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Blade growth was measured in the edible kelp Arthrothamnus bifidus (Gmelin) Ruprecht cultivated in an experimental tank. Adult
sporophytes were collected from the rocky shore of Daikoku-jima Island, off Akkeshi, Hokkaido, Japan, and cultivated under near the
natural light and temperature conditions in a 200 L tank placed in a greenhouse. Growth rate of newly formed blades, which were issued
from auricles at the basal part of a blade, was calculated from the data for blade area increase. The relative growth rate (2.6% day™') of A.
bifidus obtained in the present study was comparable to that of the other member of the Laminariales, Saccharina longissima (Miyabe) Lane,
Mayes, Druehl et Saunders, being distributed in almost the same area as A. bifidus.
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Fig. 1. Map showing the sampling site (closed circle) of Arthrothamnus
bifidus, Daikoku-jima Island, off Akkeshi, Hokkaido, Japan.
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Fig. 2. Seasonal changes in seawater temperature in an experimental tank
(upper) and PAR above the experimental tank (solid) and on land (dotted)
(lower) from January to May 2000. PAR above the experimental tank was
calculated from the measured value of PAR on land and the ratio (0.59) of
PAR above the experimental tank to PAR on land. Up arrows indicate the
time at which a pair of auricles was observed at the basal part of a blade of
Arthrothamnus bifidus. Two-way arrows indicate the period during which
the blade growth of A. bifidus was measured.

RGR =100 x (InA; —InAy) / t

RGR I MM A RHE (% day'), A, AJZHIERBREE X
Ot HEOERM, t 3R HEZRT,

BREEER

IR (2000 4E 1-5 H) 123B1) 2 EHRER L E 0 K
RN DMK & B EZKEE b () koM Eo 1 HH/0
ORFEER R (SE) % Fig. 2 1R Lz, BEAKEE Lo
HETRIIH EDOZND 59% IcH 75, HEARIE, 1 H1H
12 3.1°CT, 2ATHEIC T TIET L, 2 H 28, 29 HIZHK
(-12°C) %:dd, ZoB AL, SH3LHIKT7TCE A>T,
B RME Lootsri () 1, HEOZHHRE »D
DD, Wl AH 6 5 Az T RL, 1 A 20 Hick7 &I
M D RA%AE 2.4 mol m™ day”, 5 H 17 HIZ#% & 35.4 mol
m” day”' ZaifkL 7z, AR GERR) 2@ LW G A
15H-5 A 16 H) oXKifEEXRETRIE, Z20Z21-0.1-5.3C

Fig. 3. A pair of auricles formed at the basal part of a blade of Arthrothamnus
bifidus on January 5, 2000. Scale bar, 2 cm.
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Fig. 4. A pair of newly formed blades of Arthrothamnus bifidus cultivated
in an experimental tank. From left to right: March 15, April 14 and May 16,
2000. Scale bar, 30 cm.
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Fig. 5. Growth, in terms of surface area increase, of newly formed blades of Arthrothamnus bifidus cultivated in an
experimental tank. Data points were fitted to an exponential equation. Blade area measurement was performed for one
of a pair of newly formed blades in each plant. *One of a pair of newly formed blades was withered in Plant 1 and 5.
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Table 1. Blade growth rates of laminarian kelps. Growth measurements were performed in situ at each study site throughout a year unless otherwise specified.

Species Location Stage . Growth rate Gthhlrﬁte Reference

(Blade length in cm) (cm day™) (% day™)
Alaria esculenta Newfoundland, Canada Adult plants (nd) 0.1-0.5° Buggeln (1974)
Arthrothamnus bifidus ~ Hokkaido, Japan Adult plants (30—140) 2.5-2.7° Present study
Costaria costata Washington, USA Adult plants (nd) 1.8 Maxwell & Miller (1996)
Ecklonia radiata New South Wales, Australia Adult plants (26-46) 0.08-0.20 Larkum (1986)
Ecklonia radiata South Australia, Australia Adult plants (nd) 0.09-0.22 Fairhead & Cheshire (2004)
Ecklonia radiata Southland, New Zealand Adult plants (25-60) 0.06-0.45 Miller et al. (2011)
Eckloniopsis radicosa ~ Tokyo (Izu-Oshima Is.), Japan Young plants (2-3) 13.4-14.7° Komazawa et al. (in press)
Laminaria ochroleuca  La Coruia, Spain Young plants (2-12) 7.2 Roleda et al. (2004)
Saccharina latissima Devon & Argyll, UK Adult plants (40-350) 0.5-2.1 Parke (1948)
Saccharina latissima The west coast (lat. 60°15'N), Norway Adult plants (85-150) 0.1-1.2 Sjetun (1993)
Saccharina latissima Berufjordur, Iceland Adult plants (nd) 0.1-0.8 Sjetun & Gunnarsson (1995)
Saccharina longicruris  Nova Scotia, Canada Adult plants (nd) 0.2-0.92 Chapman & Craigie (1977)
Saccharina longicruris ~ Nova Scotia, Canada Adult plants (>50) 0.15-1.0 Gerard & Mann (1979)
Saccharina longicruris  Nova Scotia, Canada Adult plants (100-200)  0.4-1.8 Gagné et al. (1982)
Saccharina longissima ~ Hokkaido, Japan Adult plants (125-240)  3.8° 2.7° Sasaki (1967)
Saccharina religiosa Hokkaido, Japan Adult plants (31-128) 0.02-1.81 Abe et al. (1983)
Undaria pinnatifida Mie, Japan Young plants (2-3) 13-20° Morita et al. (2003)
Undaria pinnatifida Otago, New Zealand Adult plants (29-80) 0.22-0.85 Dean & Hurd (2007)
Undaria pinnatifida Iwate, Japan Adult plants (48-163) 1.0-1.8" Yoshikawa et al. (2001)
Undaria undarioides Mie, Japan Young plants (2-3) 15-17.9° Morita et al. (2003)

‘Growth rate, in terms of blade elongation, was obtained by using the hole-punch method of Parke (1948) unless otherwise specified. "Growth rate, in terms of
blade area increase, obtained by measuring blade surface area. “Plants for growth measurements were cultivated under near the natural light and temperature
conditions in an experimental tank in a greenhouse. ‘Plants (sporophytes) for growth measurements and gametophyte cultures, which were used to obtain young
sporophytes, were grown under controlled temperature and light conditions in a laboratory. ‘Growth rates were calculated from the data on the blade length and

width measured in April and May. ‘Plants for growth measurements were cultivated by using almost the same method as the commercial cultivation.
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