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Kyosuke Niwa* and Kazuhiro Harada: Experiment on forcing cultivation of Undaria pinnatifida sporophytes in the Seto Inland Sea by
using free-living gametophytes cultured in laboratory. Jpn. J. Phycol. (Sorui) 64: 10-18, March 10,2016

The aim of this study was to attempt forcing cultivation of the marine crop Undaria pinnatifida sporophytes in the Seto Inland Sea. The
seedling production was performed using free-living male and female gametophytes in indoor water tanks under artificially controlled
temperature and light conditions from early September, and the germlings (juvenile sporophytes) were transferred to the sea for nursery
cultivation from early October in Undaria farm of Eigashima, Akashi, Hyogo Prefecture. The produced seedlings were cultivated on ropes
stretched horizontally in the floating cultivation facility in the farm from late October. From the result, it was possible to harvest the grown-
up sporophytes (approximately 1 m in length) from late December, although the marine crop was usually harvested during February and
March in the Seto Inland Sea. Moreover, since 1-1.5 m sporophytes only in total length were harvested, the harvest was carried out 6
times from same ropes until late February, leading to the increase of total harvest of sporophytes. It is therefore considered that this forcing
cultivation is a useful method for stable fishery management during winter.
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Fig. 1. Pedigree of Undaria pinnatifida sporophytes (HGU-1) bred by cross
breeding. The parentheses show the stock number.
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Fig. 2. Procedure for seedling production using free-living female and male gametophytes of Undaria pinnatifida. (a) The suspension that contains both
of female and male gametophytes was poured to a collector winding strings. (b) The collector cultured in a flat vessel to produce fertilized eggs on strings
wound around the collector. The culture was conducted for three days. (c) The collector taken from the flat vessel to reverse the collector. (d, e) Collection of
gametophytes attaching on bottom of the flat vessel. (f) The suspension of the collected gametophytes was poured to the reversed collector. After pouring, the
culture was conducted in the flat vessel for three days. (g) Culture of sporophyte germlings (seedlings) attaching on the strings wound around the collectors in
an indoor water tank. (h) The collectors in the indoor water tank after 1 month of culture.
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Fig. 3. Maps showing the cultivation site Eigashima in the Seto Inland Sea,

and other localities mentioned in this study.

Fig. 4. Nursery cultivation (a—c) and cultivation for harvest (d—f) of Undaria
pinnatifida sporophytes (HGU-1). (a) Seed string was detached from the
collector and rewound around metal frame for nursery cultivation in the sea.
(b) The frame was placed at a depth of about 1.5 m for nursery cultivation in
Undaria tarm. (c) The frame finished nursery cultivation. (d) The seed string
produced by nursery cultivation was cut, and the cut string was inserted the
rope for Undaria cultivation. (e) A view of Undaria farm at Eigashima. (f)
Undaria pinnatifida sporophytes on December 26, 2014 just before first
harvesting.

Fig. 5. Illustration of an Undaria pinnatifida sporophyte showing total length
(a), blade length (b), stipe length (c), blade width (d), divided (pinnate) blade
length (e), undivided blade width (f), stipe width (g), and stipe thickness (h).
The circle area (i) was used for measurement of blade thickness.

Table 1. The size of juvenile sporophytes Undaria pinnatifida (HGU-1) collected
at the beginning (October 7, 2014) and on the last day (October 31,2014) of
nursery cultivation in the sea. Average + SD (n = 20).

Total length (mm) Blade width (mm)
Oct. 7,2014 4.99+1.23 0.88+0.37
Oct. 31,2014 12.1741.64 3.71+0.59




7 71 X DA AREE SR 13

30

254

201

154

104

Seawater temperature (°C)

54

0
Oct. 1

Dec. 1 Jan. 1 Feb.1  Mar. I

2014-2015

Nov. 1

Fig. 6. Record of seawater temperature near the cultivation site (October 1,
2014 — March 1,2015).
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Fig. 8. Sporophyte samples of Undaria pinnatifida (HGU-1) collected before
harvesting. Scale bars: 2 cm (November 19, 2014), 20 cm (December 8,

2014) and 50 cm (December 26,2014).
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Fig. 7. Changes in dissolved inorganic nitrogen (DIN) concentration in
seawater at the cultivation site (November 10, 2014 — February 28, 2015).

WIEHERIZE 2R 7P EIT-o T, ¥ 252 WL %,
R L# T (Fig. 4¢), & +HBezRUNL, A#EHT
[l —DEHr — 7R oD IELINETE2 L) 7 hRXDE
EMEBE LT 2%0, SIRFERPEEL T3P 24
ZHEEIHARTREWH 7 cm HETUIW L, #iin—7 (&
£30m, BER12~14cm) O3 cm 72840 cm [
fECHBEMT, ¥ R2AOMEIEERT — 7ICBBAALR
(Fig. 4d), AEIX, FiE0 — 7 21250 U XM S
DA TRFEICED, Ty 220 HTT, KEOS~
1 mBEWD TIT-> % (Fig. 4e, ), FIUH#E I 2014 5 12
H 28 Hizf7v, 2EHN 1 m M EofE#E%2EEA D IN- 72,

120

Total length or blade width (cm)

Jan. 1

Dec. 1

2014
Fig. 9. Growth in total length ( @ ) and blade width ( O ) of Undaria
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Fig. 10. Sporophyte samples of Undaria pinnatifida (HGU-1) collected in the harvesting period (January 8 and 25, and

February 3 and 15, 2015). Scale bars: 50 cm.
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Table 2. Size characteristics of larger sporophytes Undaria pinnatifida (HGU-1) sampled between harvests. Average + SD (n = 10). TL, total length; BL, blade length;
BW, blade width; SL, stipe length; DBL, divided (pinnate) blade length; UBW, undivided blade width; BT, blade thickness; TW, total wet weight.

TL (cm) BL (cm) BW (cm) SL (cm) DBL (cm) UBW (cm) BT (mm) TW (g)
ey ind 3rdharvest) 1245559 1081458 667464 164138 349457 84412 0.174£0.052  127.4+19.0
%%2&&33” Sth harvest) 12274115 1019110 66.7+16.1 20.8:28 327486 9.1£1.5 0.374:0.045 11174567
(ool the Sthharvesty 1352462 1097461 783475 255220 42,6464 108513 035040032 1489159
(omvoen s Zsth harvest) 1347504 109.0£7.4  79.1475 258827 399452 105416 0.3530.044 14504214
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Fig. 11. Morphological characteristics of Undaria pinnatifida sporophytes
(HGU-1) during the harvesting period (January 8 and 25, and February 3
and 15, 2015). TL, total length; BW, blade width; BL, blade length; UBW,
undivided blade width; SW, stipe width; ST, stipe thickness.
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