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Abstract 

A variety of construction activities occur in or near estuarine and coastal waters of 
Florida within habitats that may support seagrass.  Resource managers have a need for a 
science-based seagrass survey window for Florida to ensure that habitats are adequately 
mapped and characterized prior to authorizing the destruction or modification of the 
habitat.  The development of a survey window requires a balance between physical 
factors that maximize the ability to detect seagrass during sampling (essentially water 
clarity) and the time of year that supports peak biomass and distribution.  Of the seven 
seagrass species found in Florida, two species exhibit greater seasonality: Halophila 
decipiens and Halodule wrightii.  Several publications were synthesized that refer to the 
seasonality of seagrass.  Based on this review and consultation with leading seagrass 
scientists, surveys for these seagrass species should occur June 1 through September 30.  
Results from surveys conducted outside this window will require careful evaluation given 
the likelihood that seagrass distribution or extent is underrepresented.  This 
recommendation differs from but is not in conflict with recommendations from NMFS 
Protected Resources Division for Johnson's seagrass, Halophila johnsonni, which 
exhibits a life history that makes year-round sampling less problematic than it is for 
Halophila decipiens and Halodule wrightii.  Because Halophila decipiens and Halodule 
wrightii are within the range of Halophila johnsonii, conducting surveys within the June 
1 to September 30 window could eliminate the need for multiple surveys. 

 
Introduction 
Seagrass communities along the coasts of Florida are located in estuaries, lagoons, canals, and waterways, 
in addition to offshore oceanic areas.  Many areas along the coasts of Florida are highly urbanized.  South 
Florida1 is home to nearly 9.5 million people (US Census Bureau, 2000), many of which live within three 
miles of the coast.  This results in physical stress to coastal habitats, a phenomena that is being repeated 
worldwide (Waycott et al., 2009).  Impacts to seagrass habitats can be caused by a variety of coastal 
construction activities, including but not limited to fiber optic cable installation, maintenance dredging, 
new channel dredging, marina expansion, and dock construction.  Watercraft also can injure seagrass 
through propeller washing, propeller scaring, vessel shading, anchoring, and groundings (e.g., see 
Engeman et al., 2008; Sargent et al., 1995).  These activities can adversely affect seagrass habitats by 
direct elimination (dredging), burial, habitat fragmentation, and physiological stress caused by degraded 
water quality (i.e., elevated turbidity levels).  Such injuries result in a loss of ecological services, thereby 
disrupting normal seagrass ecosystem function and negatively affecting the numerous seagrass-dependent 
species that utilize the habitat as essential fish habitat for shelter, feeding, growth, and reproduction.   
 
Several federal, state, and local environmental mandates, rules, and policies require avoidance and 
minimization of seagrass impacts prior to the consideration of permitting or licensing impacts to seagrass.  
Demonstrating seagrass avoidance and minimization in the coastal construction planning phase is 
                                                 
1 South Florida refers to the following coastal counties: Pinellas, Hillsboro, Manatee, Sarasota, Charlotte, Lee, Collier, Monroe, 
Miami-Dade, Broward, Palm Beach, Martin. 
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dependent on having reliable and accurate information regarding the presence and distribution of seagrass 
at a project site.  Typically, the existing regulatory framework results in one seagrass survey performed 
during the planning phase of coastal construction projects.  The NOAA’s National Marine Fisheries 
Service (NMFS) generally does not support this approach as it does not allow for the capture of temporal 
or spatial changes that Virnstein et al. (2009) and others have documented as needed for restoration 
planning (Fonseca et al., 1998).  Therefore, it is prudent that surveys be conducted during a timeframe 
that represents peak biomass, distribution, and other conditions that favor the ability to detect seagrass, 
such as good water clarity, light, and temperature.   
 
Several peer-reviewed publications refer to seasonality of seagrass or a seagrass growing season for 
species found in Florida’s waters, including Halophila decipiens, Halodule wrightii2, Syringodium 
filiforme, and Thalassia testudinum.  Other seagrass species are also present in Florida waters (Halophila 
englemannii, H. johnsonii, and Ruppia maritima3).  The seasonality concept is not consistently addressed 
within the regulatory framework that governs reviews of coastal construction activities in Florida.  The 
ramifications of making management decisions that are not based on the best available seagrass data 
could lead to undocumented and unmitigated impacts or reduced mitigation for impacts to seagrass; in 
particular to the species that exhibit higher degrees of seasonality and the most widespread distribution.  
The regulatory community in Florida is generally comprised of the U.S. Army Corps of Engineers; 
Florida Department of Environmental Protection; Florida Fish and Wildlife Conservation Commission; 
Water Management Districts of Northwest Florida, Suwannee River, Southwest Florida, South Florida, 
and St. Johns River; Fish and Wildlife Service, Environmental Protection Agency, NOAA’s NMFS, and 
NOAA’s Florida Keys National Marine Sanctuary, in addition to numerous county and local municipality 
offices.   
 
Part I of this report synthesizes the existing literature on seagrass seasonality and provides justification for 
a science-based seagrass survey window for coastal construction project planning within Florida.  This 
section also presents the geographic range of the two most seasonally variable species that are often 
compromised in coastal development plans, Halophila decipiens and Halodule wrightii.  These species 
have the widest distribution in Florida and exhibit the most potential for seasonal fluctuations.  Part II of 
this report summarizes characters and life history strategies of seagrass.   
 
Future amendments to this report may address seasonality of other seagrass species also present in Florida 
waters (Halophila engelmannii and Ruppia maritima).  While most literature pertaining to Johnson’s 
seagrass (Halophila johnsonii) was not included in the review, we acknowledge that NOAA’s NMFS 
Protected Resources Division recently announced that revisions to the Recommendations for Sampling 
Halophila johnsonii at a Project Site, as provided in Appendix III of the Final Recovery Plan for 
Johnson’s Seagrass (NMFS, 2002), would allow for year round surveys.  

 
Part I: Seagrass Seasonality and a Seagrass Growing Season for Florida 
Seasonal changes in temperature and light are the two most common drivers for seagrass production and 
biomass maxima and minima (Duarte, 1989) in temperate and tropical seagrass meadows (to name only a 
few: Sand-Jensen, 1975; Ott, 1980; Dennison, 1987; Nelson and Waaland, 1997; Brouns, 1987; van 
Tussenbroek, 1994, 1995, 1998).  Several peer-reviewed publications refer to seasonality of seagrass or a 
seagrass growing season for Halophila decipiens (Bell et al., 2008; Fonseca et al., 2007; Hammerstrom et 
al., 2006; Hammerstrom and Kenworthy, 2003; Kenworthy, 2000), Halodule wrightii (Virnstein, 1982; 
Kowalski et al., 2009), Syringodium filiforme (Short et al., 1993; Fry and Virnstein, 1988; Kenworthy and 
Schwarzschild, 1998; Fourqurean et al., 2001), and Thalassia testudinum (Gras et al., 2003; Chambers et 
al., 2001; Fourqurean et al., 2001).   

                                                 
2 Also referred to as Halodule beaudettei 
3 For the purposes of this paper R. maritima is considered a seagrass 
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Seasonality of Halophila decipiens 
Fonseca (1989) acknowledged that H. decipiens is present only through a few months of the year.  Within 
the North American and Caribbean distribution of H. decipiens, the vegetative structure nearly disappears 
in the winter months and generally reappears in the spring from a seed bank (Josselyn et al., 1986; 
Kenworthy et al., 1989; Kenworthy, 2000; Hammerstrom et al., 2006).    Kenworthy (2000) describes a 
growing season of H. decipiens from May to October (summer) and the non-growing season as November 
to April (winter).  Similarly, Hammerstrom et al., (2006) describe that H. decipiens displays a strong 
seasonal pattern of growth (June to October) controlled by a combination of light and temperature.  They 
also note that several descriptive studies and many independent observations corroborate the seasonality 
of seagrass ecosystems.  An approximate 6-month period of vegetative expansion is suggested by Fonseca 
et al., (2007).  They assume these plants have peak germination in April or May and grow until 
September before beginning to exhibit widespread decline.  In this paper, they also note that surveys 
conducted in October indicated that H. decipiens was well into its decline.  
 
Established populations of H. decipiens seedlings reach their peak biomass in July and August and begin 
declining in October, and plants are generally not present from November to May (Kenworthy, 2000).  
Halophila decipiens biomass ranges are generally lowest in the fall and winter (Hammerstrom et al., 
2006).  These are typical cycles in subtropical regions (Kaldy and Dunton, 2000; Fourqurean et al., 2001).  
Fonseca et al. (2007) refer to peak growing season data collections in June and July.  Surveys performed 
by Fonseca et al. (2007) also indicated a substantial decline in the October H. decipiens density.  Whereas 
Hammerstrom et al. (2006) found that virtually all H. decipiens shoots die at the end of the growing 
season and during this same period roots, rhizomes, and blades begin to deteriorate.  Unlike other 
seagrass genera, a perennial, extensive rhizome system does not form in H. decipiens and reappearance of 
beds is from seed banks and perhaps on very rare occasion from over-wintering vegetative fragments 
(Bell et al., 2008).   
 
Seeds of H. decipiens require light to germinate (McMillan, 1988a, b).  Seedlings begin occurring in early 
May (Kenworthy, 2000).  Specifically, populations develop from seeds in early summer and continue to 
expand through early fall (Bell et al., 2008).  During the period of active vegetative growth in summer H. 
decipiens flowers and produces abundant fruits and seeds (Kenworthy, 1992).  Hammerstrom et al. (2006) 
notes that H. decipiens flowers and fruit were most prevalent during summer sampling (June 1999, 
August 1999, and July 2000). 
 
Seasonality of Halodule wrightii 
Virnstein (1982) observed a dormancy period for Halodule wrightii from mid-October to early March 
with little blade standing crop during winter.  He estimated that an approximate 7-month growing season 
(March through October) occurs with a turnover rate of approximately 10 crops per growing season.   
 
Kowalski et al. (2009) showed a seasonal pattern of shoot production, biomass, above/below ground 
ratios, and leaf length.  This work was conducted in areas with similar latitude and thermal regimes as 
Florida.  Highest above-ground biomass values of late summer and fall were the result of rapid late spring 
and early summer leaf growth that increased leaf area.  They noted a distinct seasonal trend in biomass of 
H. wrightii with highest total biomass occurring in August and October and lowest total biomass values in 
November and February.  In addition, they noted highest shoot production in late spring and again in the 
fall and lowest production during winter months.  They further reported areal production as high from 
spring to summer before winter decline.  A significant difference was determined between May (highest 
values) and February (lowest values) for areal production.  However, compared to Caribbean Halodule 
populations, leaf production and biomass production values were generally low. 
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Seasonality of Syringodium filiforme 
Kenworthy and Schwarzschild (1998) noted highest growth rates for S. filiforme in June and July.  
Similarly, Short et al. (1993) refer to the height of the growing season for S. filiforme to be July.  In the 
fall (September), growth is reduced (Fry and Virnstein, 1988) and biomass declines (Short et al., 1993).  
Fourqurean et al. (2001) found that peaks in standing crops of S. filiforme occurred in July through 
August. 
 
Seasonality of Thalassia testudinum 
For T. testudinum, the months of May (Gras et al., 2003) and July (Chambers et al., 2001) are referred to 
as within the growing season.  Fourqurean et al. (2001) found seasonal productivity of T. testudinum with 
annual peaks in August and minima in February, whereas areal productivity peaked in July.  Seasonal 
maxima and minima were 60.9 percent above and below mean productivity.  Seasonal peaks in standing 
crop occur in June.   
 
A Seagrass Growing Season for Florida and Recommended Survey Window 
In general, within Florida there is a more substantial seasonal signature as you move from south to north.  
All seagrass species that occur in Florida are near or at the northern limits of their geographic distribution 
and experience seasonal fluctuations in temperature and light that affect their distribution and abundance.  
Even perennial beds will show strong fluctuations (Kenworthy, J., personal communication; NOAA NOS, 
Center for Coastal Fisheries and Habitat Research, Beaufort, NC.  March 1, 2010).  Based on multiple 
years of monitoring, Steward et al. (2006) reference a general summer to winter decline in both seagrass 
transect length and density.  Based on 1996 to 2006 summer/winter seagrass monitoring, Virnstein et al. 
(2007) show a trend in seagrass transect expansion during summer monitoring events.  Fourqurean et al. 
(2001) conclude that the seasonal maxima of seagrass standing crop in South Florida is 32 percent higher 
than the yearly mean, with annual peaks in seasonal productivity occurring in August and minima in 
February.  
 
There are several factors that collectively influence the ability to accurately and reliably detect seagrass.  
These factors include the seasonal abundance (biomass and density) and distribution of seagrass, light 
availability, and temperature.  Because the months of April and May represent the general time for 
seedling germination, surveys conducted before June 1 have the potential to underestimate the presence 
and areal extent of H. decipiens.  We also point out that winter conditions in Florida can result in higher 
turbidity in estuarine and marine waters which can reduce visibility.  Non-ideal sampling conditions can 
compromise the ability to accurately survey for seagrass, in particular the diminutive species within the 
genus Halophila.  Based on the preceding, NMFS Habitat Conservation Division recommends surveys for 
seagrass in Florida that are within the range of H. decipiens or Halodule wrightii should be done between 
June 1 through September 30.  Results from surveys conducted outside this window will require careful 
evaluation given the likelihood that seagrass distribution or extent is underrepresented. 
 
 
Range of H. decipiens, H. wrightii, and other Seagrass Species off the Coasts of Florida 
Since Halophila decipiens and Halodule wrightii are largely present throughout the range of seagrass 
habitat in Florida, this argues strongly for their consideration as indicator species for seasonality within 
this region. 
 
Range of Halophlia decipiens 
Off the Gulf coast of Florida along the west Florida Shelf, H. decipiens is documented as far north as the 
Big Bend Area, between Anclote Key to Ochlocknee Point (Figure 1) (Iverson and Bittaker, 1986).  
Halophila decipiens distribution extends from inshore bays and estuaries in shallow water (less than 2 
meters deep) to offshore on the west Florida Shelf to about 30 meters depth (Fonseca et al., 2007).  
Halophila decipiens extends to the south to the Dry Tortugas where it is reported as deep as 30 through 



 

5 
 

35 meters (Kenworthy, J., personal communication; NOAA NOS, Center for Coastal Fisheries and 
Habitat Research, Beaufort, NC.  March 1, 2010).  The northern extent of H. decipiens off the Atlantic 
coast of Florida is approximately 21.5 kilometers north of the Sebastian Inlet (Figure 1) (Virnstein and 
Hall, 2009).  Generally, along the Atlantic coast of Florida H. decipiens grows at depths of 0.5 to 4 meters 
(Fonseca, M. personal communication; NOAA, NOS, Center for Coastal Fisheries and Habitat Research, 
Beaufort, NC.  February 25, 2010).   
 
Range of Halodule wrightii 
Halodule wrightii exhibits tropical to subtropical distribution (Zieman and Zieman, 1989), with the 
exception that it is absent off the coasts of Georgia and South Carolina where a combination of freshwater 
inflows, high turbidity, and large tidal amplitude restricts occurrence of all seagrass species (Thayer et al., 
1997).  Halodule wrightii is present in waters of the Florida Keys and along the Gulf coast of Florida.  
The northernmost extent of H. wrightii off the Atlantic coast of Florida was recorded at the mouth of 
Pellicer Creek near Faver-Dykes State Park in St. Augustine, Florida (Figure 1) (Virnstein, B., personal 
communication; Seagrass Ecosystems Analysts, March 3, 2010).  

 

LEGEND

Northern extent of H. decipiens off
Gulf FL (Ochlocknee Point)

Northern extent of H. decipiens off 
Atlantic FL (21.5 km N of Sebastian Inlet) 

Northern extent of H. wrightii off 
Atlantic FL (mouth of Pellicer Creek)

Figure 1: Range limits of Halophila decipiens and Halodule wrightii off Florida  
  
 
Range of other seagrass species in Florida 
Much less is known about the distribution, abundance, and seasonality of Halophila engelmannii.  The 
northern range on the east coast is near Cape Canaveral while on the Gulf coast it occurs as far north as 
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Florida Bay and in deeper waters of the west Florida shelf up to the Big Bend region.  Ruppia maritima is 
an ephemeral, eury-haline species capable of growing in fresh water and hypersaline conditions.  
Halophila johnsonii has the most limited distribution of any seagrass in the world and is located along 
approximately 200 kilometers of the coastline between Key Biscayne (NMFS 2002) and 21.5 kilometers 
north of Sebastian Inlet (Virnstein and Hall, 2008).  The northern distribution of T. testudinum is not as 
far north as Halodule wrightii.   
 
Part II: Characters and Life History Strategies of Seagrass 
This report does not synthesize the literature that describes the many services seagrass habitats contribute 
to marine and estuarine environments (e.g., refuge from predators, sediment stabilization, nutrient 
cycling).  However, a short summary on meadow dynamics for all seagrass species is provided.  Since the 
factors driving the recommended survey window are the seasonality and range of Halophila decipiens and 
Halodule wrightii, a few of the unique characters and life history strategies of these species are described.   
 
Seagrass (all species) Bed Dynamics 
Regardless of species composition or developmental stage, small seagrass patches and entire beds can 
move, the rate of which may vary on scales of weeks to decades.  It is important to recognize seagrass 
habitats as including not only continuous vegetated beds, but also patchy environments with unvegetated 
areas between the patches as part of the habitat (SAFMC, 2009).  Available data show that patchy habitats 
provide many ecological functions similar to continuous meadows (Murphey and Fonseca, 1995; 
Fonseca, 1996).  In addition, it must be recognized that the absence of seagrass in a particular location 
does not necessarily mean that the location is not viable seagrass habitat and could be considered as 
potential habitat if the environmental conditions are suitable.  It could merely mean that the present 
conditions are unfavorable for growth, and the duration of this condition could vary from months to years 
(SAFMC, 2009).   
 
Halophila decipiens and Halodule wrightii and the Seed Bank 
Many studies suggest H. decipiens meadows are annual and rely on seed banks to re-establish and 
maintain populations (Hammerstrom and Kenworthy, 2003; Hammerstrom et al., 2006), as opposed to a 
perennial extensive rhizome system found in other Florida seagrass species (Bell et al., 2008).  In 
laboratory settings, Halophila spp. seeds can germinate after 1 to 2 years of storage under dark conditions 
(McMillan, 1988a; McMillan, 1998b; McMillan and Soong, 1989).  During the winter, H. decipiens seeds 
are retained in a buried sediment bank avoiding harsh environments present during unfavorable growing 
conditions (Kenworthy, 2000).  A means of surviving unfavorable conditions is to adopt a life history 
strategy that produces abundant seeds that can remain dormant through a period of light limitation 
(Kenworthy, 2000).  While light levels during winter prevent the growth and expansion of H. wrightii and 
S. filiforme into deeper water, the seed reserve allows H. decipiens to re-establish seasonal populations 
where the two larger species cannot exist (Kenworthy, 2000).  In the absence of a perennial growth 
strategy, many H. decipiens populations appear to be annual and must reestablish from a seed reserve in 
the sediment (Hammerstrom et al., 2006).  Interestingly, Halodule wrightii, is also known to release their 
seeds near the sediment surface or within the sediments (basicarpy), thus encouraging the formation of 
seed banks and limiting dispersal (Inglis 2000a, b; Hammerstrom et al., 2006). 
 
Halophlia decipiens Leaf Structure, Light Requirements, Turnover Rates, and Overall Importance 
This plant exhibits four characters that support its characterization as a low-light adapted seagrass: 1) thin 
cell wall which maximizes light absorption by leaves; 2) a low leaf area index to prevent canopy self 
shading; 3) a lower proportion of non-photosynthetic biomass which minimizes the demand on carbon 
balance; and 4) a high turnover rate which minimizes the accumulation and shading by epiphytes 
(Kenworthy, 2000).  Halophila decipiens lives among the greatest depths reported for marine 
macrophytes and requires comparatively little light for compensatory photosynthesis (Kenworthy et al., 
1987).   
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Halophila decipiens is characterized by short blades (2 to 3 cm in length) only two cells thick and rapid 
leaf-pair turnover (days).  The roots and rhizomes of H. decipiens penetrate only into the top few 
centimeters of sediment and thus the plants are susceptible to disturbances on the benthos (Bell et al., 
2008), e.g., dredging, propeller scarring, and bioturbation.  Due to its small size and diminutive structure, 
H. decipiens requires comparatively less light for compensatory photosynthesis; as little as 6 percent of 
the photosynthetically active radiation that has passed through the air/sea interface (Josselyn et al., 1986) 
as compared with approximately greater than 20 percent for larger seagrass (Kenworthy and Haunert, 
1991; Kenworthy and Fonseca, 1996). 
 
Relative to other seagrass species, the turnover time of H. decipiens is high and has been calculated to be 
23.3 days for biomass and productivity (Josselyn et al., 1986; Kenworthy et al., 1989).  The turnover rate 
for H. deicipens was about 4.3 percent per day, or twice the average for larger seagrass (Duarte and 
Chiscano, 1999).  The leaf modules of H. decipiens live less than 30 days (Kenworthy et al., 1989), 
whereas equivalent modules of H. wrightii, S. filiforme, and T. testudinum can live for years (Gallegos et 
al., 1992; Durako, 1994; Kenworthy and Schwarzschild, 1998). 
 
Halophila decipiens provides important contributions to ecosystem primary production in an environment 
where it substitutes for the larger seagrass that are unable to survive where low light and high rates of 
disturbance are common (Iverson and Bittaker, 1986).  Halophila species are recognized for their ability 
to re-establish populations in environments where salinity and light regularly fluctuate and larger species 
can not survive (Williams, 1988; Hillman et al., 1995; Kuo and Kirkman, 1992; Longstaff et al., 1999).  
Although H. decipiens is small and present only through a few months of the year, the species provides 
significant sediment stabilization (Fonseca, 1989) and has been suggested to be a critical link in the food 
web of the shelf ecosystem (C. Currin, NOAA/CCFHR, unpublished data). 
 
Halophila decipiens and Halodule wrightii and Spatial and Temporal Distribution 
Halophila decipiens is a highly fecund and cosmopolitan seagrass species, occupying niches which other 
larger-sized perennial species cannot utilize (Hammerstrom and Kenworthy, 2003).  The short life history 
of H. decipiens and the apparent existence of a buried, but moveable seed bank means that spatial 
organization of this community is dictated by first large-scale dispersal of plant propagules (hundreds of 
meters) and then within a growing season, by physical perturbation, bioturbation, and clonal organization 
of the seagrass operating over very small distances (Fonseca et al., 2007).  This species can contribute to a 
more clumped distribution early in the growing season with subsequent vegetative extension.  Fonseca et 
al., (2007) point out that large-scale disturbance events, such as hurricanes, act to redistribute H. decipiens 
propagules, whereupon clonal organization of the plants in their spring to fall existence likely dictates the 
pattern of seafloor occupation.  Furthermore, bioturbation plays an important role in either burying seeds 
or bringing seeds to the sediment surface where they can germinate.  They further note that this species 
appears to have the facility for resiliency of severe disturbances (e.g., hurricanes) of its community that 
appear to be able to move the seed bank hundreds, if not thousands of meters, leading to tremendous 
seasonal changes in the spatial distribution of the plants.  The small seed size and the burial of 
unvegetated substrate by sediments, coupled with movement along with sediment is a plausible 
mechanism to explain the inter-annual patterns of seagrass distribution (sensu Josselyn et al., 1986).  
Thus, the definition of “seagrass habitat” for this genera can be highly misleading if presently vacant 
spaces among patches are not properly considered as requisite space for persistence of the community 
(sensu Fonseca et al., 1998).  Inglis (2000b) discusses how H. wrightii seed banks can move along with 
migrating sand waves. 
 
Additional Relevant to Mapping, Sampling, and Conserving Halophila decipiens  
Use of aerial photography or imagery for mapping H. decipiens is not recommended.  In deeper water 
(depths greater than 2.0 meters), the signature of the three small, low relief species of Halophila is rarely 
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detected.  The distribution and abundance is best determined by direct underwater observations 
(Kenworthy, 2000).  See NMFS Best Management Practices for Surveying Seagrass for Coastal 
Construction Planning (2010) for a list of best management practices for surveying for seagrass for 
coastal construction planning in Florida. 
 
Trawling [or any bottom disturbing activities] during the growing season could potentially influence the 
distribution of the seed bank and disrupt colonization in the spring, which could deplete cover in the 
following growing season.  Repeating such bottom disturbing activities may have potential to lead to the 
elimination of H. decipiens over large areas, making the community reliant on long distance dispersal of 
seed stocks to recolonize injured areas (Fonseca, M. personal communication; NOAA, NOS, Center for 
Coastal Fisheries and Habitat Research, Beaufort, NC.  February 25, 2010). 
 
Steward et al. (2006) states that one consequence of human development in a coastal basin is the loss of 
natural hydrologic buffers (e.g., loss of wetlands and natural drainage features and their flood storage and 
flow attenuation capacities) that can compromise an estuary’s resiliency or capacity to recover from 
hurricanes.  While studies have shown that some seagrass beds were resilient to acute hurricane effects, 
signs of chronic instability (large variability in coverage and density over the long term) in segments that 
are continually affected by drainage from upland developments are evident (Steward et al., 2006). 
 
 
Acknowledgements 
The following individuals that provided thorough technical review Dr. Mark Fonseca (NOAA NOS, 
Center for Coastal Fisheries and Habitat Research, Beaufort, NC), Dr. W. Judson Kenworthy (NOAA 
NOS, Center for Coastal Fisheries and Habitat Research, Beaufort, NC), and Dr. Pace Wilber (NOAA 
NMFS, Southeast Region Habitat Conservation Division, Charleston, SC).  Additional technical input and 
editorial review was provided by Dr. Don Field (NOAA NOS, Center for Coastal Fisheries and Habitat 
Research, Beaufort, NC), Lori Morris (St. Johns River Water Management District), Brandon Howard 
(NOAA NMFS, Southeast Region Habitat Conservation Division, West Palm Beach, FL), Kelly Logan 
(NOAA NMFS, Southeast Region Protected Resources Division, Ft Lauderdale, FL), Mark Sramek 
(NOAA NMFS, Southeast Region Habitat Conservation Division, St Petersburg, FL), and Melody White 
(U.S. Army Corps of Engineers, Jacksonville District, Palm Beach Gardens Regulatory Office on 
assignment with NOAA NMFS, Southeast Region Habitat Conservation Division, West Palm Beach, FL). 
 
 
Literature Cited  
Adair, S.E., Moore J.L., and Onuff, C.P.  1994.  Distribution and status of submerged vegetation in 
estuaries of the upper Texas coast.  Wetlands 14(2): 110-121. 
 
Bell, S.S., Fonseca, M.S., and Kenworthy, W.J.  2008.  Dynamics of a subtropical seagrass landscape: 
links between disturbance and mobile seed banks.  Landscape Ecology 23: 67-74. 
 
Brouns, J.J.W.M.  1987.  Aspects of production and biomass of four seagrass species (Cymodoceoideae) 
from Papua, New Guinea. Aquatic Botany 27: 333–362. 
 
Chambers, R.M., Fourqurean, J.W., Macko, S.A., and Hoppenot, R.  2001.  Biogeochemical effects of 
iron availability on primary producers in a shallow marine carbonate environment.  Limmol. Oceanogr. 
46(6): 1278-1286 
 
Cho, H.J., Biber, P., and Nica, C.  2009.  The rise of Ruppia in seagrass beds: Changes in coastal 
environment and research needs.  In: Handbook on Environmental Quality (eds. E.K. Drury and T.S. 
Pridgen).  Chapter 12, 15pp. 



 

9 
 

 
Cho, H.J., Larmer, M., Jones, J., May, C., and Young, J.  (unpublished)  Use of GIS for estuarine seagrass 
surveys and restoration planning.  Proceedings of the ESRI User Conference 11pp. 
 
Dawes, C.J., Phillips R.C., and Morrison, G.  2004.  Seagrass Communities of the Gulf Coast of Florida: 
Status and Ecology.  Florida Fish and Wildlife Conservation Commission Fish and Wildlife Research 
Institute and the Tampa Bay Estuary Program.  St. Petersburg, FL. iv + 74 pp. 
 
Dennison, W.C.  1987.  Effects of light on seagrass photosynthesis, growth and depth distribution. 
Aquatic Botany 27: 15–26. 
 
Dunton, K.H.  1996.  Photosynthetic production and biomass of the subtropical seagrass Halodule 
wrightii along an esturarine gradient.  Estuaries 19(2B): 436-447. 
 
Duarte, C.M.  1989.  Temporal biomass variability and production/biomass relationships of seagrass 
communities.  Marine Ecology Progress Series 51: 269–276.  
 
Duarte, C.M., and Chiscano, C.L.  1999.  Seagrass biomass and production: a reassessment.  Aquatic 
Botany 65(1-4): 159-174. 
 
Durako, M.J.  1994.  Seagrass die-off in Florida Bay (USA): changes in shoot demographic 
characteristics and population dynamics in Thalassia testudinum. Marine Ecology Progress Series 110: 
59–66. 
 
Engeman, R.M., Duquesnel, J.A., Cowan, E.M., Smith, H.T., Shwiff, S.A., and Karlin, M.  2008.  
Assessing Boat Damage to Seagrass Bed Habitat in a Florida Park from a Bioeconomics Perspective.  
Journal of Coastal Research 24: 527-532. 
 
Fonseca, M.S.  1989.  Sediment stabilization by Halophila decipiens in comparison to other seagrasses.  
Estuarine Coastal Shelf Science 29: 501-507.  
 
Fonseca, M.S.  1996.  Scale dependence in the study of seagrass systems.  In: Kuo, J., Phillips, R.C., 
Walker, D.I., and Kirkman, H. (eds.), Seagrass Biology: Proceedings of an International Workshop. 
January 25-29, Rottnest Island, W. Australia, Australia.  Faculty of Sciences, University of Western 
Australia, pp. 95-104. 
 
Fonseca, M.S., Kenworthy, W.J., and Thayer, G.W.  1998.  Guidelines for the conservation and 
restoration of seagrass in the United States and adjacent waters.  NOAA COP/Decision Analysis Series.  
222p. 
 
Fonseca, M.S., Whitfield, P.E., and Kelly, N.M.  2002.  Modeling seagrass landscape pattern and 
associated ecological attributes.  Ecological Applications 12: 218-237.  
 
Fonseca, M.S., Kenworthy, J.W., Griffin, E., Hall, M.O, Finkbeiner, M., and Bell, S.S.  2007.  Factors 
influencing landscpate pattern of the seagrass Halophila decipiens in an oceanic setting.  Estuarine, 
Coastal and Shelf Science: 1-12. 
 
Fourqurean, J.W., Willsie, A., Rose, C.D., and Rutten, L.M.  2001.  Spatial and temporal pattern in 
seagrass community composition and productivity in south Florida.  Marine Biology 138: 341-354.  
 
Fry, B.  1983.  Leaf growth in the seagrass Syringodium filiforme Kutz.  Aquatic Botany 16: 361-368. 



 

10 
 

 
Fry, B. and Virnstein, R.W. 1988. Leaf production and export of the seagrass Syringodium filiforme Kütz. 
in Indian River Lagoon, Florida. Aquatic Botany 30: 261-266. 
 
Gallegos, M.E., Merion, M., Marba, N., and Duarte, C.N.  1992.  Flowering of Thalassia testudinum 
Banks ex Konig in the Mexican Caribbean: age-dependence and interannual variability.  Aquatic Botany 
43: 249-255. 
 
Gallegos, M.E., Merino, M., Rodriguez, A., Marba, N., and Duarte C.  1994.  Growth patterns and 
demography of pioneer Caribbean seagrass Halodule wrightii and Syringodium filiforme.  Marine Biology 
Progress Series 109: 99-104. 
 
Gilbert, S., and Clark, K.B.  1981.  Seasonal variation in standing crop of the seagrass Syringodium 
filiforme and associated macrophytes in the northern Indian River, Florida. Estuaries 4: 223-225. 
 
Gras, A.M., Koch M.S., and Madden C.J.  2003.  Phosphorous uptake kinetics of a dominant tropical 
seagrass Thalassia testudinum.  Aquatic Botany 76: 299-315. 
 
Green, E.P., and Short, F.T.  2003.  World Atlas of Seagrasses.  University of California Press, Berkeley. 
 
Hammerstrom, K.K., and Kenworthy, J.W.  2003.  A new method for estimation of Halophila decipiens 
Ostenfeld seed banks using density separation.  Aquatic Botany 76: 79-86. 
 
Hammerstrom, K.K., Kenworthy, W.J., Fonseca, M.S., and Whitfield, P.E.  2006.  Seed bank, biomass, 
and productivity of Halophila decipiens, a deep water seagrass on the west Florida continental shelf.  
Aquatic Botany 84: 110-120. 
 
Hammerstrom, K.K., Sheridan, P., and McMahan, G.  1998.  Potential for seagrass restoration in 
Galveston Bay, Texas.  Texas Journal of Science 50(1): 35-50. 
 
Hemminga, M.A, Duarte, C.M.  2000.  Seagrass Ecology.  Cambridge University Press, 443 London.  
 
Hillman, K., McComb, A.J., and Walker, D.  1995.  The distribution, biomass, and primary production of 
the seagrass Halophila ovalis in the Swam/Canning Estuary.  Western Australia.  Aquatic Botany 51: 1-
54. 
 
Inglis, G.J.  2000a.  Disturbance-related heterogeneity in the seed banks of a marine angiosperm. Journal 
of Ecology 88: 88-99. 
   
Inglis, G.J.  2000b.  Variation in the recruitment behaviour of seagrass seeds: implications for population 
dynamics and resource management.  Pacific Conservation Biology 5: 251-259.  
 
Iverson, R.L., and Bittaker, H.F.  1986.  Seagrass distribution and abundance in eastern Gulf of Mexico 
coastal waters.  Estuarine Coastal Shelf Science 22: 577-602. 
 
Josselyn, M., Fonseca, M., and Niesen, T., and Larson, R.  1986.  Biomass, production and decomposition 
of a deep water seagrass, Halophila decipiens Ostenf. Aquatic Botany 25: 47–61. 
 
Kaldy, J.E., Fowler, N., and Dunton, K.H.  1999.  Critical assessment of Thalassia testudinum (turtle 
grass) aging techniques: implications for demographic inferences.  Marine Ecology Progress Series 181: 
279–288. 



 

11 
 

 
Kaldy, J.E., and Dunton, K.H.  2000.  Above- and below-ground production, biomass and reproductive 
ecology of Thalassia testudinum (turtle grass) in a subtropical coastal lagoon.  Marine Ecology Progress 
Series 193: 271–283. 
 
Kenworthy, W.J.  1992.  Protecting Fish and Wildlife Habitat Through an Understanding of the Minimum 
Light Requirements of Subtropical-Tropical Seagrasses of the Southeastern United States and Caribbean 
Basin.  Ph.D. Dissertation, Department of Zoology, North Carolina State University, Raleigh, NC.  
 
Kenworthy, J.W.  2000.  The role of sexual reproduction in maintaining populations of Halophila 
decipiens: implications for the biodiversity and conservation of tropical seagrass ecosystems.  Pacific 
Conservation Biology 5: 260-268.  
 
Kenworthy, J.W., and Schwarzschild, A.C.  1998.  Vertical growth and short-shoot demography of 
Syringodiun filiforme in outer Florida Bay, USA.  Marine Ecology Progress Series 173: 25-37. 
 
Kenworthy,W.J., Currin, C., Smith, G., and Thayer, G.  1987.  The abundance, biomass and acetylene 
reduction activity of bacteria associated with decomposing rhizomes of two seagrasses, Zostera marina 
and Thalassia testudinum.  Aquatic Botany 27: 97–119. 
  
Kenworthy, W.J., Currin, C.A., Fonseca, M.S. et al.  1989.  Production, decomposition and heterotrophic 
utilization of the seagrass Halophila decipiens in a submarine canyon.  Marine Ecology Progress Series 
51: 277-290.  
 
Kenworthy, W.J. and Haunert, E.E (eds.).  1991.  The Light Requirements of Seagrasses: Proceedings of 
a Workshop to Examine the Capability of Water Quality Criteria, Standards and Monitoring Programs to 
Protect Seagrasses.  National Oceanic and Atmospheric Administration Technical Memorandum NMFS-
SEFC-287.  National Oceanographic and Atmospheric Association, Washington,D.C.  187 pp. 
 
Kenworthy, W.J., and Fonseca M. S.  1996.  Estimating the relationship between distribution and light 
requirements for the seagrass Syringodium filiforme and Halodule wrightii.  Estuaries 19: 740-750.  
 
Kowloski, J.L., Hudson, R.D., and Allison, T.C.  2009.  Seasonal production and biomass of the seagrass, 
Halodule wrightii Aschers. (shoal grass), in a subtropical Texas lagoon.  Estuaries and Coasts 32: 467-
482. 
 
Kuo, J., and Kirkman, H.  1992.  Fruits, seeds and germination in the seagrass Halophila ovalis 
(Hydrocharitaceae).  Bot. Mar. 35: 197-204.  
 
Larkum, A.W.D., McComb, A.J., and Shepard, S.A.  1989.  Biology of Seagrasses.  Elsvier, Amsterdam. 
 
Larkum, A.W.D., Orth, R.J., Duarte, C.M.  2006.  Seagrasses: biology, ecology and conservation. 
Springer, Dordrecht, The Netherlands. 
 
Longstaff, B.J., Loneragan, N.R., Odonohue, M.J., and Denison, W.C.  1999.  Effects of light depravation 
on the survival and recovery of the seagrass Halophila ovalis (R.Br.) Hook.  Aquatic Botany 234: 1-27. 
 
McMillan, C.  1988a.  The seed reserve of Halophila decipiens Ostenfeld (Hydrocharitaceae) in Panama.  
Aquatic Botany 31: 177–182.  
 



 

12 
 

McMillan, C. 1988b.  Seed germination and seedling development of Halophila decipiens Ostenfeld 
(Hydrocharitaceae) from Panama.  Aquatic Botany 31: 169–176.  
 
McMillan, C. and Soong, K., 1989.  An annual cycle of flowering, fruiting and seed reserve for Halophila 
decipiens Ostenfeld (Hydrocharitaceae) in Panama. Aquatic Botany 34: 375–379.  
 
McRoy, C. P. and Helfferich, C.  1977.  Seagrass Ecosystems, a scientific perspective.  Marcel Dekker, 
Inc.  New York. 
 
Murphey, P.L., and Fonseca, M.S.  1995.  Role of high and low energy seagrass beds as nursery areas for 
Penaeus duorarum in North Carolina.  Mar. Ecol. Prog. Ser. 121: 91-98. 
 
National Marine Fisheries Service.  2002.  Recovery Plan for Johnson's Seagrass (Halophila johnsonii).  
Prepared by the Johnson's Seagrass Recovery Team for the National Marine Fisheries Service, Silver 
Spring, Maryland. 134 pages. 
 
Nelson, T.A., and Waaland, J.R.  1997.  Seasonality of eelgrass, epiphyte, and grazer biomass and 
productivity in subtidal eelgrass meadows subjected to moderate tidal amplitude. Aquatic Botany 56: 51-
74. 
 
Onuf, C.P.  1996.  Seagrass response to long-term light reduction by brown tide in upper Laguna Madra, 
Texas: distribution and biomass patterns.  Marine Ecology Progress Series 138: 219-231. 
 
Opsahl, S., and Brenner, R.  1993.  Decomposition of senescent blades of the seagrass Halodule wrightii 
in a subtropical lagoon.  Marine Ecology Progress Series 94: 191-205. 
 
Orth, R.J., Luckenbach, M., and Moore, K.A.  1994.  Seed dispersal in a marine macrophyte: implication 
for colonization and restoration.  Ecology 75: 1927-1939.  
 
Ott, J.A.  1980.  Growth and production of Posidonia oceanica (L.) Delile. P.S.Z.N.I. Marine Ecology 1: 
47-64.  
 
Phillips, R.C. and McRoy, C.P.  1980.  Handbook of Seagrass Biology.  Garland STPM Press. New York, 
New York. 
 
Preen, A.R., Lee Long, W. J., and Coles, R. G.  1995.  Flood and cyclone related loss, and partial 
recovery of more than 100km2 of seagrass in Hervey Bay Queensland, Australia.  Aquatic Botany 52: 3-
17.  
 

Sargent, F.J., Leary, T.J., Crewz, D.W., and Kruer, C.R.  1995.  Scarring of Florida’s Seagrasses: 
assessment and management options.  St. Petersburg, Florida.  Florida Marine Research Institute, 
Technical Publication 1, 37 pages, plus appendices. 

Sand-Jensen, K.  1975.  Biomass, net production and growth dynamics in an eelgrass (Zostera marina L.) 
population in Vellerup Vig, Denmark.  Freshwater Biological Laboratory 14: 185-201. 
 
Short, F.T., Coles, R.G., and Short, C.A.  2001.  Global Seagrass Research Methods.  Elsevier, 
Amsterdam. 
 



 

13 
 

Short, F.T., Montgomery, J., Zimmerman, C.F., and Short, C.A.  1993.  Production and Nutrient 
dynamics of a Syringodium filiforme Kütz seagrass bed in Indian River Lagoon, Florida.  Estuaries 16(2): 
323-334. 
 
South Atlantic Fishery Management Council (SAFMC).  2009.  Fishery Ecosystem Plan of the South 
Atlantic Region.  www.safmc.net/ecosystem/Home/EcosystemHome/tabid/435/Default.aspx 
 
Steward, J.S., Virnstein, R.W., Lasi, M.A., Morris, L.J., Miller, J.D., Hall, L.M., and Tweedale, W.A.  
2006.  Estuaries and Coast 29(6A): 954-965.  
 
Thayer, G.W., Fonseca, M.S., and Kenworthy, W.J.  1997.  Ecological value of seagrasses: a brief 
summary for the ASMFC Habitat Committee’s SAV subcommittee.  Pp. 5–10 in Stephan, C.D. and T. 
E.Bigford (eds.), Atlantic Coastal Submerged AquaticVegetation: A Review of its Ecological Role, 
Anthropogenic Impacts, State Regulation and Value to Atlantic Coastal Fisheries.  ASMFC Habitat 
Management Series, No. 1.  Atlantic States Marine Fisheries 
Commission, Washington, D.C. 
 
U.S. Census Bureau.  2000.  http://quickfacts.census.gov/qfd/states/12000.html 
 
van Tussenbroek, B.I.  1994.  Spatial and seasonal variability in biomass and leaf morphology of the 
manatee grass, Syringodium filiforme in a tropical coral reef lagoon.  Anales del Instituto de Ciencias del 
Mar y Limnologia.  Universidad Nacional Autónoma de México 21: 15-22. 
 
van Tussenbroek, B.I.  1995.  Thalassia testudinum leaf dynamics in a Mexican Caribbean coral reef 
lagoon.  Marine Biology 122: 33-–40.  
 
van Tussenbroek, B.I.  1998.  Above- and below-ground biomass and production by Thalassia testudinum 
in a tropical reef lagoon.  Aquatic Botany 61: 69-82.  
 
Virnstein, R.W.  1982.  Leaf growth rate of the seagrass Halodule wrightii photographically measures in 
situ.  Aquatic Botany 12: 209-218. 
 
Virnstein, R.W.  1988.  Seagrass productivity: Seasonality depends more on light than on temperature.  
Abstract.  Proceedings of Benthic Ecology Meeting, Portland, Maine. 
 
Virnstein, R.W., Steward, J.S., and Morris, L.J.  2007.  Seagrass coverage trends in the Indian River 
Lagoon system.  Florida Scientist 70: 397-404. 
 
Virnstein, R.W., and Hall, L.M.  2009.  Northern range extension of the seagrasses Halophila johnsonii 
and Halophila decipiens along the east coast of Florida, USA.  Aquatic Botany 90: 89-92. 
 
Virnstein, R.W., Hayek, L.C., and Morris, L.J.  2009.  Pulsating Patches: A model for the spatial and 
temporal dynamics of the threatened seagrass species Halophila johnsonii.  Marine Ecology Progress 
Series 385: 97-109.  
 
Waycott, M., Duarte, C.M., Carruthers, T.J.B., Orth, R.J., Dennison, W.C., Olyarnik, S., Calladine, A., 
Fourqurean, J.W., Heck, K.L. Jr., Hughes, A.R., Kendrick, G.A., Kenworthy, W.J., Short, F.T., and 
Williams, S.L.  2009.  Accelerating loss of seagrasses across the globe threatens coastal ecosystems.  
Proceedings of the National Academy of Sciences of the United States of America 106(30): 12377-12381. 
 



 

14 
 

Williams, S.L.  1988.  Disturbance and recovery of a deep-water Caribbean seagrass bed.  Marine 
Ecology Progress Series 42: 63-71. 
 
Zieman, J.C.  1982.  The ecology of the seagrasses of south Florida: a community profile. FWS/OBS-
82/25.  U.S. Fish and Wildlife Services, Washington, D.C. 158 pp. 
 
Zieman, J.C., and Zieman, R.T. 1989.  The ecology of the seagrass meadows of the west coast of Florida: 
a community profile.  Biological Report 85(7.25).U.S. Fish and Wildlife Service, Washington, D.C. 155 
pp. 
 


