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Summary
Florida’s economically important estuaries could be heavily 
impacted by sea-level rise and altered river flow, both 
caused by climate change. The resulting higher salinity, or 
saltiness of the water, could harm plants and animals, alter 
fish and bird habitat, and reduce the capacity of estuaries to 
provide such important services as seafood production and 
the protection of shorelines from erosion. This publication 
contains information for stakeholders, students, scientists, 
and environmental agencies interested in understanding 
how changes in salinity impact Florida’s estuaries with 
specific case studies.

Introduction
Estuaries are one of the most productive kinds of 
ecosystems on Earth, and they support a high diversity of 
plants, fish, birds, and other animals. Estuaries are valuable 
for biodiversity and also have a high economic value for 
Florida. Many commercially and recreationally fished 
species caught off Florida’s coasts, including shrimp, crabs, 
oysters, clams, lobsters, red drum, common snook, spotted 
seatrout, and certain groupers and snappers, depend on 

estuaries for at least part of their life cycles. More informa-
tion about how estuaries affect juvenile fish can be found in 
EDIS publications #FA250, “How Oyster Reefs Can Affect 
Finfish Recruitment,” and #FA239, “Ecological Influences 
on Coastal Finfish Recruitment.” Marine fisheries depend 
on mangrove, marsh, and seagrass habitats in estuaries for 
nursery habitat where the density, growth, and survival of 
juveniles is higher than other areas (Lefcheck et al. 2019; 
Love et al. 2022a, 2022b). In addition, the seagrasses and 
mangroves around estuaries offer habitat for millions of 
birds and other animals while providing critical human ser-
vices like stabilizing shorelines and cleaning water (Smyth 
et al. 2022). These are just a few of the many benefits that 
coastal habitats like estuaries provide to Florida’s people 
(Wallace et al. 2023). One of the main reasons these areas 
are so valuable is because they are where fresh and saltwater 
meet.

Estuaries are bodies of water along the coastline that can be 
relatively enclosed bays or wide marshes at river mouths. 
They are places where fresh water from rivers mixes with 
saltwater from the sea, creating a place with intermediate 
salinity. On average, the salinity of the open ocean is 35 

https://edis.ifas.ufl.edu
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://edis.ifas.ufl.edu/publication/FA250
https://edis.ifas.ufl.edu/publication/FA239
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parts per thousand (ppt). The salinity of rivers can range 
from 0.1 to 5 ppt. In estuaries, salinity is highly variable 
because of tidal effects and because of variation in freshwa-
ter inflow from rivers (Figure 1).

When freshwater inputs are low, an estuary can become 
as salty as the adjacent ocean. When freshwater inputs are 
high, an estuary can become entirely fresh. Even during 
normal river flow, salinity in an estuary varies between high 
and low tide. The salinity is higher during high tide because 
more ocean water is entering the estuary. Salinity is lower at 
low tide because fresh water is moving in as the ocean level 
is receding.

The organisms that live in estuaries (Figure 2 and Figure 
3) are adapted to the variations in salinity. Typically, there 
is a gradient, from species that prefer fresher water at the 
upstream river end of the estuary to species that prefer 
saltier water at the downstream ocean end.

The freshwater plant Vallisneria, sometimes called wild 
celery or “eelgrass or tape grass,” occurs at the upper end of 
estuaries and in rivers, and it prefers salinities in the range 
of 0 to about 5 ppt. It can tolerate salinities up to 18 ppt, but 
only for short periods of time (Doering, Chamberlain, and 
McMunigal 2001). Further toward the ocean, plants such as 
Thallasia, a type of seagrass commonly called turtle grass, 

prefer salinities in the 30 to 40 ppt range but can tolerate 
lower salinities for short periods of time, such as when 
there is a large discharge of fresh water from a river into the 
estuary (Lirman and Cropper 2003). Crassostrea virginica, 
the eastern oyster, has a preferred salinity range of 14 to 28 
ppt (Shumway 1996), but it can tolerate short exposures to 
fresh water or ocean water.

Plants and animals in estuaries are harmed when unusually 
high or low salinities persist for prolonged periods of time. 
The higher salinity, reduced nutrient input, and reduced 
sediment inputs associated with extreme low river inflow 
can stress or kill plants and animals; diminish productivity 
due to lack of nutrients; and kill marshes due to reduced 
sediment input. For plants, high salinity can also cause 
osmotic stress. But long periods of high freshwater inputs 
from rivers are also problematic. With extreme high river 
inflow, low estuary salinity kills marine organisms; high 

Figure 1. Salinity, typically measured in units of parts per thousand 
(ppt), is the amount of salt that is present in water. In freshwater lakes, 
springs, and ponds it is usually near zero. In the ocean it averages 
about 35 ppt, and in estuaries it ranges from less than 1 to over 30 
ppt. Organisms that live in water are sensitive to salinity and tend to 
occur only within a certain salinity range.
Credits: Adapted from Peter Summerlin, Louisiana State University

Figure 2. Photograph of healthy beds of seagrass.
Credits: Laura K. Reynolds, UF/IFAS

Figure 3. The oyster bed is photographed at low tide when the animals 
are exposed to the air. These are called intertidal oyster beds. In some 
places in Florida, where the water is deeper in the estuary, the oysters 
are always underwater. These are called subtidal oyster beds.
Credits: UF/IFAS
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nutrient inputs contribute to algal blooms; and increased 
sediment input smothers sea grasses and oysters. In both 
cases, extreme events are the issue.

Examples of Stress from Extreme 
Levels of Salinity
The following are examples of harm caused to estuaries due 
both to periods of high salinity from extreme low freshwa-
ter input and to periods of low salinity from extreme high 
freshwater input.

Florida Bay
Florida Bay is a shallow, triangle-shaped estuary at the 
southern tip of Florida. Freshwater inputs occur primarily 
through rainfall and sheet flow from the Everglades which 
can vary by season, weather, and management action. 
Because the bay is divided up into basins that are only 
connected by channels, salinity within the bay can vary 
significantly (Rudnick et al. 1999). In the late summer of 
1987, there were large reports of seagrass die-off in the 
north central part of Florida Bay (Zieman et al. 1999). The 
cause of that die-off is debated, but the dominant hypoth-
esis is that high temperatures and high salinities increased 
plant oxygen demand. As the plants consumed available 
oxygen, there was less oxygen available in the sediment and 
bottom water, causing sulfide to build up, which is toxic to 
seagrasses. As plants died and decomposed, oxygen became 
even more limiting and toxic sulfide more prevalent 
(Carlson, Yarbro, and Barber 1994). As seagrasses die, they 
no longer hold sediment in place and decomposition of the 
plant material releases nutrients that were bound in plant 
tissue. Widespread turbid, cloudy water and recurrent algal 
blooms led to secondary seagrass loss and a cascade of 
ecological change including sponge mortality and reduc-
tions in fisheries (Durako, Hall, and Merello 2001; Peterson 
et al. 2006). These conditions slowly improved over about 
a decade (Durako, Hall, and Merello 2001). However, in 
2015, researchers began reporting a reoccurrence—elevated 
salinities, high sulfide levels, seagrass die-off, and fish kills 
(Hall et al. 2016). Increasing freshwater flow to Florida Bay 
through alterations in water management is a common 
suggestion for reducing the likelihood of more die-off 
events in the future.

Apalachicola Bay
In the fall of 2012, Apalachicola Bay, located in the Big 
Bend region of Florida next to the northeast corner of the 
Gulf of Mexico, experienced a rapid decline in its oyster 
population that has not recovered, as of 2022 (Johnson, 
Pine, and Camp 2022). It coincided with salinities as high 

as the adjacent ocean, caused by two successive years of 
record low river inflows, and unprecedented high fishing 
effort and harvest (Camp et al. 2015). It also coincided with 
high levels of oyster predators, such as crabs and conchs; 
parasites, such as worms, snails, and sponges (Figure 4); 
and pathogens, such as Perkinsus, a group of parasitic 
protists (single-celled organisms) that infect certain marine 
animals. Research showed the oyster population collapse 
was likely related to decreased survival of juvenile oysters 
(Pine et al. 2015; Johnson et al. 2023). Additionally, results 
from field experiments demonstrate that as the salinity in 
Apalachicola increased, so did the presence of an oyster 
predator called oyster drills (Kimbro et al. 2017). It is 
possible that this lower survival of juvenile oyster was made 
worse by high salinity or other environmental conditions 
(Camp et al. 2015; Kimbro et al. 2017). However, links 
between salinity and oysters are not clear (Fisch and Pine 
2016), and juvenile survival appears to have remained low 
in the 2012–2022 period despite variable and more normal 
water conditions (Johnson et al. 2023). Increasingly it seems 
that the oyster population in Apalachicola Bay experienced 
a shift to a much lower (and less valuable) population level 
(Johnson, Pine, and Camp 2022). Ultimately it is not known 
what role high salinity may have played in that initial popu-
lation shift (Johnson et al. 2023), but it is possible it played 
one since salinity and temperature are key environmental 
factors that structure oyster populations (Love et al. 2021).

Figure 4. This image shows the condition of oysters two years into a 
severe drought, low river inflow, and high salinity. The images show 
how oysters have been parasitized. Panel A shows a parasitic clam that 
bores a hole into the oyster shell to feed (at the place of the yellow 
arrow). Panel B shows smaller holes made by boring sponges, and 
Panel C shows the live sponges on a shell. Panel D shows a boring 
worm and some of the holes it makes when feeding. The larger image 
on the left shows large holes left in an oyster shell by boring clams 
(the blue arrow).
Credits: Andrew Kane, University of Florida
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An earlier decline in oysters in Apalachicola Bay was 
documented by Petes, Brown, and Knight (2012). They 
also found that during a time of reduced freshwater inflows 
and elevated salinities, oysters experienced mortality. They 
attributed the deaths to Perkinsus and suggested that the 
high salinity enhanced the growth of Perkinsus populations. 
The study also identified a situation seen in other research: 
a synergistic negative effect of high salinity and high water 
temperature on oyster health.

Biscayne Bay
Biscayne Bay is a subtropical, low-nutrient estuary in 
southeast Florida. Urban growth in north Biscayne Bay, 
agricultural activities in south Biscayne Bay, and water 
management practices such as canal drainage have led to 
a decline in water quality in the region, including changes 
in salinity and nutrients. Salinity in Biscayne Bay has been 
slowly increasing and moving from estuarine to more 
marine (Wingard et al. 2004) due to decreased freshwater 
flow from natural rivers and decreased sheet flow from the 
Everglades. Canals now bring freshwater and nutrients into 
Biscayne Bay (Cary et al. 2011; Caccia and Boyer 2007). 
The increased delivery of nutrients with freshwater has led 
to algal blooms and periods of low oxygen in Biscayne Bay, 
which are associated with die-offs of seagrass beds in the 
region (Millette et al. 2019). These fluctuations in salinity 
due to freshwater input from canals may also affect the size 
and distribution of seagrasses. Model simulations suggest 
that a decrease in salinity will shift the dominant seagrass 
species, which has consequences for fisheries and other 
ecosystem services (Lirman and Cropper 2003).

Seagrasses are not the only marine species affected by the 
change in salinity in Biscayne Bay. There are historical re-
ports of a healthy eastern oyster population (Harlem 1979; 
Meeder, Harlem, and Renshaw 2001). Past fisheries data 
show more frequent catches of estuarine species, indicating 
more brackish conditions (Serafy et al. 1997). Yet, long-
term reduction in freshwater discharge associated with 
canalization of Miami, have led to reduced freshwater flow 
and an increase in salinities. Oysters have a very specific 
salinity tolerance, so salinity changes to their environment 
can have consequences for the oyster populations. In 
Biscayne Bay, the high salinity events have been linked to 
the loss of reef-building oysters (Parker et al. 2013). Oysters 
that remain in Biscayne Bay are smaller. Though live oysters 
indicate a reproducing population of oysters, the lack of 
larger oysters indicates high mortality, likely associated 
with high salinity (Meeder, Harlem, and Renshaw 2001). 
Unfortunately, changes in freshwater flow to create a more 
brackish environment favorable for oysters will not restore 

the oyster population in Biscayne Bay, as hard substrate and 
other places for oysters to settle and grow is lacking (Parker 
et al. 2013).

St. Lucy Estuary
The St. Lucie Estuary, located along the Atlantic coast of 
Florida, periodically receives large discharges of fresh water 
from Lake Okeechobee via a canal that was built between 
the lake and estuary in the 1960s. When this happens, a 
variety of negative effects occur (Sime 2005), including 
reduced light availability due to material in the water, 
which causes loss of submerged plants, as well as impacts to 
oysters, coral reefs, and benthic animal diversity.

Freshwater inputs also bring large amounts of nutrients. 
Usually these do not stimulate blooms of algae because the 
water is moving too fast for them to proliferate (Phlips et al. 
2012) and nutrients are quickly diluted in the larger estuary, 
but under certain conditions, blooms have occurred. In-
creased nutrients in estuaries can also lead to the decrease 
of seagrass beds and an increase in proliferations of benthic 
macroalgae, which can be problematic by emitting noxious 
odors, decreasing dissolved oxygen when decomposing, 
harboring pathogenic microorganisms, and producing 
toxins by benthic cyanobacteria (Ford et al. 2018; Ford et 
al. 2021; Wood et al. 2020; Berthold, Lefler, and Laughing-
house 2021; Lefler, Berthold, and Laughinghouse 2021).

Projected Changes in Climate That 
Could Affect Salinity in Estuaries
Climate change is expected to cause two major responses 
that will directly affect the salinity of estuaries: (1) altered 
river flow and (2) a continued rise in sea level. The 
Intergovernmental Panel on Climate Change (IPCC 2019) 
projects that global average sea level will rise between 2 
and 3.6 feet during this century, and that it is “virtually 
certain” that sea level will continue to rise after 2100. If 
global warming passes a certain threshold, projected to be 
between 2°F and 3°F, there could be near-complete loss of 
the Greenland Ice Sheet, causing a global mean sea-level 
rise of about 20 feet.

While sea levels are rising, climate change is expected to 
influence the pattern of rainfall and drought. Wuebbles et 
al. (2014) ran 40 climate models and found that they all 
gave common predictions for the future: warming of the 
atmosphere and soil, lower relative humidity across the 
United States, and an increase in the duration, frequency, 
and intensity of droughts. Murray, Foster, and Prentice 
(2012) ran several climate models, and they all predicted 
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that climate change and population growth will result in 
increased global water stress in this century. Sheffield and 
Wood (2008) projected that there will be a doubling in 
the frequency of droughts lasting four to six months and 
a three-fold increase in the frequency of droughts lasting 
longer than a year.

What do these changes—altered river flow and continuing 
sea-level rise—mean for estuaries and their salinity? 
Regarding river flow, there will be prolonged periods of low 
flow during droughts and then short periods of extreme 
high flow. Because the interaction of the ocean and river 
water is what creates the intermediate salinity of estuaries, 
the expected outcome is long periods of higher estuarine 
salinity interrupted for short periods with a flush of fresh 
water. Higher sea level will exacerbate the high salinity 
during low-flow periods (Figure 5). Sea-level rise will not 
only increase salinity; it will also increase submergence 
times, meaning areas will be under water for longer periods 
of time.

How Changes May Affect Estuarine 
Plants and Animals
A future in which sea-level rise causes saltier ocean water to 
move into estuaries and longer-lasting droughts that usher 
in periods of reduced freshwater input, combined with 
longer submergence times, could stress estuarine organ-
isms. The range of salinity may exceed what is optimal for 
their growth and even exceed what they can tolerate (Figure 
6). Species that cannot swim might be greatly reduced in 
numbers. Others might be able to migrate further upstream 
into the rivers that feed the estuary to reach a place where 
they can tolerate the salinity. Sea-level rise may also lead 
to more and different pathogens, pests, and predators that 
will affect the health and survival of estuarine plants and 
animals.

One problem is that most of Florida’s estuaries, with the 
exception of bays fed by sheet flow through the Everglades, 
are fed by rivers that are much narrower than the estuary 
and are often dredged and kept deeper for boat traffic. 
This means there is much less space in rivers for estuary 
organisms to use if the estuary or bay becomes saltier than 
they prefer. Additionally, the movement of species from 
estuarine areas that become too salty requires there to be 
usable passageways to upstream river areas and usable 
habitat when they get there. These requirements are often 
not met since many rivers have barriers to movement 
(dams, culverts, or other water control structures) and also 
often feature developed or hardened shorelines (e.g., with 
retaining walls or bulkheads; Wallace, Camp, and Smyth 
2022). The term “coastal squeeze” is used to describe this 
phenomenon when human structures prevent the landward 
migration of coastal species and squeeze out their habitats.

Sea-level rise and associated changes in salinity and in 
the inundation of coastal habitats have also been linked 
to peat collapse in marshes of the Everglades (Wilson et 
al. 2018; Chambers, Steinmuller, and Breithaupt 2019). 
Peat is the partially decomposed organic material found in 
coastal wetlands and is the base on which wetland plants, 
like mangroves and sawgrass, grow. As sea levels rise and 
these areas become wetter and saltier for longer periods of 

Figure 5. Conceptual illustration showing current conditions of river 
inflow and ocean water incursion to an estuary (left) compared to a 
future situation with reduced river flow and increased ocean water 
incursion due to higher sea levels (right). The estuary of the future 
is saltier, except at times of extreme rainfall and high river inflow. 
Rainfall is predicted to be heavier in the future because with a warmer 
atmosphere that can hold more moisture, storms will be more intense.
Credits: Florida Sea Grant

Figure 6. Conceptual illustration of salinity ranges experienced by 
plants and animals in estuaries. This figure compares the optimal 
range for growth, the range they actually experience, which includes 
some periods of drought and flood, and the range they might 
experience with climate change when there is higher sea level and 
prolonged droughts.
Credits: Florida Sea Grant
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time, plants become stressed and die. As a result, ecosystem 
processes that are normally slow speed up. One example of 
this is the process of decomposition. As this happens, that 
peat no longer builds up but rather collapses, leaving holes 
in the wetland prairie. In this case, the increase in salinity 
causes the plants to die. With the loss of plants to stabilize 
the peat, coupled with the increase in decomposition, the 
peat will eventually collapse.

There is a rich scientific literature on the relationship 
between freshwater inflow and subsequent commercial 
landings of fish and shellfish. Some research suggests the 
increase of salinities will negatively affect fish populations 
and catch (Jenkins, Conron, and Morison 2010). Other 
research suggests the lowering of salinity will not increase 
landings of species such as oysters (Turner 2006), and some 
found no consistent trends between freshwater flow and 
landings (Fisch and Pine 2016). In Florida (Green et al. 
2006) and further worldwide (Nordlie 2003; Feyrer et al. 
2015), changes in estuarine salinity conditions will likely 
have some effect on fish communities. The specific changes 
will depend on the species and the estuary, but generally 
more extreme patterns (high and low) in salinity will be 
problematic for many species and the fisheries that depend 
on them.

If the salinity of places like Apalachicola Bay and Tampa 
Bay increases into the 35 ppt range, ocean-dwelling preda-
tors, parasites, and pathogens will be able to thrive in the 
estuaries and will likely have some effect on the ecosystems. 
Vallisneria americana (wild celery) and other low-salinity-
adapted species of aquatic plants at the upper end of the 
estuary may be constrained to a smaller space or may not 
be able to survive. Marine macroalgae or seagrasses could 
overtake these habitats and affect the estuary food web, 
impacting productivity and fisheries due to changes in 
food availability. These changes in the primary producer 
community will affect the productivity of economically 
important fisheries, ultimately making estuaries very 
different than what we see today.

Water Use and Consumption
One of the big unknowns that will affect river flow into 
estuaries is the use of fresh water by people. It is critical 
now and especially in a future with increased droughts and 
saltwater intrusion that water be used in as conservative a 
manner as possible.

Florida’s water management districts have protocols and 
plans to minimize wasteful use of fresh water, and they 
need to be followed. The average person in Florida may 

think that we are a state with plentiful water. Yet, the reality 
is that our aquifers are being drawn down (i.e., lowering of 
the water table by groundwater withdrawal), leading to dry 
wells. At the same time, as sea levels rise, saltwater moves 
inland leading to saltwater intrusion. Saltwater can easily 
spread through groundwater. Saltwater is denser than fresh 
water and forms a wedge under the fresh water. As we draw 
down our aquifers and wells, this new space is replaced by 
saltwater. In Hallandale Beach (Broward County), saltwater 
has breached five of its eight freshwater drinking wells.

We also have networks of coastal canals that quickly 
discharge water to the ocean during the rainy season to 
protect our buildings and crops from flooding. That water 
is essentially wasted because it is no longer available in the 
dry season. This also affects coastal ecosystems because 
when water is quickly discharged in the rainy season, it 
causes harm to salt-tolerant species. In the dry season, there 
often is not enough freshwater flow to sustain species that 
cannot tolerate high salinity.

This management scheme needs to change and may require 
costly water storage facilities to capture some or all of that 
water for later use when rainfall is scarce.

Other Effects of Climate Change on 
Estuaries
This publication focused on effects of climate change result-
ing from altered salinity in estuaries. It did not consider 
some of the other substantive changes that may occur and 
that will be addressed in other publications.

Those changes include tropicalization. Tropicalization 
is the movement of tropical and subtropical plants and 
animals north because of increases in temperature. Another 
change that may occur because of warming water is the 
intensification of toxic algal blooms and of disease-causing 
microorganisms. Increased temperature stimulates faster 
growth of those organisms and their populations—with 
potential negative effects on fish, oysters, clams, and people 
who recreate in or live near the water. This particular topic 
is covered in “Climate Change and the Occurrence of 
Harmful Microorganisms in Florida’s Ocean and Coastal 
Waters” (https://doi.org/10.32473/edis-sg136-2015), 
available on EDIS by Havens (2015).

For additional general information on estuaries, see the 
online lessons from NOAA: http://oceanservice.noaa.gov/
education/tutorial_estuaries/welcome.html

https://doi.org/10.32473/edis-sg136-2015
http://oceanservice.noaa.gov/education/tutorial_estuaries/welcome.html
http://oceanservice.noaa.gov/education/tutorial_estuaries/welcome.html
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