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Recently, a decline in the normality ratio of net-caged juvenile scallops and the subsequent mass mortality of adult scallops
has become a serious problem in scallop aquaculture in Funka Bay. A decline in the normality ratio of juvenile scallops may
result from increased vibrations of the culture net cages during summer. To reveal the relationship between physical
environmental factors (such as waves and currents) and vibration of the net cages, continuous observations of the current
velocity and vertical and horizontal accelerations, as well as the water levels of the net cages (pearl and lantern nets), were
conducted in the scallop culture facility in Funka Bay from summer to autumn in 2020. Fluctuations in resultant acceleration
and water levels of the net cages showed strong correlations with oscillating widths (as a result of wave action) of the
significant current velocity. We conclude that strong wind-driven waves from the bay mouth are the leading cause of the
vibration of the net cages. Furthermore, short-term meteorological disturbances due to the passage of low-pressure systems

might cause vibration in the net cages without the occurrence of strong waves.
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Fig.1 Location of the field observation points in Funka Bay,
Hokkaido, Japan. The open triangle and circle indicate
the position of the aquaculture facilities offshore of
Yakumo Town and the meteorological station in
Oshamambe Town, respectively.
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Table 1 Environmental and associated factors relating to
vibrations of culture net cages used for the

correlation and principal component analyses.

Factors Codes
Days D
Indicator of wind stress in Southeast- El
Northwest direction
Indicator of wind stress in Northeast-

o E2
Southwest direction
Significant oscillating width in Southeast- B
Northwest direction
Significant oscillating width in Northeast-

o E4
Southwest direction
Current velocity in Southeast-Northwest Es
direction on upper layer
Current velocity in Northeast-Southwest 6
direction on upper layer
Current velocity in Southeast-Northwest 57
direction on lower layer
Current velocity in Northeast-Southwest 8
direction on lower layer
Standard deviation of resultant Pl
acceleration of pearl net
Standard deviation of vertical tilt of pearl P2
net
Standard deviation of water level of P3
upper pearl net
Standard deviation of water level of P4
lower pearl net
Standard deviation of resultant L1
acceleration of lantern net
Standard deviation of vertical tilt of D
lantern net
Standard deviation of water level of 3
upper lantern net
Standard deviation of water level of L4

lower lantern net
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Fig.2 Schematic illustration of the culture nets, equipped
with measuring instruments of physical parameters,
used in the longline aquaculture facility for juvenile
scallops in this study.
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Fig.3 Relationships between simulated wave height (from
GPV models from the Japan meteorological agency)
and oscillating widths of significant current velocity
(calculated from current velocity data collected in this
study) in the Southeast—Northwest direction.
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Fig.4 Temporal changes in the physical environmental factors (indicator of wind stress A and B; oscillating widths of significant

current velocity C and D; current velocity E, F, G, and H) in Funka Bay, Japan, from August to October 2020. Oscillating

widths of significant current velocity is quantified as follows: The difference between the maximum and minimum current

velocities in any wave cycle (5-6 s) is considered the oscillating width of the current velocity. The average of the top third

oscillating width of the current velocity is defined as the oscillating widths of significant current velocity. Indicator of
wind stress is defined as the squared value of the wind velocity.
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Fig.5 Temporal changes in standard deviations of resultant acceleration in the horizontal and vertical directions (A and D),
vertical tilt (B and E), and water levels at the upper and lower levels (C and F) of the pearl (A, B, and C) and lantern nets
(D, E, and F) for the intermediate culture of juvenile scallops.
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Table 2 Coefficients of correlation (7) between physical
environmental factors and the factors related to
vibrations of culture net cages. Grey hatchings
indicate weak (]0.2] < » < |0.5]), moderate
(10.5| < r <10.8|), and strong (|0.8| < r) correlations
(from light to dark).

A

D El E2 E3 E4 E5 E6 E7 E8 Pl1 P2 P3
E1 -0.13

E2 -0.08
E3  0.07
E4 0.13 0.47

E5 [-0.29 0.34 0.21 0.18/ 0.22
E6 -0.02 0.12 -0.01 -0.07 -0.02
E7 0.10 0.09 -0.06 -0.11 -0.17
E8 | 0.26 -0.13 -0.35 -0.28 -0.26

0.35

0.25
0.12

P1 0.09 0.26 0.21 -0.04 -0.11 -0.13
P2 1-0.36 0.37 0.09. 0.38 0.17 0.18 -0.05 -0.17 -0.16
P3 1-0.40 0.36 0.17/0.38 0.29 0.28 -0.01 -0.20 -0.19
P4 -0.35 0.16 -0.01 0.17 0.12° 0.22 0.02 -0.15 -0.07_ 0.42

D El E2 E3 E4 E5 E6 E7 E8 11 12 13

ES -0.29 0.46 0.39 0.27 0.20
E6 -0.02/ 0.29 0.17 -0.03 0.10
E7 0.131.0.26 0.08 -0.12 0.04
E8 0.02/-0.25 -0.34 -0.11} 0.35

L1 -0.
L2

0.48 0.16 -0.10 -0.05 -0.
0.19 0.20 -0.11 -0.16 -
0.02 -0.05/-0.
-0.02 -0.06 -
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Fig.6 Factor loadings of the first three principal components
(PC1, PC2, and PC3) of the principal component
analysis of the environmental factors and those related
to vibrations of the culture net cages are indicated in
Table 1.
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