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Parallelism on the geographical distribution between the
land-locked fluvial salmon ‘“Amago”, Oi’lc/}b%’ncfzzls rhodurus
Jordan et McGregor (Salmonidae, Pisces) and the Potato
ladybird beetles, Epilachna vigintioctomaculata Motschulsky
(Coccinellidae, Insecta) in the south-western region of Honshii.
Reprinted from ‘“Natural History: Ecological Studies®, ed. by
M. Morishita and T. Kira, Chuokoron-Sha, Inc. Tokyo, pp. 497,
1967.
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: a8 DB G Lnina 1@ ayu a8 a long
; 5
% - & | T - T Ll o ~ a e - - . . ] %
i (1181 . I ho 3 e C aner a1t 48 WwWidely
v *
- L - & o . % . fad T - 2AN0 :
L .i;;l"e.- Jt' u f wiiina 1n <0V Em ‘e
4 1 o " ) p p 4 Y4, T pea g
AUE! Al Wlth '.O.)k Al LATié@, +4v WS &
> 8 - - ¢ - 3 + - -
! me her ne was on a military expedition against

China's enemy, Korea, Conquesently, she named it

yu r "eastern expedition.™ Emperor 3¢

Y o f D1 A ~ ! 1 . ~ E - 3 . v N
wEBDAN i oL ) BUDDOSS 4 ecresaqg thﬂnc, the (\yq WA S
+ 3 53 % & e R I Tmrnarial »1

to bs 1ltured only for the Imperial table.

a YSEE e i s 5
1 in 1846, "Plecoglossus

i = : - " 2
Actenistic of the fish., ™“Altivelis" denotesa L |
" - 1" A 5 e -~ o

hi 8 % or dorsal fin. The do sal fin is

3¢ t higher than those of the Salmonide,. .

4 s $ n " Y a 4 . p & " N, Wt
: * taxonomic problem in classifying the
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. ] 11 bones as well as the presence
f tc ed sup? overlying the first
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he orbitosphenoid bone, basisphenoid bone, and

turned terminal vertebrae, the post cleithra, and

the supramaxillary bone. They also lack teeth on

Plecozlossus altivelis may dbe considered in
ts Oy f 11y because of the peculiar dentation of

o ’
yloric ceaca,, a distinotive dnterior flap over the
ath, di rticulation of the palatine with the
prefrontal, 1d a “"reduction in size of tée inter-
opercle with the concomitant exceptional énlargement e I
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Description

Ayu have no supramaxillary or orbitosphenoid
bones. There 1z a toothed entopterygoid with a very

narrow set of infraorbitals. The typical adult may

have as many as 400 pyloric caeca, The maxillary
i and dentary have a few mobile, flat, serrated teeth
| in one serles. These teeth are situated in the skin
E and are not attached to the jaws.
The troute=like body is covered with small oy~

; _

cloid scales,  There are usually 11 dorsal rays and

15 anal ruys, Pive branchlostegals are located on

uch side. Typlcally there are 36 gill rakers apd
0-01 vertebras. The series of scales above the lat-
eral line numbers about lég while the lateral line
tselfl composed of 62 scalés. These counts are

typlcal of fish in Japanese waters. Apparently

yellow blotch on one side of the pectorals. The

adipose fin 1s often tinged with a red border. During

‘he spawning season the ayu become a rusty to red-




Life History

Mature ayu sﬁawn durlng the months of August
and November(Pig, 1), When they reach the spawn-
ing grounds, the larger females ma y lﬁy as many
as 10,000 eggs. The eggs are layed on gravsl,
usually in the center of a‘shaliow stream., The
eggs are about 1 mm in diameter and have an adhew -
ive membrane, ,

Depending on the waﬁer temperature, the €gRSs
hatch in 14 to 22 days. Water 1s usually between

15° and 20°C.. Upon hatching ‘the young may immedi-

atély. enter the sea(Okada, 1955), or remn*n in the

spawning area until they are about 2.9 cm long
(Otaki, 3509). The spawning fish die shortly
verwards A few ayu do spawn after twe years, but

the vust majority spawn and dile after only one

The ayu travel to the sea and remain there
until March or April. The fish now begin thetr
upstream ascent, The returning adults feed on
jl?‘THT.AJ% blue-green algae. By August or Oct-
ober they will re«ch upstream to spawn once again,
Tha'sawwnin; is usuélly done at night>1n the mid-
dle of a shallow stream. :

Many populations of ayu are land=locked in

certain water systems. This is especlally common in

¥ -,
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oL L« L«..'. i Sha W s : : d - “.f id'a rom thzdut -
from hatohing to 4% days OI &5
:“\ :
. 1 -~ J . i " %
-




i1 24 e . e ) %
pariese 5i f\li tﬁ (1d 1'76 t‘ﬁl{.'f h

Because the ayu is so highly prized as a
game 3 a8 well as a food fish, it has been

desirable for the Japénese to raise the fish

“er artificlal conditions starting directly

g8+. These efforts for the most part
have met with only limited success. The few times
that the fish have been raised successfully seen

O De the exception rather than the rule.

ne of the most encouraging of the Japanese

efforts resulted from the work of M. Kawaziri in
1989, Ayu eggs were hatched under artificial con-
itions and fed 5% of their dry weight 1ﬁ food,
(nls was raised to 7-8% shortly, lLater, the per- o
centage was lowered to 2.3, . The fish grew very

slowly on a varied diet, This consisted of 20-

# berley, 20% rice bran, 25% silkworm pupa,30-
Ok sardine, and 0-25% shrimp,

snother experiment carried on in the same

year{Nato, 1949) ylelded slightly different résults.
He found that great quantities of plankton must be
used to keep the fish alive, It was noted that
filsh 10 mm in length rise to the surface to feed.
#hen fish reach the length of about 14 mm, they
take zooplankton. Artificial food was eaten when

the fish reached 23 mm and larger. To supply the

large quantity of plankton needed during the winter,

11




ry to us
a water ti
o ¢

*he nost e

bl

.son in 1964, the experiment

s . pie N .y rhe
"
: i oAbl o4
- : s i 4 -
™" T 1¢uurae in the Lt EPrings
B
poour { veen

4

s Anting
report the ayu were dolng
.
A hoid 9




s 4

V]

N "
1y att
&}

m

v *¥
“
re
. .
i i
8
e
"
i 1
& 4 f §
“ -
‘.'V‘ 3
=i .
11 ¥ 2 & F
L s
" % L 5
J i -
v gy
- 3
44 ¢ !
i
MAl A
-
L] -
3. P
~ Q
Ip
%« 4

;
ous Activities in the United State:
starr Jordan once remarked that the ayu
introduced int 1l clear, short streams
the temperate zone." He sponsored two
pts to intoduce the ayu lnf California
ly part of the century.

first ayu entered California by boat in
F st . - - |
form of eggs. Thls project was carried
>rnia Department of Fish and Game
Vg rd o o T~ A N o bn A v o~
sacking: of Jofdan. Two shipments of eggs

& i ’\’v» '. z 1 ~ 1
ed from Japan., The first batch was

lestroyed by fungus., The second group of

1 ] . 44 & . . H 3 "
slmllary con ion, but a few did hatch,
lmmediately as they were "weakened by

922 D,Rs Crawford of the University of

(Seattle), received 10,000 ezgs from the

Ten 4 a - Mol v Yenar [ Cvar -
niversity of 4~0KYO, v&guh\ﬁlaﬂfwrd’ 1Q~7).

g

-+
> 3
v

eggs were dead when they arrived.

e remainder hatched, dbut died short}y.

1t was apparently due to "the low temper-

1 \»
A K

emDt o the
& L I I t Se
« John DeWitt of Humboldt State Colleze
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terest in the fleld by making arrangements
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Also the water was shut off to keep the fish from

leaving the troughe.

A g

second group of éyu eggs arrived on & Nov-
zzs totaled 20,000 with about 37% dead.
ren trays with an average density of
On the whole the eggs were in slightly
sndition than the first group. The total
;a5 estimated to be in excess of 7,500 eggs.
were treated with formaldehyde as
with upp%rently successful results. The
hed 1n‘ﬁ few déys i{n the hatchery troughs.
slankton net was used at the end of

the fish from being washed

ermitted each trough to have a small

sr, whereas the first group of fish had

water was aeriated as soon as the eggs
tched, The diet previously mentioned made
ip 60% of the food fed to the fish. The remaining
amount was algae. On 12 November the fish weré
edistributed, About 2000 went to a concrete
:arcau} with water depth between 3 and 8 inches.
About 1000 went to each of two redwood tanks in
the ;ufche%;. The balance of about 10-15,000
remained in the troughs,
The water temperature in the trough varied

between 51 and 560?. These fish lost thelr yolk




-,

o=7 days after hatching. By 16 November

he fish in the troughs were noticably fewer,
Lamps were installed over the water, and the re-
maining fish were definitely attracted to these
areas. A general dle-off followed and by the fole-
lowing day, only a few dozen ayu were.left in the
toughs. These few died by 19 November.

The fish in the redwood Lunké apparently died

- ~
l».‘l‘!‘ ‘»“w  — o e

ortly after they were put in. One was obser-

ved on 13 November and another on 15 November, None -

was ever reported.after these sightings.

The fish in the raceway would be very dif-
ficult to see efon if they were thriving. Only one
fish was ever observed in the raceway after the
first day, An apparently healthy individual was

swimning in the top layer of water,

The third group contained nearly 300,000 eggs.
The mortality was apparently 28%. The average
taiattes sma a¥out S ol s R

Gensivy was ‘ﬁ’u;\':‘ S ebgs, 1n “

About 250,000 eggs were placed in Ruth Res-
ervolr on 20 November. It is not known whether
they ever hatched. Seven aquaria were set up
inside a laboratory using hatchery water, aeriator

hoses, and lamps. The fish were fed a rotifer

r

culture obtained from a sewer oxidation pond.

™

ihe water was strained to remove other animals

t

o 2

at would compete with the ayu for food., About

200 fish were put in each aquarium. The fish




raqually from the start. About four davs
) ing, there was a widespread die-off. :
+ This left about 100 individuals. The number 8lowly
timinished until 13 December, at which time another
}
or dle-off took place, By 7 January, 1965, only

ne individual was left. The last ayu dled on

It will not be known if Ruth Reservoir contains

- e g & - " ~ . - 4
1 ayu I iation until March or April of 1965,
It 1s unlikely that such a population will exist
L]
@ to the heavy 'flooding and erosion that took

lace during the winter,
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Change of the Life Cycle of Japanese Charr Following Artificial
Lake Construction by Damming

Shigeru Nakano,*! Koji Maekawa,*? and Shoichiro Yamamoto*?
(Received March 28, 1990)

We describe several reproductive characteristics of two types of Japanese charr Salvelinus
leucomaenis found in Arimine Lake, an artificial lake-inlet stream system in Toyama, Japan. Larger-
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Change of the Life Cycle of Japanese Charr F olloWing Artificial
Lake Construction by Damming

Shigeru Nakano,** Koji Maekawa,*? and Shoichiro Yamamoto*?
(Received March 28, 1990)

We describe several reproductive characteristics of two types of Japanese charr Salvelinus
leucomaenis found in Arimine Lake, an artificial lake-inlet stream system in Toyama, Japan. Larger-
sized individuals, which migrate downstream to the lake and grow to maturity there, later migrate

up several inlet streams to spawn.
spawn there.

Smaller-sized individuals, however, are resident in streams and
These types are respectively similar to sea-run or lake-run and stream resident types

of other salmonid fish. During the 26 years following lake construction by damming, the migratory
life cycle of part of the population of this charr appears to have changed from the fluvial form.
During spawning activity, mature females and males presumably form pairs of each type, with the
pair formation assortatively depending upon their body size.

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

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

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

In this paper we described several reproductive

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

Study area and Methods

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

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

*1  Nakagawa Experimental Forest, Faculty of Agriculture, Hokkaido University, Otoineppu, Nakagawa

098-25, Japan (H &

g AL E REREEE TR,

*2  National Research Institute of Fisheries Science, Ueda 386, Japan (RiJIIJT]: ZEHKERE P RKENE

).

*3  Fuculty of Bioresources, Mie University, Kamihama, Tsu 514, Japan ([LAf—E8: =& KRZEMRIRZE

).
S4=St Panaka’s

in Arimine, 429-455 (1981).

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

Scientific report on nature conservation observed
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Fig. 1.
investigation.

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

Location and map of the Arimine Lake system showing Nishidani Stream used in this

Results and Discussion

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

The S-type individuals were usually smaller in
body size (female X=156.7 mm=+17.6 sd, N=3,
male X=162.1+21.6, N=19) than the L-type
(female x=332.04-46.1, N=42, male X=325.3+
41.3, N=43) (Fig. 3). Mature adults of these
two types showed a discrete size distributions.



Change of the Life Cycle of Japanese Charr

1903

LARAAN
‘#‘g
AT AL A

Fig. 2. Photographs of L-type male (LM-33.5 cm F.L.) and female (LF-38.3 cm) and S-type males
(SM-15.3 cm and 13.4 cm) and female (SF-17.3 cm) of S. leucomaenis collected in the Nishidani

stream in late September, 1988.

S-type males were more precocious (from 1% of
age) than were L-type males (2% of age), but this
trend were not evident between females (2% of
age in both S- and L-type). The sex ratios of
individuals collected showed strong male bias in
the S-type (4: 1), but an even 1: 1 ratio in the L-
type. S-type females appeared to be much less
abundant. No significant difference was evident
between the two types in the gonad-somatic index
(GSI) of both sexes (S-type: female, Xx=13.51+
3.92 sd, N=3; male x=0.90+0.39, N=6 and L-
type: female, X=11.00+2.41, N=:18; male, Xx=
0.94+0.29, N=27, t-test, P>0.1 for female, P>
0.5 for male).

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

same age cohort (1+ of age) and larger than that
of the S-type (both the female and male) at the
first maturation of age (Fig. 3). This suggests
that smoltification of this charr occurs through
the same mechanism as with other migratory
salmonid fish®~'? and fluvial type of charr.!?
A significant relationship was recognized between
fork and otolith length (y=0.94-+0.11X, N=
158, r=0.97, p<0.01), but no significant difference
was evident in otolith radius length from the focus
to the first winter zone between either sex of both
the S- and L-types, excluding the S-type female
(Table 1). Examination of the otolith radius
length from the first to second winter zone re-
vealed an incipient wider growth-zone, distinct
from the growth-zone of the central part of the
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otolith, around the edge in the L-type, whereas
in the S-type, no such growth-zone was observed.
The former coincides with the lake-growth zone
and the latter with the river-growth zone, as also
seen in anadromous and stream resident individuals
of other salmonid fish (e.g.'*-!*). Therefore, the
difference of body size between the S- and L-type
is due to the difference of growth rate after 1* of
age, when the L-type individuals are expected to
migrate down to the lake. Most of the char-
acteristics of the L- and S-types are respectively
very similar to those of sea or lake run types, and
stream resident types of other charrs (e.g.3~!7).
Therefore, as with the lacustrine charr (e.g. Miyabe

‘charr of Dolly varden, S. malma), the life cycle

of lake run and stream resident types of this charr
in Arimine Lake-inlet stream system, appears to
have changed from the fluvial life cycle during the
26 years following dam construction. However,
one important difference is that a few stream re-
sident females occur in the charr of the Arimine
Lake-inlet stream system, which is rather rare in
other anadromous form of charr.

From records of the body size of 12 pairs ob-

age cohort. S and L show S- and L-type, respec-  served during spawning activity (Table 2), two
tively. tendencies were evident: (1) females and males
Table 1. Otolith radius length between the focus and each winter zone in S- and L-types
Otolith radius length (mm)
Type Sex
1st 2nd 3rd 4th
L-type Male 0.564-0.09 (28)* 1.144-0.13 (32) 1.55+0.14 (20) 1.9140.10 (18)
Female 0.554+0.09 (19) 1.07+0.13 (21) 1.504-0.13 (22) 1.8440.17 (14)
S-type Male 0.55+0.11 (18) 0.9540.09 (18) 1.24+0.08 (15) 1.4440.06 (5)
Female 0.634+0.02(3) 0.96+0.01 (3) 1.1240.04(3) 1.38(1)

* Mean+SD (Number of specimen).

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

e TL of pairs TL of satellite male Bheavioural stage
Male Female S-1 S-2 of female
Oct. 18th °88 10833 L 38 I 26 S 16 Digging
S 16 S 18 Digging, Crouching
L 40 37 — — Digging
Oct. 19th 88 L 38 L 40 — —_ Digging
1230 12832 S 14 — Digging
IL, 213 L 36 — — Digging, Crouching
L 38 L 38 S 18 — Digging
S 18 SHLT - — Digging
@Oct 12th™ =89 L 40 1L 30) — — Digging
1L, 25 L 30 — — Digging
835 L 30 I 28 S 13 Digging
Oct. 27th 89 L 30 2525 — — Digging

L, L-type; S, S-type; S-1, satellite male No. 1; S-2, satellite male No. 2.
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otolith, around the edge in the L-type, whereas
in the S-type, no such growth-zone was observed.
The former coincides with the lake-growth zone
and the latter with the river-growth zone, as also
seen in anadromous and stream resident individuals
of other salmonid fish (e.g.'*-!*). Therefore, the
difference of body size between the S- and L-type
is due to the difference of growth rate after 1* of
age, when the L-type individuals are expected to
migrate down to the lake. Most of the char-
acteristics of the L- and S-types are respectively
very similar to those of sea or lake run types, and
stream resident types of other charrs (e.g.'*~'").
Therefore, as with the lacustrine charr (e.g. Miyabe

‘charr of Dolly varden, S. malma), the life cycle

of lake run and stream resident types of this charr
in Arimine Lake-inlet stream system, appears to
have changed from the fluvial life cycle during the
26 years following dam construction. However,
one important difference is that a few stream re-
sident females occur in the charr of the Arimine
Lake-inlet stream system, which is rather rare in
other anadromous form of charr.

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

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

Otolith radius length (mm)

Type Sex
1st 2nd 3rd 4th
L-type Male 0.564-0.09 (28)* 1.1440.13 (32) 1.554+0.14 (20) 1.91+0.10 (18)
Female 0.554-0.09 (19) 1.07+0.13 (21) 1.5040.13 (22) 1.8440.17 (14)
S-type Male 0.5540.11 (18) 0.954+0.09 (18) 1.24+0.08 (15) 1.444-0.06 (5)
Female 0.634+0.02(3) 0.96+0.01 (3) 1.1240.04(3) 1.38(1)

* Mean+SD (Number of specimen).

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

o TL of pairs TL of satellite male Bheavioural stage
Male Female S-1 S-2 of female
Oct. 18th ’88 L 33 L 38 1226 S 16 Digging
S 16 S 18 — — Digging, Crouching
L 40 L 37 - — Digging
Oct. 19th ’88 L 38 L 40 — — Digging
L 30 L 32 S 14 — Digging
L 38 17936 — — Digging, Crouching
L 38 L, 3 S 18 — Digging
S 18 S 17 - — Digging
Oct. 12th ’89 L 40 L 30 — — Digging
L, 25 9830 - — Digging
1L, 255 1L 20 L 28 S 13 Digging
Oct: " 27th 89 L 30 S — — Digging

L, L-type; S, S-type; S-1, satellite male No. 1; S-2, satellite male No. 2.
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presumably form pairs of each type, and (2) males
of the S-type and subordinates of the L-type at-
tend to spawn as satellites or sneakers as seen in
other salmonid fish with stream resident
types.l®=1® Since their body size was usually
smaller than that of the paired males, evolutiona-
ry theory suggests them as requiring this alternative
mating strategy. The significant correlation of
body size recognized between females and males
of each pair (y=8.19-+0.79%, N=12, r=0.74, p<
0.05), suggests mating to be assortative by body
size at pair formation, as reported in other
salmonid.t®.2®” IL-type males were also observed
to attack and drive S-type females away. Miyabe
charr, S. malma which has a life cycle similar to
that of S. leucomaenus of the Arimine Lake-inlet
stream system, also form pairs by type (Maekawa,
unpublished). Detailed investigations are needed
on the life cycle and mating systems of migratory
charr, and should contribute greatly towards
understanding the evolution and speciation of
salmonid fish.
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On the Spawning Behavior and Early Life History
of the Gogi-Char, Salvelinus leucomaenis (Pallas)

SEIR6 KIMURA

Fisheries Laboratory, Faculty of Agriculture,
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kg, LG o E)I O i g s = F Salvelinus
leucomaenis (Pallas) 13, BATHICAWERZ D4 7
+< (Fig. 1), £4E 30cm %z 3 DDV
COmFHEEET, M e bickilicot—<—7 %=1k
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fz. Z0Afth, 1962 4EiT 3 B AR AR RS S 4 0T e 1
e D B A)IKRDBAE) (Fig. 2A, C) T, B
UKD B = F ORIRIRARE, LS ET, {F - HEM
O EFHEABE L. CORETE, Thos0@
REFBEDHRICONTERNS.

FRAEHICDONT

FEINHEAT O LERKA R, BR, KEREEO=R

G 1, 169m) (cli AR L ToEil, PERETOE
IcHE4)I] (Fig. 3B) ok < Hifef 10km DR
<& % (Fig. 2B; Fig. 3A). CORRICIATK
0 700m OHiEETH 6km O, ZRICHK
BEHWOTVS. FAERFICC OHBEDOK R Z LN
b, FiEiE 1.Skm ool TiT27. HERIEY
FRORER L, JIEE S~10m, FHKBROEZ 1~
Sm T, KERIEE LBV, HEE TH KRR
20°C PIFT, HABHICHKRSEEESEL. WFE
ICEIERASZ . HRE DK A K O N A MR
ERRBERNT, BONPRES E/NSBEBABNR
HicHsid s, £hib EHBE2CEMPH#L, KA
bAk&1E. FWAKBICITFE LAY Moroco
steindachneri jouyi (Jordan and Snyder) »33 2273,
SHRAD PR &M icid, Zoftiicy ~x On-
corhynchus masou (Brevoort), w /4 Tribolodon
hakonensis (Gunther), 4 ~ F<¥ 3w Cobitis taka-

Fig. 1. Female specimen of gogi-char, Salvelinus leucomaenis (Pallas), 211 mm
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 3 ¥ / K ) Rhinogobius
Sflumineus (Mizuno) 75 &4 9 ¢r.

F « ROV TE, ZRBDOMICTE) DSHR b
VY REBIE) ATHEERT O/, WXL dics
WET R FEE T, BEIc AT 5 (Fig. 20).
WFNBJINE IR HEDE D, FHERERAICK
{PTHY, TFELEEZ2IAVYBERL, AHADESL
TRy AbBH0N5.

Fig. 3. A. View of Misaka-dani. B. View
of Shiso River.

ke Dl e

T F QUK P E T O —HicR S h, LA
TREREFOER L SEE)IIC,HFT, ILGHT
IR OFE I & LOR O EE) Offic C ofaidd
& (REAS « thf, 1962 ; i, 1963 5 gk, 1963 ; K
W - BERE, 1966 ; A6, 1967 ; mHhs, 1976). Z L
T, BRI EFINESLOLOROERIIcERT
THEE, WELSBASKhIbDEVDNE (RIE,
1960 ; Frily » BRI, 1966, 1971 ; 496, 1967). %7,
B (1969) FEHEOFMRIIT, HEICHSAEET
34 0FEBHTOE0T, LEOTFHHOHERIC
DT, TR ORMNS S LEEDNS.

e &

ZIRAT VT 4E8 A3 Hico i £E 21l mm
O F oDk (Fig. 1; Table 1, Specimen No.
8) 55L&, R ULAIRET 24, tham, RHEE
BICEV. FRNS ST, DRPP T
b5 DRFFDTREL, LEFOKMIBO®E
TABZ 2. WEEE & OHFBICNS < THO 20
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Z5. YEOEEEIBELEL, HEEDEIICDHLDS
N3, OHFEIHFORLBOEINIMFREEST S
2, ThoDFOEIE,CHNS. HELICS 2
FIO/NSOED D 553, FEEDORMEHE > B
INSOHBETHERRER L, BASRHSIEI D &2
2o, JEREHEBTHVES LD T, Ao
R EHEET 5.

AT, WIS TOPEREN 2. A
OHIERFBET, B t—<—7 s EIRETE
BAEL, EERROME. EFEH»5 AR Ter T,
BEAKOHWHEBRNBESIES. B, ThoDRA
BABVWLZ Y —2BTH 205, EEKICKDTRAKR
LD TFAHTE, BOTHRVBEEET S, HEICDHK
BHBL LMD, R @K L. R
THICR T T = v OWENE L, PPRRTHS
MOREAERL, IMEREL. £iEEdicEET, &
s O BT T THRAL 18D, SHE & BEEDRTR T
BT, BEDL, TRk,

ZIRADTF 1Sk (&E 149~284 mm) D]
% Table 1 TR L 72,

Wic, ZREBLOBEENNES F O EEE, 1LE
B FJIZKR RHIRI & RKH IR/ \RRSE o fEAR)I K R AE
RIDA 74 S. leucomaenis, B XL ERKEE
DT A <A S. leucomaenis W~_TH3 & (Table
2), I F OMFIBE, LR I &, Ehed
1L VER %R L7z, &%), Jordan and McGregor
(1925) @G F ok (BE) »hinc &, #HIE
KCHEDND B EMD, TOREANPELULD 4 7
FEEBRIREEEZ, S imbrius E&% L. LhL,
Table 2 it/Rd & Dic, T ¥ L DFIFEDOER T
#rThy, FTi, EFFEILHIF DA 7+ THHEE
ICEM%E S DEEDBERD DT, CORETIES
7§ (1967) % Yoshiyasu and Humoto (1972) &[H
L ¥ %5—J5 S. leucomaenis & L THD 1z,

R

AREL & R

ZIRAT 1971 £ K icgyo o F4 T0 Bico0 T,
HEHERICERRER D 2 EAFH~NTH . (Fig. 4. <
DR, MOR/NERMAIE 14.9cm ((kE 12.6cm)
T, £E 15.0~18.0cm ol 16 BD 5 5 10 RASHZ
@ e 0180 et EE DT E e i, 19 8 cmidi] =
ZBROTHIBRE L TO. —F, DR/ S HE
Eyhe e L Tem (ke 9.8cm) © 16.0cm
PIEO#E 32 BiddNTRAEL T,

b FEMALE

D IMMATURE FISH
. MATURE » o

NUMBER OF SPECIMENS

10+ MALE

0

10 15 20 25 cm

TOTAL LENGTH

Fig. 4. Size frequency of gogi-char captured
in the spawning season of 1971 in Misaka-
dani.

LROERCOWTCH#EEESB L, —RicTFD
HEDKkE, HXOSDLAKL TR HBREEL,
SHEERTRZ & BEERTR O AR s LKL, Zoftics
Elocm Plhicisz &, YEELEEEDHLD BV
EHELED SNz, UL, chd it K
HETREC ZMDY s « 2D K ST, MRS D
DOTEEIW. £LT, TBRALILITFORED FHHERIC
b, o1 7FETLL A5NB ‘kype FFEZELT
DS,

EETHA

1971 £ QEESNFIA Zhh 72 10 A 26 Hic, 4 131
e DHEAR) T, TFOER 1 ZFD. S5iC
FH, ZRAOHERSEMEID 3km OXIRT, EESH
K1 AFCEAMSNTRAZRIZEEDNETFD
SRAEHER L, McEEINTEITTORT 3MERED . C
DOXIRTEIMTEINZ HoNnlcDid, 104 29 B
56, THORMTH®2/. 10 KIS EHD A
kiR 11.0~8.6°C ThDrz. Fiz, HEZ 1961 4
ik 11 1S Hicls2Thd, BENOR, ZHTER
ERTEROoRT 4 EBR L. LhDT, T
JINCKIR, FHEBESHNT 2ZRR[/ BT, E
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* Migratory form of S. leucomaenis.

Table 1. Measurements and counts of the gogi-char, Salvelinus leucomaenis (Pallas), caught
Specimen number 1 2 3 4 5 6
In mm ‘
Total length 284 242 238 236 227 219
Standard length [ERR230/5S 209 20355 201205 196 188
Body depth i 49 42 46 41.5 40.5 39055
Head length 1 61 58 o) 56 S STI%8S
Snout length | 20 158 13 14 15 13.15
Length of upper jaw 3955 33.5 30 33 33 28
Postorbital space of head 378 31 3259 31 32 30
Interorbital space 11955 18 17 17 L 16
Eye diameter 12 12 12 I 10. 5 9.3
Depth of caudal peduncle 73 20 20 20 20 1985
In percentage of standard length ‘
Body depth } 21.3 20. 1 22,6 20. 6 2007 2150
Head length | 26,5 2748 27.0 208 29.1 27.4
Snout length 847 7.4 6.4 6.9 i 02
Length of upper jaw | 17 16.0 14.7 16. 4 16.8 14.9
Postorbital space of head | 16.3 14.8 16.0 15.4 16. 3 16.0
Interorbital space ‘ 85 8.6 8.4 8.4 84 845
Eye diameter ksl 587 5.9 57 5.4 58
Depth of caudal peduncle 10.0 9.6 9.8 9.9 10.2 10. 4
In number
Dorsal fin rays 13 13 13 12 14 13
Anal fin rays 11 11 19 12 12 11
Pored scales on lateral line | e 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=14 449=13 5+11=16 4+4+9=13 5+11=16
Branchiostegal rays (left-right) | 13—12 13 =12 13—-13 =l 1312 Bl
Pyloric caeca | 21 i/ — 22 23 15
Vertebrae 37+24=61 37+23=60 34+26=60 36+25=61 37+24=61 36+25=61
Body weight in grams 203 135 132 121 130 113
Sexuality 3 a8 i 3 & 3
Date | Nov. 5, Aug. 3, Nov. 2, ” ” Aug. 3,
a7l 71 72 i
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 Iwana Iwana Amemasu*
Locality | Misaka-dani Tossage-dani QOisawa River Kumazawa Shiretoko
‘ (Takatsu R.) (Sufu R.) (Mogami R.) River (Noshiro  Peninsula in
| in Shimane in Shimane in Yamagata R.) in Akita Nemuro,
| Pref. Pref. Pref. Pref, Hokkaido
Bt 15 20 20 10 10
specimens
Scales, one row ‘ 190~211 183~216 190~244 198~260 194~236
above lateral line | (195.5=+8.3) (197.5+8.9) (21602 =17.:3) (232.8+24.5) (21320:5=136)
Porea I 116~127 111~134 118~135 111~131 121~137
SRt @210 % 3:0) " NEI0le 01 8) | (127,304, 4y TRET0 60 ) IR B d )
( upper 4~6 4~6 5~8 5~8 6~9
| limb (4.8£0.7) (4.9=£0.5) (6.6£0.9) , (6.3£0.8) (70=E040)
Gill lower 9~12 8~11 9~11 9~10 9~12
rakers limb (10.6%£0.9) ©92-:019) (1O E0.°8) (10.0=£0. 4) (10.4£1.0)
total 13~18 13~16 15~18 15~18 16~19
number (5,452 1u,4) (14.1£0.9) (l6.7=1.0) (1643:==0:9) (17.4£0.9)
Pylori 15~23 14~24 18~28 16~27 17~24
WL SEaRtE (5520 (19.3+2.4) (21.4%2.6) (21.5+3.0) (20. 4%2.0)
Vetteh 60~62 59~62 60~64 61~65 61~63
SLieDlas (60.7%0.7) (60.30. 8) (61.7%1.4) (62.1%1.3) (61.920. 5)



in Misaka-dani flowing into Shiso River (Takatsu River system), Shimane Prefecture.

T X OB & AFHE R

7 8 9 10 11 12 13 14 15
215 211 196 195 186 186 179 164 149
187 181 168 169 161 160 152 139.5 12085
3 39 35 B0 3] 34 35 2855 2855
52 48.5 4305 47 43.5 42.5 Al 5 3605 3689
117 5 13 11 2 10 11 Ul 5 805 10
28 26. 5 24 0585 23 23 23 21 18.5
30. 5 2755 24.5 27 2545 24 24 21 2055
16 15 14 14.5 1355 14.5 13 10.5 112
11 I, 5 10 11 10 10 9 9 8
19 18.5 75 17, 5 16 1685 16 14 118
20. 1 215 2253 21.6 23.0 210 23310 20. 4 2290
278 26.8 25489 2478 2790 26. 6 20783 26.2 28.2

(& 7/ 70 6.5 Tl 62 6.9 7L 6. 1 T
150 14. 6 14.3 15. 1 14. 3 14. 4 151 15,1 14. 3
16.3 1652 14.6 16.0 15.8 5. 15.8 165 1558

8.6 8.3 8.3 8.6 8.4 9.1 8.6 785 83

5.9 6.4 6.0 0 6. 6.3 L 68 6.2
0% 108D 10. 4 10. 4 9.9 10.3 Q). 5 10.0 10.0
14 13 13 14 i3 14 I3 14 12
12 11 1Ll 12 11 i Ll 11 11
127, 119 118 125 122 123 122 124 125
206 194 181 204 195 194 182 211 192

6+-11=17 4+10=14 5+ll=16 S5+tll=16 S5+12=17 4-L11=15 S5+10=15 S+ll=1l6 6 Fl2-18
13—11 13—12 13—12 13—12 12—12 13—12 13—13 13—12 12—12
22 22 20 18 221 18 18 19 20
364+26=62 37+24=61 36-+25=61 37+24=61 36+24=60 36+24=60 35+25=60 37+25=62 37+24=61
116 100 84 128 87 78 73 43 40
2 ? 3 ? ? 3 ? 3
AP (A o 83 ” Apr. 20, Aug. 3, May 26, Aug. 3, Apr. 20, ”
74 7l 74 il 72 il 14
S L ArhflicB & 8 THAH. TH8bL, T O 7. TOXHiC, MEDEIKRTI WEIEDS 72D,

fHED =T FORESRME, 1020 HE»SBRIF 1 A2 A
O ELEDONS.

15k, MILEEOMEE, EEEKSICINE, T
OFHED ¥ = A FHI4E 10 H 10 HEE» S 10 AR i
TR 2 b ig. IF &Y< 4 hdticd e
JITIE, WHEORESNANER 2% ET 2. KB
453 AT 10 AR ic T Fofic v = * @ BEINFT
FhAEmEDz. OB, ver LR ITFOYHEIT
BHEMSL LN, FRBEOWEOFIZEN AL,
BETHEEZRST5DEEHL 20,

I '

TEQEIRE, —HICEEPEAOM S L < 3
oV ATicAa bh3 (Fig. SA, B, C). E I
SOESEONEDT, FTRADELBY, K
WO & BREICXBINRS. £ 3R D/
FET, K 10~50cm, £ LTKRIFEAESEEL
FRIC &2 TRBD THORBESRD bl —KF, &
DY =+ BEiChHROBN DD ZFRTHEIRL TH

EEICbHENRD ON, TFOEIKOEE Y <
ADEEED T ENL T, B2/ (Fig. 6).
BIEESRITEN
ERAOMERE LK S00m LT, 19744F 10
A28 H»OEBICH T THEL LT FOERTE
DVTU i3,
ZOfEDFKICIE, F 1~3m KB AR
Ao, BEERGIEY 3.5m, EX83mEDEAH
T, £O Lk, FTHRIEFEZE 1M FPFOELAHLIC D 73N
2T (Fig. 5B). KRBERFD EW 3P0 i
n, ARTREBEALERL, ELEREIED SN
fo. KEWFDIEL, KEIE28, 298 & bic 11°C T,
KA 3.

FESITENZ, COEADALAREL OREETALN
(Fig. 5B), % T (3 K& 10~25cm, BOKE xid
5, 6cmPlFchor. BEEITELTHRIKLD,
Zoff 300mm HiEL VY REE—Z—F54 7 EE
o7z 35mm RU7iIck Bk diTo7z.




Fig. 5. Spawning places of gogi-char.
Arrow indicates a location of spawning
redd. A and B. At Misaka-dani. C. At
Shiso River.
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NRTCOWT zoEfricix 28 HIEFHE, 3
WIS DS, P 3EREEIC I B & RT L MY
Sz, —BRICTFDORT TRENHEL D /NI W0H
(Fig. TA), D=7 TN AE L TEEN 20cm
(H#ED, #3% 17cm ©d o7 (Fig. 7B). BEINTT
PhoaFi, Hhich»2>TEMTS. TR 3
cm/sec FEORFEDYH, ELOXRT FEERAD M
NGEES A, MERBESUR D ZIE e, HEEE oft
W ITALE LT .

o7 DM, HRIEEAERZTONLLDT
73, BlOBIERE T RicEi3, 4RO#NDE
F LS5 ENEHDI. CDEE, ThHDHEDRIIC
13, BHEZESED SN, @EIADOKE OHEDEN
T, fobostEE<TIicis . fhoREFEIRKD
BHICEN, TOUEhINS OHEEES], BcgEL
wA5, Lo ficEi X5, Ok, <701

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

Fig. 6. Gravel sizes in spawning redds of gogi-char (A) and non-migra-
tory form of masu salmon (B), Oncorhynchus masou. Compositions were

calculated relatively from submerged displacement of gravel.




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.

B LSEEL TN SERBOLIAL, BHTZMEFICH
A2 Ebdbs. FIENTHHcASGREZDLD
BHEDOMEABIRE, BG5S (1957) kb7 <= O.
rhodurus Jordan and McGregor & tNAR (1972,
1976b) itk B ¥ <2 DESERE—FKTE. Lirl
TFTRINS EERBBOITE A ONI. TRDD,
T2 I RY 7 A TERT OIS —HICH AR 2K
B OBOISRITH S0, IFTREMICK B KE
WLELREASHN, HIDICRRERZ A4 THER L
BASHEOy (Fig. 8A), INSVHEH <7 D%
wE¥L < (Fig. 8B), HEIEK»—HBOHTT &
bbot. LD B, RIEIRTEOXIHICE
BHNBD, UEEICEBLBERIHECED, ®ici3E
RLISHAL % —HINCE S & 5 it 3.
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Fig. 9. Characteristic movements of female
in prespawning period. A. Digging action.
Female, turning on her side on the bottom,
presses her tail on the gravel and 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.

AR DBATT 10 B 28 HAFBREEAIGD 6L, B
IRITEI SR E DT bW EEDLN, HRIIEEXDH B
THEXRHICEO TV, 205 bic, HZIEE 1 HAL
RS XSiciE2lk. ZOHEETRATOMAS
DERFSRELELT, BafdErgglicn, i
Tk B RER ELBHEI N

HRERE JIEZEZICHD, TFDMEIZAIC
Reicl LT, gExLDE0ICRS, 0% LB
SUVNShREHRLCEMSE, BETHEINEE LT
cHB YOO 20~30cm AT 3 (Fig. 9A). o
M, 2, 3B%EET 2. ZOEKREEICK DIIEDREE
3, BhscsnThLBEFBEHTE. COHED
b&, TFOMIBZEBDOLERICY, EIIRE/NS L
CBD EEDIERS, bsVRIIEICEEZREL ih
T, MEZW O DEIBYRMBLBEST S LTI
bES. HBTSDDORE, BEBEICODHZT, D%
Yo K& s & L0 (Fig. 9B). £,
W3R 2D LML, B RSETEEEZED S
BFELTHREERTS. COLIRITFOHFHMER, +
T ABEICHANT, FEfFH 30 IER5T T EN
ZNEDHIZEEZ 3.

MEDSAR BT U CTFT 5 BIREIER, Bk (1963)
bTF coTHEIELTHY, Breder and Rosen
(1966) WER Ly o Bl—BOEKEEICS X <
%. %7, Fabricius and Gustafson (1954) 23—




Fig. 10. Feeling and crouch posture of
female and courtship of male. A. Feeling
posture. Female (F) erects her anal fin and
moves it as if fumbling for a crevice in
gravel. B. Crouch posture. Female, inserting
her erected anal fin into a crevice in gravel,
crouches on the center of almost finished
depression and slightly bends her anterior
body upward. C. Courtship. If female
takes feeling or crouch posture, male (M)
quickly approaches her and nudges the side
of her body with his side. D. Courtship.
Male (M) courtes female passing by each
other.

oy ®dD 4 7+ S. alpinus (Linnaeus) 2T,
D& S HKBEDMIC, WEDREDF TIREH
QHEICIRS T, IERES XT3, Lol, =
FREDOLOBWO i LEpD7.

T DM Ic L BEKEER 28 H& % B KO BAD
BENEEOERET L ~ 3 NI ES . 2D
HRicid, HEEEEORBTEREIEIC D5,
BiEE DDV TAEIMEICE 5 (Fig. 10A). ¢
Nic kP EERMD 4 « =2 HicbH o0, 7
4 —1Y v/ (feeling) (Jones and Ball, 1954 ; Jo-
nes, 1959) 2 W iET7 R 5 4« 7 (testing) (Smith,
1941) &N TV 3.

TEOMNBCDT 4 =Y VIDREE LD L, T
DOHEZED ICHICRE ST Z DT, ZOEBIEIREESE

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 de-
pression. According to another observation,
however, 3 times of oviposition at intervals
of 15 and 30 minutes were seen in the same
depression. D. After oviposition, male
suddenly dashes and pokes the side of his
partner’s head with his snout. E. Counter-
attacks by female. Female makes cruel
counterattacks against him, then they fight
each other in small circles.

RIBESTELEILND.
KREBICHIZD, =T OUEREIOHE TGS #rpiclfic
TOHY, KUEXDKY EDFT, WHEEHR A
% (Fig. 10C). %7z, HRMEETENENS, &K
HcHiDkf A TOTRETZ L bH % (Fig. 10
D). wFhoga b, Mitick vkED Licis
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N30T, MERTCKENS. £ LT, HEIKROE
KEIEICK D, HEREE DT 2MofEEES s, BE
SUR DB IS 5.

SR PR EE % 6] U T flnl & # 0 Kd > Big,
JEICEZ 30cm, ZEX S, 6cm OEWVT HHKMD
[IEH | HHERED 3. ZOh OB DB S/ G
PHBBRING E, PETHRZEITTI A=Y VI D
BRI S Skt E Ehice o, KERIRLEL
K EEHIWTDIENS, BIEAZMOMPBEICE LA
ATHIEL, Hrici»icoZB< (Fig. 10B).

COMERMbOHrE» S bH SN TH D, Jones
and Ball (1954) & X7t Jones (1959) iFch=x2
o —F (crouch), Fabricius and Gustafson (1954)
E7 v# Y v7 (anchoring) &0EeS, DT DR
TR, RTREBBINEEEFERT I2EESETES
NTV3. DAEETS Y~ 2 Diffick 3 2 DEIELA]
5N T3S CKAE, 1972, 1976b).

HNRAETTEN
F29 HART 9B, ATH OEEEIEIc LD T Hik
fe TEA] i, 75 BEbNTRIENTE & 5B
fz. LT, ZFET9 EE 40 USRS AT D 1 72,
ZOKET, M [{IE4] OhRTHRO /v —F D
RBIATHIEL, IROTRT OHENMEICRZSDID &
LD U, WHEFMEES 2 DEHRD . MO
ZE M S E, HEBRE OB, WHE KEK
LABEETONASEREAES, 4, 5SHORICHIK
¥ L7: (Fig. 11A, B, C).
FEAHENIZZE 0 DFFE [ 124 ] ooy
BRICEEDSD T (Fig. 12A), ZDIEEAENZRHLT
e
HEINTE
BERBOE s H& B I3, MEEDR 3B 5 (Fig.
11C). Dk, <7 O3k S5 R 28 L
T, TOfiEE®RL Do & (Fig. 11D), #ibFEL
HEoicEDYRASL, WER [<IFS] © FH %N
S A2k L>>2, AW HEEZ S >&E5 3
(Fig. 11E). CO#fEZ, W30 EHES b
15 kLS, ZIRA/ICB I B MMOBETD FlI4 75
AL, DX BEPEROBAHE VI, 3 —
o 3@ grayling Thymallus thymallus(Linnaeus)
(Boex=2F) kKo20WThHSNTLBED (Fa-
bricius and Gustafson, 1955), Ll O ¥ = £ (K
A, 197251976b), FEENEE L dbiEOL > 5
v a< S. malma (Walbaum) Ti34< &5 h
i,

Mk d e car A
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.

Zok, M T<ES] oh2Zz0l T, #zW
2L PEEHA SRS T T YT a2l 517 BIE
(undulating) (Fig. 12B, C) %iho, HEKFIC
PESRIR 5@ S 5. Ik 30 53722 &, [ ]
DOHIA THEIC X 2 EIKBIENHOHE Y, Rhltes
nNicWEETIEEY oD LiIds MR, EREME
ET VT avA T4 YIBMEEREILL YRAT

DT vFavAF 4 YIHMER, 1 7FRICHE
&z o n (Fabricius, 1953), # 7 = X S. fontinalis
(Mitchill), v sma<, 3—8 /DA 7F15E
DFESITHIS N, T OFED AT SZIEINIFAD LHE Z
%&bz (Greeley, 1932 ; Needham and Va-
ughan, 1952 ; Fabricius, 1953 ; Needham, 1961 ;
Breder and Rosen, 1966), L L, T+ o4, 5
BT VT avA T YTHFICK M 28k EED
Shisipoi.
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Wik BT V7 a LA 7 4 v EERRER% | R
R HOND. ZORIERIEDHELD, BN
%2R AR 5 &, Il S~10cm DS ICEY
5h3. ok bHERERKICEDS (T F 04 A
NY 13 EERBOES. T, TOHEBHARDTK
B350, MhroBVWIADNS C EBEL. FiRiCS
% &, MESEIRMOENSG C EDEL1LD. I
BHERE & b ICBEIRRIC IR 22K 28728, T
TOEITEIR T N TKRO L Bbhi.

Pl bicii~zzX5ic, cOBEFTIRZ10 8 28 HF#&
ICHIFESRITEIME S 0, £ D H O L THED EIKE)
TEPHED KB 12 E8A Sz, B 29 H 411 9 Rk,
A LR U7 HEESRRIC B T JIESNTE %= &
¥, 9 40 T IC X BBURBESEEZ S N £
NIk REINTEREABE T TA ORI, ¥
IR MERE BEESRIR Ic B 24K AEIE L IED .

EEIRE R

MRo®mEeclE, LRoADERTHD KD, [H
UEIRATHICEE L 3flick s &, PIEOEIR%E
oS DK 20em JiAic, TFOMENHD [<
&) ZfED, REIOESN 20~30 KRR IS 5 1
2. Mo 1 FTIRE S, 3EIEHDERSRBIC LT
fibhi. cDL57 2780 L 3 EOBINEREELE S
—HOPEIITENICIE, H@20 L 3 AMEET 5.

$72, 1971 R ICSRATHI LAITR, 2EK 18
cm QL 35cm MOHELDIEBERTH, LEDD
[ i1Z%] T15~30 3ofikET, 3 EBIVERE L 7.
Zok, #E&ERElDERE D s 0 —F LHEDK

Table 3.
in Misaka-dani.
Number of dead eggs is in perentheses.

Velosity

e, 3 [0l HOREIRICRESNTEIARY Shic.
EEUNER & B REED
SIRATIITLAE 1L Hica £ o EEINK 12 H D B

W, K&, BEE, fid, EEREEREN, 12017,

I8 H TR L - MBI A8 2 T, = DfsHE % Table

3acRL7z. kB, JROFEEOKIRE 6.0~6.2°C

ChDie.

PEFRR T3 ER 60~120cm, i 35~60 cm oM
TR IcHEDD LB dhsh (Table 3), D
BRIETIFEL. CoOiBr oM 20cm #h% 5~
10cm 3 &, Moy, bZBINEIEE EEOTH
bh, SSiczoEkl 20cm BOHH» 5, BIDOIOD
B HEI NG C EBB. FIREORIERIT 0~
40.4 %T, A I3 KD S B 151 Kbt ABEY
DOEINT N bR DOBERERM T 2L 16.5 %
ChH ol

SlIdEREA 2L, JIRIE 5. 1~5.4mm, iy 5.2
mm Ghku=Y VER) T, FLEEET o7/,
RBERZEOIIE R PPERER DTV, Tl
WEB BT >TORDT, DL RkE HOT
et

- HERIC DT

i

FEHNKRBEN ik S BE 7 & (Fig. 2C) T,
1962 4E 12 A 15 Hic, =¥ OREFIK A O FIRFIA D
THbBRDECT A, 19 Btk baiad . TR

Physical characters of spawning redds of the gogi-char, S. leucomaenis,
Eyed eggs were dug and counted on December 17 and 18, 1971.

No. of No. of

Size of Motality

Redd No. Length Width Depth gravels egg groups eyed eggs
1 60cm 45 cm 20~30 cm l.2cm/sec  4~5cm 1 57.(23) 40.4%
2 90 50 20~25 136 3~4 2% 207(28) 1335
3 100 50 25~30 5.0
4 90 30 30~40 0 2~3
5 95 45 15~25 —1.0% 2~3 2 30 (7) 233
9583 3.2
6 80 35 10~20 —1.0% 4~5
7 50 35 5~10 3.0 2~4 1 100(15) 15.0
8 70 3 5~10 28T 2~4 1 48(12) 2530
9 120 45 5~25 —4 7% 2~3 1 55(10) 18,2
10 90 30 15~20 4.1 2~3 2 92(13) 14.1
24 (0) 0
11 95 50 10~20 5 9 1~2 2 2.y A7)
(D) 97
12 120 65 5~15 51 2~3 1 2

** A negative number indicates counter flow.

81(22) 27

* Several pairs spawned in this redd, it was difficult to separate the egg groups one another.




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, 22.2 mm, 21 days
after hatching. C. Fry, 25.6 mm, 36 days after hatching, yolk sac was almost con-
sumed and parr marks just appeared. D. Fry, 35.3mm, 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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% & ORISR B £ THE L. o, KiE
X 16.5~12.5°C ¥ 14.5°C T, BE/KEX D HI
DEHD. FTh, VAEELEICRERAT T ¥
OHMAEREL DT, RITIF « BEARDEREICDNT
BB, ERITNTS Bhre) YEEHKRTOZ <
£/ —VICRERDO S DIC LD,

BALFR (2K 14.8mm, Fig. 13A) FHLERO
10 Bick 3 &, 4K 13.8~14. 5mm, {kE 12.1
~13.2mm, FIEEEBRVIAE 1 1~1.4mm, §i
E 2.3~2.4mm, ¥k 0.3~0.4mm, [B# 0.8~1.0
mm, R ST~6l. Zhoo EARDERICEY
34E13 17.7~18.5mm T, &/ —VREEFEICXD
22~24 B OYHED A ST

FLAF R OELIE, o rBHFRICEBIT, K
GIROAX1IEEL bOH, T OHKE ALY MiciE
FELEV. EEIHEEL TOLARL, B s, iR
BAELT, MEREL, OBV, MmEFICIIS
VNS A SN B, HEREEEIRT, TEEORE KD

Table 4.

Stomach contents of the fry of gogi-char, Salvelinus leucomaenis.

FFthiicfiBEd 5. BEEICROT N SRR Z
A5, kg E EBE CHAR. EEBIEINEED
SRS B, BHIE & EMIICE, REREHBD
5. SIMEDOREICIE ZED /NEED BHIES 5
S, RO MEKEERIC 2L AoNBEhrD7.
78 (£E 22.2mm, Fig. 13B) §k#k 21 HH
O Ffa 8 Bickhid, 4 E 20.8~23.5mm, kR
17.9~19. 8 mm, FEEFEEROIKE 2. 1~2. 4 mm,
E 3.7~4.8mm, YE 0.6~0.8mm, }3E .5
~1.9mm, [EF% 1.2~1.7mm, &k 12~14 K%,
B 10~12 e

P E DS D TN E N, e L BEEREE) 5 31
AL, ERDERICGEL.. BERBEIXALEYD
SHE I IZRESR DIFREDS B, ARM o BRI BHLE
B bEFmcYy, HE AONH, REOHEHRS
XOEHEOFIRRIED. S—w— 7 [ EMICED
niz.

M (£F 25.6mm, Fig. 130) H(L#% 36 H H

These

in Shimane Prefecture. A figure indicates a number of individuals.

Specimen number ‘ 1 2 3 4 5 6
Total length in mm ‘ 218 788) R ESHEI SIS6 R0 0 R02.9 59 880 9 i)
Ephemeroptera 7 od =] 7 H
Baétis sp. latva | =2 4 4 my Eie® 1 3
Ecdyonurus tobiironis R Ny L vy
Ecdyonurus sp. ” 22 = s gl s G B W B 2
Epeorus uenoi ” 9 52 A =2 S ST ga) o el 2|
Epeorus sp. ” BN o
Ephemerella sp. ” S R T [ R
Paraleptophlebia sp. ” ERE s ni S 1 1 4 1
Isonychia japonica ” =n e e g
Ameletus costalis ” 2L m B g A e
Unknown larva S iJE] @ 1
Tricoptera P ES r z H \
Uenoa tokunagai larva IR/ /Y B E
Polycentropus sp. R v R 7 e 77 1
Mystrophora inops » VA DR N E ry
Tricopteridae ” | E B~ 1
Tricopteridae  adult LB e g BB
{ !
Plecoptera ‘ 7 s 7 H
Alloperla sp. larva ‘ ST s R 1
Diptera W 2 H ‘
Chironomidae larva S TR L
Chironomidae pupa ErR s ] Vil Bt [
Chironomidae adult sL0osa ) Lo g gn B
Unknown adult N i3] ” ‘ 1
Others <z D fth
Tubifex sp. | 1 b 3 S o8 1
May May May
Date 14 19 14 ” ” ”
&7l 74 71
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OHAIOR ICLEE, 2E 24.1~27.4mm, kE
19.9~22.7mm, {&E 2.9~3.5mm, FiE 5.3~6.1
mm, WE 0.6~0.9mm, F%FHE 2.1~2.6mm, [}
% 1.8~2.2mm, E#E 1.2~1.4mm, S 3.0
~4.2mm, BEEE 2.8~3.3mm, i 12~15 #kzR,
BiE 12~13 RS, HRBLSRE A 8~10 4 8~10, fEfN3K
(1~3) +(2~T7) =3~10.

IEFIRIFEAERNES N, EAlic —=—2 2B b
NEDB. Yidb L ENE, EEEOKRMIZE R
DEBRBTICRZFLERY. HEEBHERIICREL, I
fEDIESR b RIAERICET 5. EEREROY, K
b KNP & EEERICERET 2. BEESIZITH
e, BEREL, BT IL RELTEID
. WPEFED SRV, ERhEoERE L L
T3,

A (2K 353mm, Fig. 13D) =A< 1974
FESHABHICHFMULAHA2RICXE L, 2E 35.3
~36.4mm, {£E 28.7~29.2mm, {A7E 5.8~6.4

mm, FHE 8.5~8.9mm, YE 1.5~1.6mm, |25
& 3.7~4. 1mm, [REE 4.5~4.6mm, [B{% 2.4~
2.8mm, ERE iofE 4.9~5. 1
mm, BEEE 4. 5mm, EhEE14~16 55, BEE 13 ik
&R, BRRSHE 10~13 4 9~12, % 3+ (9~10)
=12~13, WupqTERk 17~19.

EEEPPEL LY, KD/ —=—7 2RI
D, FMICEHBEORAEIESTS. BEEIZIZEA LN
KU BEEIMPIEOHIZZEERELED, &b
ICEIEE .

R (&K 45.6mm, Fig. 13E) =IREAT 1974
FOAI6 IR LIHA2EICLZ L, 28 45.6
~48.4mm, [(kE 37.5~39.8 mm, (ki 6.5~8.4
mm, FEE 11.4~12.3mm, ¥E 1.9~2.0mm, [
R 4.9~5.8mm, [RE 3.4~3.5mm, BEH#HE 2.6
~3.4mm, EEEE 6.6~6.7Tmm, BEEE 6.5~7.6
g 14~15 RS, BE 12~13 k%, BRRSEK
ZE 1245 10~11, #EF¥ 4+10=14, @PgEE 19~23.

2.1~2.2 mm,

mm,

fry were captured in Tossage-dani of Haza River (Sufu River system)

i 8 9 10 11 12 13

14

15 16 17 18 19 20 2 22

2055 HE3 0332 AN 32 55 ERE3 4TINS 45 SENaRNANEAD N1 A3 Ss R 7IEARE 40 5] S8 40 H6 5 5.4 4 57 sl SRE 3 650
2 2 3 4 2 1 11 1 2 4 2
4
2 89 1 4 10
1
2 1
1
1 6 6 1 1 4 3 2 1
1
7
1 2
: 2
2
1 1
3
1
i/ 1
1
10
Jun. Aug. Aug.
” ” ” ” ” ” 7/ ” ” ” ” 3 ” ” ” 29
’74 &71 14
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AR IRIEEED, IO EBE IR RIS
Ty, MbHNT 3. Vkhid PR & i
BIAICH T, EBE 0K ZROKE FICET 5. KD
AHICHEZEL, I b AV ESIZS L THBNICE 5.

D XS IfF - HERADIRRIZ, R (1963) itk 3
TEDIRE XL —FKT B, BLEBOEE FR
DAER, g (1963) o 19~20mm & b AL/
Xpot. i, Ak 1976a), FUNA97T) ik
%3I%¥~4 74 S. miyabei Oshima < Blackett
(1968) it & BMEHMEA & a na = ichRT, TFD
SRz — g HELRIZEOYS, AR (1974) k57 4
2R ER—KT 5.

ZLT, SXEFeADITOEIITE, WED
HENENLZCESHE. ChERAEVIREL 3
2, 41 7FBOMATROEE LHEORIET DS
BWUEHT, NFEREET 2478 E EHERCXE
ahz ORA, 1974).

HMEOEMH

AicBiF 3 T EHADOZEH EBEER ShICT
3%, EENIIKROEKEN &EZIRE, BARIKRE
EN O+ Y ¥4 (Fig. 2C) T, 1974 F0F»
SEICHhFTHAEET O/ RICZDREERND

TEOFAR, oFsrRERUL, JERINERK
2 3%3%T, EROWROhicHEE. HKE)IIT4H20
HicAE 26.2mm ol B%, F2HITEMY
FEATLE 21.7~22.6 mm 0 b0 3 B%2Z T
T D FYHFROHADD B 2 BB EILEIIC
PR AENICEL TV EPRDOREENDS, T
NS RERENLOREBZEELIZE2D EB DN £
LT SBIBPLBRELILHANSLNDT, C
OFBED T X FEADFEELIZ 4 A, TALKEEZEX
Biilfe.

TEFEEH SOmm 7% TIE, KDERET BRI
 RKE D Ik, HPEARED N iIET T &
ML, EBEBEAESLOD, BEKEICEEOSD
WP icEBEENE Db 5. Hifd4eE SOmm Ll
Ftictszd, DLEL THNDH 2FOEBEZKE,
80 mm DI bk REAIERA L ZERH U A REE S
Tn5.

WICHEEN D by Hr noff 22 B (&K 21.7~
63.9mm) OBFARYEFANT, TDOH;HE%E Table 4
iR L7 chucktid, A5 ey HoMHR LM
BESAERD 83 %% 5D, TAEMOETRERI ZE
AEEDATVIERWN. £LT, #5nvHTHE =4
g h4 av g Ecdyonurus © 2, bt A nAs oy

& Paraleptophlebia @ 1 &, =44 1 wg Baétis ®
1R EDLSic, MBENBBHHOH N SONE &
bhTs. %/, ZHR[/OTFOHAIIERE (&R
26.2~50.0mm) OEREM S, +YHTrAOHEESL
UL, #5 vy HohBEALEEED 80 ZLULET,
ZORPEH S IBERIUTH DR, BB, EE(1976)
ki, 1963 4E 5 B et )l THRE L 7o ' F DRAR
44 Bi3/kAE B RO HK 40 %, KUEEREK 60 %% A&
NTED, ANOMALY BTERRELSHEELT
i)

A LSRRI BT % FHO FRELRICRB L,
4 ATFAICAE 26.2mm, 5 A ic 30. 5~39. 6 mm, 6
A i39. 1~50.0 mm s, *7-8 AKici 80.5
~93.7mm OEAMREINTVS. TOREMEHA
MoHBE, EHEH1 ARDIKERATH /I 2K
110mm figgo =+ (Fig. 4), BIEDTICESH
AnboEEDLNS.

C O EEE SN, FREERE L CEY UMK
SRR EHR, HEADBAAYDRE%Z B
W U 7 BKEEIBT e O FEEFHBEEE, SUGROA
FILD VW THEEZEM & Nk B RFEHE FH O K%
BHEL L KBERE O ZIEEFLIC L 5 NI
3. Fi, BHEAEICH 0 B2 cmEII#
EHEMAOEAESMEE SIMHEERES, LRI
0 L 2R DR A LS 3 & OV BT A 26 oD Al B —
RIS E#7 5.
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Summary

So-called ‘gogi’ (Fig. 1), Salvelinus leucomaenis (Pallas), is a mnon-migratory
char attaining a length of 30cm 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 (EZS).

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

(Table 2).

other districts are not so conspicuous

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
female and several males are usually seen in the pool-side (Fig. 5A, B, C), where
the current is very slow or slight counter flow is noticed. In the male group, the
hierarchy is recognized according to their body sizes and the largest one succeeds
in mating with the female. This male usually darts and drives subordinate males
away if they attempt to approach his partner,however, in early period of prespawn-
ing he is occasionally turned out from the spawning redd by counterattacks of
a smaller male (Fig. 8 B). The female defends her spawning site from other fe-
males and digs the bottom. As the female repeats digging action (Fig. 9 A) at
the same point at an interval of 1 to 3 minutes, a saucer-shaped depression is grad-
ually formed, in which she takes a feeling or crouch posture (Fig. 10A, B) after
each digging action. These postures cause courtship by attended males (Fig. 10 C, D),
especially by the largest one. The prespawning acts by a pair used to continue
for half a day or more.

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

The eyed eggs of gogi-char were obtained on December 15, 1962 from a spawn-
ing redd in Inkyo-no-tani, a tributary of Haza River (Fig. 2C). These eggs
were measured 5.1 to 5.4mm in diameter and began to hatch on December 19.
The newly 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 23.5mm. Two-thirds of 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 completely in the water temperature of 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. 13C). In the rivers, the fry start emergence from the
gravel of spawning redd after middle or late in April.

The fry after emergence (Fig. 13D, 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 stomach contents of 22 fry from Tossage-dani of Haza River (Fig. 2C)
ranging 21.7 to 63.9 mm were examined. They ate the larvae and a few of pupa
of aquatic insects, especially of ephemerids (Table 4).
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Studies on the Biology in the Early Stages
of Two Types of Chars in Hokkaido
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Abstract

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

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

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

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

Key words: Char, White spotted type, Red spotted type, Morphology,
Ecology.

Introduction

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

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

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

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

Topography of the Ichan’ni River

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

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

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

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

are shown in Table 1. \ /
s, 1The Ichan'ni

;
o River,
2 ~

Materials and Methods \ "."‘: N ';j[N
The main observations in the field and the Ll R S
samplings were made during the period from Fig. 1. The course of the Ichan’ni River.
1964 to 1965, once every month from April of

Table 1. Environmental data at five sections of Ichan’ni River and its tributary (Mimi
River) b

Ichan’ni River The Mimi River

Rivers (main stream) (tributary)

Sections Ma Mb Mc Ta Tb

pH 1.2 7072 68 7ae 13 6 BtV 750

Current speed in ] s o il i
riffies  (m/sec) 0.40—0.50 0.40—0.53 0.62—0.86 0.28—0.40 0.38—0.53

Width (m) 2.50 3.00 5.00 1.50 2150

. riffles 0.20 0.30 0.20 0.05 0.15
Depth (m) 10 ;5515 0.40 0.50 0.70 0.30 0.50

Water temperature ('C)
January 4.0 4.0 35 5.0 4.0
February 4.0 35 35 4.5 4.0
March = 30 3.5 4°5 485
April — 8.0 5 6.5 75
May 9.0 10.5 8.5 — 8.5
June 8.0 8.5 8.5 TS 8.0
July - 10.0 12.0 8.5 8.5
August 1245 13.0 10.0 11.0
September 11.0 10.0 10.0 11.0
October : 9.0 7.0 9.0 9.0
November . 5.5 5.0 7.0 7.0
December : 4.0 319 5.0 4.5
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1964 to April of 1965, and every second month
from June to December of 1965. Some sup-
plemental surveys were continued until 1979.

Polarizing glasses or water glasses were used
for the observation of the behaviour of the fry
under water. The fry were caught by a hand net
and classified into two types. Although the red
as well as white spots characterizing them were
completely absent at the early stages of develop-
ment, the fry were distinguished by the shapes of
their parr marks; the fry of the white spotted type
has uniformly elliptic parr marks arranged regu- ig. 2. The char fry of the two types:
larly along the lateral lines, while those of the red - white spotted type (above) and
spotted type are varied in shape and size, and Boroe gy
arranged irregularly on the body sides (Fig.2). The sample fry were preserved immedi-
ately after capture in 109 formaline. The preserved specimens were weighed with
balance sensitive to 0.1 g and their fork length, head length, body depth and body width
were measured with an accuracy of 1 mm.

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

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

The Fauna of the Ichan’ni River

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

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

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

Antocha larvae were common to most parts of the Ichan’ni River all the year round.

In addition to these benthos animals, considerable numbers of terrestrial and aerial
organisms must have fallen into the water in the summer time, as they were invariably
recovered from the stomach contents of the salmonid fishes in this season. The organisms
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consisted of adult aquatic insects, terrestrial coleopterans, ants, lumbricid earthworms,
spiders, etc.

Besides the chars, 12 species of fishes were collected or observed in this river; their
distribution is shown in Fig. 3.

Among these species, the land-locked salmonids, red spotted and white spotted types
of chars, and Oncorhynchus masou Were dominant in most parts of the Ichan’ni River.
The northern eightspined stickleback, Pungitius tymensis, was also numerous in the
middle and upper reaches of the river, especially in the reaches near the bogs. The
chinese eightspined stickleback, P. sinensts, and the threespined stickleback, Gasterosteus
aculeatus, were also found but in a very limited area near the estuary.

Every year from May to late June, large numbers of the Japanese brook lamprey,
Entosphenus reissneri, were observed spawning in the middle reaches of the river, but after
spawning they all disappeared. The cloudy-spot loach, Barbatula toni, the northern
sculpin, Cottus pollux, and the floating goby, Chaenogobius wrotaenia, were also found, but
rarely. :

Upper reaches Middle reaches Lower reaches

‘

i

Char (red spotied type)

1

Char (white spotted type)

Oncorhynchus masou
0. gorbuscha

0. keta

Hypomesus japonicus

Tribolodon hakonensis

Barbatula toni
Cottus pollux
Chaenogobius urotaenia

Entosphenus reissneri

Pungitius tymensis

P. sinensis

Gasterosteus aculeatus

emmss Upward migration
ssm=md Downward migration

Fig. 3. Distribution of fishes in the Ichan’'ni River.
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Results of Observations

1. Growth and Postembryonic Development

Growth of the fry under field conditions was estimated by measuring the fork lengths
of sample fish caught monthly in the Ichan’ni River during the period from April 1964 to
December 1965.

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

a) Growth in fork length

The monthly mean fork length and its standard deviation in the fry of the two types
of chars are given in Fig. 4.

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

Standard deviation

white spotted type

red spotted type

M,

Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Jan Feb.

Fig. 4.
4 Fork length (FL) of fry of the two types of chars captured monthly in the Ichan’ni River.
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The alevins of the red spotted type of char, on the other hand, hatched in February or
March, probably leaving their redds, which are restricted to the small area of the upper-
most reaches, in late March or early April. At the time of hatching, they were smaller
than those of the white spotted type, being about 14 mm in their fork length. The growth
of the fry proceeded rather slowly before May but it accelerated during the period from
June to August. Asa result, the fry of the red spotted type were always smaller in their
mean fork length than those of the white spotted type.

b) Change in body form

This change was observed by examining three kinds of ratios between two of the four
measurements, i.e., fork length (FL), head length (HL), body depth (BD) and the body
width (BW).

The relation between the FL/BD ratio and the actual FL in the fry of the two types
is shown in Fig.5. At the earliest stage of growth, the fry of the white spotted type
showed a high FL/BD ratio but it decreased very rapidly while their FL was under 45 mm,
after which it hardly decreased. On the other hand, the same of the red spotted type
decreased while their FL is under 40 mm, after which it remained almost unchanged.
During the time when their FL was over 40 mm, it remained slightly larger than that of the
white spotted type.

The relation between the BW/BD ratio and the FL in the fry of the two types is shown
in Fig.6. The BW/ BD ratio of the white spotted type appeared to be more or less smaller

20

Owhite spotted type @ red spotted type
Fig. 5. Relations between FL(fork length)/BD (body depth) ratio and FL of fry of
the two types of chars.
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Fig. 6. Relations between BW (body width)/BD ratio and FL of fry of two types of chars.

than that of the red spotted type, especially when their fork lengths were over 45 mm.
The relation between the FL/HL ratio and the actual FL in the fry of the two types
is shown in Fig. 7. At the earliest stage, while FL was less than 35 mm, growth of HL
surpassed that of FL in the white spotted type and their FL/HL ratio decreased very
rapidly. On the other hand, the FL/HL ratio of the red spotted type decreased while their
FL was less than 25 mm. After which, however, the FL/HL ratio of both types increased
slightly. ]
c) Gill rakers and pyloric caeca
At the time of hatching each alevin of the two types has no gill rakers on his gill
arches. The first gill raker formed on the lower part of the gill arch in the time just after
his emergence from the redd and then increased in number and spread on the upper part

{ of gill arch with the growth of the body. The relations between the numbers of gill rakers

and FL of the two types are shown in Fig. 8. The number of gill rakers increases rapidly

{ when the FL is under 80 mm in white spotted type and 50 mm in the red spotted type, and
| it remains unchanged thereafter and the mean value of the red spotted type (20.2) is
{ slightly larger than that of the white spotted type (19.2), and this difference is significant

(t-test, P<0.05).

Fig. 9 shows the relations between the numbers of pyloric caeca and the FL of the two
types. Pyloric caeca of both types also formed after emergence from the redd and
increased in number with the growth of the body, but reached the bounds earlier than those
of the gill rakers. There is no significant difference between the numbers of pyloric caeca
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Owhite spotted type @red spotted type

Relations between FL/HL(head length) ratio and FL of fry of two types of chars.

Numbers of gill raker

1
100 150'
FL

Owhite spotted tepe @red spotted type

Fig. 8. Relations between the numbers of gill raker and FL of fry of two types of chars.

of the two types.
d) Scales and fins
At the time of hatching each alevin of the white spotted type or of the red spotted type
had a heavy yolk sack but no scales. Their fins were not yet formed and only their
rudiments were observed in the fin hold. The content of the yolk sack appeared to be
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Numbers of pyloric caeca

1 1 1
100 150 200
FL
Owhite spotted type @red spotted type

Fig. 9. Relations between the numbers of pyloric caeca and FL of fry of two types of chars.

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

The development of the scales began first along the lateral lines of the caudal peduncle
and spread gradually toward the head. In May of 1964, none of the fry of each type had
scales, whereas in June of the same year, 67% of fry of the white spotted type (with FL
from 45 to 58 mm) and 34% of the red spotted type (with FL from 30 to 48 mm) had
scales at least on their peduncles. In August all the sample fry of the two types had scales
covering their body sides. The monthly mean of circuli of the scales in both types of fry
in 1964 and its standard deviation are given in Fig. 10. The number of circuli increased
with the growth of the body before October, but this increase slowed down thereafter. No
appreciable increase in the number of circuli was observed from December to February but
the first winter band was supposed to have been formed during this period. The scales of
the white spotted type were apparently larger than those of the red spotted type in size as
well as in the number of circuli.

e) Parr marks and spots

The alevins of each type at the time of their hatching possessed numerous melanophor-
es on the surface of their body. By the time their yolk sack was completely absorbed, the
well-known oval parr marks had appeared on their body sides. The parr marks of the red
spotted type were varied in size and scattered more or less irregularly above and below the
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Fig. 10. Development of scales.

lateral lines, while those of the white spotted
type were fairly uniform in size and rather
regularly arranged along lateral lines as
shown in Fig. 2. These differences in the size
and arrangement of parr marks are clear
identification marks to distinguish the fry of
the two types.

In both types, a whitish oval ring appear-
ed first in June or July around each parr mark
of the fry. As the fry grew, this ring gradu-
ally divided into several whitish, more or less
scalene or trapezoidal pieces of the spots
(Fig.11). The spots gradually became
rounded in shape as the fry continued to grow
into yearlings and at the same time, they
scattered over both sides of the body. Some
of the spots of the red spotted type showed

Fig. 11. Development of the spots (white
spotted type).

colouration in autumn, i. e., they changed from yellow and finally to red. But the spots of
the white spotted type did not show this colour change.

f) Postembryonic developmental phase

It has been proposed to divide the period of postembryonic development of fish into
several phases by VASNETzOV (1946), UcHIDA et al. (1958), etc. VASNETZOV (1946)
stated that in each phase growth and development take place but no new qualitative
changes appear, the synchronic qualitative changes occurring usually at the end of each

phase.

AzUMA (1964) divided the postembryonic developmental process of the land-locked

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

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

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

Phase 1

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

Phose 11

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

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

Phase 111

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

Phase 1V

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

Phase V

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

body sides. The fry of both types migrate gradually to the upper reaches, and all fry
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gisappear from the midstreams by the end of October.
Phase V1

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

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

a) Seasonal changes of food

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

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

April (Phase II)

Stomach contents| April(Phase II) June(Phase III) August(Phase 1V) | October(Phase V)| December(Phase VI)

Enbemenoteran e |y

Trichopteran larvae

Dipteran larvae

Plecopteran nymphs

Anisogammarus

Other aquatic animals

Terrestrial animals

1

. 80 % 10 % 50 % 10 30

[ white spotted type B red spotted type

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

Dipteran larvae, ephemeropteran nymphs, and sometimes Awnisogammarus were
important foods for both types. Dipteran larvae, mostly of Chironomus, were found to
constitute about 409 of the food of both the white spotted and the red spotted type.
Ephemeropteran nymphs, mainly of either Paraleptophlebia sp. or Baetris thermicus, con-
stituted about 3095 of the food consumed by the fry of both types. Besides these,
Anisogammarus was found abundantly in the stomachs of the fry collected from certain
places, but they were not always important.

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

June (Phase III)

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

No important differences in the kinds of food stuffs were found between the two types
up to this stage.

August (Phase 1V)

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

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

October (Phase V) :

In this month wide differences in diet were noted between the fry of the two types
accompanied with a remarkable decrease in the percentage of dipteran larvae in the
stomach contents of both types. In the white spotted type, drift animals, as well as
ephemeropteran nymphs, and dropping terrestrial animals come to be important in this
month. In the red spotted type, on the other hand, trichopteran larvae and Anisogammar-
us constituted about 6094 of food items.

December (Phase VI)

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

It has been found that the foods of salmonid fishes differed considerably between the
rivers or habitats in a river (MCCORMACK, 1962 ; THOMAS, 1963 etc.). While comparison
of the foods eaten by fry collected from various places in the Ichan’ni River has revealed
that the main foods of the fry of the two types were dipteran larvae and ephemeropteran
nymphs but that the comparative importance of these differed considerably from place to
place. Generally speaking, the fry of both types collected in the upper reaches ate more
dipteran larvae than those collected in the middle reaches, the latter eating more ephemer-
opteran nymphs than the former.

Fig. 14 shows the foods of the fry of the two types collected in section Ma (upper
reaches of the main river) and in section Mc (midstream of the main river). In section
Ma, 519 (by the number method) of the food of fry of white spotted type consisted of
chironomid larvae and 21% of ephemeropteran nymphs, while in section Mc, 419% consist-
ed of chironomid larvae and 42% of ephemeropteran nymphs. Similar results were
obtained by the analyses of the contents of red spotted type, as shown in the right column
of Fig. 14.

C) Relation between food and growth

The results of analyses of the stomach contents of the fry of both types indicated that

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

Stomach contents white spotted type red spotted type

Dipteran larvac *
Ephemeropteran _“I _
nymphs 1

Plecopteran nymphs
Trichopteran larvac
Anisogammarus

Other aquatic animals | ¢
Terrestrial animals

—

10 30 5 % 10 30 50 %
E Ma [ M

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

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

These results suggest that dipteran larvae are the most important food organisms for
the fry of two types during the months before June, and that the quantity eaten has a
greater effect on their growth than any other food organisms. A change in feeding habits,

= April

red spotted type

5
3
§
E
g

Mean fork length

Point values of dipteran larvae

O white spotted type

] white spotted type

(o}

1.

Mb

Sections of the Ichan’ni River

Relation between the mean fork length and ingestion of
dipteran larvae in the Ichan’ni River.
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. however, occurred in both the types during the period from June to August and larger
organisms such as ephemeropteran nymphs and trichopteran larvae became the most
important food items, replacing dipteran larvae.

Discussion

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

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

The result of this investigation established that, in the Ichan’ni River, the fry of these
two types of chars emerged from different areas of the river and in different seasons from
each other, and the fry of the red spotted type, which hatched later, were smaller in body
size than the white spotted type, which hatched earlier, throughout the first year of their
life histories. Furthermore, some differences in morphological characteristics were obser-
ved between them, ranges of variation of these characteristics being overlapped. These
differences appearing in the early stages of their life histories provide strong evidence that

' these types belong to two distinct species.

It is known that two or more species of salmonids, having many common habits,
| sometimes coexist in the same river. This pattern is found in many of the mountain
streams in Japan, among land-locked Oncorhynchus and Salvelinus, and IMANISHI (1951)
advanced the theory that, in such cases, habitat segregation always occurs between them
in the upper (Salvelinus) and the lower reaches (Oncorhynchus) of a stream due to
differences of habitat preference and interference between the species.

Similar segregations have also been found among the salmonid fishes of other coun-
tries: Salmo clarki and Salvelinus malma (ADRUSACK and NORTHCOTE, 1971), Oncorhyn-
Chus tschwytscha and O. kisuch (LISTER and GENOE, 1970) in Canada, Oncorhynchus
tshawytscha and Salmo gairdnerii (EVEREST and CHAPMAN, 1972), Salvelinus fontimals
and Salmo trutta (FAUSCH and WHITE, 1981), Salvelinus fontinalis and Salmo clarki
(GRIFFITH, 1972), and Salmo trutta and S. gairdnerii (JENKINS, 1969) in North America.

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

However, it has been repeatedly reported in Europe that two nearly related salmonids,
Salmo trutta and S. salar live together in many becks and their habitats and foods are
1 Widely overlapped, being isolated from each other in reproduction (FROST, 19505 KA T

LEBERG, 1958, THOMAS, 1963 ; MAITLAND, 1965; PEDLEY and JONES 1978 etc.).

It was appeared in the present paper that in the Ichan’ni River, the fry of the red
‘ SPotted type and white spotted type of chars were sharing the same ecological niche in the
animal community. Although minor differences in their habits have been observed during
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the course of this investigation, most fry of the two species live together during the greater
part of their growing period and their chief food items, the dipteran larvae, are moreover
in common. These facts suggest that these two types of chars are closely related in
systematics. :

Therefore, further investigation about reproductive isolation between them in such co
-existed rivers is thought necessary for the complete clarification of their systematic
relation.
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