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Ecological Study on the Sea-Run form of Omncorhynchus
rhodurus, Found in Ise Bay, Japan

Fumio Kato

The ecology of the sea-run form of Oncorhynchus rhodurus Jordan and McGregor found
in Ise Bay, Japan, has been studied.

The smolt transformation in the sea-run form takes place in the river from the end
of October in one-year-old fish. The females outnumber the males in the smolt stage.
In winter the smolts descend into Ise Bay, and there they grow up rapidly, feeding
mainly on fishes, such as Salangichthys microdon and Limanda yokohamae. In the spring
of the second year of their life (mostly in May) they ascend the river to spawn in the
autumn. On the other hand, the fluviatile form of O. rhodurus lives in the upper stream
of Nagara River, and matures mostly in the autumn of the second year of its life. It
is presumed that the trouts living in Nagara River and Ise Bay belong to the same
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population of O. rhodurus.

(Takefu Senior High School, Takefu-shi, Fukui-ken, 915, Japan)
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EET, FRELBEREIANILET B <A 20T
FATAER, BEOCIRBIIERO 7 < 2i2i3iE—
KL, BEMECy <R Liinich OBWEED
(hnig, 1968, 1973), ERIID = AL 7 <~ 3 DEfEH
LEz bh, BEEOERBIZOWTIE, Mg (1968),
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Fig. 1. Sampling stations of Oncorhynchus
rhodurus, stations 1~35, upper stream;
6~10, middle stream; 11~14, down
stream; 15, estuary; 16 and 17, inshore.

PR TH 57 (Fig. 10A), FHIITHDR (st. 4) D
KB, 1967412 827 1= 7.0°C, 1968 4£ 6 7 30
Hiz 18.0°C ©, EZFE (7~9 A) it 20°C fijk &
Bbhi,

iR (st. 6~10) Tix, 7~ IANEFITITERE X
hich otz Lo L, Ko BFIZHIFT TKIEDEL Y
Bl sE SR, Bic, 11~2 Bizit, HRilrngan
278 5 7o filfs (Fig. 10C) pEF A bh. REEIC
B3 AEEAEL 1 Aic 4.5°C, 7 Biz 24.0°C
T, 6~9 Bix20°C #illi 2 Tu 7o (BT « 478, 1971).

Rz, RRIOTHIK (st. 11~14) 3 X O° 1558
(st. 15~17) T, 7==& 7~11 Bici3gFEEsh
I otedy, 12~6 AoRiiEFEBhI.. ThbD
5%, FHIDL DI, KEFEBADT < (REA L)
T, B W~ A TH -7 (Fig. 10D~E), fish
KB (st. 14 £F30) wwiF % 1966 £ B Fi5KimiL,
12 B, 8.0°C; 7 A, 28.3°C; 6~9 A 20°C %
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Fig. 2. Standard length distribution of the
fluviatile form collected in Yoshida
River (st 1~2).
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Fig. 3. Relationship between standard length
and body weight of the fluviatile form
collected in Yoshida River (st 1~2)
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hngE - RRBANEET S 7 < TO4TE

BOBTF L/ SHEOFME (RRINTD XD EAH
20km ) BT, RBBICEFOKREL &b
i 2~3 AAt10°C LATFTC, 8~10 Aizit 20°C &k
ZBKEMNR SRtz (1960~1965 4, =EEKERS:
BOWMEIZ X 5).

ZDXOE, FRESLFBEB T T TDT
DAL, KEDETTALFELFL LT, K
B ERTEE 20°0C L Bbh 5.

2. B0 7 = FizonT

FEINDOLH st.1~2) TS5 A, 8A, 08=7~
= 70 @ik &B7. C OKRCIFEBLLDO~AD
W EEROREWDOT, Shbixun3Fhd mll T
HTHLDTHB, Z DEKDOEREKR % Fig. 2
IARLE (EREISHICI - THE L), chicx
e, 7= 10 AR (0+) TE#EARY 9om,
W1IFE10H A (1+) THEGRN 1Sem, TlET
L0 LBbhi, FREEBERIE 17=0.0194L25°
(W: {58 g, L: H#fkk cm) TH 7 (Fig. 3).

7<= T OEJMT 10 BET, 8 AR
TIZRAL TV A O R bhic, BERAEGER OIS
Wb, MEHEE DITIZEA ED2FE TG B, i
T TETHRT Lo —T R 5hi (Table 1), 8
~10 iz Mt ik, O&Ffix 1:1 10R <,

1SE A TIMEAHE X b D 7ehs » 7o (Table 1),

D EofES %, AR - 5K (1957), aH (1958), &%
Ao (1938) ik 5=BREFIED7 ~ =L K+
e, RE, BEN Moo LW TR L U EE R
L.

3. FiURD 7 < FimonT

MR X 52, 7<=, Elidd e« FiBIB IO
FHE TR bR, i s Ehfiticd 7=
TAMEL X ST in s,

10 Biz, it oiE (st. 6) THRELICT =D
it (kE1x 6~13cm, = — Fix 9cm TH 7 (Fig.
4 A). BRIz (Winter zone: Wz) 3103 5
h, oS EEEIIRE < it (ridge) 23 2~3
A IR Tz (Fig. 5 A), 2hbo7<IE
NTRHAT, AR LGDIL O Rbhic,

PRI (st. 6~7) T 12 Bicffie 7 < =k, B
5 9~19cm, =~ K% 15cm TH -7 (Fig. 4 B),
BCiI KN 1250, DS ICIRIE BRI
9AR I (Fig. 5 B), iz L LEEL, o
S5HLAETDHA 127 = T TIRARENRPRRE L, 11~
19cm TH - 71- (Fig. 4 C).

Wiz Ere o Fs (st. 6~7) T10 § & 12 Bicf§ic
7= =h, F—HERRCBT 50 E 50 FOFENC

Table 1. Sex ratio in two forms of O. rhodurus. Values in parentheses

represent matured specimens.

No. of

Station Date specimens
7 Dec. 27 ’67 50
7 Dec. 29 ’68 26
15 Jan. 28 68
E {16 1 28
o 17 Apr. 7 ’68
s (15 Dec. 68
2 {16 | 39
g (17 Apr. 14 ’69
3
@ 15 Feb. 11 °70
{16 1 10
17 Mar. 13 °70
10 Mar. 11 ’68 32
16
g 1 Aug. 24 ’68 28 {11
S 1
G
o) > 7
2 2 Oct. 22 ’67 27 {20
5 , 19
T 5 Sep. 11 ’69 40 {2(1)

Age —A

sex
Standard length (mm)

1+ 33 17 121~191
1+ 18 8 138 ~ 187
1+ 2 6 144 ~235
1+ 32 7 131~298
1+ 10 0 145~220
1+ 21 11 244 ~342
0+ 9(0) 7(1) 59~ 93
1+ 3(2) 8(7) 122~170
24 1(1) 0 212

0+ 3(0) 4(0) 70 ~100
1+ 5(5) 15 (14) 110~ 190
0+ 8 11 68 ~ 100
1+ 6 14 98 ~162
2+ 0 1 168
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Fig. 4. Standard length distribution of O.
rhodurus collected in the middle stream
of Nagara River (st. 6~7).

DWTHEAD, thdhfEEO7 == GRHIE, K
BIAFR) LML, MBE7~=CI08 (104
B) A UL LE7 < 10 B (FEHE%RE 12
~ldcm) %, FXTRHAT, B lobh0,
F S CIEIE A 2~3 AR & hic (Fig. S
C. AL7==T 12 B (F14E) Bohi-AEL
F 10 Bk, TR, HEERRIL 12~17cm,
¥ 15.7em TH o1, B x XN l1oHh, X

Fig. 5. Scales of O. rhodurus collected in the
middle stream of Nagara River and cul-
tured in a pond. (Wz: Winter zone).
A: October 1968, S.L. 97 mm (st. 6).
B: December 1967, S. L. 155 mm, smolt
(st. 7). C: October 1971, S.L. 143 mm
(in a pond). D: December 1971, S.L.
160 mm, smolt (in a pond).

D AR PRI 8 AR Bhtc (Fig. 5 D).
Thbin, IR R, B i, it TEe
7 = TIRTE S T

LLEA S, rhifikT 10 Ao 7 = TR 0FAT,
12 Aol FiciifkEH 1Scm DAL P 4TS
ZEhbhd, ThbhD7 < L, kT 10 A
MbladTE BB & (i), B UM (10 A) 1=
FHHEIEFE (st 1~2) THCOFERDT ~ = LEH,
k& (£— F 9cm, Fig. 2) —FK+5 & &L fe &
B, EHmrBBTF LT = alEEL RS, AEL
F ORI T T 10 BTFACHET L, TosH
122~ 3 KRR RS B, ZHUIAR (1966)
2 X BBEY <~ (0. masou) DFE LFAETER T
REZEEEBRS.

ks, iR TIE 10 ATEALT < T KR LI
», 11~2 AohicHrfiEatoxeL PAHB L.
RFRIRT 3~6 AICon s EEFDOT < =L, Kik
DERLELICHULETE~NHESTZDOTHA S,
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4. FBEBEO7 < I 2OT

FRBTIL12~6 Bic7~ =B bhic, @lod
DL AEN FT, BT~ 208 bR,

12 A8 6 B o FHERKRRIL 15~17cm, 3
16.1cm (Fig. 6 A) T, X Ziiinil2db, %
DIHZIRIE PR 9 KR bhtc (Fig. 7 A),
ZhbD7 <Y, 12 iR TcE LR AL
bl L4E) kAR, @84 (Fig. 4 C, Fig. 5 B) A%
I—FKTHDOT, P VLI DEELD
ha.

1 Bicigic 16 Bk kR 13~20cm (35 16.3
<m) TH 7 (Fig. 6 B), Bz 1 &iias 1 a0,
Z DI IEHIIRIE FERR ) 6 AR bh, o
BB ECIEIS U £ ks (Broad ridge: Br) Ay
2 KB bRt (Fig. 7 B), - DIEIAE&EG (Br) ik

AL PARERE LIct, I hicb o Ll h B,

2AB4 BEht THBET == D FEESML,
Fig. 6, C~E jzRLfc. 831 B LRARTH B0,
MO RBFOEE GRS (Br) 13, 2 BiidkE3 Kk,
3 AR S A, 4 Bt Ey 8k (Fig. 70) i
¥x, R TOEELKEN S prbhic,

5t A December
,—Lr_l N: 6
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Fig. 6. Standard length distribution of the
sea-run form collected in Ise Bay (A~E)
and Nagara River (F).

Fig. 7. Scales of the sea-run form collected in
Ise Bay and Nagara River. (Wz: winter
zone, Br: broad ridge). A: December 1968,
S.L. 150 mm, smolt (st. 16). B: January
1968, S. L. 179 mm, smolt (st. 16). C: April
1969, S. L. 298 mm, (st. 17). D: May 1966,
S.L. 275 mm (st. 11).

Pknab, FBETEHLRCHT THERLT <
T, HIEDRAEL PRIV TABOKELAELD
LW X5, KBINBRFTRTRABTDH 1.

5. FANEED < ACOWT

ERINTRIKRC T 5 <20 EML, 4~6 AT
SAPRBEM TH B (g, 1968), o « o (st
10~11) ©5 AicfBro~ A, T THRE T FHEX
24~34cm (£— F 27cm) TH-7 (Fig. 6 F), fi§
X EmN 1 2H Y, T OIS FEIIRIA BRI
28K, FRHBICTER I & Bbh ARIA R
(Br) p3 14 AR &htc (Fig. 7D), 4 BicFEE <l
fo= ADWEH (Fig. 7 C) —HK L, R—FHHD1
R (1+) THHZ Lhbhrsd,

LA OARERT (st. 4) R T, =AXS AdHE
nb 10 A TR b, 9 ACE 2R (B4
£ 30.7cm, 25.1cm) (3 & ITIAL Tuwfe, 10
B b ARG EGEH D bR fo o T, EINX
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Fig. 8. Growth in two forms of O. rhodurus.
Open ciicles represent the sea-run form
and solid ones the fluviatile form.
Abscissa shows the months of the year.

9~10 ALEx2bh 5,

Hlbrb, BEREEfo 12 5 @ 1E) o8
15cm, PAEHIOS B (H14ES »A) i3y 27cm
CHEL WERREEA EARBREOE o X
5TH5 (Fig. 8), ZoFEREKRE, A UFEHROMII
7 = TR TH ) REV, 2D X5 B,
g B OB v 5 BE R (FH AR R
2.6cm) 2 X BLDT, BELEBEEVGRENL LD
EREELORS, WIICWE L ~21% 6~7 AT
BXEH 24.4~31.5cm (4 B) THH (s, 1970),
EBNDO=ACIBHAVERELYR LTV 5,

¥, BB O kR - AEBERE, KR (st 10
~11) BIOHEEBE (st. 15~17) TH2 b DITL D
L, W=0.00220 L% (W: (k& g, L: EHGFE
cm) TH -7z (Fig. 9). ko7 <= ()IE, Fig.
3) CiERT, BREOKRRBERICS 4 5 EEREIN,
BioRosERcE L,

6. [ 7 < = OHEHEHIZOWT

MR 7 < = DfiifEka Table 1 (wRLA, 12 A
CEBN ORI (st. 7) THIoAEA MY, M
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Fig. 9. Relationship between body length and
body weight of the sea-run form collec-
ted in Ise Bay and Nagara River.

I %<, 5ADWELND< 2\ T R HE
Ih S CHERA R, XBiC, REE (st. 15~17)
THI7<=3Th, ML SCERERLE. @
IRy, UEoHERLD, 7 <=
IHERHEL D B EEZ BRD,

ERo7 == (IE) o 1FEH (1+) offHEi,
MepsHE X b Dis < (B, MEROBE L¥ITi-T
5. BifET BEE v~ (0. masou) i¥, HEH 70~
80%, HEAs 20~30% THBHDOT, {MINCES ¥ <2
I HEDE X D B (EEF, 1964), 7= 2 DBED
R L Bbh s, BAL (1957) XEH/IO7 < Ih
248 (1+) S Al ML D £ BDT, M
CREEEASERG D LR FEL TS, RBIIDES,
T DHEDI DD 5% L T2 BT DV TUIARHTH
Sty 11 BEBET R IED AT IR SO
T, BbH AT FR U BO#ER S eb &E X
bha,

7. BB RT ST <= TDEECOWT
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Table 2.

Analysis of food organism in the stomach of the sea-run form of O. rhodurus

by month and size of the fish collected in Ise Bay from December to April.
Figures show the number of the fish eating each food organism.

= S .= Pisces Crustacea Insecta Polychaeta
z" Eé —— - —_—— ———
° < <5 > 3 > 3 w2
Month &3 &% :‘Eé <5 28 L & s £ S5 S
SE = O -32 'g-: 23 5 3 % S s :’E- §§
2o CE °a ¥s §3 §8 §5 5§ 2 i =t S =S
Sc S % sE St Eg 8% g § & § == &% §=<
A z° z° & 9° = S @& Z < D 5> z
13~15 2 2 1
Dec. {15713 3 1 2 1 1
13~15 5 3 1 1 1 1 3
Jan. { 16~18 7 1 4 1 1 1 1
19~21 2 1 1 1 1
13~15 6 1 3 2 1 1
Feb. { 16~18 16 13 10 1 2 1 2 1
19~21 8 1 7 4 1 1 2 1 1
13~15 6 3 3 3
Mar. {16~18 8 8
22~24 3 2 1 2
16~ 18 1 1
Apr. {19~21 1 1
Total 68 12 46 18 5 4 ) 3 4 2 1
Occurrence (%) 17.7 67.5 26.5 7.4 59 7.4 4.4 59 2.9 1.5 4.4

M L1o7 <~ T ORMEICOWTUL, ZhE THEHN
LEhTuhigw, ZZ THEBEDL o 68 fHik (Hids
Ak 13.1~24.9cm) oRHE N~ ZTO/BR, B
HNEHE LT BE2E BREeRE RRELE
SERIERRE I hic, BEOLBHENLRELE L,
ROTHRE, SEHDOETH 1. AT, >3
v %+ Salangichthys microdon Bleeker 7% 67.5%, —=
2 4 v A Limanda yokohamae (Glinther) 53 26.5%
o Tt (Table2), v v 434Kk 1~7cm
fEEH, ~arv iigRl~1.7cm OHANS LA
bhTwic, KEREBROe ¥ F 7547+ E4r 5 Steno-
psyche griseipennis MacLachlan oo%hsas 1 722 B

bhtz, CHEIINCT DT, 7 < 2 \BEEITCE
HLizbDLEbhA,
ke o FHEEARL, vIF v 4+ 61.6%, <

aFvAH 34.0% T, WECTEED 95% Lbih
o, BEESEG, HRROKXIBIVEMICLS
BHEOEIR bR, ChBDYFyFR~
ai v ORI CERAEDOS L, RRIIOMA
FIOHBBRRCSBICERTSLDOTH 5.
Wiz, €7 <2 (0. rhodurus) 3, #WE\BYT 7
v bvkED, A b & 27 = Plecoglossus
altivelis Temminck and Schlegel & A -+ Chaeno-

gobius isaza Tanaka i LC\\5% (14, 1931
RE « 7E4&, 1965). [FELRTIDOY 7 5 < A (0. masou)
13, F&LTKERERYEN, RERIBYTFATEA
5 (R ~ 7&f, 1963), B L7~ =%, BRfgHo
+7 72 ARHNEY o v = AL FEBICEREYEC
ANBLDLBEbRS,

Pk, E& LTRBENFRT D7 <~ TDFER L
&, MEHELE, BtkElc o4 BicoWTHlN, ThEh
DFIZE W THOMEEETIL 5 7chy, UTICRED
EBH{TIo- TRV

K DRy DIEEEAYTRT EE 2 bRl BAlE
Bfan7 <= 2k, hETRESE FHR, 1954), UE
FHH) OKEF, 1966), ORI (R, 1970) 7g &
TRbLA, EbictihFAEO7 ~= SHIIE) »bH
LAEL OR¥E 19715 &%, 1971), HEMEEX D %<
(k#E, 1971), dgKEGEL B D (A, 1971).

A (1972) 4%, 7~=% 12 B (%14 KB
NS~ Lo kE R, BRI ~ A OBk E
o bz LaRDI, UEDEER, 7z,
BRELTIACKDHLDDHHI EHFRLT VA,

FEEL ARG, £k X OHEE LR
BERD < AP E Licas (FHH, 1954, 1957), o
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Fig. 10. Fluviatile form (A) and sea-run form (B~E) of Oncorhynchus rhodurus.

A: Mature female in September, S. L. 230 mm (st. 2).

B: Smolt in

December, S.L. 160mm, cultured in a pond. C: Smolt in December,

S.L. 174 mm (st. 6).

D: Smolt in February, S.L. 210mm (st. 16).

E: Sub-adult in May, S. L. 325mm (st. 11).

HRECOWTEARRER NS n sz, ChbD TR,
EEDORREERIO~ 2 LR—DEGKHEOLDLEE
bha, 2bic, k& (1957) 1%, KREGIITHBL—F
D= A% T v ABEBH L Lich, TEMREALZ
ShEmnHHE, BERINO=ACHEM LIcANS L,
DA77 ~=DBEHNLEbLRS

B, FEEECE CH)IoR, BRI <A20WE
NhTHZabh 5BRET, KAEILEE iy, o
NIBERLHHRTIZLA LW ENR DR T o (DN,
1968),

—fz, v RHEBILIS oo T, iR
LNENS Y, BT X - THEDREN R - T
51 5TH2 (Tchernavin, 1939; Neave, 1944;
Wilder, 1952; Trewavas, 1953; & f{%, 1967). (R34
Bo<=A BEH) &7~<= @EIE) &, 5EEDN
CR—fE & E % bk (hijg, 1968; 1973), [ izt
MNEWET, HREEDY 7 S<AL Y =2 DME (K

ks, 1957; {£TF, 1964) [HM LR bhs,

HEEMECY <A (W, O. rhodurus) OfR
X, BHELABED S AEEIANED (P, 1963), {1
NAkx 1011 AET, WET2HBIL4FRLS
EEATETHD CKE - K, 1952), BREHEeY <
AL, PBBEO~A LB LT, WE (g 1968,
1973) B X OHEBEDTE T, 278h) OFVGHEL T3
ZENFIW L,

FEED <A LPT B b DI, hE THES
(FM, 1967), MWEFEI (S, 1962), s8Il
. MR, 1966; A, 1970), FEHH (BPFY - REIR,
1958) 75 &, wWIFhi 7 =a0pHBEOKE TR bR
5. AREOHREND, BEHT <=, FHERX
O DIEAFANOE BN HENZ K Rbhicnil,
ZFE G B LIOBROKENMET 52 ENERE
LThiTFbh i,
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gk - BB+ 5 7 < T D4

= #

1. [REZ7 < <ok, [l ThRE LEN oK
Hrbilgc h, Mg {Bbh s,

2. @IFEELEAETL  (KE 11~19cm) (1,
ZRPEE AR L, EHNOKIERIMEL TR (%~ %)
iz, TELTABEBELTAERBL, 2HCRET S,

3. AEIE24A (14) o5 AE, #hE27em (-
F) wEL Gl % kL, kT 9~10 BE3E
T5.

4. [ 7 < OB, XK EY 10 ATF
BT TCHET LT 5, BRSO RGCECIR
B x SRS 5.

5. BEBARETH~A (FiER) &, EHsic
H£BFE7 <= (@A) LFR—OEEFET 2 &
Ezbhb,

E &

BRI AR B 12 [ B IS O bR i
+, BHARAEWRTORATRERL, AF7 <=
A REINFRLYELY Sh ol BRKERBSE DA
gk R ik REINEERE A O T IE — AR Al
T+ 5. BEEYMORER BV LR RFEE
FMoMRELEE, EMERDEOSEENL,
HEUKERFEONBFIERELIC, FERBOTRICY
- THY) 582 B I UK E BRI S IS
T EL BiLE LET 5.

R OFMICER N - =ERIUA /S H ik
EBFEAA O EE—LE, DIROTE, kB ESEDS
BILZ G, KO W THBRAYZ T e ZERKE
BB, B LOBERHRIHT BB O 2 B+
5.

51 B X M

BERrIRFK, 1970, IhHEE)cB T 37 < DAREIC
ST, KEHEE, 17 3): 101~103, 4figs.

BEET - %E E. 1971, ER)IOAM, KL
HORB—KEFEE L OBFE—, BAREEESE
21(506) : 254~264, 5figs.

ApEgek, 1971, RIS T 2, TR Y HER] A=
R—vHE, 4820, #HT.

AiEgkk, 1972, R~ 2 EOKFKICET 5%, %
BEKERBRSHERE. 18: 31~37, 3figs.
FREMEFR « W « EE= - -5, 1962, #
WINARO7 22 FL LcAEOEELAGROH
E., BERBAEHIIKRBEEELRAALES, 1~

128, 6 pls.
AINIER « &, 1966, WA BRic B3 54 7 HAH

LEDOZAHICOVT, WA KRELE EHH R E.
15(2): 65~76, 4figs., pls. 1.

IAEscH. 1968, ER)NOH T=2, KEZJWMAOER
REERE, 5 895~903, 7figs,

I H, 1973, FHRB AT < T OBHEEIC S
v T, RS, 20(2): 107~112, 7 figs.

NismER RS, 1931, EEWEGRE. (C)IE #HA,
1~161438, 7figs., 8 pls.

ARERS, 1966, 47 7~ 2 DSADLEEYICH T 3
yraDREMICOWT, LFES T « T35
BFge#isy, 200 11~20, 6figs.

ARERS, 1967, AL ERBIM O+ > 2 v 2 < Salve-
linus malma 1= B+ % 4 He 93 ONC 4 B 9 BF 25,
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