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This document is one in a series on ocean acidification
(OA). The series Introduction, Ocean Acidification: An
Introduction, contains a general overview and information
on the causes and chemistry of OA. Because OA is very
large-scale and complex, each document in the series
addresses a specific aspect of this issue. Florida, with an
extensive coastline and deep cultural and economic ties

to marine resources, will be directly affected by changes
in seawater chemistry. Thus, each topic in the series also
highlights information of specific relevance for Florida.

Introduction

Rising atmospheric carbon dioxide (CO,) concentration
leads to ocean acidification, which is a threat to coastal and
marine ecosystems and organisms. As atmospheric CO,
rises, CO, is driven into the ocean via diffusion. When
CO, combines with seawater (H,0), it makes carbonic

acid (H,CO,). Carbonic acid then breaks down to form a
hydrogen ion (H+) and a bicarbonate ion (HCO,-). Excess
hydrogen ions building up over time result in decreased
seawater pH. Furthermore, the excess hydrogen ions
combine with carbonate ions in the water, resulting in fewer
available carbonate ions for marine calcifiers. Calcifiers are
organisms that can synthesize calcium carbonate (from
calcium and bicarbonates or carbonates) into shells and
other skeletal structures. Carbonate ions are an essential
element for marine calcifiers, and their decreased availabil-
ity in marine ecosystems is a concern. Declining seawater

pH and reduced availability of carbonate ions have been
linked to unfavorable impacts on physiology, behavior, and
calcification rates of marine organisms. Coastal Florida
boasts an abundance and diversity of calcifying organisms
that are vulnerable to altered seawater carbonate chemistry
that results from increased atmospheric CO, levels. This
publication will focus on the impacts of ocean acidification
on calcification, the process by which calcifying organisms
produce calcium carbonate (CaCO,) to build their skele-
tons, and the impacts of ocean acidification on calcification
in corals, bivalves, echinoderms, and planktonic organisms
(Figure 1). Furthermore, this publication will explore areas
in need of future study as scientists seek to determine the
real-world implications and impacts of ocean acidification
on the calcification process performed by some of the most
important species in the marine environment.

Impacts on Corals

Florida is home to one of the largest coral reef systems in
the world and the only barrier coral reef in the continental
United States. The Florida Reef Tract stretches 360 linear
miles and protects Florida’s coastline. According to a 2013
analysis, the reefs of southeast Florida generate $3.33
billion a year and create 70,000 jobs (Johns et al. 2013). It
is reasonable to believe that the potential impacts of ocean
acidification on corals will also have great economic and
environmental consequences for the state.
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Figure 1. Impact of increased ocean carbon dioxide (COZ) and
decreased pH on planktonic organisms, bivalves, echinoderms, and
corals.

Credits: Joseph Henry, UF/IFAS

Studies have shown that atmospheric CO, levels of 560
ppm could decrease coral calcification by upwards of 40%
as carbonate ion concentrations decrease and restrict
skeletal formation (Hoegh-Guldberg 2007). Current levels
are roughly 410 ppm (Lindsey 2019). Reduced pH has also
been shown to escalate calcium carbonate dissolution rates
(Kealoha et al 2019). Decreased calcification greatly impairs
coral growth, which in turn diminishes the coral’s ability
to compete for benthic space against other marine species
like macroalgaes (Gattuso 2011). A study by Muehllehner
et al. (2016) found that the northernmost regions of the
Florida Reef Tract are already “net erosional” with regards
to calcification, meaning that the reef structure itself may
be dissolving. Although some coral species have shown
decreased calcification rates in response to ocean acidifica-
tion, other coral species have not (Okazaki et al. 2017).
Therefore, it is believed that impacts on coral calcification
and growth result from a combination of factors including
ocean acidification, temperature, light availability, and
salinity (Kleypas 2005).

Impacts on Bivalves

Bivalves are a critically important group of aquatic
organisms, and the state of Florida is home to a diverse
assemblage of both freshwater and marine bivalves. Bivalves
are aquatic mollusks including clams, oysters, mussels, and
scallops. These organisms provide a multitude of ecosystem
services. For example, the Eastern oyster (Crassostrea
virginica) plays an important role in water filtration and

the creation of habitat for fish and invertebrates in Florida
(Grabowski and Peterson 2007). Furthermore, bivalves are
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economically important. In 2012, the hard clam industry in
Florida supported 540 jobs and had an economic impact of
$39 million (Baker et al. 2015).

Some bivalve aquaculture and commercial fisheries have
already been impacted by the effects of ocean acidification.
In 2013, several oyster farmers in the Pacific northwest

(a region where deep seawater upwellings create condi-
tions of decreased water pH) were forced to move their
hatchery operations to Hawaii because declining ocean

pH was killing oyster larvae and decreasing adult oyster
yields (Welch 2016). Bivalves are vulnerable to increased
CO, concentrations and lower pH, especially as larvae.
Temporary fluctuations in CO, may have little impact on
these organisms, but long-term exposure to decreased
carbonate availability and decreased pH has been shown to
impact several biological processes that can lead to slower
growth and reduced metabolism in mussels (Michaelidis
2005). Furthermore, ocean acidification can lead to shell
dissolution in bivalves, impairing their overall growth

and development. Shell dissolution is the breakdown and
decomposition of the shell structure and has been observed
in bivalves and other marine organisms. Although the full
implications of increased dissolution rates are not clear, it is
expected that degraded calcium carbonate shells could lead
to reduced lifespans, higher susceptibility to predators, and
other significant ecological consequences (Nienhuis 2010).

Impacts on Echinoderms

Echinoderms are one of the largest groups of marine organ-
isms, and the group is widely represented in Florida. This
group includes sand dollars, sea stars, sea cucumbers, brittle
stars, crinoids, and sea urchins. Studies have begun to show
the impacts of ocean acidification on echinoderms, specifi-
cally sea urchins. Due to their longer larval development
times in the water column, sea urchins serve as an early
indicator species for changing environmental conditions. A
study that specifically observed the effects of increased CO,
concentrations found that increased CO, concentrations
can negatively affect the early life history of echinoderms by
decreasing fertilization rates, early cell division, and size of
planktonic echinoderm larvae (Kurihara 2004). Although
not all adult echinoderm species appear to be profoundly
impacted by ocean acidification, there are studies showing
that mature urchins will be harmed by slowed development
and degradation in skeletal integrity when exposed to the
higher levels of ocean CO, that are predicted by the middle/
end of this century (Albright 2012).



Impacts on Planktonic Organisms

Marine plankton are small organisms that form the base of
the marine food web. Plankton typically drift passively in
the water column and are transported primarily by ocean
currents. Not all plankton rely on calcification. However,
many plankton species are significant calcifiers, and they
are sensitive to OA. Globally, total calcification production
in our oceans is dominated by the plankton community
(Ribesell 2000), and coccolithophores, a single-celled type
of phytoplankton, have been called “the world’s single-most
important calcifying organism” (Lohbeck et al. 2012). How
OA will affect this group and what downstream effects it
may render on marine ecosystems remain major questions.
During their development, coccolithophores are suspended
in the water column until their calcium carbonate skeletons
are developed and they sink to the bottom. Increased CO,,
resulting in changes to carbonate chemistry and decreased
pH, may decrease the calcification process in planktonic
organisms and inhibit skeletal formation (Ribesell 2000).
Furthermore, as altered carbonate chemistry leads to
decreased available carbonate ions, it has been shown

that dissolution rates increase in calcifying planktonic
organisms, and shells can begin to dissolve under these
conditions (Orr 2005). However, Lohbeck et al. (2012)
suggest that adaptation to OA may occur over time in
coccolithophores. Laboratory cultures exposed to OA for
500 clonal generations demonstrated calcification rates that
were still lower than the non-OA control. However, these
clonal populations showed 50% higher calcification rates
than cultures exposed to OA for the first time.

Conclusion

Florida is home to many species that will be impacted

by ocean acidification. Continued changes in carbonate
chemistry and pH could lead to greater impacts on marine
ecosystems and organisms (Kroeker 2010). Laboratory
and in situ studies on calcifying organisms including
corals, echinoderms, bivalves, and plankton have all shown
negative impacts from increased oceanic CO, concentra-
tions and decreased pH. These changes could lead to a
multitude of problems that will harm other marine organ-
isms, marine habitat structure, and the people who rely

on these organisms and habitats for food, for livelihoods,
and for protection against erosion and storm surge, among
other threats. Changes in plankton populations could have
negative impacts on food webs and ultimately reduce food
availability for people. Furthermore, the erosion of coral
reefs could leave coastal communities more vulnerable to
the impacts of large storms as degraded coral reefs will

no longer protect from high wave activity. Our current
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understanding of the impacts of ocean acidification on
calcifying organisms is largely based on limited experi-
ments that are performed in the laboratory. For this reason,
it is important to recognize the complex nature of marine
ecosystems and the importance of further studies that seek
to better understand how ocean acidification may impact
interactions within these dynamic ecosystems. There is

still much to be understood about the long-term effects of
changing ocean conditions on calcifying organisms and the
impacts these changes will have on complex marine eco-
systems. This publication primarily focused on the impacts
of ocean acidification on calcification, but there are several
other areas that could be affected by ocean acidification. To
learn more about these, please refer to the other publica-
tions in the UF/IFAS Extension Ocean Acidification series.
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