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Abstract : Acute CO. tolerance of tomato clownfish (Admphiprion frenatus) eggs (embryonic stage) was
investigated to assess biological impacts of CO. ocean sequestration, which has been proposed as a possible
measure to mitigate climate changes caused by increasing atmospheric concentrations of gaseous CO.. The
median tolerance limits (TLms) of 4. frenatus eggs to CO, were estimated to be 14.3kPa (pCO. (partial
pressure of CO.) exposure duration: 48 h), 10.3kPa (72 h) and 7.0kPa (96 h) by one-step exposures.
Stepwise exposure experiments were also conducted, since seawater CO: concentrations would change
temporally around the CO, release point. Sudden drops of pCO. from 2.9 or 4.8kPa to normocapnia
significantly disrupted egg development leading to abnormalities and death. These results demonstrated that
biological impacts of CO. ocean sequestration must be examined under conditions that closely mimic the
dynamic changes in seawater CO. level caused by CO: ocean sequestration.
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Fig. 1 Amphiprion frenatus eggs used for this study (five
days after fertilization).
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Fig. 2 Schematic diagrams of the experimental apparatus
(upper) and the embryo container (lower) used for
the CO, tolerance test. The water bath was used to
maintain the temperature of the two PVC tanks
during the hypercapnia or normocapnia exposures.
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Fig. 3 A photograph of the PVC tank containing the egg
containers.
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Table 1 Gas concentrations and exposure durations in the stepwise exposure tests

Experiment The first exposure The second exposure
number Gas Duration Gas Duration
1 5% CO, 48 h 3% CO, 48 h
2 3% CO, 48 h 5% CO, 48 h
3 5% CO, 48 h Air 48 h
4 Air 48 h 5% CO, 48 h
5 3% CO, 48 h Air 48 h
_______ 6 . Ar  48h  3%CO,  48h
7 5% CO, 96 h — -
8 3% CO; 96 h - -
9 Air 96 h - -
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Table 2 pCO., pH, temperature and salinity of the hypercapnic seawater during the exposures

€O, pCO, Temperature

Condition (%) (kPa) pH” ©C) Salinity‘3
3 2.9 6.377 +0.019 23.7+0.1 34.6
5 4.8 6.167 + 0.005 243 +0.1 34.5
One-step 7 6.8 6.088 + 0.009 243 +0.1 31.5
10 9.6 5918 +0.003 243 +0.1 34.5
15 14.3 5.718 £ 0.007 243 +0.1 34.6
T 3 2.9 6.266 + 0.007 23.8+0.1 344
5 4.8 6.410+0.013 23.7+0.1 34.4

*1: mean + SD of repeated measurements with a 24-hour interval at each condition.
*2: mean + SD, recording interval:1 min.
*3: measured at the beginning of each exposure.
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Fig. 5 Results of stepwise (above the dashed line) and one-step exposures (below the dashed line) of Amphiprion frenatus
eggs to hypercapnia. Ratio of the dead (black), the abnormal but surviving (gray), and the normally developing eggs
(white) at the end of exposure are shown. Numbers of test eggs in an exposure were 24 for test No.5 and 25 for

the others.
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