#3 Jpn. J. Phycol. 36: 29-36, March 10, 1988

TRT Y b A=y — (ZBHARBE) £&KB
REANOKXERE KCFRETE

BRIRRERE - BOJIIFTE**

PR F T HEGEER - ¥ 2 — (415 B TEH5-10-1)
MEZBAPKEFRGREEYME (514 ZERETILFF2-80)

YoxoHnawma, Y. and MaEGawa, M. 1988. Measurements of photosynthesis and respiration of large
samples by ‘Productmeter’, a differential gas-volumeter. Jpn. J. Phycol. 36: 29-36.

‘Productmeter’ has been regarded as suitable for measuring photosynthesis or respiration in
small pieces of seaweeds or small individual animals since the capacity of reaction and compensation
vessels attachable to its original type is 20-50 ml (YokonaMA and IcHmMura 1969). However, larger
vessels can be attached to an improved type of ‘Productmeter’ (YokoHAMA et al. 1986). In this study
the application of larger vessels of culture-flask type (ca. 200 ml in capacity) and desiccator type (ca.
300 ml) were examined for measuring photosynthesis and/or respiration of individuals of two species of
young kelps, a marine fish and two species of marine benthic animals. The length of time required
for attaining the temperature equilibrium was about 10 minutes when a culture-flask type vessel con-
taining 50 ml of water was transferred from a bath of 5°C to one of 25°C, while it took about 20 min-
utes when a desiccator type vessel containing 50 ml of water was transferred from a bath of 5°C to
one of 25°C. For measuring respiration of marine organisms in a vessel containing adequate amount
of seawater, a CO, absorbent such as KOH solution was not necessary, probably because the seawater
itself acted as an effective CO, absorbent. Photosynthesis and respiration rates of juvenile plants of
Eisenia bicyclis (leaf area 38 cm?) and Ecklonia cava (leaf area 15 cm?) were determined with a culture-
flask type vessel containing 50-75 ml of seawater. Respiration rates of Halioiis diversicolor aquatilis (a
shellfish, 6.5 cm in shell length), Toxopneustes pileolus (a sea urchin, 5.6 cm in diameter) and Scorpaenodes
guamensis (a fish, 8.6 cm in body length) were also determined with a desiccator type vessel contain-
ing 100 ml of seawater.

Key Index Words: Ecklonia cava—Eisenia bicyclis—gasmetry—Haliotis diversicolor aquatilis
—photosynthesis—respiration—Scorpaenodes guamensis—temperature equilibrium—Toxopneustis
pileolus.
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Fig. 1.
A, Erlenmeyer flask type (ca. 30 ml in capacity);
desiccator type (ca. 300 ml in capacity).

Three types of vessels used for measuring photosynthesis and respiration with ‘Productmeter’.
B, culture-flask type (ca. 200 ml in capacity); C,
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Fig. 2. A schematic diagram of the main part of ‘Productmeter’ with large culture-flask type
vessels. RB, rubber Etlocks; SH, small holes; U, U-shaped capillary tube; FM, fixed marks; I,
index drop (kerosene containing 0.01-0.029, sudan black); G, graduated capillary tube; F, colored
fluid (aqueous solution containing 2%, invert soap such as benzethonium chloride and 0.01-0.02%,
cosine) ; FR, fluid reservoir; S, screw clamp; RT, rubber capillary tubes; PT, plastic capillary
tubes; RP, rubber plugs; R, reaction vessel containing juvenile kelp and adequate amount of
filtered seawater; C, compensation vessel containing the same amount of filtered seawater as in the
reaction vessel; P, plastic plate holding the system.
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Fig. 3. Change with time of temperature in a culture-flask type vessel
(200 ml in capacity) after being transferred from a water bath of 5, 15 or

20°C to one of 25°C.
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Fig. 5. A culture-flask type vessel (ca. 200 ml
in capacity) containing a juvenile FEisenia bicyclis
and 75 ml of filtered seawater.
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Table 1. An example of the record of oxygen
evolution by Eisenia bicyclis (a young kelp with leaf
area of 38.2cm?) placed in a culture-flask type
vessel (ca. 200 ml in capacity) containing 75 ml of
filtered seawater under 20 klux at 20°C. Room
temperature (temperature of the graduated capil-
lary tube) was 23°C. A, readings of the colored
fluid meniscus in the graduated capillary tube;
B, difference of each reading from the initial read-
ing. May 21, 1987.

Time A B
0 min 6 0ul
1 45 39
2 84 78
3 126 120
4 165 159
5 207 201
6 248 242
7 288 282
8 330 324
9 369 363
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Fig. 6. Time courses of oxygen evolution and
consumption by a juvenile Eisenia bicyclis. Drawn
from the data shown in Tables 1 and 2.
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Table 2.  An example of the record of oxygen
consumption by Eisenia bicyclis (a juvenile kelp with
leaf area of 38.2 cm?) placed in a culture-flask type
vessel (ca. 200 ml in capacity) containing 75 ml of
filtered seawater in the dark at 20°C. Room tem-
perature (temperature of the graduated capillary
tube) was 23°C. A, readings of the colored fluid
meniscus in the graduated capillary tube; B, diffe-
rence of each reading from the initial reading.
May 21, 1987.

Time A B
0 min 95.0 0 ul
1 91.0 —4.0
2 89.6 —6.0
3 85.0 —10.0
4 80.9 —14.1
5 75.0 —20.0
6 73.0 —22.0
7 68.9 —26.1
8 64.7 —30.3
9 61.1 —33.9
10 57.0 —38.0
11 52,9 —42.1
12 49.5 —45.5
13 44.9 —50.1
14 41.5 —53.5
15 48.5 —56.5
16 34.1 —60.9
17 29.9 —65.1
18 27.2 —67.8
19 24.5 —70.5
20 19.0 —76.0
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Fig. 7. Desiccator type vessels containing
marine animals and 100 ml of filtered seawater.
A, Haloitis diversicolor aquatilis; B, Toxopneustes
pileolus;  C, Scorpaenodes guamensis.
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Fig. 8. Time courses of oxygen consumption
by three kinds of marine animals at 20°C. Room
temperature was 23°C. The volume of oxygen is
expressed as that at 23°C-760 mm Hg.
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Fig. 9. Photosynthesis-light curve at 20°C of a young Ecklonia cava (leaf are 15 cm?).
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