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1. Introduction

Ocean acidification, which like global warming is an outcome of anthropogenic CO,
emissions, severely impacts marine calcifying organisms, especially those living in coral reef
ecosystems. However, knowledge about the responses of reef calcifiers to ocean acidification is
quite limited, although coral responses are known to be generally negative. In this study, I focused
on calcification responses to ocean acidification between species of algal symbiont-bearing reef
foraminifers that are important producer of inorganic carbonate in coral reef, biodiversity hot spot,

by conducting a series of culture experiments.

2. Ocean acidification (OA) experiment and Constant carbonate (CC) experiment

I conducted ocean acidification (OA) experiment using a high-precision pCO; control system
to evaluate the effects of ongoing ocean acidification on foraminiferal calcification under possible
near-future pCO, conditions. Target species are Amphisorus kudakajimensis and Calcarina
gaudichaudii individuals that are host to dinoflagellate and diatom endosymbionts, respectively.
The five treatment levels used, 245, 375, 588, 763, and 907 patm, represented pre-industrial (Low
pCO,), present-day (Control), and three near-future (High pCO,-1,2,3) pCO, conditions,
respectively (Figure 1).
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effect of genetic variability on experimental
results. We cultured more 20 individuals each of treatment and both culture experiments were

maintained for about 4 weeks at the same constant water temperature and light intensity under a 12



h:12 h light:dark cycle. After the experiment, foraminiferal shells were dried and their weights

were measured separately.

3. Results and Discussions

In the OA experiment, A. kudakajimensis
tended to decline mean shell weight with increasing
seawater pCO, (Figure 2a). Conversely, in C.
gaudichaudii, seawater pCO; and shell weight were
positively related (Figure 2b). On the other hand, in
the CC experiment, no statistically significant trend
in shell

treatments in

weight was found among the five
either 4.
gaudichaudii (Figures 2c and 2d).
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Figure 2. Calcification responses to Ocean acidification
experiment (a: A. kudakajimensis, b: C. gaudichaudii) and
Constant carbonate experiment (c: A. hemprichii, d: C.

affected
Amphisorus did not show any significant trend with

calcification by foraminifers. As

gaudichaudii).

higher pCO; or lower pH in the CC experiment, it

is highly likely that the COs> concentration, importantly influences calcification in Amphisorus.
Despite lower COs>, Calcarina showed an increase in net calcification with higher pCO; in the
OA experiment, but like Amphisorus, no significant trend in the CC experiment. Because the two
experiments were designed to have a similar bicarbonate ion concentration range (Figure 1a), the
upward trend in the OA experiment can probably be attributed to the increase in CO,, possibly
through enhancement of symbiont photosynthesis, a phenomenon known as the CO,-fertilizing
effect (Iglesias-Rodriguez et al., 2008; Reis et al., 2009).

I speculate that these different influences of seawater chemistry may be attributable to the
different types of symbiotic algae, diatom and dinoflagellate, hosted by Calcarina and Amphisorus,
respectively. Wu et al. (2010) indicated that high-CO, seawater is favorable to diatom growth in a
single-species culture experiment. On the other hand, many laboratory studies of various coral
species having dinoflagellates as their symbiotic algae have confirmed that coral calcification rates
decrease with increasing pCO, (Doney et al., 2009); these results may indicate that the
CO,-fertilizing effect of dinoflagellates is weak, or that the dependence of Amphisorus on
photosynthesis is low (Lee et al., 1991). Although experimental results have suggested that
photosynthesis by isolated in situ diatom symbionts is saturated at the inorganic carbon
concentration of the present seawater (ter Kuile et al., 1989), further studies are needed to measure

photosynthetic rates of algal symbionts at various pCO; levels.

Published: Hikami et al. [2011], Contrasting calcification responses to ocean
acidification between two reef foraminifers harboring different algal symbionts,
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