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Fig. 1 Schematic diagram of the small round net cage structure towed by ship.
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Table 1 The average depth of each measuring point of the net cage under different ship towing speeds
Ship Measuring  Number Measuring point
speed time of times FO F2 F5 F8 B2 B5 B8 L8 R8
Om @2m) Gm ©Bm @m (Gm Bm @m (Bm)
0 knot
NO. 1 Thr 30 min 9 0.65 2.12 4.83 7.45 2.16 4.95 7.60 7.55 6.88
NO. 9 23 hr 138 0.66 1.95 4.54 7.22 2.05 4.87 7.43 7.80 7.19
NO. 10 24 hr 144 0.87 2.44 5.07 7.70 2.39 5.25 7.81 7.99 7.48
1 knot
NO.2 1 hr 6 0.19 0.46 1.05 2.08 0.58 1.50 3.36 3.61 2.09
NO.3  4hr 30 min 27 0.16 0.38 0.94 1.91 0.58 1.36 3.02 3.65 1.66
NO.5  5hr 40 min 34 0.18 0.38 0.82 1.58 0.56 1.26 2.73 3.22 1.57
NO.6 27 hr 40min 166 0.19 0.39 0.85 1.59 0.59 1.37 291 3.35 1.75
NO.8  2hr 50 min 17 0.19 0.41 0.85 1.51 0.59 1.52 2.93 3.36 1.89
2 knot
NO.4 14 hr 40 min 88 0.18 0.37 0.78 1.40 0.48 1.08 2.36 2.79 1.30
NO.7 6 hr30 min 39 0.19 0.37 0.69 1.15 0.51 1.13 2.31 2.64 1.39
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Table 2 The volume change and volume ratio of each layer of the net cage under different ship towing speeds
Top Middle Bottom Total
Ship N Depth  Volume  Top- Depth  Volume  Mid- Depth  Volume Bot- Volume  Mid-
speed standard  (m) (m?) vratio (m) (m?) vratio (m) (m?) vratio (m?) vratio
0-2 402.12 1 2-5 603.19 1 5-8 603.19 1 1608.49 1
0 knot
NO. 1 9 2.14 429.76 1.07 4.89 553.72 0.92 7.37 498.24 0.83 1481.71 0.92
NO. 9 138 2.00 401.56 1.00 4.71 544.80 0.90 7.41 543.51 0.90 1489.86 0.93
NO. 10 144 2.41 485.39 1.21 5.16 551.22 0.91 7.75 520.78 0.86 1557.39 0.97
1 knot
NO. 2 6 0.52 104.45 0.26 1.28 152.61 0.25 2.78 302.29 0.50 559.34 0.35
NO. 3 27 0.48 96.80 0.24 1.15 134.42 0.22 2.56 283.55 0.47 514.77 0.32
NO. 5 34 0.47 94.05 0.23 1.04 115.50 0.19 2.27 247.44 0.41 456.99 0.28
NO. 6 166 0.49 98.92 0.25 1.1 123.53 0.20 2.40 260.28 0.43 482.73 0.30
NO. 8 17 0.50 100.74 0.25 1.19 137.95 0.23 2.42 248.19 0.41 486.88 0.30
2 knot
NO. 4 88 0.42 85.42 0.21 0.93 101.69 0.17 1.96 207.32 0.34 394.43 0.25
NO. 7 39 0.44 88.65 0.22 0.91 94.40 0.16 1.87 193.51 0.32 376.56 0.23
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Fig. 2 Long-term measurement of the volume ratio of the net cage under stable conditions and different ship

towing speeds.
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Volume Changes in Small Round Net Cages During Ship Towage

Ching-Min Yang, Chi-Chang Lai", Hsing-Han Huang, Jia-Shin He and Jinn-Shing Weng

Coastal and Offshore Resources Research Center, Fisheries Research Institute

ABSTRACT

Anchorless movable net cages can be used to avoid the risks posed by natural environmental changes to
aquaculture and meet fish transportation and temporary breeding needs. The net cage structure needs to be resistant
to strong winds and currents to facilitate the establishment of cage culture farms farther offshore in deeper sea
areas in the future. Studies on ship towage of net cages are scarce; volume changes in net cages while being towed
by ship are worthy of discussion. This study employed small round net cages used in cage culture to perform a
towing movement test for measuring volume changes in the cages when towed at different speeds. The results
showed that when the net cage was towed by ship at a speed of 1 knot (51 cm/sec), the lifting height of the cage
bottom was about 5—6 m and the cage volume space was reduced to 30-35%; at a speed of 2 knots, the lifting
height was about 5.5—6.5 m, leaving 25% of the volume space. The effect when towing speed exceeded 1 knot was
equivalent to that when the net cage was directly affected by the strong currents of a typhoon. The deformation of
the net cage space almost reached the limit. The results of this study can be used as a reference by the cage culture
industry for developing movable net cages that are resistant to strong currents. They could also be used in tests on
net cages towed under strong currents to develop new cage structures to reduce deformation and improve

production efficiency.

Key words: small round net cage, net deformation, volume change, movable net cage, strong currents
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