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Morphological and Ecological Studies on Two Forms of
Oncorhynchus rhodurus Found in Lake Biwa and Adjoining Inlets

Fumio Kato
(Received January 27, 1978)

Morphological and ecological studies on two forms of Oncorhynchus rhodurus Jordan et
McGregor living in Lake Biwa and adjoining inlets were conducted. The fluviatile form (the amago)
and the lacustrine form (the biwamasu) showed morphological differences in number of pyloric
caeca, transverse scales, ventral fin rays and red spots on Jateral body. The fluviatile form lives
in the upper waters of inlets to Lake Biwa, but the lacustrine form leaves the streams as fry and
lives in Lake Biwa almost all its life. In addition to this, there are ecological differences in maturity
age, growth rate and food habits between the two forms. It is presumed that the fluviatile form
and the lacustrine form living in this lake and adjoining inlets consist of different populations.

(Takefu Senior High School, Takefu, Fukui Pref. 915, Japan)

& T7 <= Oncorhynchus rhodurus Jordan et
McGregor 122\ Tk, KB (1957), B - 8K (1957),
SAE (1958), BHE (1958), ATE(1977) L oWmELH b,
TERERCETE, | S oW TOPFEN IR TE .
D7 =T LEREBECY =2 (WBA) O. rhodurus
& o, A bFME (Yoshiyasu, 1973), &L
HHE, S0 (g, 1973a, b, 1975) fg & o5ty A R
IhTuwab.

7= TEBEEMEANINCLELTSEE VbR B
(KB, 1957; 11k, 1973), chbo7 = DJgEL 4
Bz oW L, FERSLHEN IR TELT, F—
KFRCT L7 < AL OBIRL R dni S, EEFL
IRBDEEHSENTT B DR E T 1.

AL AORIEHE

FEREHEAN oL T, el (st 1~17) L%
@ (st. 18), AHJI (st. 19), )] (st. 23, 24) D 4 ff
A g, "o)l& g L (Fig. D).

) IV EEWIVE RIS I Bk Ry 45 km o)l T,
—t, IR (st. 1~3) R (st. 4~14), TR
(st. 15~17) =3 X4 Lic. B, I (st. 3 & st. 4
D) ARG (st 12) 1IERAH Y, £ 7 ~RADWE
Mo T B, BFEOKEUL, SE (st 1)~AFFE (st. 9)
T 20°C, i (st. 10) T 21.0°C (LLE, 1976 48
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Fig. 1. Map of Lake Biwa and adjoining inlets,
showing the sampling stations (st. 1~24)
for Oncorhynchus rhodurus.
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B 19 BHIE), & (st. 14) T 26°C (1974 4£8 J 24 [
WE) THotept, 1 Fix 10°C PUTFTH 7o
WCEEEW (Fig. 1) WXRE 679.5 km?, Kyt
DFHPEL, BREE 1034 m s g+ 5 B E, 1971).
BERIKEER 10~20m iz bh, 8 Bici: Lifist
30°C #ilfiz 5% BHETIE 10°C UTFoERE K- T
Wa. =7, &F (1~3 AN, Kim, $EELIzE—
BfeAKih & 7eh, 2 BiCixEm. HEE L 8.1°C o
Wnzbhs (BEE, 1971; #HIl, 1964).

MEELTHE

7 < =% 1964~1974 44z, fifi)l] (st. 23, 24) & {310
NI (st. 19), g2i)l| (st. 1~ 8, 11), FL@JIl (st. 24) o
Zillo LT (Fig. 1), $9v Licbick v hre.
BESHE LT EBRASICI Vs HanWLE Lt
W EasEA . 1970 FELRE, REIIKFR O HK (KE
f, Ba st 6, JUES st. 8, FHES, BRI L st
1) ~, WHBRE sy HEESH D 7 ~ T BRI L
Lubhs (MARBEBRMEGOEFIC L %), RYuxE
NHEOFKA TE BT T TUT o7

KiZE 7 = AL 1968~1975 i, #48f4T (st. 21,
22) TS B A) KR B A) iwxy, ¥
T2 |on (st 17) Tikere O~11 B) o b,
FRERES K. BEfUL 3~5 B2l & &l o
A (st. 16, 20) Tl X b ES R (Fig. 1), B,
BHKEL Y 2~ (K EREH) Tk, £V~RAD
BIISLEREBOKIEATT > TV 5. T hbDORIRIC X
530%, MOy = A& ER TV A0 Ry
P FTRTA—-Z LT - 7.

Lo &Nt E T bR T, R, M
MEL, BIEEE (LMB7ISEN I BB S b, Tif
POISE LR S D oR) 7L DIHUPE, (e
A Ane R. N:6
t » w0 e
B ' Ishida R.N:6
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Fig. 2. Frequency distribution of number of
pyloric caeca in two forms of Oncorhynchus
rhodurus. A~ D: fluviatile form, E~F:
lacustrine form, F: data from Kato (1973).
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Fig. 3. Relationship between standard length and
number of pyloric caeca in two forms of
Oncorhynchus rhodurus. (A), fluviatile form;
(O), lacustrine form.
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Fig. 4. Frequency distribution of number of
transverse scales in two forms of Onco-
rhynchus rhodurus. A~ D: fluviatile form,
E~G: lacustrine form, G: data from Kato
(1973). Left: above lateral line; right:
below lateral line.
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(1) FrEvE

a. MMEH: FEAMIITES hic 7 ~= R
LRLE) DMMERIE T h F h 33~57 ofificd b
(Fig. 2A~D), v 7 < A (KRB LEHA) DOHMELR
46~77 (Fig. 2E~F) X h bigERER LI, Wiflo

Y ER O ECES Bk Fig. 3 X 5icieh, T
CicfE Ao LTS REREOBRD. BAAaH
oM\, BEEAR 30~40mm ik T, 7

@ 37~47 (E#g 412, 12 B) © 7 =AM 48 ~ 68
(E#g 559, 14 ) THo7e.

b. BFIR:  &Killo7 < T oI T hTh
24~.33/24~29 oFiHI—H H (Fig. 4A~D),

7 <A

Fig. 5.

Fluviatile form (amago: A) and lacustrine form (biwamasu: B~D) of Oncorhiynchus rhodurus.

A Mature female, 136 mm in standard length, parr marks and red spots (white spots in photograph)
are on the lateral body (st. 7). Band C: Juvenile, 143 mm in standard length (O red spots on lateral

body) (st. 21).
(st. 17).
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D: Mature male, 365 mm in standard length, parr marks and red spots are absent
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Fig. 6. Relationship between standard length and
number of red spots in two forms of On-
corhynchus rhodurus. (A), fluviatile form;
(0), lacustrine form.

DREFIER 21~27/21~29 (Fig. 4dE~G) X h %<,
B BRI RICs W TEOENBEH TH - 1.

c. [EEELN: &7 <~ 0% 9~10 #K
%THDHN EV<ALITRTIKET 10 &b o
FENS BT Ny
(2 m &

7 = T O A, RIS HRSA (RO ETiCRS)
L= = — s NI HELE L7 (Fig. SA). RS
FEFOLE(L Fig. 6 OFEb T, HBHEKRRAH 100~
180mm (R LA, 15 B) Tk, 4~42 4 (F8
21 {@, FADEIEKODL DAE) THoT.

Kz e 7 < ADRBINE, I fifis 2f—~—2
pi& st (Fig. SD), HERM & R FEL
fo. ok R s L (Fig. 5 B, C),
Fpim (28 B) ok 100~175mm Tk 0~21
& (Fig. 6), Faixtio 23 BOEHEH 8 M, (IR
HEDOLDNEr ot F-B#EARE 200mm P Eo
Bk (61 B) Tk, #KlixiobonlBLabhd
FNRTHE LT, A= <— 2L, REEERE 150 mm
b, 77 =vhikE LB OoBoTICHEEL,
FAIVECHET AL EBEbhS.

R X5, BEMEANIIO 7 = = 0FH UL E (M
P, BR7IBHE MHEESRD LBER (hs) 1k, RR
o7 == (E)IE; g 1973a) LBEILTxH
7 2 ALDRINCRRBEDH D ENEDBRT.

EFEHER
T L EEWN THE S h, fiRoZEENIIRY
L7 vTRIVEY v ALYEIhic, DDEECON
Tk, KDX > ThHote.

() ZEE 5 A

7 = xR HEEB L, 8 kL Ly
(st. 5), BEB (st. 6), HIkRE (st. 7), /\BEA (st. 8), MR
AN R (st 1) 7g &, BRFOAKEK (ki 20°C LA
F) ez bhte. 11~3 B, 7 = T3 HEMOM, A
EREOF (st. 1) pbrhiiko TRl (st 13) 3T
FTaBR, LRCHFBE~NETT L0055 L8

fo. Ffe 11~3 Aicud, B (st 3) M4 (st 4)
HET, R REal LiceRt g B L7 v = (R E
£ 130~160mm) A0 EMsntz. Lo LERICHEE
Wizt Lic7 == (REAL) ERbhihotc. %
TR TL, 7= FxARbhich 1.

Kice v <Ak, BEERTHRER (0 2 5 300~500
m Eif) T 3~5 B (BRENOKE, 8~14°C) (b
nizps, 6 AU EShY, W~ETTsL0eEx
Bhazo. WP AEERO E 7 < AR B UFEL R
LTabh, FRoERIAE I5miicbh (BHk
o X B), KISBREBMEOAKBIZERTS L 0 LA
bhs, BT LI E 7 = AN ~EEIR W 3
B0, 9~11 ATH ot PROEIZWMODORLILT
R, ZOEDL ONTRBOGER (st. 12) o
$EIR % CWLE Lc. shRZFRK (EE B AN EEE)
B e, AN (EREGEND) M4 st 4) iTb ey
< AN LER LI VWbh 5.

EROFEMOSAAHE, T~ TXEATINCERT S
P €U = ARHERIC 2B THITRIEL, MED
EIEEW AR BRI, €Y < AXRERINCEA~BET
T52 L0, WRAEFEODLIRA LR A KEEINC
W35 2 &k, WEBKERRS (1915) ©KE - K
}(1952), ikt (1963) gl & AEETH - 7.

2 & %

7= EEY T ADETRENOELREIC KT 5 &
% Table | (2 Ltc. 7 < x#Efa (Bidsfkk 33.1
~55.5mm) 1z, K4 KW o %R (Ephemeroptera,
Plecoptera, Tipulidae 7¢&) #FICHEL T, i
RKE s T OB (BEEAR 75.2~185mm) T,
&2 (1 B) wik4gEHRoLH (Ephemeroptera, Pleco-
ptera, Blepharoceridae 7¢&) %, £ZF (10 A) 1<
PEERSR (RBREgHR) LKRERHOLHR (Chironom-
idae, Ephemeroptera 7¢&) #FICAL T\, 2D
X5 7<= T ORMTEROBE (B, 1958) L
LTt ek—foffETiEE (Nematoda) »ixb
hicoid, HhicIsborBbhs.

55.8 mm) iz, K4ERBoOLHE (Ephemeroptera,
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g FEEMKROT =LY <A

Plecoptera, Tipulidae 7¢ &) # Eic &K LT\ 7. LA L,
WHETECA o726 7 = & GREG, BEH#EAE 111~200
mm)ik, 3 AT, 7+ vF— A a ax Anisogammarus
annandalei (Tattersal) # FIZ&B L, RICE 7447 X
&< Bdellocephala annandalei lijima et Kaburaki <
BHEOMALELEL TV, 8 Biclin iRk
8 (EdE(kE, 228~356 mm) (i,
altivelis Temminck et Schlegel #FizfElL, ERE
(Macrura) 7+ vF—raa=ebBL TV 1. &
DX 5 IR EEREICE T B L 0T, TERK
ERBSO®YG (1942) L Lo B AR LT,
FHEDE T, 7ol U v AORETIIIEEY
FTAHAEITREL LT ety €7 = A0S T
ABETREC Y LT L, 7~ 2L ohiicf&h:o
SBEVGAMVE U, 7okl LIc7 ~ TR BBMAY R &
MrEshB DT (I 1973b; A3, 1977), iiEo X
SictEoE T, WMHORAEZEVRECL LB L
NEZLRD.

7 = Plecoglossus

Table 1. Analysis of “food organism in Stomach of two forms of O. rhodurus.

(3) FENE

ZERNTESRI:7 = T 0T L fk% Table 2 &
Fig. 7 ioR Ltz ohnb, 7= 3 oEdEERITE 10
»B (0+) T 9cm, 145 10 » B (1*) TH l4cm
CHEETA L 0 &b 5. (AR REMFRIL W=
0.0198L%-%2 (W: {k#fi (g), L: HiifkR (cm)) THo
7= (Fig. 8).

Wice v = AL, PEHEGRRANE TE3 2 A (1Y) TH
15cm, @ 1E 1L »H (1Y) T 23cm, #2848 » H
(2+) Ty 3lem KT H L DL Bbh 3 (Table 2,
Fig. 7). {hE « (AHEBI(RIL, W=0.0153L2-9 (W: {kifi
(8), L: pi#{kR (cm)) ToHh -1 (Fig. 8).

Lo Xsic, BEINDT < I DEHERET. B
N (BT - 8, 1957) R R G i, 1973b)
DB EFW L TCote. Frofhik - RERRIRRIIE
o7 == (PIE) o W=0.194L%% (jujE, 1973b) &
FEIL T, RiICE Y =20 F L BRI, Eihs
(1976) & (1 #£¢ 18cm, 2 4£T 29cm, 3 4T

Figures show

the number of fish eating each food organism.

Fluviatile form

Lacustrine form

Ado R. Ado R. Ado R. Chinai R. Lake Biwa  Lake Biwa
(st. 5) (st. 1~4) (st.5,7) (st. 20) (st. 21) (st. 22)
Standard length 33.1~55.5 104~185 75.2~180 35.0~55.8 111~200 228~356
Range (mm)
Month Apr., May Jan. Oct. Apr., May Mar. Aug.
No. of fish examined 9 9 16 10 21 8
Insecta
Aquatic insects
Ephemeroptera 9 8 4 6
Plecoptera 4 4 1 2
Tricoptera 1 2 3 6
Blepharoceridae 4 1
Tipulidae 3 1 4
Chironomidae 1 1 7 2
Terrestrial insects
Adult 1 10 2
Larvae 7
Araneae 1
Crustacea
Potamon dehaani 1
Anisogammarus annandalei 1 14 1
Macrura 2 3
Tubellaria
Bdellocephala annandalei 8
Pisces
Unidentified fish fry 7
Plecoglossus altivelis 8
Nematoda 4 12
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Fig. 7. Growth in two forms of Oncorhynchus
rhodurus. Open circles represent the la-
custrine form and solid ones the fluviatile
form. Abscissa shows the months of the
year.

37cm) X bR Ehotch, MEE (1966) < X 2 il
HEY <A (PEFHE) X hIKEh ot FhET <
ADEE « FEARIES (1976) » W=0.0201L2
W ER R L.

KRD 7 < 2ADFH LIRICOVC Uk ls kBT 5

DLERH L LR EM, 7= Th~T, 28BL3
EHORENEA TS, FLOREEDE AT
(Fig. 7). Bl Lic7 = = OE#EARILME | £TH 15
cm, fil 1S 7 T 27em (0ET5 2 £0H (D,
1973b), {7 =T+ 7 =2 LD bREREE
DT, THORLHELREZL X B 28X
ha.
4 m

ZEINOERT, 10 FCAREROEA Lic 7~ =248
Eoht.. coZ ab, ERNIERI (BES,
1957) R R (nig, 1973b) r[EEE, 10 AL B
hn. RPYNRE AT, EE 4~5Smm, AT
78~205 (BE#EfkR 120~180mm, 5B) THhotc. K
AEEBDOEIS A B, ML b 2E TR B2, HE
X TETRAT DL DA bR (Table 2).

wize 7 = ADEINT, EFREROKPUREN) S, 10
~11 A LBbh, WEBKERBSORE (1915 » 10
Ada~11 AkB (11 AdarnEl) LREEksESbh
5. IRPUNIBEEOT, BER 6~8mm, BEHIIEIL 428

Table 2. Growth and maturation in two forms of O. rhodurus. Values in parentheses represent
matured specimens.
Sex Standard length (mm)
Month Station No. of Age Range Mean
specimens 3 ?
Fluviatile form
8 1+ 3(0) 5(0) 104~ 148 120.4
Jan. f~4 9{ 1 2+ 0 1 (1) 185
Apr. 5 28 0o+ 22.1~39.5 29.6
May 5 7 o+ 43.5~55.5 47.6
5 o+ 4 (0) 1 (0) 57 ~99.5 78.1
Aug. 8 11 8{ 3 1+ 2 (0) 1 (0) 105 ~172 145.0
8 o+ 303 5(0) 55.2~112 93.8
Oct. 57 16{ 8 * 2(2) 6 (5) 109 ~180 135.3
Lacustrine form
16 10 o+ 25.4~29.0 26.9
Mar. { 20 54 o+ 22.5~37.0 27.8
21 32 1+ 19(0) 13(0) 111 ~200 148.9
Apr. 20 31 o+ 25.5~45.5 32.7
May 20 21 o+ 31.0~58.0 46.3
| 1* 232
20 2+ 280 ~370 314.0
Avg. 22 20 3+ 320 ~365 344.3
1 4+ 430
5 1+ S() 0 195 ~240 213.8
Sep. 17 17 3 2+ 3(03) 0 215 ~305 260.0
3 3+ 1(1) 2(2) 310 ~382 350.7
6 1* 6 (6) 0 200 ~273 230.2
Nov. 17 17{ 9 2+ 50) 44 220 ~360 300.0
2 3+ 0 2(2) 340 ~343 341.3
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Mg . BEPAROT7T <~ TLET <A

~815 (EHifk&k 220~340mm, 5|8) THotc. B
AR DEIE VDB, MiHEE $ 3 L ETIRAT 525,
HE 2ETIRBT 5 b oA bhre (Table 2).

7 < TORPERL, RARBLEE RO 2FE, H#E
M 1~2 FTHBH (KRS, 1958; g, 1973b; K
1977). REN D7 =2 ERUHERY R L. K
T E 7 <~ ADRPERL, KREMIE (K, 1957),
Fruk 3~6 £ (CKE - Kk, 1952) ©, fF A HEHT
34, BHYI2FETH B (KB, 1957). SNy
< ADRPCERL, HEDS 3~4 4, B 2~4 T, 2
ERTEORECTHECH o 1. UEOKRAK IVET
BOMRND, 7 < T €V~ R L) EERBTRAT
BIENEZLRD. ZORMEROB L, AERC
BOTHBbhaZ &nb, WEOHE LW &
5.

Z =g

BEMAKRCEF A7 = 2052 v TiL, KB
(1957) ALZINEFH, Will%, WA (1973) x5
CRLENL EEIL FIL REN R X 5), B
e ExRBF T 5. B TR BKERRS (1915) »
7= TOEBHAYERREOMWIE LTWs0h, BEMH
BAIIOH L Bbhs. chbol L0, FEENE
AL, HRias7<Tp R LT bt Bb
h5.
SEIOFTET, 7<TLET v ADETRMDOFES
HERELIZ DL T, OB T B C LT E e o 1.
LAl fiho X o, BEMKRCAERTSE 7~
€7~ AULFHEHIEE R () 1Is0 0B b,
TG I CHER D X 5 I BB TLEVW-OH 5 Z A
YLz, Thbol Lab, BREHKRICAERTST
=T L ET <AL, R ORLREL B G EE L
bha. KBEEITE, 7~0RrEL RS R
+, Fedlh T 7T I nRAI otz E0 D,
7 = T ORI (FE ) AMIBLThiRv XS
BRI, ZoRITOVTL, IhiciiErERL
U,

ZhETHrRHAECLE { Do onT, Bl s
POKT IR BB Asbh, S{EoREiICoun
T iz S T\ 5. Wilder (1952) (157 <=x
Salvelinus fontinalis Michill = >\~ T, Trewavas
(1953) (¥ 75 v v~ & Salmo trutta Linnaeus {2\
T BRI R L TH B L i< T
%. kic Ricker (1938, 1940) (%, ~=~<x Oncorhy-
nchus nerka (Walbaum) D345 L kokanee (v x <=
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Fig. 8. Relationship between standard length and
body weight of two forms of Oncorhynchus
rhodurus. (A), fluviatile form: (O), la-
custrine form.

A, O. nerka kennerlyi) pi[F— DT AEL L TWT
L ELE, EEASEL, FIEGEFE LT3 &
BT3B, 77 <2db, ok S,
B IO S LT\ 72 &2 5, Ricker (1938,
1940) o> kokanee } ~ =< 2FRERH L DERICEHLIL
Y=V A ¥ (O

FEEWCEB O 7 =2 L, THHERAAROKFHACL
WL T57 == &5, A—KF (FEEBKR)
RS 2k, BASME & b B L T S Bk TR
V. ZOMICOWTOMRISEOFETH 5.

E 3
APRETHITM D, TEOAFITOWTHIEFERC
o T UMK IR E R S OARFIE IR, #HE
ZHAE TR R RS S BRR)ET AR ER A A
DI 2 WS E <+ 7 WTHN, BEIKELY 2 -5
BEBHTORHRX KRN T 5.
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