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Photosynthesis and dark respiration of blade discs of Laminaria longissima were measured once a month
for a year. Light-saturation of photosynthesis at in situ temperature occurred at 200-400 zEm™~2s~!. No
photoinhibition of photosynthesis was observed within the light intensity range investigated (max.
1000 #.E m~257'). The light-saturated net photosynthetic rate at in situ temperature reached its maximum
in September and its minimum in December. The respiratory rate at in situ temperature was low from
winter to spring. The light-saturated net photosynthetic rate at a constant temperature (10°C) was higher
in the colder season and reached its maximum in January.
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Laminaria longissima MIYABE is one of the
most important seaweeds in Japan from both
the ecological and economic points of view.
It is the largest species of Laminaria in Japan,
with blades usually reaching 8 m long or more
(Toxipa et al. 1980), and sometimes 20 m.
This species forms kelp beds in depths from
the low water mark to the subtidal zone and
plays an important role as a primary producer
in rocky shore ecosystems of the eastern
Pacific coast of Hokkaido. Plants of this
species have been used as human food like
some other members of the genus Laminaria
and closely related genera, which are called
kombu in Japan (KawasHiMA 1984).

Ecophysiological studies concerning photo-
synthesis and productivity have been inten-
sively made on two species of Laminariales,
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Ecklonia cava and Eisenia bicyclis, that form
marine forests in central Japan (YOsHIDA
1970, YokoHaMA 1977, TANAKA et al. 1983,
YokoHAMA ¢t al. 1987, MAEGAwWA and Kipa
1987, MAEGAWA ¢t al. 1987, 1988, SAKANISHI
et al. 1988, 1989). However, only a few
studies have been made on photosynthesis of
Laminaria species growing in the northern
part of Japan (NuHArRa 1975, MATsuvama
1985). No ecophysiological study concerning
photosynthesis has been made on L.
longissima. The present study was carried
out to clarify the photosynthesis-light relation-
ship and seasonal changes in photosynthetic
activity which influence the seasonal growth
of L. longissima plants.

Material and Methods

Photosynthesis and respiration of Laminaria
longissima were measured monthly from
September 1987 to August 1988 with plants
growing in the upper subtidal zone at
Katsurakoi, Kushiro, Hokkaido (Fig. 1). It
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is estimated from the stage of development of
the zoosporangial sori on the blade (cf. Sasak1
1969, 1973, KawasHiMAa 1983) that most of
the samples collected from September 1987 to
January 1988 were plants younger than one
year old, and those from February to August
1988 were at least one year old.

Collected sample plants were brought to
the Hokkaido Regional Fisheries Research
Laboratory and kept in an indoor tank sup-
plied with running seawater before use.
Discs of 3.1 cm? were cut out of the peripheral
portion in the middle part of each plant, and
they were kept in running seawater overnight
(for ca. 12 hr) in the laboratory before measur-
ing photosynthesis or respiration in order to
avoid unreliable results associated with the
trauma of cutting (SAKANISHI ¢t al. 1988). Ap-
proximately half of the discs obtained had
zoosporangial sori from September 1987 to
January 1988 while from February to August
1988 all the discs lacked the sori, since the
middle part of a plant was occupied by the old
blade with the sori in the former period while
the new blade formed beneath the old blade
occupied the middle part in the latter period.

Measurements of photosynthesis and res-
piration were carried out with blade discs
by the light-and-dark bottle method. A blade
disc was incubated in a D.O. bottle of about
100 m! for 30 min in photosynthesis measure-
ment, and for 45 min in respiration measure-
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Fig. 1. The site of this study.

ment. The bottles were shaken at 120 rpm
during incubation since YOkOHAMA and
IcHiMUra (1969) reported that shaking
markedly increased the photosynthetic rate of
discs of Padina arborescens in bottoles. The oxy-
gen concentration in seawater was determined
by the Winkler titration method before and
after the incubation. For determining the
photosynthesis-light relationship, photosyn-
thesis was measured at in sifu temperatures
(monthly averaged water temperatures)
under photon flux densities.
Photosynthesis and respiration measurements
were carried out constant
temperature and light conditions of 10°C and
400 #.Em~2s7! or in darkness. Photoreflec-
tor lamps (National 100 V 500 W) were used
for photosynthesis measurements. Photon
flux densities were measured with a quantum

meter (LI-COR LI-1000/LI-192S).

various

also under

Results

Photosynthesis-light curves of Laminaria
longissima plants on a frond area basis at in situ
temperatures are presented in Fig. 2. The
light-saturation of photosynthesis occurred at
200-400 xtEm~2s~!. The saturating light
level was low from spring to early summer.
The photosynthetic rate completely saturated
within the light levels investigated except for
in December and April. The compensation
light levels ranged from 1 to 8 yYEm™2s7!,
being high from autumn to early winter and
low from late winter to spring, with some
exceptions.

Figure 3 shows the seasonal changes of
the light-saturated net photosynthetic and
respiratory rates at in sifu water tempera-
tures. The photosynthetic rate reached a
maximum of 55#/O;cm™2h™! in Sep-
tember, thereafter declined, and reached a
minimum of 31 /Oy cm~2h~! in December
and January. The net photosynthetic rate
then increased gradually toward August.
The respiratory rate at in situ temperature
ranged from 1 to 6 #/Oycm™2h™!, being
generally high in summer and low in winter.

In Fig. 3, almost parallel trends can be seen
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between the changes in light-saturated net  net photosynthetic rate at in situ temperature
photosynthetic rate and the in situ tempera-  decreased with temperature from September
ture except during the colder season. The  to December, but it increased from December
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Fig. 2. Laminaria longissima. Photosynthesis-light curves at in situ water temperatures from September 1987
to August 1988. Mean=SD for 5-6 replicates.
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Fig. 3.
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Laminaria longissima. Seasonal changes in the light-saturated net photosynthetic and the respiratory

rates (open circles) deduced from the photosynthesis-light curves in Fig. 2 and in situ water temperature (solid

circle).

to February in spite of a continued tempera-
ture decline, while it did not increase from
February to April in spite of a temperature in-
crease. From April to August it increased
with temperature.

Seasonal changes of the light-saturated net
photosynthetic and the respiratory rates

under constant conditions (10°C) are
presented in Fig. 4. The photosynthetic rate
was low in September-November, increased
in December and reached a maximum of
61 #/Oycm~2h~!in January. Itdeclined in
spring to reach a lower level in summer. A
minimum of 30 #/O;cm~2h~! was obtained
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Fig. 4. Laminaria longissima. Seasonal changes in the light-saturated net photosynthetic and the respiratory

rates at 10°C. Mean=SD for 3 replicates.
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in September. The respiratory rate varied
from 2 to 10 #/ O, cm~2h ™!, being generally
higher from September to March and lower
from April to August.

Discussion

The saturating light level for photosyn-
thesis in Laminaria longissima varies from 200
to 400 k(E m~2s™!, and is comparable to that
given for other Laminariales plants by Kinc
and ScHrRAMM (1976), WILLENBRINK et al.
(1979), LoniNne (1981), Gerarp (1986),
MAaEGawaA et al. (1987) and SAKANISHI et al.
(1988, 1989). The seasonal change in the
saturating light level for photosynthesis in L.
longissima seems not to be attributable to the
sun and shade adaptation as observed in
natural phytoplankton (Aruca 1965) and
macroalgae (Kine and ScHramMm 1976).
Although the sun adaptation generally in-
volves a higher saturation light level for
photosynthesis and a lower initial slope
(BoarpMaN 1977), L. longissima does not show
a higher saturation light level and a lower ini-
tial slope in spring and early summer when it
may often be exposed to high photon flux
density and sun adaptation can occur. The
lower saturating light level for photosynthesis
may be attributable to the fact that the blades
of this species are thin in spring and early sum-
mer. The blade weight/area ratio as an index
of thickness is low from April to July in this
species. LUNING (1979) pointed out that in
Laminaria spp. with thick thalli the photosyn-
thetic rate gradually approached saturation
with increasing light level due to the gradual
increase in light penetrating through to the
photosynthetic layer of the shade side of a
thallus under unilateral illumination.

Photosynthesis-light curves at —1 and

0°C, which have scarcely been reported for

seaweeds, were obtained in February and
March in the present study (Fig. 2). Those
curves were characterized by high P : R ratio
and low compensation light level. These
characteristics of L. longissima in winter could
be advantageous for organic matter produc-
tion.

Seasonal changes in the net photosynthetic
rate of L. longissima at in situ temperatures
(Fig. 3) suggest that photosynthetic capacity
reaches a maximum in mid-winter. The
seasonal changes at a constant temperature of
10°C (Fig. 4) show that photosynthetic activi-
ty is much higher in mid-winter than in other
seasons. These results clearly indicate that
the photosynthetic capacity of L. longissima
reaches its maximum in mid-winter, which ac-
counts for the observed increase in net
photosynthetic rate with decreasing tempera-
ture from December to February (Fig. 3).

The seasonal changes in net photosynthetic
rate of L. longissima at a constant temperature
(10°C) in the present study are almost like
those of Ecklonia cava at 20°C reported by
SAKANISHI ef al. (1989). Although the photo-
synthetic capacity was high in winter when
the blade tissue was younger and low in sum-
mer when the blade tissue was older in E.
cava, seasonal changes in photosynthetic
capacity of L. longissima cannot be attributed
to aging in blade tissue, since the blade tissue
used in January, showing the highest photo-
synthetic capacity, was not younger than the
blade tissues used at other times of the year.
In L. longissima, photosynthetic capacity
seems to be affected by seasonal changes in
physiological state rather than aging of blade
tissue (SAKANISHI ¢t al. in preparation).
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