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Introduction
Florida seagrass meadows support an array of organisms 
(e.g., algae, invertebrates, fish, marine mammals, and 
sea turtles) and provide many benefits to humans (e.g., 
shoreline stabilization, water filtration, and carbon seques-
tration). Unfortunately, seagrass populations are in decline 
due to several threats, including eutrophication, climate 
change, and coastal development. Species diversity and 
genetic diversity increase seagrass ecosystem functions (i.e., 
physical, chemical, and biological processes) and stability 
(i.e., ability to maintain equilibrium post-disturbance). 
Therefore, incorporating diversity into restoration efforts 
may increase restoration success. In this paper, we review 
the importance of seagrass, major threats to seagrass, 
and ways in which seagrass species diversity and genetic 
diversity can positively impact seagrass management and 
restoration. This publication is intended for individuals 
interested in seagrass management, including Florida com-
munity groups and conservation/management agencies.

Importance of Seagrasses
Seagrasses are valuable to humans. As an ecosystem engi-
neer, seagrass modifies its environment and acts as the base 
of the ecosystem. Seagrass biomass changes water flow and 
nutrient cycling, and provides structure which results in 
carbon sequestration, water filtration, habitat provisioning, 

erosion control, and support for tourism and fisheries 
(Figure 1).

Seagrasses play a major role in coastal nutrient cycles, stor-
ing carbon and improving water quality. Organic carbon, 
nitrogen, and phosphorus are all stored in seagrass biomass. 
Furthermore, these elements are buried in seagrass sedi-
ment at high rates. Low oxygen levels in seagrass sediments 
result in slow decomposition and the potential for 
long-term storage. This carbon storage can help to mitigate 
climate change because carbon stored in seagrass sediments 
is not being released in the atmosphere as a greenhouse gas. 
By increasing sediment organic matter and releasing small 

Figure 1.  Functions and threats to tropical seagrass ecosystems.
Credits:  This figure was created by the Integration and Application 
Network (ian.umces.edu/media-library)
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amounts of oxygen, seagrasses also promote denitrification, 
which is a process where microbes convert nitrogen from 
nitrate to gaseous nitrogen. The removal of nitrogen from 
the water via denitrification can sometimes limit the growth 
of algae and phytoplankton when it is nitrogen limited, 
thereby potentially lessening the impacts of harmful 
algal blooms (Flindt et al. 1999). Seagrasses can also help 
oxygenate the water column through photosynthesis which 
supports diverse animal communities.

Seagrass leaves and roots provide structure and habitat for 
epiphytic algae, invertebrates (e.g., shrimp and scallops), 
small fish, larger predatory fish, and larger herbivores 
(e.g., sea turtles and manatees). Smaller organisms, such 
as algae or invertebrates, rely on seagrass beds for habitat 
and protection from predators. Many fish species rely on 
seagrass meadows for primary habitat, nursery habitat, 
or feeding grounds, and herbivores utilize these seagrass 
meadows as both a habitat and food source. Seagrass is the 
primary food source for adult green sea turtles (Chelonia 
mydas) and the Florida manatee (Trichechus manatus 
latirostris). In the northern Atlantic Ocean, 297 fish species 
have been documented to use seagrasses, and this number 
is higher in other parts of the world.

Seagrasses protect coastal communities from flooding, 
storm surges, and erosion. Seagrass canopies dissipate 
wave energy and trap sediments, while seagrass roots and 
rhizomes secure sediments in place. Unlike traditional 
“gray” infrastructure (e.g., seawalls, bulkheads), seagrasses 
can adapt to rising sea levels, creating a lasting tool that 
reduces the negative impacts of sea level rise and extreme 
weather events, while also providing myriad additional 
benefits.

Lastly, seagrass meadows can boost local economies 
by providing tourism opportunities and supporting 
recreational and commercial fisheries. Because seagrasses 
provide habitat to many organisms including scallops, 
sea turtles, manatees, rays, crabs, and many types of fish, 
seagrass ecosystems are used for recreational activities, 
such as snorkeling and fishing. Fisheries in Florida rely 
heavily on seagrasses, especially those that target scallops 
or game fish like grouper and snapper. In the Indian River 
Lagoon in Florida, seagrasses have a fishery-based value 
of $5,000–$10,000 per acre per year (Hazen and Sawyer 
2008; SJRWMD 2012). Seagrass meadows provide an array 
of benefits to Florida’s ecosystems and residents, which 
necessitates protection and conservation of these seagrass 
meadows.

Threats to Seagrass Ecosystems
Seagrasses are rapidly declining worldwide, with nearly 
one-third of the global areal seagrass cover lost between 
1879 and 2006. An additional 7% of seagrass is estimated 
to be lost every year (Waycott et al. 2009). With this loss 
of seagrass cover comes loss of the many benefits that 
seagrasses provide to humans and the environment. For 
example, stored carbon is released into the atmosphere 
following seagrass die-offs, which can accelerate the rate of 
climate change (Fourqurean et al. 2012).

Coastal development and declining water quality are major 
drivers of seagrass loss. When sediment and nutrient runoff 
enters seagrass meadows, suspended sediments and algal 
blooms can shade the seagrass, leading to seagrass loss. 
Additionally, physical disturbances (e.g., dredging, boat 
propeller scars, construction of docks and marinas, and 
damage from canal estates and industry) directly remove 
seagrasses.

Climate change can also negatively impact seagrasses. 
Storms and extreme weather events are becoming more 
frequent, and they bring physical damage to seagrasses 
and reduce water quality. For example, droughts can result 
in high salinity events (outside of seagrass physiological 
limits), and storms can change water quality by carrying 
excess nutrients and pollutants into coastal areas. Addition-
ally, warming temperatures and heat waves can negatively 
impact seagrasses. As temperatures increase, respiration 
increases at a faster rate than photosynthesis, which can 
result in carbon limitation for plants (Marsh et al. 1986). 
High respiration rates (due to warmer temperatures or 
decomposition) also reduce water column and sediment 
oxygen levels, which can be harmful to seagrasses.

Warming temperatures indirectly impact seagrasses 
through tropicalization (i.e., the range expansion of tropical 
species into subtropical regions) (Heck et al. 2015). In the 
northern Gulf of Mexico, populations of tropical herbivores 
including green turtles, manatees, and emerald parrotfish 
are increasing due to tropicalization and conservation 
efforts. This is expected to yield increased grazing pressure 
on seagrasses, potentially reducing seagrass structure and 
density.

These threats to seagrasses are not occurring in isolation. 
Multiple stressors are concurrently impacting seagrass 
meadows. When multiple stressors co-occur, this can create 
unexpected, non-additive interactions that can potentially 
result in a more severe impact to seagrasses.
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What is seagrass diversity, and 
why does it matter?
Seagrass diversity has two main components: species 
diversity (i.e., the number of seagrass species and their rela-
tive abundance) and genetic diversity (i.e., the number of 
genetically distinct individuals within a single species and 
their relative abundance). Because seagrasses reproduce 
both asexually (producing a genetically identical clone of 
the parent) and sexually (producing a genetically unique 
plant), seagrasses have served as a model organism for 
studying genetic diversity. While many temperate regions 
only contain one seagrass species, subtropical and tropical 
regions can contain multiple co-occurring seagrass species. 
There are seven seagrass species found in Florida: turtle 
grass (Thalassia testudinum), manatee grass (Syringodium 
filiforme), shoal grass (Halodule wrightii), star grass 
(Halophila engelmannii), paddle grass (Halophila decipiens), 
Johnson’s seagrass (Halophila johnsonii), and widgeon grass 
(Ruppia maritima). Genetic diversity of Thalassia, Syrin-
godium, and Halodule has been found to differ between 
populations and locations.

Researchers have observed many positive effects of seagrass 
genetic diversity on ecosystem functions and stability. 
Seagrass genetic diversity can increase resistance to dis-
turbances (i.e., ability of the system to remain unchanged 
following a disturbance) and resilience to disturbances (i.e., 
the ability of the system to recover following a disturbance). 
Genetic diversity in seagrasses can increase ecosystem func-
tions as well. Examples include augmenting invertebrate 
habitat, nutrient retention, and primary productivity, and 
increasing the value of seagrasses.

There are multiple mechanisms that can produce positive 
effects of diversity on ecosystem functions and stability. 
Seagrass genotypes and species have different traits, which 
can result in facilitation, sharing of resources, and different 
responses to disturbances (Hughes and Stachowicz 2011; 
Reynolds et al. 2016). For example, taller plants can protect 
sensitive understory plants from excess light, thereby facili-
tating the survival of shorter plants (Dawson and Dennison 
1996). Additionally, seagrass genotypes and species have 
different rooting depths (Williams 1990), allowing them to 
draw from different nutrient pools and reduce competition 
for resources. Finally, response to disturbances varies based 
on the species or genotype, allowing more resistant species 
to compensate for losses in more sensitive species and 
increasing ecosystem stability (Yachi and Loreau 1999). 
While researchers have focused on the positive impacts of 

seagrass genetic diversity, we expect the same mechanisms 
to produce positive impacts of seagrass species diversity.

Incorporating Diversity into 
Seagrass Management and 
Restoration
Seagrass diversity (both species and genetic) is an impor-
tant factor to consider in management and restoration 
decisions. Restoration projects that maximize seagrass 
genetic and species diversity have been shown to have 
increased success, measured both as plant persistence and 
as the enhanced provision of ecosystem functions (Reyn-
olds et al. 2012). Incorporating seagrass species richness 
into restoration trials can also enhance restoration success, 
with higher plant survival and growth rates (Williams et al. 
2017). Similarly, genetic diversity can improve restoration 
success via higher seagrass survival, shoot density, and 
primary productivity, which increases nutrient retention 
and invertebrate density (Reynolds et al. 2012). Because 
genetic diversity increases resistance and resilience to 
environmental stressors (including grazing, heat waves, and 
low light), restored seagrass meadows that contain high 
genetic diversity will be better able to withstand and recover 
from environmental stress (Hughes and Stachowicz 2004; 
Reynolds et al. 2012; Reynolds et al. 2019).

Monitoring seagrass diversity can provide managers and 
researchers with insight into ecosystem stability. Losses in 
seagrass diversity may indicate increased vulnerability to 
disturbances and the need for intervention. A large-scale 
seagrass die-off in the Indian River Lagoon in Florida 
resulted in higher seagrass population differentiation, 
indicating genetic drift and dispersal limitation, which may 
impede large-scale recovery. In short, these disturbances 
resulted in genetic changes that may have impacts on 
seagrass ecosystem functions. Therefore, researchers are 
calling for preservation of existing genetic diversity in the 
Indian River Lagoon via captive breeding programs (i.e., 
seagrass nurseries) (Reynolds et al. 2019). Identifying 
dispersal limitations suggests the importance of active 
restoration to speed the recovery of seagrass populations 
(Reynolds et al. 2013).

Information on the genetics of natural seagrass populations 
as well as seagrass nurseries is critical for selecting donor 
material for restoration projects. Donor material should be 
locally adapted (i.e., match genetics of local populations) 
and contain high genetic diversity. Monitoring the diversity 
of restored meadows can provide insight into the success of 
the restoration project. Restored seagrasses should maintain 
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similar diversity levels as the donor population. With high 
rates of seagrass loss and increasing anthropogenic pres-
sure, creating restored seagrass meadows that are resistant 
and resilient to environmental disturbances is crucial. 
Maximizing seagrass genetic diversity can provide this 
enhanced stability. Restoring stable seagrass meadows can 
ultimately lead to the recovery of many valuable services 
that benefit ecosystems and humans.
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