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Abstract

Opysters are one of the most important natural resources
found in coastal and estuarine areas of Florida, but some
Florida oyster populations appear to be declining.
Environmental factors such as changes in temperature or
salinity may affect oysters, and another possible driver of
oyster population decline is increased mortality from oyster
predators, including marine snails. This article describes
how a changing climate may affect oysters directly by
changing their environment but also indirectly by affecting
their predators.

Introduction

Eastern oysters (Crassostrea virginica) are commonly
found in estuaries and bays in the Gulf of Mexico. They
build recognizable reef structures that are well-recognized
for providing many services for both the environment

and for humans. These services include water nutrient
cycling, creation of reef habitats for fish and crustaceans,
carbon sequestration, protection of shorelines from erosion
and storms by buffering wave energy, increased overall
biodiversity, and sustaining commercial and recreational
oyster fisheries important for many coastal communities
(Grabowski and Peterson 2007; Grabowski et al. 2012).
Oyster fisheries have historically provided a reliable source
of protein and income for these communities, with Gulf of
Mexico oyster landings valued at over $100 million USD in
2017 (NOAA 2019). Therefore, the health of oyster popula-
tions is incredibly important to ecosystems and for human
interests.

Figure 1. Oysters are a critical part of coastal ecosystems in Florida.
Credits: E. V. Camp, UF/IFAS.

Opyster reef health involves many aspects, but one of the
most important is oyster natural mortality (i.e., death by
environmental, physical, or ecological causes rather than
oyster fishing). Natural mortality has been considered one
of the major drivers of oyster population declines, including
the decline of the Apalachicola Bay oyster fishery (Pine

et al. 2015; Kimbro et al. 2017). Oyster natural mortality

is complicated, however, and can be influenced by a
complex web of environmental conditions and ecological
interactions. Among hypotheses that disease, changes in
river water discharge (Havens et al. 2013), or reduced shell
availability for spat settlement (Pine et al. 2015) may have
led to recent Florida population declines, increased preda-
tion is another suspected cause (Kimbro et al. 2017)
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Major predators of oysters include fish and invertebrates,
such as crabs and snails. Increasingly, scientists believe
that environmental or physical aspects like salinity, water
temperature, and the structure of the oyster reef itself can
influence how effectively predators hunt and kill oysters.
These environmental aspects can also affect oyster natural
mortality directly. As the climate changes, it is important to
understand how these environmental and physical changes
may translate into changes in oyster mortality dynamics.
This fact sheet will describe key information about oyster
mortality dynamics, how these dynamics may be affected
by climate change, and what the effects of climate change
on oyster mortality dynamics may mean for oyster
management.

Oyster Mortality Dynamics

Opyster natural mortality is influenced by a number of
physical or environmental factors like water temperature,
pH, and salinity. Mortality is also influenced by ecological
interactions like density of prey or predators and competi-
tion for resources. Oyster mortality can vary substantially
and sometimes rapidly under different ecological or envi-
ronmental conditions that can change quickly. This means
that even short-term changes in salinity or predator density
(like those that might occur during droughts or floods) can
affect mortality. Some of these shorter-term environmental
changes will themselves likely become more frequent and/
or intense with climate change in Florida. The conditions
that are predicted to result from climate change will have
measurable impacts on oyster mortality in ways that can be
simulated experimentally and studied to form well-founded
predictions.

The Direct Effects of Climate
Change on Oyster Reefs

There are several key ways in which climate change will
alter estuaries and affect oyster reefs. Acidification is the
decrease in overall oceanic pH as increasing amounts of
atmospheric CO2 are absorbed by ocean waters (Sabine

et al. 2004). Acidification threatens the shell strength of
oysters and the structure of reefs. As the water becomes
more acidic, juvenile oysters may struggle to grow their
shells or have reduced growth, which will impact the health
of individual oysters and their ability to construct reefs and
which will cause existing shell reefs to disintegrate more
quickly (Miller et al. 2009). Acidification is influenced by
local geology, and, though it is occurring at a slower rate
than in open ocean waters, estuarine oyster habitats are
acidifying at similar rates across Florida (Robbins and Lisle
2018).
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Figure 2. An oyster reef with an experimental tray used to assess
changes in natural mortality.
Credits: G. Love, UF/IFAS.

Sea-level rise resulting from climate change may submerge
intertidal reefs. The submerging of oyster reefs may increase
oyster mortality. It could also change certain ecosystem
services oyster reefs provide. For instance, it could reduce
the ability of oyster reefs to decrease wave energy and
prevent erosion.

Warming may push water temperatures beyond the optimal
range for oyster physiological needs (Bayne 2017), while
harmful algal blooms that may be more frequent or severe
under climate change will likely increase oyster mortality
(Pierce and Henry 2008) and may decrease oyster filtering
efficiency (thus decreasing the “clean water” benefits they
provide) (Matsuyama et al. 1999). Changes to filtering ef-
ficiency, however, are dependent on the type of algal bloom,
and oysters may still be able to maintain feeding require-
ments even as they filter less water (Galimany et al. 2017).
Changes in precipitation (total amount and variance) will
alter the salinity in estuaries both directly (from rainfall)
and indirectly by changing the volume of river water flow-
ing into the estuary (Doney et al. 2012). The differences in
conditions brought on by climate change will lead to altered
interactions between oysters and their predators.

The Effects of Climate Change on
Oyster Predation

As environmental conditions change, oysters and predator
species alike will experience stresses that can impact their
physiology and behavior. The current levels of predation
experienced by specific reefs or oyster populations may
change as oysters become more or less vulnerable to
predation and as conditions become more or less favorable
for predator foraging (Figure 3).
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Figure 3. As climate change alters environmental conditions, oyster
mortality will be affected via two pathways: directly through
physiological responses and indirectly through changes to predator
behavior.

Currently, subtidal oysters (those submerged most or

all of the time) face a higher risk of predation by other
reef-dwelling invertebrates than intertidal oysters (those
submerged intermittently by tidal cycles) (Johnson and
Smee 2014). If sea-level rise does indeed submerge some
intertidal oysters, these newly subtidal oysters will face
increased predation. Rodriguez et al. (2014) showed,
however, that oysters may be able to construct higher reefs
in response to rising sea levels. So, changes in predation
vulnerability due to sea-level rise are uncertain.

Many species will respond to climate change by moving
into different areas as current habitat becomes unsuitable
and new locations become preferable. The movement of
predator species means that prey living in regions that pre-
viously provided refuge from predators will become newly
vulnerable (Doney et al. 2012). This is particularly true

for oysters, an immobile species that are preyed upon by
mobile invertebrates like crabs and snails. Because species
that prey on oysters generally prefer higher salinities than
oysters do, increased estuary salinity driven by decreases

in river discharge may leave oysters without low-salinity
refuge spaces (Kimbro et al. 2017). This is a suspected
driver behind the Apalachicola Bay oyster population
collapse; drought conditions lowered the flow of fresh water
from the river into the estuary, increasing the salinity in the
bay and allowing an outbreak of oyster predators (Kimbro
etal. 2017).

The physiological responses by oysters to a changing
environment may also leave them more vulnerable to
predation. Oysters can grow in highly variable ways de-
pending on the conditions in the exact location where they
live. This includes altered growth for individual defense in
response to higher predator presence (Lord and Whitlatch
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2012). Oysters that have lived and grown in one part of a
bay might not be as well defended as oysters that grew in
another because of initial differences in predation risk. This
means that “weaker” oysters would be more likely to die

if they were targeted by predators that newly have access
to the habitat (Robinson et al. 2014). Additionally, the
physiological stress responses by oysters to changing water
quality (like increasing temperature and pH or changing
salinity) may hinder oysters’ ability to defend themselves,
further increasing their relative risk of predation (Menzel
and Nichy 1958).

Management for the Future of
Oyster Reefs

It is not easy to make confident predictions about how
future changes in climate and predators will affect oysters.
However, there are strategies to mitigate likely impacts of
climate change on oyster reef ecosystems. Beyond actions
to reduce climate change broadly, it is possible to develop
management strategies for protection of oyster reefs
specifically. The development of ecosystem-based manage-
ment plans should take into account interactions within
the system and take actions to preserve ecosystems, using
ecosystem dynamics to reduce climate change impacts
(Temmerman et al. 2013). Reef restoration is one example
of this type of management strategy.

Successful restoration of oyster reefs would not only
increase the oyster population but would improve the
whole system by providing ecosystem services that would
aid in climate change adaptation, such as shoreline buffer-
ing, substrate stabilization, and, in some cases, freshwater
retention. A well-placed restoration project could act as a
barrier, holding within the estuary some of the freshwater
flowing from nearby rivers, thus preventing or reducing
salinity increases (Frederick et al. 2015). This could, in
turn, prevent predators from spreading into new habitat
and reduce the predation on the reefs. Restoration efforts
require extensive planning and funds, however, and will
not work in all locations. River flow management projects
could have similar effects, potentially maximizing oyster
productivity and reducing predation by controlling river
discharge and, thereby, estuary salinity (La Peyre, Gossman,
and La Peyre 2009).

Opyster harvesters have an interest in dealing with oyster
predators, and there are some options currently available.
Some have already begun harvesting predatory conchs from
the reefs and are attempting to create a market for the meat
(Tilley 2013). Aquaculture also allows harvesters to have



more control over the predation on their animals, depend-
ing on the culture style. Bag-and-longline culture provides
protection from predators by excluding them with mesh
bags around the oysters. Off-bottom culture styles elevate
the oysters into the water column, where many invertebrate
predators cannot access them. Additionally, young oysters
can be reared in hatcheries until they grow large enough
that they are less vulnerable to predation before being
moved into natural habitats to grow to market size (FAO
2019).

Conclusion

Climate change will likely influence the natural mortality of
oysters by influencing their physical environment and the
interactions between oysters and their predators, though
it is uncertain precisely how and how much mortality
dynamics will change. Predator outbreaks may become
more frequent, and potential strategies to mitigate the
risk of increased oyster mortality will be complex and
require more study. Aquaculture provides some methods
for excluding predators from culture spaces, but no such
methods currently exist for reducing the increased preda-
tion pressure that wild oyster reefs may face.
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