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On the Spawning Behavior of the Fluvial Dwarf Form of
Masu Salmon, Oncorhynchus masou

Seird Kimura

Observations on the spawning behavior of the fluvial dwarf form of masu salmon,
Oncorhynchus masou (Brevoort), were made in the Ishido-dani, a tributary of Hitotsuse River
in Miyazaki Pref., in the autumn of 1957 and 1969. During the spawning season from the
last part of October to the first part of November, the water temperature was 13.5—15.5°C
and the spawning act of a female and several males was observed usually in the pool-end.

In the male group the hierarchy of peck-right type is recognized according to their body
sizes and the largest one mates with the female. The paired male immediately drives sub-
ordinate males away if they attempt to approach the female. The female defends her site
from invaders such as males which are smaller than herself or another female which tries to
dig the site of the paired female. The feeling and/or crouch (Fig. 6 C and D) of the female
is thought to be the signal posture that causes courting of males, and when the paired male
is in the similar posture, homosexual courtship of another smaller male is occasionally ob-
served. As the female repeats digging movement at the rate of twice a minute, a shallow
depression is made in which the oviposition occurs. At the oviposition, 30-100 eggs are shed
into the crevices of gravel remained in the center of the depression. In the postspawning
stage only the female remains on her redd and she covers the eggs with sand and smaller
gravel of the upstream part from the depression. Several hours after the first oviposition,
the males appear again near the female which is making another depression at about 20 cm
upstream place from the previous one, and they repeat the same acts as they did in the first
prespawning stage. The next oviposition is usually observed 25-30 hours after the first one.
Three or 4 days are necessary for 2 or 3 times of oviposition.

(Fisheries Laboratory, Faculty of Agriculture, Kyushu University, Hakozaki, Higashi-ku,
Fukuoka shi, Japan)
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cm LUFo hEow rBHBET, kA RCHf+5 K8
D&Y 7 5 <A Oncorhynchus masou (Brevoort)
ELRICHECEST . dull, FdkthFo v <2 (v ==~)
DOMETIZEAEDRERELTY 77 <~ AiCk b, Ho—
DZMBNNHTERAT S & IhT5 (KE, 1933 a,b;
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(Fig. 1 A, B).
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Fig. 1. The fluvial dwarf form of masu salmon, Oncorhynchus masou (Brevoort), caught in the Ishido-
dani on September 16, 1957. The parr marks remain even in the mature specimen. A. Female,

22.7cm in total length, and its ovary (ov).
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Fig. 2. Map representing the Ishido-dani join-
ing the upper reaches of Hitotsuse River.
‘dani’ means a mountain stream in Japanese.

B. Male, 19.1cm, and its testis (ts).
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Table 1. Physical characters of spawning redds of the fluvial dwarf form of masu salmon.
O. masou, in the Ishido-dani.

Size of gravel

Redd No. |  Length Width Depth Velocity Site

1 120 cm 30cm 10-15cm 2-3cm 35 cm/sec Pool-end
2 — 40 15-30 1-5 20 Pool-end
3 100 40 25-30 — — Pool-end
4 100 70 10-30 2-4 — Pool-end
5 135 60 10-25 - 10 Pool-end
6 60 30 15-20 — 20 Pool-end
7 | 55 30 10-15 1-5 25 Riffle-side
8 ‘ 70 50 30-40 0.5-4 — Pool-end
9 l 120 50 25-30 0.5-4 10 Pool-end

10 ! 140 60 20-30 1-5 20 Pool-end

11 | 150 100 0-25 2-5 10 Riffle-side

12 | 150 100 10-25

1-5 20 Pool-end

THH] TR T5, EEOBEBC L5 &, EIK
1L ER 55~150 cm, 457% 30~100 cm o#5MIE OFHIZ
WHENEDY Hri-TkH (Fig. 3). F@EOJIKIZELT
BlicoTW 5, ThbDRkX X LBEES(H4% Tablel
2, FHEER Fig. 4128 Lz, EIEROPIIEEE 1~
3PPEE RS B, IR 0IENL 30~ 100 R =B - 7=

Dk 5 I, AMOTNITIZA ~ A L AEE
B A AEOET o oTaRbRS DT, EINIBEL
Tr~ A3k EeBEIE L Bbh s, 18 32 4
L BRI BT, SSHIDEINRABIZEL, -0
5% 35 FliAOBECES bh, O THIEF D
B EHIAIITI o T, fliod 20 filikifiido & DIEA
PEBAZOBIC R BRI, DX 5 IeEINREEEK
DEETY, (TR UHBANCR b, RERTHVTY
NEAEbORVGBYRETH 7. 7ok, ZOERT
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B a3 :
Fig. 3. Spawning redd of the fluvial dwarf

form of masu salmon. Water flowing from
right to left.
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Fig. 4. Schema of the longitudinal section of
the spawning redd. White spots indicate the
covered eggs. A. Undisturbed bottom. B.
Just before the first oviposition. A shallow
depression has been dug by the female. C.
Before the second oviposition. A new depres-
sion has been dug at about 20cm upstream
place from the site of the first oviposion. D.
After the whole spawning acts.
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7o, JIEMNTZ LI SR TEIIRC X < BB
Zobhtons, FoTRIBERAD BT, Zh bl Briggs
(1953) o\~ 5 trial redd (RIK) Hhicd & Bbhi.
chen% iy, EXEEL LAOTRBoB LY,
EEORR & {F 5 D R & HEE Sh i,

%7 E

v = 2 DENFEMEE > T B D, KRIIIGHA
I 250m LifoEESOMIET, IR 44 4 10 A
28 A 148 7=, BTiC 2 o7 Eh & M4 6
STihNs, ZOPEITESH 20m, FAIR 6m, Kb
WMOEXIE 2m BETH 7. WMAE2LIIELS X
DE X3 10~30cm, i 20 cm/sec T, ERIITHR
WAEADS D, O THIEHIC s - T 7o (Fig. 5).
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BT Y < AL, Y75 < AD LD RS IR
e, NGB ot IEEE KSRV & T
HEEEFI R, XS LAENL SEECHT THhR%E
O, MEEIEEOIE & RS LS B E LD OTHE
DOEINLAEETH B (Fig. 6 C, D). 2h4C, HETIL AR
BB RAORD DL BB, TR
Bicus. HEDEEEINL, hokE X, HE, K6, K
BloEw N eBoRE, TERIOHLEL L >,
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Fig. 5. Spawning place in Ishido-dani where
the observations were carried out.
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Bl bk X VHEMEE < T R A

TEINFINC T, ¥ = 4 OHETEIIR O
L, <=7 olurroeesis FiRciiEss (Fig. 6
A). fholty, EIRKRO TR, ThZhh S
HeATE Lichs D, HRESZ 5 &35, TOK, =7
OHEIB L £y &2 LT, ThbolExEWILL, K
CEREEAH S X 5 BT E TBLDHich, BROD
itz oL LI LiERbhi, £LT o
oAb L BO TR L D EIRNDBARIN S
DT, ZDOT OHEDTHIAILHDELSD Lol

o B OHED AR O WLLBDTUHIET, e ~<7
@t EMA | LofThs, HEEOIRMILED
KEXLIL—HL, (ZEAUAE SOMEOHTIL, &
BN D FERA O L ON M TH B, FRHED
BV TiE, B« 8K « EH (1957) 7 <==D
MEIFTHC S TBELTWS, ¥<2 OKRE W
3, —HT N R CHERBURT B 5, OB SWHER
I 5 FBIIRDES DT, DX 5 iR OIRRENL,
Alee (1951) 1z & % peck-right & GEXIIRL) &2
X5,

DT OHIEFDOE, I hILKEFWEENTbR
B, ~7 OfIrELNT, ENER»BEGH IR,
F OB b S DI 2, HEDTTEIC H ZELITER D
Bhichote. T, M LE WEEINRY VRN T,
VL DN OENFICHIETH &0 HD. LTORFL
7 O, HECOWTHE, C Oic TRIoBE»EINER
CHEALTH, @FEAERIE LR, LT, <7
O, EIIRRE X H LM oo EAMLEEXD
ha, Ll coftdintorse, HEXHIREWL
B 0BbhadZtbHBHDOT, TOMELREIISIE
CIBETERE Licdh D L iTFE .

Wrzm, EIRoRRICME L, ToRUCES &
DT = ARE N ~FIgEAEDL &, Thbkil
Wik, HEacfholE)IEEBAEIFERTE, BWLL
ChABWYTS, EINCELT, o0k CHErth
EoREoz Lk, BRERETCII AW BRI DA,
v< A LARBD< A A4y O. tchawytscha (Walbaum),
¥ vy 0. kisutch (Walbaum), <=+ 4 O. nerka
(Walbaum) 7¢ & TR FE bR T 5 (Briggs,
1953; Kimsey, 1955; Hanson and Smith, 1967).

— 114 —



A v =< 0EINFEE

Fig. 6. Photographs showing a resting pair and the characteristic acts of the paired female.
A. Resting pair. Female (PF), about 18 cm in total length, and paired male (PM), about
25cm. B. Digging female (PF) and paired male (PM). The female, turning on her side
on the bottom, presses the tail on the gravel and lifts it upward with powerful flexion of
her body. This act is repeated at the same point many times. C. Feeling posture of the
female. The female, sinking herself on the bottom of the redd, erects the anal fin (af)
and moves it as if fumbling for a crevice in the gravel. D. Crouch posture of the female.
The female, inserting her erected anal fin into a crevice in the gravel, crouches on the
center of the depression and slightly bends her anterior body upward. These photographs
were taken on October 23, 29 and 30, 1969.
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2. BRERE

BRI & < AL UMM TS, EIKT
IR Lo, RCEEcE Lisr s, BiEx s o
WICHRY, BULL RE Ed X T RN LD
(Fig. 6 B). Z il 2~3 BxE 45, Tothk, EFEOD
BINCRE ), HElE EfCEF et E, MhCE->Trn
DELEANTD, & OEREE DR, KO, B o
BOBEXIZL > T IIRINT, FTRNFLKEINS.
ZOBfERRIE 1 4 2 @04 T, B 29 Ao
HIPERTE TR OEIhAOT, JIKCR T Vv # B O
IIEHRI PRECTETH A/ (Fig. 4B). CoX st
~ A DERBIEL, FEE - KR (1958), £Y (1959) A
EETRLEY4 0. keta (Walbaum) % X ¢ Jones
and King (1950) & Jones (1959) 3 16 : Yy > x mjifi
FEEIZY » T4 L1 Atlantic salmon, Salmo salar
Linnaeus, nEREHIFICL <HUTLV 2.

WiZy < 2 Ofiy, FELSTREEIIIECSTT,
Vo EOCICIRF BB E O ST, BEDIRI AR D X 5 7l
e % (Fig. 6 C). Atlantic salmon & 7 5 v v <
A 8. trutta Linnaeus {Z->\~, Jones and Ball (1954)
iroh# feeling LILATWS, Y=2DEE, Xhi
TREHR] AREL B L, HaxhROKRMEEOMIZE
fER RS E LIARI B, BFEGHILDERONE LF
T LEHE5 (Fig. 6 D). = o@){Fidflko feeling
MIBICHE 572 O &%EZ bh, Jones and Ball
(1954) ¥ = & crouch, Fabricius and Gustafson
(1954) ix2 — v v 2D A 7+ Salvelirus alpinus (Lin-
naeus) (% % Salmo J&) iI=>\~TZh#% anchoring
EFATWS,

Y= ADMET X B o DX 5 7x feeling & crouch o
Bnimbhd s, <7 OHEIERT BT OIET
DSOWTRETD. OB, Wik CTHioRWHOB - v IZ#E
{Hhh, oL hEfELien B thfila = 3 b
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(Fig. 7 A), Bicfix 55 b¥ 5, BEOY MR iE
DFH1HICETS &, HHIAERFEEZHHHE, 2L
W Uiens i BREN . Z DR ¢ TIC T LD HEA M
SESWT, RELID>ELTVDDT, <7 OHEHILE
R HICRE LTBWAS, F1, Mo feeling % crouch
LT, =7 DER—FR e WEEICE, 2 fLoEs
W LTRETSH, FDizh, BIERTEOFIMC
X, <7 OHEIEELTWAHIORT, fkx T<) OF
R, &FEXLFR 232 LBLWT, MCEEL
1ssbiEx s s s (Fig. 7 B). chikFEOO LD
LEX bR, - DO, HEDTINTIZIE LR DA,
Mioir B ORI o s b B ot

PR~ X 50, HECIAR IR BB I ORE
L, HECEgE, IR, feeling, crouch iy 0SB
EoEEENRRDBRE,. £ LT, Zhbix Table 2
R L O IRITE ¥ - 12T, BRIV O ERT T,
30 BERECAMTH IVIEIN S,

Y= A OMEHENFR FR OB FE B2 3% - 2Fieo
W, AW diAi% A%, Jones and Ball (1954) =
Fabricius and Gustafson (1954) (%, f{lio+ 4 <~ AT
D\ T & % crouch (anchoring) ik, HE oD R ECHFE
HERTHESELEXL TS, Y= DHAE L crouch
DiEsIT feeling I LTh, HEZ—FCRELLS &
TA5L, ERAHITEIHD, <7 OMENIEICERL
213 feeling & %\ % crouch ([l BE#TRETS
L, TOHIZ L A+Ex 27 > 27 A tg K% (homo-
sexual courting) Xz Zbhte. LicaioT, FEiLD
TR S M X B ch b OTL, BEORFEEFHTS
MESTHAHZ LI, HENLTHHS,

TIBEITE

S DARTIC X BRI ORI, 10 3291 10047
BB IR OB XEHLHRTEIRTEIA T
nTkh, HioEEKIIEC X »EIPEKCIE, & 30cm,

Table 2. Order of the prespawning acts shown by a female and males. This order is
repeated twice a minute until an oviposion occurs.

Resting Fig. 6 A
Quivering of the paired male* Fig. 7B
Approach of the subordinate males to the female*

Chasing the males by the paired male*

Feeling and/or crouch of the female Fig. 6 C, D
Courting of the paired male Fig. 7A
Approach of the subordinate males to the female

Chasing the males by the paired male

Digging movement of the female Fig. 6 B
Resting Fig. 6 A

* These acts are often omitted.
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Fig. 7. Photographs showing the prespawning courting, oviposition and postspawning cover-
ing action. A. Courting of the paired male. If the female takes the feeling and/or crouch
posture, the male quickly approaches and nudges the side of her body with his snout. B.
Quivering of the male (M). The male bends his body trembling violently. On this oc-
casion, he spreads his fin to the utmost and gapes slightly. This is thought to be a kind
of courtship and is only seen in the early prespawning stage. C. Oviposion. The female
takes the crouch posture first, and the paired male presses the female’s side with his side.
Then the pair releases simultaneously the eggs and milt quivering violently and gaping
widely. Orgasm usually continues for 1-2 seconds. White turbidity due to the emission
of the milt is visible at this time. Only a single oviposition occurs in a single depression.
D. After finishing the oviposition. The female (PF) starts to cover the laid eggs with sand
and smaller gravel. The males (PM and M) leave the redd soon after. The white turbidity
of the milt is seen in the center of the depression and in the downstream part from it for
about 10seconds. A-C were taken on the same dates with those of Fig. 6, but D on
November 2, 1957.
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RE S5~6cm DR OHMD <A NTE -
(Fig. 4 B). Zpehrific ik - ot KRB DB Dic, %
THEIBEER R £ LIAA T, crouch o&#% L o 1.
7 DR OHCRE Liga HRTE L, Mm%y
Wiz Tt &Rl L., £ LT, ToBHIER
HAEDICHED T HNT, [ B L A EER O S (X ITIRA T,
EEE LCBEETVRA IR, KELBEHEWT
AR W e IRk Lt (Fig. 7 ©). BRikiicix 1~2 #
EEL, TOBRBRICLDEEN, [IFZ]J0FRRTH
B bhtc, Z 0B, Totkd 10 BRREE
L7 s, REWHK L (Fig. 7 D).
HEIER32, ME OFY - AV DX 5 IR
K% TORER LT, wihd, 0&2D [{iEHR] T
OB LEZG R bhtc., E1, TD > HbO LHIT
W, MERE 1 HC X B BRI, X i 2 (L oHEAsHE
DDOEMCEEE LTHE Lc. Lasl, Eofilics
Wb, BINEELR Mo crouch 1IZih E 0, Fhic
HERRE Lic i, (FfllaE LRIk o7, Lichd
5T, HIPHRECEE LTk ¥ THfEA B crouch o iE8s
b LS, BiHopeBNEREBFCL T,
TSR BN BLEND S S,

¥, EIERD [EaH] i, ETHAOEGERIR
AT, Tl IRl RRIE, 4 Tk
Licw & Xh Ty % (Hobbs, 1948; Burner, 1951;
Stuart, 1953). v = DFE, [{(FH] DHEZE 5~06
cm ZBEGDT, DX S IBIRILMER I L h -
fops, AR X 5 I, [ iEm )R 0B DfEE
TITsbh B DT, KE HEMNEIAREGINE, =
DEEDRNZ X < E - Tufo. EIRIZA: b i DF
WATICH B4y (Table 1), J -8Bl LIk H <
Dt ti L o Twb DT (Fig. 7 D), = ofiEficdii,
BBRINCZRE S D LT b, Tod, WP 32 R0
TFre o oIl HEEIC L B &, 1 HFTIC 30~100 Lo
OIREBH BN DT, v =A% ENCE OREKRIIY S
LHEE IR,

HEINTE

HOVBE, Eb i MiEn) o3 < LT
WOEKREFxihe (Fig. 7 D), B ER O~ HE
3. Z OMEOBIFIZ X - THE OiE SRR TORI
bR, - ORROEKBIFL RIERET 1 iz
15 @, DiF o fops,  RECEEUEIK » iiEIRFTEh T
FRAFIRFE S 7o ot ZRETNEH 1S FTED AT,
FLT, ZoIED 20em ZEFICH L TiEZ
Hskigote, o oliciiiiy, S X b/ SunHiefbo
Mfe F OBAZBITIL, B RIETS.
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BB % 3 M2, EloF LT igkhio
FRC RLIE 35 DT SRR oM B, RADS D
N7 i D, HERTEABUEE 7. ZOXTD
By, B Lk AUTd o, 2 BHOKIK
K513 30 Ao 16 1% 40 s Ly [iEkh) OFfT
MEIh.

Z LT, 31 REEZF CIMafinEIRRIC A b
2% HEEY S BR T, = OB COEINLHTR 0F
WK T Lz & fbhte, $7cbb, 2Tk 28 HE
BECEITE GE D, B2 BE@RPO, 30 BFE
KB DRI AT dod, FAICHE  REIRTENE 30 A
SR FTEEIN, ok, T 32 F£OBEN T,
4 ARicirt-»T, 25~30 Wikt E—iiHEc
LB RS 3 3 ERER Shts, oA, RVCE
ZH SR o 20cm B CKEID, X HIZLO
20 cm | CR B OMINER A fTisbh i

Y= A DIl oM TIE, 12 Adicigb Lk b,
B 1, 2 o CFAEIRA T2 TR LR
+. BELrfARRD RS O, HIE 2 A TaUE
TH5H. R HOMNEFRCOVLTUL, FICHRETS.

# &

MEEIEE, FRY MM T S oo KR FER D
PR R, B R E A TE s R O P EURER
ZEHE BIOCOMEOMELY S 2 bhIBELER
HKEEHOSIFHERBCLY BENT 5. BHBEE
LT, BEXIE - CHEG A EEREKEERERT
DAGRETH B HEEETHES LI UCEKRER
WO R, RBRBREFCHHNTS.

531 B X ®

Alee, W. C. 1951. The social life of animals. (Re-
vised ed.). Beacon Press, Boston, 233 pp., 48 figs.

Briggs, J. C. 1953. The behavior and reproduction
of salmonid fishes in a small coastal stream. Calif.
Fish and Game, Fish Bull., 94 : 1-62, figs. 1-5.

Burner, C.J. 1951. Characteristics of spawning nests
of Columbia River salmon. U.S. Dept. Inter.,
Fish Wildl. Serv., Fish. Bull., 61 : 97-110, figs. 2-7.

Fabricius, E. and K.-J. Gustafson. 1954. Further
aquarium observation on the spawning behaviour
of the char, Salmo alpinus L. Rept. Inst. Fresh-
water Res. Drottningholm, 35 : 58-104, figs. 1-15.

Hanson, A.J. and H. D. Smith. 1967. Mate selec-
tion in a population of sockeye salmon (Oncor-
hynchus nerka) of mixed age-group. J. Fish. Res.
Bd. Canada, 24 (9) : 1955-1977, figs. 1-7.

Hobbs, D. F. 1948. Trout fisheries in New Zealand.

— 118 —



Aht 1 v~ 4 DEINBH

Their development and management. New Zea-
land Mar. Dept., Fish. Bull.,, 9 :1-173, pls. 1-31,
figs. 1-4.

Jones, J. W. 1959. The salmon. A New Naturalist
Spec. Vol., Collins, London, 192 pp., 12pls., 24
figs.

Jones, J. W. and G. M. King. 1950. Further exper-
imental observations on the spawning behaviour
of the Atlantic salmon (Salmo salar Linn.). Proc.
Zool. Soc. London, 120, pt. 2: : 317-323, pl. 1.

Jones, J. W. and J. N. Ball. 1954. The spawning
behaviour of brown trout and salmon. Brit. J.
Anim. Behav., 2 (3) : 103-114, pl. 1, figs. 1-6.

Kimsey, J. B. 1955. Post-spawning behavior of the
kokanee, Oncorhynchus nerka kennerlyi, in Donner
Lake, California. Copeia, 1955 (1) : 51-52, fig. 1.

KEFEE. 1933a. JLllAEY 7 7 2 OAFER, 48
W, 5 (2) 1 15-26.

KREBEE, 1933b. LilE#EY s 7 v 2 DEFE, &8

##, 5 (3) :13-25, pls. 1-3.

KEER. 1957, g r EES. KREE AR 79pp.,
1 pl, 42 figs.

TR 1959, LRAEY F BO L L EHEIZOVT.
LEEEd « £ « SMeBBEWME, 14:1-70, figs.
1-28.

HU®RE « RR R, 198 FHIKHE A L) BT 5
fEDORAFEM, Ll HES T « 27 « SLBTRESE,
12 :1-19, pls. 1-5, figs. 1-8.

P~ « $ARTIZ0E « EHEAES. 1957, ZBRBEH)I
D7 T BKELHTMHIIE HoW EHNE
i B B BRge. BKROKEERTER, 14:1-7,
figs. 1-6.

Stuart, T. A.1953. Spawning migration, reproduc-
tion and young stages of loch trout (Salmo trutta
L.). Scot. Home Dept., Freshwater and Salmon
Fish. Res., 5:1-39, figs. 1-11.

(RTINS RS K BEE B8 R )

— 119 —





