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Production of the Amago, Oncorhynchus rhodurus, from Mountain Stream

Makoto Nacosui, Shinji Suzuxi, Hideo Semi, Kosuke SAracucHi,
Yoshikatsu IwamoTo, and Yasuhiro Oxamoro

Faculty of Fisheries Mie University

The production rade of the Amago-fish, Oncorhynchus rhodurus, were investiga-
ted from 1977 to 1980 in the Hirakura Stream, Mie Prefecture. The population density of
the fish was estimated using the mark-recapture method (Prrersey 1896) to calculate
the production rate. The production rate varied between 2.89 and 3.56 gm=2 yr-1 in
which the half were produced by O+ age group. As compared with the production
rate of other freshwater fishes inhabiting rivers, ponds and lakes in the world, the
production rate was rather small in the stream. The cause of small production rate
in the fish population was discussed in the relation to abiotic environments, popula-

tion density and social behaviour.
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Fig. 2. Seasonal changes of the mean air temperature (@), water temperature
(—(O~-) and precipitation (- O ~) at Mie University Forest from 1977
to 1980.
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Fig. 3. Seasonal changes of aquatic insect per m? from 1977 to 1980. @ : total
weight, —(— ! total number and ~ (O ~ : total numbers of ephemero-
ptera and tricoptera.
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Fig. 4. Seasonal change of the difference between total scale radius(R) and
radius of annulus{r) in age ! group.
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Table 1. Monthly age composition in number and percentage from 1977 to 1980.

0+ 1+ 24 Total

No. % No. % No. % number
1977 May 26 43,3 26 43.3 8 13.3 60
Jun 11 57.9 6 31.6 2 10.5 19
Jul {5 51.7 8 27.6 6 20.7 29
Aug 25 69. 4 9 25.0 2 5.6 36
Sep 9 50.0 5 27.8 4 22.2 18
Oct 8 47.1 6 35,3 3 17.6 17
Nov 9 81.8 { 9.1 1 9.1 11
Dec 5 83.3 ! 16.7 0 0 6
Total 108 60.6 62 27.1 26 14.1 196
1978 May 58 86.6 7 10. 4 2 3.0 67
Jun 22 45,8 24 50.0 2 4,2 48
Jul 15 78.9 4 241 0 0 19
Aug 15 68. 2 7 31.8 0 0 22
Sep 11 52.4 9 42,9 { 4.8 21
Oct 12 57.1 7 33.3 2 9.5 21
Nov 17 70.8 7 29.2 0 0 24
Dec 10 76.9 3 23.1 0 0 13
Total 160 67.1 68 30.2 7 2.7 235
1979 Jun 14 100.0 0 0 0 0 14
Mar 7 63.6 3 27.3 1 9.1 11
Apr 39 88.6 5 i1.4 0 0 44
May 35 87.5 5 12.5 0 0 40
Jun 67 78.8 17 21.2 0 0 84
Jul 32 84,2 4 10.5 2 5.3 38
Aug 23 6.7 7 23,3 0 0 30
Sep 16 80.0 2 10.0 2 10.0 20
Oct 11 78.6 2 14.3 1 7.1 14
Nov 10 71. 4 3 21,4 I 7.1 14
Dec 11 84.6 2 15.4 0 0 13
Total 265 81.3 50 15.1 7 3.5 323
1980  Jan 10 100.0 0 0 0 0 10
Feb 11 84.6 2 15, 4 0 0 13
Mar 13 52.0 11 4.0 0 0 24
Apr 58 84.1 4 5.8 7 10.1 69
May 41 83.7 8 16.3 0 ] 49
Jun 23 85.2 4 14.8 0 0 27
Jul 16 57.1 10 35.7 1 3.6 27
Aug 27 49.1 22 40.0 6 10.9 55
Sep 11 73.3 4 26.7 0 0 15
Oct 12 70.6 4 23.5 1 5.9 17
Nov 9 40,9 10 45,5 3 3.6 22
Dec 6 60.0 4 40.0 0 0 10
Total 237 70,1 83 25.6 18 3.7 340
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inal axis represents [0 percent.
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Fig. 6. Seasonal change of body length of each year class from 1977 to 1980.
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Fig. 7. Seasonal change of body weight of each year class from 1977 to 1980.
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Table 2. Monthly estimated population with confidence limit(N), number of fish marked(M),
sample taken for census(C) and number of recaptured markes in the sample(R).

St 1-2 St 3-4 Both stations
M C R N M C R N M C R N
1977  Jun 6 9 2 224 14 6 4 2 114 6 12 13 4 364 18
Aug 6 5 2 13+ 7 6 4 2 U4 6 12 9 4 254 12
Oct 2 3 i 54 3 2 5 1 84+ 5 4 8 2 144
Dec 5 5 3 84 3 3 1 1 34 0 6 4 123 3
1978 May 3% 20 11 624 18 12 8 0 1164146 47 28 11 115+ 42
Jun 18 15 10 27+ 5 7 4 2 124 7 15 19 12 394 9
Jul 6 10 5 124 3 5 4 2 94+ 4 r 14 7 234 6
Aug 5 8 I 264 22 5 6 2 13+ 7 0 14 3 404 25
Sep 6 3 2 84 3 5 3 1 114 8 i1 6 3 204- 9
Oct 4 6 3 84+ 2 3 4 0 194 21 7 10 3 214 U
Nov 6 6 3 il4 5 6 4 0 344 40 12 13 3 35421
Dec 3 4 3 4 0 6 3 1 134 9 9 7 4 154 6
1979  Jan 3 2 t 54 3 6 5 2 134 7 9 7 3 194+ 7
Mar 2 4 { 7+ 4 { 4 0 94 9 3 8 t 174 13
Apr 8 15 7 37+ 13 1310 5 254 10 31 25 12 634 18
May 16 20 12 26+ 4 7 10 1 434 39 23 30 13 524 13
Jun 19 16 11 27+ 5 12 9 3 324 18 31 25 14 544 13
Jul 12 14 7 234 7 10 9 2 36+ 26 22 23 9 544 19
Aug 10 11 5 214 8 10 5 5 104 0 200 16 10 314 8
Sep 7 6 4 104 3 3 1 0 T4 7 10 7 4 174 7
Oct 8 9 6 124 2 3 0 0 34 0 i1 9 6 164 4
Nov 7 8 6 94 0 2 3 0 ti4 15 9 11 6 164 4
Dec 7 2 5 114 3 2 { 0 54 5 9 9 5 164 5
1980  Jan 5 7 4 94 3 1 { 0 34 0 6 8 4 124 3
Feb 9 7 6 104 3 2 i 0 54+ 0 11 8 6 (44 3
Mar 8 8 6 8+ 0 13 0 0 134 0 21 6 21+ 0
Apr 14 12 9 214+ 3 40 37 27 554 3 54 49 36 154 4
May 12 14 11 154 2 22 23 11 454 12 34 37 22 574+ 8
Jun 12 7 6 154 3 7 2 234 15 20 14 8 354+ 10
Jul 6 7 2 18+ 11 9 5 4 114 3 15 12 6 294 11
Aug 6 6 4 9 2 12 15 4 414 22 18 21 8 454- 16
Sep 5 3 2 74 2 5 4 0 294 34 10 7 2 284 19
Oct 5 4 4 54- 0 7 5 0 634 57 12 9 4 254 12
Nov 3 1 I 34+ 0 6 5 I 20+ 16 9 6 2 22+ 14
Dec 3 4 3 44 0 2 3 0 124 12 5 7 3 134 4

CBLUTHRAOBE - 2B L5b0EEZBNS,

EAAHAR (Table 1) LHpEMmifdk (Table2) 2k, St.1-2, St.3-4 BLUWEESELEE
OEREEH O Tm? Bz ) oERmER L, Thb oBHE{kE: Fig. 8 KR L,

I3 At 4 JICRQEAEIEORKRE S Y, 4 A06 5 BielpkiisRL, OB+



80 FlR W EORNNE - WURFR « BT - ARE G - AR A

5L o St.1-2

DENSITY PER m? (x107')

Fig. 8. Seasonal change of population density of each year class at
St. -2, St. 3-4 and total area from 1977 to 1980, —@— :
1976, —Q-—: 1977, — @ — : 1978, —A— 11979, —A—:
1980. — (O — : total.
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LOGARITHM NUMBER OF DEMSITY PER m?

L i A
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Fig. §. Logarithm number of density of each year class per m2 in
successive months. A, B, C, and D show 1977, 1978, 1979
and 1980 year class respectively.
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SER LROMRCHSSEMOERERE Allen curve & il v B J5 ik (ALLEN, 1951)
L, RICKER (1946) OIEMIEEE F 10 X 5 HHED 2 2% HnTHEE L 720
ALLEN 22 % &, MARKEHIO W EHARECHIIE t: 25 t, oM, JEERE—ETH
s Ny o Ny gL, THhER W, »5 Wy £ TR L BRI TR EROMN S &
PERAHECE B, AR (P) 35 2R 87 A A% Ny LEHEE (W) ok
B BRDBNLRFOTR (S) 2RXPORDHZ EILVEBND,

P=8=L(Ni+Ny) (W,—W))

Z OB ESWTRERIEC > Allen curve #{ERIL, Fig 10IFE L. TRAB ML F
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Fig. 10. Allen curve for 1977, 1978, 1979 and 1980 year class.
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Table 3, Production rates (gm~% yr-1) of the Amago estimated by the Allen curve and
the Ricker’s exponential model during from 1977 to 1980 in the Hirakura Stream.
Allen’s
1977 1978 1979 1980
Age Apr. Nov. Apr. Nov. Apr. Nov. Apr. Nov.

& -Oct. -Mar. Total | -Oct. -Mar. Total | -Oct. ~-Mar. Total | ~Oct. ~Mar. Total
Ot-1+ 0.9813 0.2604 1.2417 | 1.1787 0.4245 1.6032 | 1.4694 0.2877 1.7571 | 1.5279 0.1731 1.7010
[ 42+ 0.7515 0.0756 0.8271 | 1,3382 0.0686 1.4068 ; 0.7002 0.2251 0.9253 | 1.3406 0.0977 1.4389
2t 0.6585 0.0597 0.7182 | 0.3706 0.0813 0.4519 | 0.3658 0.0349 0. 4007 | 0.2229 0.0466 0.2695
Total 2.3913 0.3957 2,7870 | 2.8875 0.5744 3.4619 | 2.5354 0.5477 3.0831 | 3.0914 0.3174 3, 4088

Ricker's
1977 1978 1979 1980
A Apr. Nov. Apr.  Nov. Apr. Nov. Apr. Nov.

ge -Oct. ~Mar. Total | -Oct. ~Mar. Total | -Oct. -Mar. Total | ~Oct. -Mar, Total
0+-1+ 1.1110 0.2690 1.3809 | 1.4006 0.4174 1.8180 | 1.5324 0.2767 1.8091 | [.5473 0.1668 1.714]
1+-2% 0.7688 0.0913 0.8601 | 1.2945 0.0662 1.3607 | 0.6977 0.1203 0.8180 | 1.3829 0.0977 1.4806
2t 0.6973 0.0585 0.7558 | 0.3507 0.0808 0.4315 | 0.3222 0.0368 0.3590 | 0.258% 0.0467 0.3057
Total 2.4846 0,4073 2.8919 | 2.9667 0.5694 3,5361 | 2.5439 0.4908 3.0346 | 3.1403 0.3143 3. 4546
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Table 4, IEstimates of mean wet weight in gram(\ﬁ), mean population density per
m#(d), mean biomass in gram per 1n3(]§§, production rate in gram per
m2(P) and turnover rate for Amago population in Hirakura Stream.

P
Age W é E Apr. Nov. P/E
-QOct. ~Mar. Total
977y Ot-1* 5.53 0. 0902 0.3961 1. 0462 0. 2647 1. 3109 3. 3094
142+ 29.08 0. 0301 0.7662 0. 7602 0.0835 0.8436 1. 1010
24— 82,62 0.0127 0.9639 0.6779 0.0591 0.7370 0. 7646
Total 117.23 0. 1330 2.1262 2. 4843 0. 4073 2.8916 1. 3600
(1978) Ot-1+ 6.84 0. 1242 0. 5997 1.2897 0.4210 1.7106 2.8524
142+ 38.13 0.0370 1.3273 1.3164 0.0674 1.3838 1.0425
2t 67.52 0. 0403 0.6737 0. 3607 0.0811 0. 4417 0. 6556
Total 112.49 0. 2015 2. 6007 2,9935 0. 5695 3.5630 1.3700
1979y Ot-1+ 6.67 0.1158 0. 5909 1. 5009 0.2822 1.7831 3.0176
142+ 34.79 0. 0239 0.7561 0. 6990 0.1727 0.8717 1. 1528
AR 77.96 0. 0084 0. 5805 0. 3440 0.0359 0.3799 0.6543
Total 119,42 0. 1481 1.9275 2. 5439 0.4908 3.0347 1.5744
(1980) Ot-1+ 6.18 0. 1313 0. 6062 1.5376 0. 1700 1. 7076 2.8168
142+ 31.97 0.0359 1. 1366 1.3618 0.0977 1. 4595 1.2840
24~ 65.55 0.0102 0. 6429 0. 2409 0. 0467 0. 2876 0. 4473
Total 103.70 0.1774 2.3857 3.1403 0.3144 3. 4547 1. 4481
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EPERPNED o e D L BFREP /NS oD Th S

B lofEsng, EaNO 7 v T EEROER 4 ﬁim29~3@m*wﬁf%9,mgmHI
OELEMTNE L, EERZEETH -0

Z =

AFFEOHE RN &, FRINC R 5 7~ TEEPHO EERE T 2.9~3. 6gm™yr™ Ll & 1
Too TOMEMOKIETEL N TS MEOEMEHRE &L+ 5 & Fig. 1l ©oX5ihb, ik
MaNN (1966), LE Cren (1969), MORGAN (1980) 7 & ¥glizcgiE o 7o (JIFEs, 1970), 7
v (B 1972), #H % (B 1972, A4 R0 Uk 1973), U &y (B, 1976), £ U+
(=, 1977), v 74 (Tarsukawa and MizucucHl, 1981) 7 & CHEL LML THEL
b DTH D,

O E, PRAKMAIHO EPEHEE R TR bR < R TR, LIy oRETh S
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—= North Sea Sea
o] Small Lake ( Austria)
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u Hirakura Brook (Amago only)
" River Takami ( Amago only)
P River Obitsu (Uguionly)
e Brooks ( UK trout only)
e Chigonosawa Brook (‘lwana only)
L River Takami ( Takahaya only)
™ River Kishigawa ( Oikawa only)
] River Kishigaw:% (Kﬁwamutsu only)
o River Thames ( UK
e Small Stream (UK)
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Fig. 11. Production rate of the Amago in Hirakura Stream, compared with
production rates(black) and the yields to man (white) estimated
from different habitats, (Modified from Kawanabe, 1970). Ugui:
Tribolodon hakonensis, Iwana: Salvelinus leucomaenis pluvies,
Ayu: Plecoglossus altivelis, Takahaya: Phoxinus lagowski f.
oxycephalus, Oikawa: Zacco platypus, and Kawamutsu: Zacco
temmincki.
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kawa and MizugucHt (1981) & A OAEERSIKIEIC L - TEASNDZ LEHEL Tn
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