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As the measurement of photosynthesis of tissue segments of Ecklonia and Eisenia with oxygen
technique had been disturbed by cutting a thallus, the present study was carried out to develop a
suitable treatment of tissue segments from the thalli of these algae. It was found that photosynthetic
and respiratory rates can be determined without disturbance with blade pieces of these algae after
being kept in running seawater for a period longer than 3 hrs after cutting.

Blade discs of 4.1 cm? were cut off from grown-up bladelets of Ecklonia cava and Eisenia bicyclis. A
disc was placed in a reaction vessel of a differential gas-volumeter with a capacity of about 35 ml
together with 10 ml of filtered seawater, and oxygen evolution or consumption in the vessel was mea-
sured under illumination or in darkness. The rates of oxygen evolution under illumination were at
almost constant high level in the discs kept in advance in the vessels in running seawater for more
than 3 hrs after cutting, while the values were extremely low when the measurements were made just
after cutting. In case of measuring the oxygen consumption in darkness, slightly high rates were
observed just after cutting.

Comparison of photosynthetic and respiratory rates was made on an area basis between a young
whole plant and a disc cut out of it. The rates of net photosynthesis and respiration of a disc were
respectively 1.18 and 1.85 times higher than those of a whole plant on the average. These differences
seem to be reasonable since the whole plant has portions such as stipe, holdfast and margins.

Photosynthesis-light curves were obtained without disturbance using the discs which were cut
out of grown-up bladelets of Ecklonia cava and Eisenia bicyclis and kept overnight in running seawater.

These curves were similar to those determined with young whole plants.
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The brown algae Ecklonia cava and FEisenia
bicyclis are widely distributed along the
Pacific coast of central Japan, and form
submarine forests there. Measuring the
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photosynthetic or respiratory activity in
these species has been, however, difficult
because cutting the thallus of these algae
disturbs the measurements with oxygen
technique (ARrasakl and Toxupa 1967).
We suppose this to be due to the consump-
tion of oxygen in water by some substance(s)
released from the wounded portion of the
thallus piece. In preliminary measure-
ments, however, the photosynthesis and
respiration were successfully measured with
young whole plants of Ec. cava and Ei.
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bicyclis, which were 10 cm in blade length,
even though they had wounded parts pre-
sumably caused by grazing. In this case,
many hours might have passed since the
plant was grazed. Thus, it is considered
that measurements of photosynthesis and
respiration can probably be successfully
done if a piece cut off from a thallus of Ec.
cava or Ei. bicyclis is kept in running sea-
water for several hours after cutting.

The present study was carried out to
develop a suitable treatment of blade pieces
from the thalli of Ec. cava and Ei. bicyclis
before measuring photosynthesis and respi-
ration in order to avoid any unreliability
similar to that observed by ARrasakr and
Toxkupa (1967).

Materials and Methods

Young and adult plants of Ecklonia cava
and Eisenia bicyclis used in this study were
collected from a depth of about 5m and
1 m, respectively, in Nabeta Bay, Shimoda,
Shizuoka Pref., and brought to the Shimoda
Marine Research Center, University of
Tsukuba. The young plants of about 10
cm in blade length were kept in running
seawater in the laboratory before the mea-
surements of photosynthesis or respiration,
while the adult plants were kept in an
outdoor water tank supplied with flowing
seawater before discs of 4.1 cm® were cut
out of their bladelets. The discs were then
kept in running seawater in the laboratory
for different lengths of time before use.

The instrument used for measuring pho-
tosynthesis and respiration was ‘Product-
meter’, a differential gas-volumeter devised
by YokoHama and IcmmMura (1969) and
improved by YokoHAMA ¢t al. (1986), which
had been used for physiological and ecologi-
cal studies of seaweeds (YokoHama 1972,
1973a, 1973b, 1973c, KaGcEyaMA and Yoko-
HAMA 1974, Hata and Yokonama 1976,
Kacevama and YokoHaMma 1977, Mizusa-
wA et al. 1978, KAGEYAMA e al. 1979,
Katavama et al. 1985, Sarton et al. 1986,
MaEecAawA et al. 1987). Several types of

reaction and compensation vessels attach-
able to this instrument were reported by
Yokonama and Maecawa (1988). A
blade disc and 10 m/ of filtered seawater
were placed in a flask type reaction vessel
with a capacity of about 35ml, and a
similar amount of filtered seawater was
placed in a compensation vessel of the
same type. A young whole plant and 50
m! of filtered seawater were placed in a
culture flask type reaction vessel with a
capacity of about 200 m/, and a similar
amount of filtered seawater was placed in
a compenastion vessel of the same type.

A slide projector (Elmo S-300) with an
incandescent lamp (Kondo 100 V 300 W)
was used as the light source for the photo-
synthesis measurements. The sample was
irradiated with light of 15 klux at 20°C
under shaking of 100 rpm and 3 cm in
amplitude. Respiration was measured in
the same manner but in complete darkness.

Results

Fig. 1 (A and B) shows the rates of oxygen
evolution measured under irradiation by
light of 15 klux in vessels containing blade
discs of Ecklonia cava and Eisenia bicyclis
kept for different lengths of time in run-
ning seawater after being cut off from the
bladelets. Most of the observed values
were extremely low just after cutting, but
were at almost constant high level 3 hrs or
more after cutting. The rate of oxygen
consumption in darkness showed, however,
no marked change with time, though it
was slightly high just after cutting as shown
in Fig. 1 (C). This suggests that the ex-
tremely low rate of oxygen evolution under
illumination just after cutting is not attrib-
utable to the consumption of oxygen in
water by any substance released from the
wounded portion of the blade disc. How-
ever, these results may at least indicate
that the photosynthetic and respiratory
rates of Ec. cava and Ei. bicyclis can be
measured without disturbance using blade
discs kept in running seawater for a period
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longer than 3 hrs after cutting.

In order to know whether the values ob-
tained in such a way are at a normal level,
the photosynthetic or respiratory rate of
young whole plants of Ei. bicyclis was com-
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Fig. 1. Rates of oxygen evolution in vessels
which contained 10 ml of filtered seawater and a
disc of 4.1 cm? kept for different periods in running
seawater after being cut off from a bladelet of
Ecklonia cava (A and C) or Eisenia bicyclis (B)
measured at 15 klux (A and B) or in darkness (C).
Temperature was 20°C.

pared with that of a cut disc (Table 1).
The values in case of a disc on an area
basis were generally higher than those of
a whole plant. This difference may be
due to the presence of parts such as stipe,
holdfast and margins in the whole plant
(Fig. 2) which might have relatively low
photosynthetic and respiratory activities.
Fig. 3 shows photosynthesis-light curves
in discs cut out of grown-up bladelets of Ec.
cava and Ei. bicyclis kept overnight in run-
ning seawater before use. As can be seen,
it is clear that they were obtained without
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Fig. 2. A profile of a young plant of Eisenia
bicyclis used for comparing the photosynthetic
activities of the whole plant with that of a 4.1 cm?
disc cut off from it. The disc was cut off from the
part indicated by the circle in the blade.

Table 1. Comparisons of the photosynthetic rates (ul Ozrcm~2:-h~1) at 20°C and
15 klux and the respiratory rates at 20°C in darkness between the young whole plant

and a disc cut out of it in Eisenia bicyclis.

Photosynthesis Respiration
Whole Plant Disc Disc/Whole P. Whole Plant Disc Disc/Whole P.
22.7 28.5 1.26 7.0 10.0 1.43
29.3 32.1 1.10 7.3 4.9 0.67
36.7 30.0 0.82 3.0 9.3 3.10
17.3 28.1 1.62 9.4 8.4 0.89
30.6 36.7 1.20 6.8 11.6 1.71
27.5 30.5 1.11 5.7 5.1 0.89
23.0 28.4 1.23 3.5 11.1 3.17
24.5 27.3 1.11 2.9 8.4 2.90

Mean 1.184-0.21

Mean 1.854-1.06
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Fig. 3. Photosynthesis-light curves at 20°C of
the discs cut off from bladelets of Ecklonia cava and
Eisenia bicyclis kept overnight in running seawater
after cutting.

disturbance.

Discussion

The results of the present study indicate
that the blade discs of Ecklonia cava and
Eisenia bicyclis should be kept in running
seawater for more than 3 hrs after cutting
in order to measure their photosynthetic
and respiratory rates without disturbance
(Fig. 1).

The propriety of values thus obtained is
supported by HaTtceER (1977) who report-
ed that in Laminaria longicruris the photosyn-
thetic and respiratory rates on an area basis
of an algal piece were respectively 1.2 and
1.8 times higher than those of a whole
plant. In the present study, the photosyn-
thetic and respiratory rates of discs cut
out of young plants of Ei. bicyclis were re-
spectively 1.18 and 1.85 times higher than
those of whole plants on an average (Table
1).

Photosynthesis-light curves obtained with
the discs cut out of grown-up bladelets of
Ec. cava and Ei. bicyclis (Fig. 3) are similar
to those of young whole plants reported by
Matecawa et al. (1987). This is an addi-

tional support for the propriety of the
values obtained with the blade discs.

The mechanism disturbing the measure-
ments of photosynthesis and respiration of
discs of Ec¢. cava and Fi. bicyclis just after
cutting still remains unknown. Although
we presumed that the disturbance is due to
the consumption of oxygen in water by
some substance(s) released from the wound-
ed portion of the blade disc, the rate of
oxygen consumption in the vessel contain-
ing a disc measured in darkness just after
cutting was not high enough to explain the
extremely low rate of oxygen evolution in
the vessel in the same conditions but under
illumination.
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