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Letter to the Editor

Comment on “Modelling susceptibility of coral reefs to
environmental stress-using remote sensing data and GIS
models”, authors Maina, Venus, McClanahan, and
Ateweberhan
The analysis by Maina et al. is a nice example of applied modeling which could result in real conservation gains for coral
reef ecosystems. Models of this type are a critical component for planning future marine protected areas (MPAs) in
an age of growing environmental uncertainty. Modeling climate change variables at various spatial and temporal scales
is essential if we hope to create future MPAs where corals have
the best possible chance of survival. While coral bleaching is
a serious and immediate threat to corals globally, the authors
did not incorporate one of the most ominous environmental
threats coral reefs face in a changing climate. The omitted
threat is ocean acidiﬁcation, a process whereby the oceans
are absorbing anthropogenic CO2 at an unprecedented rate,
which reduces the pH of seawater and most importantly the
concentration of carbonate ions in seawater. Carbonate ions
are the building blocks for calciﬁcation and as oceans acidify,
corals are expected to build weaker skeletons (a process similar to osteoporosis in humans) and/or grow at slower rates.
The threat to coral reefs from ocean acidiﬁcation has been the
subject of numerous peer reviewed research papers and books
spanning more than 15 years (Smith and Buddemeier, 1992;
Gattuso et al., 1998; Kleypas et al., 1999, 2001, 2006; Langdon et
al., 2000, 2003; Leclercq et al., 2000, 2002; Marubini et al., 2001,
2003; Guinotte et al., 2003; Buddemeier et al., 2004; Langdon
and Atkinson, 2005; Hoegh-Guldberg et al., 2007; Veron, 2008,
and others). Slower growth rates and fragile skeletons are
not conducive to reef growth and some estimates predict
erosion will outpace net reef accretion as early as 2050 in
some regions of the world’s oceans (Hoegh-Guldberg et al.,
2007).
The direct threat of reduced calciﬁcation in corals is not the
only challenge to reefs posed by ocean acidiﬁcation. There is
widespread concern about the potential for major ecosystem
changes (reviewed by Guinotte and Fabry, 2008; and others)
and Kuffner et al. (2007) have shown that the recruitment of
crustose coralline algae is dramatically reduced by elevated
pCO2 . This ﬁnding illustrates not only that other important

components of coral reef ecosystems are at risk, but also that
the effects of acidiﬁcation on processes such as recruitment
may be even more important than direct effects on calciﬁcation.
Planning future MPAs in the face of climate change will be
complicated in the Western Indian Ocean because the negative effects of ocean acidiﬁcation will ﬁrst be felt in the areas
Maina et al. identiﬁed as ‘not susceptible’ and ‘low susceptibility’ with respect to coral bleaching. Fig. 1 shows the projected
spatial expansion of decreasing levels of surface ocean aragonite saturation state (˝a ) through the year 2049 (aragonite
saturation state data from the modeled data set reported on
by Guinotte et al., 2003). These aragonite saturation state projections are based on a conservative IPCC CO2 scenario (B2)
and probably underestimate the change in carbonate saturation state. An example of present day coral locations occurring
in the ‘marginal’ classiﬁcation is the corals of the Galapagos
Islands. The coral communities of the Galapagos are poorly
cemented, susceptible to storm damage and bioerosion, and
are not considered “reefs” by many deﬁnitions of the term
(Kleypas et al., 2001)—a good example of ‘marginal’ coral communities occurring in a “marginal reef” environment. The
aragonite saturation state conditions that are present today
in the waters off the Galapagos will appear in South African
waters as early as 2020 and off the coasts of Mozambique
and Madagascar by the year 2030. The southern regions of the
Maina et al. study area may be the least susceptible to coral
bleaching, but will be the ﬁrst areas to experience the negative
consequences of ocean acidiﬁcation.
This comment is not meant to degrade or downplay the
utility and/or importance of the Maina et al. research. Rather
it is intended to draw attention to the need for models
designed to incorporate the synergistic effects of numerous environmental changes occurring in concert (e.g. higher
ocean temperatures plus lower aragonite saturation states).
Research into the synergistic effects of higher ocean temperatures and reduced carbonate saturation state are in their
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Fig. 1 – (a) Surface ocean aragonite saturation state (˝a ), calculated preindustrial (1870) values; pCO2 = 280 ppm. Green dots
are Reefbase coral reef locations. Worldwide, almost all present day reef locations were in the “optimal” range two centuries
ago, (b) projected (˝a ) values, 2000–2009; pCO2 = 375 ppm, (c) projected (˝a ) values, 2010–2019; pCO2 = 387 ppm, (d) projected
(˝a ) values, 2020–2029; pCO2 = 415 ppm, (e) projected (˝a ) values, 2030–2039; pCO2 = 437 ppm and (f) projected (˝a ) values,
2040–2049; pCO2 = 465 ppm.

infancy, but if we are to determine areas where corals have
the best chance for survival over the long term, we must
incorporate all of the large-scale environmental stressors into
the models, including decreasing carbonate saturation states
(ocean acidiﬁcation). In the East African case, integration of
aragonite saturation state data depicted in the ﬁgures below

with data illustrated in Fig. 4 of Maina et al. might suggest
that some of the reef sites in their “low” and “medial” susceptibility categories (Madagascar, the Seychelles, Tanzania,
northern Mozambique) could be candidates for conservation
and preservation. These areas could be as good as or better
than the “not susceptible” reefs farther to the south.
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