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Effects of Voltaic Currents on the Early Development
of Some Benthic Marine Algae

Hiroshi YaBu* and Hajime Yasur*

Abstract

Spore-germlings of six benthic marine algae viz. Ulva pertusa, Porphyra yezoensis,
Bangia atropurpurea, Palmaria palmata, Laminaria japonica and Undaria pinnatifida were
observed after treatment with various voltaic currents (5-50 A.C.V) for 1-3 minutes.
Ranking these species on a scale from extremely stout to relatively feeble, Palmaria palmata
ranks highest followed by Porphyra yezoensis and Bangia atropurpurea : the latter two being
Bangiales species. The two species of Laminariales (Laminaria japonica and Undaria
pinnatifida) are considered to be relatively feeble. Generally speaking, after treatment for
3 minutes with 5-10 V, the spore-germlings of each species grew well. After treatment with
20 V for the same time period, about 509, of cells from the germlings died, but the remaining
cells continued to grow normally. After treatment with 40-50 V, most of the germlings had
died. After treating Undaria pinnatifida for 3 minutes with 30-40V, about 99%, of the
gametophytes had died, but the remaining 1%, grew normally and produced sporophytes.
After treatment for 3 minutes with 5-10 V, tetraspore-germlings of Palmaria palmata grew
normally, however, treatment with 20~-30V delayed both the growth of discs and the
occurrence of erect fronds on the discs. When this same species was treated with 40-50 V,
it did not produce erect fronds.
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Fig. 1. Experimental apparatus.
A. Toshiba slidac SK 105. B. Toa digital multimeter DMM-9151. C. Soar multimeter
4010. D. Plastic case in which materials were treated with various voltages.
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Fig. 2. Survival rates on the germlings of algae after treatment with various A.C. voltages.

A. Zoospore-germlings of Ulva pertusa in 4 days after treatment on the germlings in 18
days from the start of culture. B. Carpospore-germlings of Porphyra yezoensis in 4 days
after treatment on the germlings in 8 days from the start of culture. C. Sporophytes of
Laminaria japonica in 24 hrs after treatment on the sporophytes in 1-6 cell stages produced
in 16 days from the start of culture. D. Gametophytes of Undaria pinnatifide in 3 days
after treatment on the germlings is 1 month from the start of culture. E. Carpospore-
germlings of Bangia atropurpurea in 3 days after treatment on the germlings in 1 month
from the start of culture, and tetraspore-germlings of Palmaria palmata in 3 days after
treatment on the germlings in 8 days from the start of culture. F. Length of the elect
thalli on the discs derived from the tetraspore-germlings of Palmaria palmata after
treatment with various voltages on the germlings in 8 days from the start of culture.
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Figs. 3-6. Zoospore-germlings of Ulva pertusa in 4 days after treatment with various A.C.
voltages on the germlings in 18 hrs from the start of culture. x350. 3. Treated with 50
V for 3 minutes. 4. Treated with 50 V for 2 minutes. 5. Treated with 20 V for 3 minutes.
6. Treated with 5V for 1 minute.

Figs. 7-11. Carpospore-germlings of Porphyra yezoensis in 4 days after treatment with various
A.C. voltages for 1 minute on the germlings in 8 days from the start of culture. x350. 7
& 8. Treated with 50 V. 9 & 10. Treated with 20 V. 11. Treated with 10 V.

Figs. 12-14. Carpospore-germlings of Bangia atropurpurea in 2 days after treatment with
various A.C. voltages on the germlings in 10 days from the start of culture. x400. 12.
Treated with 30 V for 3 minutes. 13. Treated with 20 V for 3 minutes. 14. Terated with
10V for 1 minute.

Figs. 15-20. Tetraspore-germlings of Palmaria palmata without or with A.C. voltages. 15-
18. X100; 19 & 20. x40. 15. In 8 days culture just before treatment with voltages. 16.
In 20 days after treatment with 30 V for 3 minutes on the germlings in 8 days from the start
of culture. 17. In 20 days after treatment with 20 V for 3 minutes on the germlings at the
stage of Fig. 15. 18. In 20 days after treatment with 10 V for 3 minutes on the germlings
at the stage of Fig. 15. 19. In 40 days after treatment with 10 V for 3 minutes on the
germlings at the stage of Fig. 15. 20. In 40 days after treatment with 5 V for 1 minute on
the germlings at the stage of Fig. 15.
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Figs. 21-23. Yonug sporophytes of Laminaria japonica in 2 days after treatment with various
A.C. voltages. 21. Treated with 40 V for 3 minutes. 22. Treated with 30 V for 3 minutes.
23. Treated with 20 V for 2 minutes.

Figs. 24-29. Gametophytes of Undaria pinnatifida after treatment with various A.C. voltages on
the gametophytes in 3 months from the start of culture. xX350. 24. In 3 days after treat-
ment with 40 V for 1 minute. 25. In 3 days after treatment with 30 V for 3 minutes. 26. In
3 days after treatment with 30 V for 2 minutes. 27. In 3 days after treatment with 10 V for
3 minutes. 28. In 20 days after treatment with 40 V for 1 minute. 29. In 20 days after
treatment with 30 V for 2 minutes.
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