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Avoidance Response of Juvenile Chum Salmon (Oncorhynchus keta)
to Orimulsion Suspended in Seawater

Yasuo Itoh™, Liu Haijin", Hiroshi Takaku™ and Shuji Tsuchida™

B 2.1~5.9COHEKIZBIBE LY (Oncorhynchus keta) Hef (EHRXF45.6mm, EHEE0.66g) DA
U= Pa SERWEKICR TR RS E, WA O SR ERKEE RV THRAZ, IBORREEKIZIR, ER
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RISOHEIIL, FEBRBMAER20~250 B OWKXKBKEEDOFEHEL B LA RMEX THE L, TOKRE,
178ppmil LOBEX T t —REICLDFEENRO LN, HEANAVwA Va2 BBl krshiz, $ie,
BREN B2 DI > TRBERUG A35R< 2 DM B RO DT,

F—D—F . BBRG, SRR, AVwnrvar, YUHERA, Oncorhynchus keta

Abstract : Avoidance response to orimulsion suspended in seawater was investigated on juvenile chum salmon
(Oncorhynchus keta) acclimated to seawater of 2.1-5.9°C, employing an experimental apparatus equipped with the
co-current type watercourse. The duration of the behavioral experiment was 30 minutes for one trial (one fish
used). Ten trials were done each in six orimulsion concentrations (0, 10, 100, 178, 316, and 562ppms), in
principle. The average fork length and weight of experimental fish were 45.6mm and 0.66g , respectively, and
water temperature during the experiment was 3.0-5.9°C.

In order to evaluate avoidance response, the mean values of locating rate in the seawatercourse for 5 minutes
(20-25min after the start of the experiment) were determined in both of the control experiment and the test
experiments. The t-test was conducted by comparing the difference between the mean values of control experiment
and those of each orimulsion concentration. As the results, significant difference , in 178ppm and in the
concentrations over 178ppm, indicated the clear avoidance responses to these orimulsion concentrations. And the
tendency was observed that the higher the concentration is, the stronger the avoidance response is.

Keywords : avoidance response, avoidance test, orimulsion, juvenile chum salmon, Oncorhynchus keta
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FHERNo. 8 9 11 12 13 14 16 20 21 22
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K XIS D FME (%)
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10-15%4y 1.7 1.7 46.7 20.0 53.3 31.7 38.3 35.0 36.7 63.3
15-204F 5.0 61.7 40.0 98.3 50. 0 43.3 50. 0 43.3 40.0 46.7
20-254 63.3 45.0 50. 0 96.7 43.3 45.0 25.0 33.3 50. 0 48.3
25-304> 70.0 98.3 50. 0 83.3 66. 7 41.7 40.0 71.7 53.3  51.7
T mmme EOERE
(%)
£ & (m)  47.98 1.78 4 10
BX& (mm)  45.40 1.61 4 10
& & (mm)  41.21 1.84 4 10
%k & (g) 0.625  0.057 9 10
KKK E OEHE (%)
0- 5%y 50.3 13.8 27 10
5-1057 41.5 16.1 39 10
10-154r  39.8 20.4 51 10
15-20%r  47.8 23.0 48 10
20-254y  50.0 19.3 39 10
25-305  62.7 18.8 30 10

%2 ToBHREEEBR(10ppm)iZIc T 2 A DFHAIKER & 5 50 Z & OHE/K KIFTKSRE O FHHME(%)

REBRNo. 23 24 25 26 27 28 29 30 31 32 33
AR 1 I I I I il 1 I i I I

£ & (m) 50.84 50.27 45.76 47.65 45.14 44.73 45.02 46.41 50.66 44.80 51.19
BXE (mm)  48.38 48.72 43.28 43.67 43.25 42.54 41.46 43.44 47.80 42.20  48.88
th & (mm) 42,75 42.77 39.19 40.91 38.42 38.49 38.64 40.10 43.77 38.41 43.91
& & (g) 0.780 0.711 0.637 0.59 0.535 0.534 0.499 0.555 0.718 0.616 0.816

MK K SR EE D EIE (%)

0- 5%y 38.3 83.3 51.7 18.3 21.7 38.3 48.3 28.3 58.3 50.0 53.3
5-10% 53.3 40.0 53.3 40.0 46.7 56. 7 41.7 48.3 45.0 58.3 51.7
10-154> 55.0 36. 7 86. 7 8.3 56. 7 56. 7 40.0 45.0 61.7 68. 3 56. 7
15-204y 81.7 45.0 66. 7 73.3 27.1 53.3 43.3 73.3 48.3 85.0 78.3
20-254 88.3 51.7 85.0 85.0 0.0 60.0 46. 7 56. 7 71.7 83.3 75.0
25-304 86.7 51.7 70.0 63.3 0.0 43.3 50. 0 83.3 63.3 90.0 48.3
wy e TEER
(%)
£ & (mm)  47.50 2.71 6 11
BXE& (mm)  44.87 2.91 6 11
& K (mm)  40.67 2.25 6 11
k &= (g) 0.635  0.107 17 11
K KRR E D EHE (%)
0- 54  44.5 18.5 4l 11
5-104y  48.6 6.5 13 11
10-154y  52.0 19.9 38 11
15-204y  61.4 18.9 31 11
20-25%y  63.9 25.8 40 11
25-304y  59.1 25.4 43 11




RS - VI HADTEITE

153 Dbk EBR(100ppm)IZ R 1T B HARADFRKER L 55 T & O KKIKERE OFEIE(%)

FHENo. 34 35 36 37 38 39 40 41 42 43
RBRAW I il I il I i I i I i
£ R (mm) 50.91 46.00 48.15 49.26 51.48 46.65 48.09  46.67  47.35  49.49
RBRXE (mm) 47.83 43.25 46.01 46.37 49.43  44.47 45.53 44.12 45.46  47.25
£ & (mm) 43.68 39.3¢ 41.60 41.96 44.03 39.81  40.59  39.19  40.33  42.27
k = (g) 0.739 0.514 0.615 0.65  0.806 0.622 0.599  0.575  0.595  0.650
WK KPR DEHE (%)
0- 54 51.7  45.0  45.0  58.3 53.3  33.3  36.7 21.7  65.0  31.7
5-104 43.3  51.7  73.3  73.3 50.0  23.3 417 30.0 58.3  38.3
10-154y 58.3  31.7  6L.7 517 61.7 350 350 517 36.7  23.3
15-20% 61.7  35.0  85.0  58.3 66.7  55.0  51.7 41.7 58.3  26.7
20-254 63.3  75.0  95.0  50.0 81.7 48.3  36.7  45.0  66.7  40.0
25-304 75.0  73.3  90.0  63.3 75.0  68.3 417 40.0 53.3 617
w  p TORH
(%)
£ & (mm)  48.41 1.85 4 10
BX%& (mm) 45,97 1.85 4 10
& & (mm)  41.28 1.72 4 10
h & (g) 0.636  0.083 13 10
Ak X REE OFHE (%)
0- 54y  44.2 13.4 30 10
5-10%y  48.3 16.6 34 10
10-154y  44.7 13.9 31 10
15-205  54.0 16.6 31 10
20-254y  60.2 19.4 32 10
25-30%  64.2 15.7 24 10

R4 TR EBR(178ppm)iZIS i) A HERADFHAIRER & 550 Z & DMK X IKARE O FEHIE(%)

FENo.

77 78 79 80 81 82 83 84 85 86
RHERKHE I I I i I i I i} I i
£ £ (mm) 47.39 50.82 50.42 52.82 47.57 45.97 49.95 49.82  48.99  48.08
BXE& (mm) 45.45 48.00 47.37 49.97 45.16 43.35 47.09  47.40 46.96  46.11
X K (m) 41.21 44.00 42.98 45.40 41.28 39.42 43.09 42.81 42.18  40.66
* HE (g) 0.685 0.784 0.717  0.92 0.642 0.518 0.711 0.671 0.686  0.586
K X KEE OTEHE (%)
0- 5%y 38.3 41.7 51.7 38.3 48.3 38.3 43.3 41.7 51.7 50. 0
5-104F 40.0 55.0 41.7 50.0 26.7 18.3 43.3 38.3 50. 0 30.0
10-15%4y 80.0 58.3 53.3 58.3 38.3 3.3 28.3 43.3 55. 0 83.3
15-20% 90.0 88.3 48.3 85.0 90.0 11.7 88. 3 93.3 75.0 78.3
20-254y 95.0 85.0 48.3 46.7 78.3 43.3  100.0 83.3 85.0 40.0
25-3043 100.0 98.3 48.3 50. 0 86. 7 46. 7 88.3 88.3 61.7 91.7
Ty g TRERE
(%)
2 & (mm)  49.18 2. 00 4 10
BXE (mm)  46.69 1. 80 4 10
& & (mm) 4230 1.73 4 10
th & (g) 0.692 0.108 16 10
#HEK XA O EHE (%)
0- 54 44.3 5.6 13 10
5-10%y  39.3 1.5 29 10
10-15%4y  50.2 23.6 47 10
15-20%y  74.8 25.8 34 10
20-254  70.5 23.2 33 10
25-30%y  76.0 21.7 29 10




kD « VT HADTETE

fT&RS SRHREEERG16ppm [ NI BT 2 HRADFHRIRER & 55 2 & OUEAKEIKEEE O FHE(%)

HERNo. 46 47 48 49 50 51 52 53 54 55
RERKE I 11 I il I 1 I il I i
£ & (m) 47,04 48.47 50.16 47.00 49.56 48.97 46.27 48.33 52.86  47.90
BXf& (mm)  44.47  45.80 47.40 44.92 46.22 45.65 43.65 45.40 50.13  45.61
& (m) 3958 41.09 42.92 40.22 42.16 41.48 39.93 41.32 45.19 40,97
® & (g) 0.680 0.741 0.788  0.64 0.664 0.663 0.582 0.706 0.925 0.633
AR HBKEEOFE (%)
0- 54y 35.0  25.0 76.7 50. 0 43.3 30.0 46.7 28.3 56. 7 43.3
5-10%y 50.0 43.3 56. 7 30.0 48.3 417 66.7 65. 0 58.3 50. 0
10-154y 21.7 35.0  85.0 78.3 36. 7 65.0 48.3 48.3 40.0 53.3
15-204 45.0 68. 3 93.3 95.0 71.7  90.0 38.3 70. 0 63.3 48.3
20-25%y 60.0 58.3  85.0 96. 7 93.3 73.3 58.3 75.0 53.3 58.3
25-30%y 53.3 33.3 78. 3 88. 3 93.3  100.0 68.3 56. 7 63.3  46.7
T
(%)
£ & (mm)  48.66 1.90 4 10
BXE (mm)  45.93 1.79 4 10
& (mm)  41.49 1. 64 4 10
k #H (g) 0.702  0.097 14 10
AR BOSRE OFHE (%)
0- 54y 43.5 15.5 36 10
5-105r 51.0 11.2 22 10
10-15%4  51.2 19.9 39 10
15-204r  68.3 20.2 30 10
20-254y  71.2 15.9 22 10
25-30%r  68.2 21.6 32 10
ft&ke ToEREEBRG16ppm )BT 2 HBRADHBIFER & 555 2 L DM KKIIKEEE D HE(%)
FERNo. 97 98 99 100 101 102 T EEEE TEEE o
HREKH I i I i} I i}
£ & (mm) 46,22 43.20 51.70 43.31 42.55 45.62  45.45 3.39 6
BX& (mm)  44.23 42.96 48.63 41.00 40.34 44.31  43.58 2.97 7 6
h & (mm) 39.93 39.02 43.93 36.38 37.45 40.55  39.54 2.65 6
k H (g) 0.653  0.489 0.846  0.56 0.406  0.638 0.599  0.152 25 6
KK KEE DOFHE (%)
0- 55 100.0  38.3 51.7 53.3 0.0 0.0 40. 6 37.7 93 6
5-10%y 85.0  40.0 63.3 8.3 0.0 0.0 32.8 35.9 110 6
10-154y 66.7  51.7 73.3 0.0 8.3 0.0 33.3 34.3 103 6
15-204y 71.7 917 68.3 66. 7 58.3 21.7 63. 1 23.1 37 6
20-254> 95.0 88.3  50.0 96. 7 61.7 100.0  81.9 20.9 26 6
25-304y 100.0  86.7 50. 0 95. 0 96.7  100.0 88. 1 19.3 22 6




D : Y HADTEITE

1R7  ToBHEE EBR(562ppm)IZ 31T B HERA D FHRIFE R & 54 T & WK KRR O FHIE(%)

AENo. 56 57 58 59 60 61 62 63 64 65
B I il I 1 I 1 I I I 1
2 & (mm) 47.45 46.01 49.91 54.09 50.03 45.55 43.76 51.76  49.54  46.97
BXE (mm)  44.88 43.19 47.45 50.36 47.40 43.24 41.85  49.64  46.07  43.99
B B (mm) 40.22 38.93 43.04 45.84 42.79 39.46 37.61 44.72 42.59  39.42
k & (g) 0.664 0.531 0.745 0.99  0.797 0.546 0.518 0.810 0.721 _ 0.578
WK KUK BEBE D EHE (%)

0- 54y 86.7 45.0 55.0 83.3 7.7 53.3 58.3 63.3 36.7 26.7
5-104r 78.3 48.3 63.3 38.3 31.7 58.3 58.3 38.3 45.0 0.0
10-154y 36.7 61.7 63.3 38.3 8.3 60.0 51.7 50.0 53.3 0.0
15-20%y 88.3 78.3 76.7 96. 7 41.7 85.0 56. 7 68.3 85.0 81.7
20-2543 90.0 95.0 93.3 96. 7 0.0 90.0 71.7 100.0 100.0  100.0
25-30%r 95.0 90.0 98.3 96. 7 0.0 91.7 76.7 100. 0 100. 0 61.7

vy mneme FRREC

(%)
£ & (mm)  48.51 3.13 6 10
RBXE (mm)  45.81 2.87 6 10
& & (mm)  41.46 2.71 7 10
& ®| (g) 0.690 0.152 22 10
KX KEE O FEHE (%)
0- 54y 58.0 19.2 33 10
5-104y  46.0 21.3 46 10
10-15%r  42.3 22.1 52 10
15-20%4y  75.8 16.3 21 10
20-254y  83.7 30. 6 37 10
25-304y  81.0 30.9 38 10
%8 THHEEEBRRIZBIT 52055 ~255 B DHg/K X i bk AR BE O B D Lk
A 1 2 3 4 5 6 7 8 9 10 11
xHRX 63.3 45.0  50.0  96.7 43.3 45.0  25.0 33.3 50.0  48.3
10ppm 88.3 51.7 85.0 85.0 0.0 60.0 46.7 56. 7 71.7 83.3 75.0
100ppm 63.3 75.0 95.0 50.0 81.7 48.3 36.7 45.0 66. 7 40.0
178ppm 95.0 85.0 48.3 46.7 78.3 43.3  100.0 83.3 85.0 40.0
316ppm I 60.0 58.3 85.0 96. 7 93.3 73.3 58.3 75.0 53.3 58.3
316ppmII 95.0 88.3 50.0 96. 7 61.7  100.0
562ppm 90.0 95.0 93.3 96. 7 0.0 90.0 71.7 100.0  100.0  100.0
Ty e FPREC
(%)
PR X 50.0 19.3 39
10ppm 63.9 26.9 42 10
100ppm 60. 2 19.4 32 10
178ppm 70.5 23.2 33 10
316ppm I 71.2 15.9 22 10
316ppm I 81.9 20.9 26 10
562ppm 83.7 30.6 37 10




