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Growth Responses to Water Temperature and Water Velocity of Undaria
pinnatifida (Phaeophyceae) under Outdoor Raceway Tank System
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Abstract : Young sporophytes of Undaria pinnatifida cultivated in Sado Island (Niigata Prefecture) were
grown in the outdoor raceway tank system in order to determine the effects of different combinations of
water velocity and water temperature. Effects of water velocity were varied depending on thallus size and
the optimal water velocity for growth was 10-20cm/s in young sporophytes (15.5cm in total length). In
water temperature experiments, high growth rates were maintained at 11-17°C, but growth was significantly
reduced above 17°C, and upper lethal temperature was 27°C. Growth rates observed at upper limit of
optimal growth temperature were higher in high water velocity (40cm/s) than in lower water velocity
(5cm/s). These results indicate that both water temperature and water velocity have significant effects on the
growth of young sporophyte in Undaria pinnatifida.
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Fig. 1 General view of an outdoor raceway tank system for culture of Undaria pinnatifida.
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Table 1 Summary of water temperature and water velocity during 20 days experimental periods of Undaria pinnatifida

Water velocity

Experimental conditions Water temperature (°C) (cm/s)
Effect of water velocity AT" Mean Minimum  Maximum Mean
December experiment 0 13.6 12.3 15.7 4.7, 8.7, 17.5,
(Dec. 8-Dec. 28, 1990) 28.0, 38.9, 45.8
January experiment 0 11.3 8.8 13.9 4.2, 10.5, 20.8,
(Jan. 12-Feb. 1, 1991) 31.5, 40.0, 48.2
Effect of water temperature
December experiment 0 15.4 12.8 17.8 20.5
(Dec. 5-Dec. 25, 1991) 2 17.3 14.8 19.7 21.1
4 19.3 16.6 21.6 22.1
6 20.8 18.0 22.8 21.6
8 23.1 20.3 25.5 20.2
10 25.2 22.2 27.4 21.0
January experiment 0 11.5 9.7 13.3 21.0
(Jan. 16-Feb. 5, 1992) 2 13.6 11.7 15.4 19.8
4 15.4 13.5 17.3 21.0
6 17.2 15.5 19.2 20.5
8 19.4 17.5 21.2 20.3
10 21.5 19.5 23.6 20.0
Effects of water temperature
and water velocity
December experiment 0 15.1 13.5 16.8 5.1, 39.4
(Dec. 6-Dec. 26, 1992) 3 17.9 16.3 19.7 5.0, 38.9
6 21.4 19.6 23.3 4.7, 40.3
January experiment 0 11.5 10.4 12.8 4.9, 40.7
(Jan. 17-Feb. 6, 1993) 4 15.4 14.2 16.7 5.4, 39.8
8 ©19.0 17.9 20.3 5.5, 39.0

* Elevation level of temperature above natural seawater temperature.
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Table 2 Summary of environmental variables during 20 days experimental periods of Undaria pinnatifida

Experimetal conditions

Mean value (minimu-maximum)

Salinity
(psu)

DIN
(ug-at/L)

PO4_P
(ug-at/L)

Mean photosynthetic

photon flux

density (mol/m?/day)

Effect of water velocity
December experiment

January experiment

Effect of water temperature
December experiment
January experiment

Effects of water temperature

and water velocity
December experiment

January experiment

32.44 (31.73-33.03)
33.18 (32.73-33.54)

32.48 (32.03-32.88)
32.65 (32.20-33.02)

32.13 (31.54-33.20)
33.03 (32.36-33.40)

3.20 (1.57-4.84)
3.84 (1.43-4.97)

2.04 (0.79-3.49)
4.51 (2.94-5.96)

3.09 (0.78-5.11)
4.26 (1.34-6.54)

0.17 (0.05-0.26)
0.22 (0.07-0.33)

0.15 (0.09-0.22)
0.24 (0.18-0.56)

0.14 (0.05-0.18)
0.26 (0.14-0.34)

4.52 (1.23-14.58)
5.75 (3.21-16.68)

8.28 (1.37-17.26)
7.16 (1.70-18.63)

Not measured

Not measured
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Fig. 2 Effect of water velocity on growth of Undaria

pinnatifida after 20 days culture for December
experiment. Growth rate (leaf area) expressed as
mean * SD (n=10). Mean water temperature during
the experiment was 13.6°C.
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Fig. 3 Schematic illustration of Undaria pinnatifida
cultured under different water velocities for January
experiment. A: 4.2cm/s, B: 10.5cm/s, C: 20.8cm/s,
D: 31.5cm/s, E: 40.0cmv/s, F: 48.2cm/s.
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Fig. 4 Effect of water velocity on growth and tissue
contents of Undaria pinnatifida after 20 days culture
for January experiment. Growth rate (A, mean *
SD, n=9), photosynthetic pigment contents (B,
mean), tissue carbon and nitrogen contents (C,
mean). Mean water temperature during the
experiment was 11.3°C).
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Fig. 5 Effect of water temperature on growth of Undaria
pinnatifida after 20 days culture for December
experiment. Growth rate (total leaf length) expressed

as mean (n=50). Mean water velocity during the
experiment was 21.lcm/s.
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Fig. 6 Schematic illustration of Undaria pinnatifida
cultured under different water temperatures for
January experiment. A: 11.5°C, B: 13.6°C, C: 15.4
°C, D: 17.2°C, E: 194%C, F: 21.5C.
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Fig. 7 Effect of water temperature on growth and tissue
contents of Undaria pinnatifida after 20 days culture
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Fig. 8 Effects of water temperature and water velocity on
growth of Undaria pinnatifida after 20 days culture
for December experiment. Growth rate (leaf area)
expressed as mean £ SD (n=39).
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Fig. 9 Effects of water temperature and water velocity on growth and tissue contents of Undaria pinnatifida
after 20 days culture for January experiment. Growth rate (A, mean = SD, n=9), photosynthetic pigment
contents (B, mean), tissue carbon and nitrogen contents (C, mean).
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D EREINTWD (Morita et al., 2003), AHfF
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