E e dinv & Bbhiz, chbnA v rniEkRE
LA S LR BB D AT DT, BRI

—200—

HHBLCAHB L, BBEOHEATIE A—~— 7214
R\ D I IRERR S A BB 43, T O, A, BE
B, HROFMILLHTESR EHMEE TN DL H AR
RS (Figs. 2, 3; Table 1). %7z, KEJHOH
BRBERL O A LA S| D REBIRI D & DITEAT,
Ffh, BHFIE X OIPER OO SEEfH EIIC S 2

LIXF TR, ChEF UEHAOERIT, WAR
THELEBOA v FORIC biEDd bR, HiatOFE D
EBEOEDMH S, HOBEOSE iz kA Eith
feus (Table 1) 5%

Licido T, AERE LIKRES & AR DE BT
BaFT A EEE, TSGR & B
e BOA 77 LD GEET, BHLFEUE
BT 2B ORMTHA S LEL RS,

—7i, A7 FRBEEE Licy r B ofER s X O RRH
DA X 0, ZERRISTZIROBHAE &2 Fi1 231455
ENEIBR T A (FEE, 1936; Inaba, 1953; Suzu-
ki and Fukuda, 1973), #l& &Rk - T, HEDO
EFRZHOBE LY b Fi 04K, RELLCHH
Tuw5 Ewhbh b (Suzuki and Fukuda, 1971; 1972),
LT, RARTL V7Bl ofD 5\ LB OHERE &
B sERIFEIR TS (EH, 1963; Suzuki
and Kata, 1966; Honma, 1974),

48] O KRB O k13, MR BOR
RHEME Y X v Suzuki and Fukuda (1973) 1= k %
D Fy LRich, S—<— 78I O L O
WREEZ bhDREEEL R DT, THC X A
Cic L 3ZE L. RCAKEALANIICENT, 1
U FJE & A0AE L DM T E B IREN Y, R L Tx
T

9, REGOBE, EEHEOFEC I, didL
ek o, HWHEOA Vv F LR D L R BT,
7 X IO 7= ARSI ik, Fht
Z ¥ Tv Vv ~A Oncorhynchus rhodurus Jordan et
McGregor 23 B35 Z & b 7sh otc. Licdis T,
KREBCTOWTIL, 17 F2MlfEE RRCARMES 5]
BEMEX /e W2 X 5. Fie, M RRERAS
DR AR, WA EE» BKc L 5
&, REAMMACEZhE CREOKIE, t3hi
ZERTWEvbhs, BB, BEIK (73F) 1,
T CRDERRDD, = OB OFEENH SR T
Wi LERICEDRL. 22T, AEAICT AR
BUEARE, AT R, FlIht ot
W THAH5.

REARNDEE, FDARDCTEBE, H D, F0
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Fig. 2. Atypical char found in Onaga-tani. On the side, “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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PRI T7 = T L = O ABRTATWSE G T, 2D
IR e = AL E Lo, 4 7 HEEES L v
0.7km LD B& S, Bk & hufe T L3 X
BT EA LRV LRV 2, ThbOMIEEG 2RA
THEOTREME A BELESD Z LIXEELL. L, T
TIR~Te X 51, FERBE DML, ABIELR
RAECOWT, MEEORIXEEA ETERVD
T, MHEXALIDEEZBRD. T, HAElDb
DHRMLD, 17 F LML DML > TELRD
DTIENTH A5, ok, MHFEHEE O R HER
BT LB &, FESHIBF S, 1966 FLIHT X 0,
Z D)L D b DT A T kWb b,
ZDXSIE, KEARIOHAS)NCT LBk D
e, £ ORI, WEE, TABMhTofE
M X OBAL R E2s D, WA T LA 7+ D
FAMWLHEE IR, 17 FRB LML OLHRETH BT
FEME I D T\ & Bbh 5,

DRI OWTE, EZZFHFvEVATF LN
S BHNWESEEZ T B,

B E:

AP HHRE T X 5 o KRB BRHAR D RS %
WENL, Hife WS R\ e R R K R E
SANIEBER, WO MRS IR EE
GREEDAFTEHISEAECE L LT 5.
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R G U BUER 75 b pE i AR AR Ml sk Kk AL A

£ B = 55% - R M I B - RANE AT

UveNo, Teruya®, Seird Kimura*™*, & Yoshikazu Hasecawa*™**: Freshwater

Fishes from Late Cenozoic Deposits in Kusu Basin, Oita Prefecture, Japan

TR R DR shH

KAERIEA I DOILE T S FEECEDOANHS C LR EL LM NTVS. N5 Xl
HICHRB LR LR aEnThy, WA (BHL) TRRBEFETFINTOZHATICES 0N, 2 /ES
BOSDbH 5. REEZMOMEICEL TR, ThE TREDDOREND 308, FBILAPERICHEN SH
72EH O b DI EHRERE (1901) EHEH (1904) 2 &L BbN, CORTRKATD S EMEHsNT
W3.

BRERE (1953) @) EHEMBXICRET 2 HEh - KILEHOERF K 42710, HE%ER (Kusu
Formation) &£}, FTHMLVERT - HE- Bk (OU5) OZPEICHT /2. AFLERZ DT E
wEMSERLTEY, 2OBREEFETH (I) &Lk, # (1959) BRERFEES LT LBELD
OHEMLAERILET 3 S OMBEL, I NCHREETHSEL, FEREORICHEZHEEZS - TETS
f4E Clupia pallascii C.V. (=¥ v, Clupea pallasi VALENCIENNES DR D —&##E) T, ThidfuMic
BIEELTHEVDOT, FLEEIE Plio-Pleistocene ELTEL XA BMAHIEDHB. Fiz, BEINT
WIS Esox ? (W7 A<R) ERDLNEEDNHBEELTNS. LrL, The OFEOREZESEARD
FRESHL H TR, BEEZELLBVLODT, 40L AFKRAAMNRITL. EAFOTEL R T, T
Lohd o aEOLARERL TR, HELE LTOEERER, Cycotella comta, Cymbella cistula,
Stephanodiscus niagarae 15 EDTE DS BE#TH 5 (B, 1959 : Honpa, 1967). F7z, SiO, D& HI80% L)
EA& 5D, ALO; E3~4%T, BRA (BLEHL) - /MAEBEREFEGZ L, BRAOIEKZLT
(P, 1954). TSI F EMMBHEFR I FICERBEORIEICHL IIFRBICH -7 LV 50, A
HULALEDBEHEICOVTR LS BTSN TR,

BA (1960) 3B & AR (1963) &3 KL BRFFHIMIZE 25 IR ERZ it & LT 528, $%Rd s &5
CABILAIC EAEFHNE S S MREE—& LRV, BMARREEHZ L h TOZWEICHT 7223,
FHILAZER T2 DR O EREEVZ 5.

AR T KR FERE DR & MRS L 2 i b AT OfERELTICE Eve. L
ML, SBRBEMOFT 4 DHHAZOTIEOTOEDT, 4%I5ICKREZ T ETHlRHiEE T3
TETHB. RYEEHOFLLE,IS CNETLY<AZBT <D, =4, hvsvy, ¥)4FTD2
M4 BoOEEI MM L 7.

* BAIV— T VHEERE
Nippon Luther Shingaku Daigaku, Tokyo

EUNREE BREEES JREESRIE HEE

Fisheries Laboratory, Faculty of Agriculture, Kyushu University, Fukuoka

o E YRR PR

Department of Geology, National Science Museum, Tokyo
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Mz 51T 72 b FAEICHIIIC T & i E L 2RV 7 M REBERRFE ESIIC L5 BELHEL &
5. ZENMELEESEAZRES 2VREELTTE >LENOBA—K, #HREER, HEg
BR, NFEERR, EE-BR GEEREAK EEELAR EBEXBEER FEEAKR, BLSEBE, W)
BXBR BARZER DHEFRCERHOBEELET . AILTESKRSHOBLELER, A5 O
HERK, BRNEREABAEER, BAEALEEEERELI TSRO 2, BRAESEAIKY—KES
Mo BRI ORMEE Y, FIACAERM—FOREANSHZ I, WHICETIHEBOMAZEV:. T
HEITMREMRAERRIARCKR L TEZ OEEZE -TF &0, RABERLRERZ S, BRARHEET
Eot, TR LTHEEDHEERTIRBETHS.

II. ABtADEHEBECDONT

FHFI TP EWERAEL THOLLDFEARHEEN T S, AL ADERAD 2 ViR B>
WTIEHALTE KK, OFLALKOCERICEZECANZNCEERLTEL. BFEBOAKILES
BAEREZINHE TR L ZBERDOLNS. BADHBELXTSOMIEL 2 LEDE TR =Ko
EHEEERIHELON 2m RTFUOERE - BrhicHRC_@EAoN 5. LB 2m BT, &
779 7N FEBICUTTILER 1m MOESHEHY, FTHBFELDK 60cm FigEw & %400
BEEXEA#oN5. CORREADROERIAHATS 21RBELTHEATE2L5Th 3. ERNAGIHERE
ETAM TAME—RORE (1974ER) Ly rBotARERE0EELID 160cm FOMEICHD,
hid, BILRCEINE EEDFEDO ENABBOTAIC, 2L 5 Th 5. B HRITEOEE 1o
BT 1lm OESOWEEZEZSAT, Eic1E 2L TF2 BoEEEawENLLNS. EEEEL
REFOETIR, RFPHFROEDELO THOEDIS At ALl (BaKo%ECX3) L, —TRE
BCHREIN TS, CORBERIRIA HEHHX TR FTABICE3X5TH3. 2O EXD
72 & HYUMIR TIRHEREIC 3 [E@~4 BORILAEEEND 3. RHHEFEDLOFHI BN AHIRICERLT
WB3EHTH5. FICILAEEZLCHGH 2. UL, TR EELCERTIRTRE
{, FiRrliCEHRHICEThTVBELEEZ LN 5.

L. % =

AHOWELH EREE LTHRE (1955) Ko7z, a4 BABOBHERRICE Y - —~VEEEA2HRT
24 HEOBHELATN TV S, s LUBBREAKCENTRHICC EHERR Y RS o —<
BFT, HEHERET FEYRETCEDL, MhoETREKTEDLLTH 3.

AEBEDMMADEINZHAREEZICE LB DITRBVE LS5 THS. MTEDOALDFEIC LS L, &
OEFHICKICOF TR Z FAICERD LICHFTHL EBHENTHZ LD, FRERER L
B2, TOIKOHPICANTEE FHRALIRZNERY ML TKRICANS EEHN 3 ED, KBLTEWO:
HREREEDORICANTE X, KABHELEROBLTEH 2 TEHS EH, WIThiTLTEHESE
PITIRBL 7oK DRIC X 2 EBEPPHIEZFA L CE A F ENL LAV STV 3.

V. & #
BB Class Osteichthyes
aol= Order Salmoniformes
S8 Family Salmonidae
g Genus Oncorhynchus

¥ < # Oncorhynchus cf. O. masou (BREVOORT) or

7 <3 0. rhodurus JorpAN et McGREGOR
(K6, A~B;9, A)
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B : BBEER No. 1 0K (UR6, A) EHEHRE 117.5 mm ; LR —ROBMARR AR
148.1 mm ; FRRULEEAA TR O Bk EHE ke 288.8mm T, PIEREE A ERARMEKRTS 2. Ml
BEOEA (K1, B) FEEKE 377 mm TYHhE REERIEO—HER BB OREIIRISEE TS,
B, BT ORI SRS, BEAESEEOEAR (K9, A) REEICHEERO—HH
REB-TVBHDT, ETHACHPHEVBESNS.

NS ERDELESBOBEEREEET S C EHRTERY, ThoOFMIcET zMHERSRICESNTY
3.

o DEANY B rBORTY <2 E 7 < TCARSNAHE LTRRDO L S BABDT 5
N3, (1) W53 1 £ T3k CEBRNIS & 0% &) 1, hoRiEhiucszcd, (2) BESIK
ATHHEOETFICRETSC L, (3) BEAIRE GINEb0Ral) ThET L, (4) BENTL
THEOBOEEELRELTOVACE, (5) BHEEHIMHA 37/E, RHEN 28, fH65ETHRHLLT,
BAEDNLMEEY < 4 &7~ TOBHEMORBANICH S T &, (6) FBil, BICH i Al O MRHHE <
BCE, (7) BHREMEAORTICECMANE S, ¥E O/MIKEbATNELE, (8) WHICHL
S B D, FEE, EEEEE AEEE VB CE, (9) WEOERCKENLL BB HEBT L (VLADYKOV,
1963), (10) BBAREL TR CE, (11) SEIHEHROBNEES 21kb b5 L, (12) Fifk
s LHICHAVERERMERELTEY, REZESEENKRALTELT, &L Lo ais,i13)
KO EBTEDN TSR E, (14) RKETHB T &.

FrBOY <A LT v IRNTRELEENT 55, X f ER TR AR RNEZ DS OB T < I T,

1%, KSENEMEY 7 BO(LA & BEEADRHRIES & U
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
1 ‘ 2 3 4 River (n=3)
In mm ‘
total length 355.4 137 5l 172~189
standard length 288.8 371 117.5 | 1481 151~162
In percentage of standard length
body depth 26 26 23 20 24~ 25
head length 33 21! 248 20 26~ 27
length of caudal peduncle 11 10 ‘ 9~ 10
depth of caudal peduncle 11 a0k aa i an 10
base of dorsal fin 13 goi 10 14
base of anal fin 12 14 9 13
Number of ‘
dorsal fin rays* 1 e e s 13~ 13
anal fin rays* it ‘ 13 i 13~ 14
pelvic fin rays i 9 9 ‘ 10 9~ 10
lateral line scales 1 catil25 ‘ 122~131
vertebrae 61 65 64 64
predorsal interneural spine 21 lx

The owners of the specimens: no. 1, Showakagaku Tokyo Office; no. 2, K. Suyama;
no. 3, N. Et6; no. 4, E. Kitabayashi. *In total number.
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#7%K@%hﬁ@m.ﬁ%ﬁﬁﬁ%ﬁ%ﬁ%@ﬁﬁﬂ,C(ﬂ%%KDoT,#?%HEKﬁMK&?@
MK,77£@t$ﬂ¥ﬁcECEMK@E?%C&ﬁ%Bn1m5(k%,ww;ﬁﬁ,wm;%m-%
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