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The increasing number of natural and anthropogenic stresses on coastal dune 

ecosystems requires the use of more effective restoration strategies to enhance dune-

building, increase vegetation reestablishment, and maintain plant diversity.  In this 

study, the use of a surrogate wrack was an effective method to improve growth of spring 

planted Uniola paniculata.  Mean aboveground biomass of U. paniculata 6 months after 

planting in plots with surrogate wrack was 9.25 g ± 1.00 g compared to 2.18 g ± 0.24 g 

for those without surrogate wrack .  Number of tillers, tiller height, and basal width were 

also greater at the end of the first growing season for plants treated with the surrogate 

wrack (p<0.05).  Survival of three Chrysopsis species, Physalis angustifolia, and 

Oenothera humifusa was not improved by the presence of a surrogate wrack or when 

interplanted among U. paniculata.  Revegetation strategies for these species should 

focus on relative placement on the dunes instead of the addition of organic matter.  The 

difference in sand accumulation was marginally significant between U. paniculata plots 

with the surrogate wrack and those plots with U. paniculata, but no wrack (P= 0.1093).  

The increased sand accumulation suggests that a surrogate wrack can either directly or 
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indirectly trap more sand by creating an additional obstacle or promoting the growth of 

dune grasses which create additional barriers which hold greater sand.    

 Maintaining natural diversity of plant species influences the success of habitat 

reestablishment and the restoration of autogenic processes.  Three morphologically 

distinct Chrysopsis have been observed in the coastal dunes of the western portion of 

the Florida panhandle.  These three goldenasters, presumably Chrysopsis godfreyi f. 

viridis (CHGOV), Chrysopsis godfreyi f. godfreyi (CHGOG), and Chrysopsis gossypina 

spp. crusieana (CHGOC) differ in terms of increasing pubescence on the leaves and 

stems.  Seed morphologies, seed viability, and germination also differed between the 

three (P<0.05).  Mean germination of all seeds was highest in the incubator studies with 

alternating temperature regimes of 25°C/15°C and 20°C/10°C, most similar to Florida‟s 

mean fall and winter seasonal temperatures.  While germination between the three 

sample populations did not differ due to an interaction with temperature regimes and 

photoperiod, overall germination under all tested temperature regimes and photoperiods 

was lowest for Chrysopsis godfreyi f. godfreyi.  These findings indicate that two distinct 

ecotypes of C.godfreyi as well as C. gossypina spp. crusieana may exist and will help 

determine the number of seeds that must be collected and the best time to germinate 

them to reach target numbers for restoration outplanting.  In addition to morphological 

and physiological differences, our field observations suggest that CHGOG prefers a 

different type of microsite than the CHGOC and CHGOV.  With these characteristics 

considered, maintaining separate stock for morphologically distinct Chrysopsis spp. 

during production would be most appropriate.
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CHAPTER 1 
INTRODUCTION 

Stresses on Coastal Dune Ecosystems 

Coastal dunes are threatened throughout the world by various natural agents and 

human activities (Defeo et al. 2009).  They are dynamic systems that experience high 

degrees of disturbance even under natural conditions from strong winds, high tides, and 

storm surges.  On the Gulf of Mexico, dunes on barrier islands can take 5 to 10 years to 

recover from hurricane impacts (Perrow and Davy 2002).  Plant species that persist in 

this environment must be capable of enduring high evaporation rates, limited access to 

macronutrients, blowing sands, and salt stress (Snyder and Boss 2002).   In addition to 

these natural stresses, coastal dune ecosystems are subject to several anthropogenic 

factors.   

With 30% of the population in the United States living in coastal counties and up 

to 75% predicted to live there within the next 15 years, development and engineering 

will continue to be a major concern for coastal dunes (Hinrichsen 1999, Crowell et al. 

2007).  Additional stresses come from recreational use and the often associated beach 

nourishment and grooming practices, both terrestrial and marine pollution, introduction 

of invasive species, and coastline retreat related to sea-level rise from global climate 

change (Defeo et al. 2009).  With so many factors confronting the coastal dune 

ecosystem, one must consider the importance of its continued existence. 

Importance of Coastal Dune Ecosystems 

Coastal dunes, which cover 20% of all coastal landscape areas provide 

irreplaceable ecosystem services and natural capital stocks as well as offer socially 

valued opportunities (Acosta et al. 2005, Wilson et al. 2005, Martinez et al. 2007).  In 
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terms of ecological values, coastal dunes support high biodiversity and a large number 

of endemic vegetative species; provide habitats for threatened and endangered plant 

species that are critical for nesting and foraging activities; filter water and recycle 

nutrients (Martinez and Psuty 2004, Schlacher et al. 2007, Lomba et al. 2008).  The 

economic benefits of the sand shore and dune ecosystem are substantial.  It provides 

protection and reduces impacts associated with disturbances such as hurricanes, 

flooding, and storm surge on coastal communities and can also regulate coastal erosion 

(Wilson et al. 2005, Martinez et al. 2007, Schacher et al. 2007).  Additionally, in many 

countries the collection and use of renewable biotic resources such as wood from 

coastal dunes provide a source of income.  Opportunities to capitalize on natural 

products for genetic, medical, and ornamental purposes have also been explored 

(Wilson et al. 2005).   Tourism is also a major source of revenue for coastal 

communities.  People are willing to travel great distances and spend their earnings to 

enjoy the aesthetic beauty that only the sandy shores can provide.  During their time at 

the coast, people often engage in recreational activities such as driving, beachcombing, 

and camping that typically have damaging effects on the coastal environment.  

Ecological Restoration of Coastal Dunes 

Unfortunately, many of the practices that are economically and socially beneficial 

to humans often degrade the sandy shore and coastal dune environment, altering 

important ecosystem functions and processes (Wilson et al. 2005, Martinez et al. 2007, 

Schlacher et al. 2007).  Dune ecosystems are dynamic and subject to natural stochastic 

events, but their resilience to these disturbances is reduced when they are undermined 

by human activities (Adger et al. 2005, Pries et al. 2009).  Preservation and restoration 

of these habitats are crucial to sustaining the ecosystem services and natural capital 
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stocks that are only provided by this system and are vital to the survival of coastal 

communities around the world.  

While the opportunity for man and nature to have a synergistic relationship 

exists, demands for natural resources and the perceived need for ongoing development 

limit the possibilities for preserving land in a pristine state.  Ecological restoration 

requires human intervention to assist and accelerate the recovery of an ecosystem that 

has been misused or mismanaged and/or degraded by natural disturbances.  

Restoration of coastal dunes is often challenging due to the dynamic nature of that 

environment, changing shape and extent and therefore, shifting environmental 

gradients, in response to disturbances (Schlacher et al. 2007, Miller et al. 2008).  

Initiating autogenic processes through the installation of appropriate native vegetation 

can be widely effective in restoring ecosystem functions and processes allowing for a 

self-sustaining recovery (Whisenant 1999).  Treating the soil surface can optimize 

allogenic conditions to promote survival and growth of installed vegetation.  Along with 

abiotic factors that are capable of supporting the successful establishment of primary 

producers, species selection can aid in realizing management objectives.  The success 

of a coastal dune restoration project is determined based on the proper implementation 

of these two factors (Whisenant 1999).  

 To better understand the interactions between restoration actions such as soil 

amendments and species selection and the natural ecology of the site and therefore, 

improve the process of assisting the recovery of natural systems, restoration should be 

science-based, guided by sound theories and experimentation.  To enhance nutrient 

availability, dune vegetation is often installed with water-adsorbing polymer gels.  
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However, the effectiveness of these gels in aiding nutrient uptake is unclear.  According 

to coastal natural resource managers in Florida, there has been limited or no increased 

survival in plants observed when installed with the gel versus those planted without it 

(personal communication with Florida Department of Environmental Protection (FDEP) 

scientists).  Therefore, alternative methods for providing nutrients and retaining water 

should be considered to encourage higher survival and increased growth rates of plants 

used in coastal dune restoration projects.  Additionally, plant selection should continue 

to be evaluated on a site by site basis.  Species such as U. paniculata and Panicum 

amarum should be considered in early stages of coastal dune restoration because their 

root structures support sand accumulation and stabilization (Miller et al. 2008).  Coastal 

dunes also have relatively high endemicity and are biologically diverse especially in 

dune slacks (Ward et al. 2003, Martinez and Psuty 2004).  Species that are endemic 

and/or endangered should be considered a critical component of restoration efforts. 

In 1995, two hurricanes severely impacted the barrier islands that make up the 

Florida portion of Gulf Islands National Seashore.  To protect communities along the 

Gulf coast as well as provide necessary habitat for wildlife that depend on the barrier 

islands for shelter and food, coastal dune restoration in those areas is needed.   

Addressing two important aspects of ecosystem restoration, this study investigated the 

use of a surrogate vegetative wrack layer to improve survival and promote growth of 

plant species installed as well as increase the rate of dune formation at the site.  Our 

second focus was to further examine the presence and habits of two species of an 

important secondary dune genus, Chrysopsis, both of which are endangered and found 
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only in northwestern coastal counties in Florida, to improve propagation methods and 

survival when included in restoration.   
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CHAPTER 2 
THE EFFECTIVENESS OF SURROGATE WRACK ON PROMOTING THE SURVIVAL 

AND GROWTH OF PLANTED COASTAL DUNE VEGETATION 

Background 

Despite being a highly dynamic environment, coastal dunes contribute 

substantially to both marine and terrestrial ecological functions, support unique 

biological communities, and provide important ecosystem services that are not offered 

by other systems (Nordstrom et al. 2000, Wilson et al. 2005, Dugan and Hubbard 2010).   

Healthy coastal dunes offer nesting and foraging habitat to various endangered species, 

act as a buffer for inland sites against storm events, allow for nutrient exchange and 

cycling between marine and terrestrial environments, and offer a site for many 

recreational activities (Wilson et al. 2003, Defeo et al. 2009).  Coastal dunes which were 

once common throughout the world‟s sandy coastlines have been subjected to a 

number of environmental and anthropogenic disturbances including hurricanes, storm 

surge, overwash, global climate change and sea-level rise, coastal development, and 

beach grooming all of which contribute to erosion and loss of biological diversity 

(Snyder and Boss 2002, Miller et al. 2003, Wilson et al. 2003, Defeo et al. 2009, Khalil 

and Finkl 2009, Nordstrom et al. 2010).   

Within the United States, Florida‟s relatively moderate climate and almost 1126 

km of sandy shores make its coastal dunes especially vulnerable to human impacts.  In 

2009, over 80 million people vacationed in Florida with tourist spending estimated to 

have reached 60.9 billion dollars and the tourism industry employing nearly one million 

people.  More than one-third (>26.6 million) of those tourists visited the state‟s sandy 

beaches (VISIT FLORIDA® Research 2011) suggesting that coastal dune environments 

are not only ecologically important but economically essential as well. 
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Because this ecosystem has such a high value, it is necessary to not only 

conserve these areas, but also to attempt to restore coastal dunes that have been 

damaged by environmental stresses or degraded by human activities.  There are 

several strategies that have been considered for stabilizing eroding dunes and 

rebuilding severely damaged ones, all of which focus on creating biological and/or 

structural barriers to trap sand transported by aeolian processes (Wilcock and Carter 

1977, Surrency 1992, Olafson 1997, Nordstrom et al. 2010).   

For sites that are easily accessible and time is extremely limited due to project 

requirements and/or restrictions on funding personnel, mechanical grading of coastal 

sand dunes has been recommended.  However, the newly established slopes are still 

subject to erosion by wind and wave action (Wilcock 1977, Olafson 1997, Khalil and 

Finkl 2009) and the use of heavy machinery may have a negative impact on vegetation 

and existing fragmented dunes.  Wilcock and Carter (1977) suggest that dune regrading 

should be restricted to sites that are in early successional stages and recreation 

pressures are high. Wooden or fabric sand fences can decrease sand movement and 

increase sand accumulation in the immediate area (Wilcox and Carter 1977, Surrency 

1992, Olafson 1997, Miller et al. 2001).  They are immediately effective and can be 

installed at any time of the year.  Once sand has accumulated to the top of the fences or 

the material has deteriorated (in the case of fences made of biodegradable materials 

such as geojute), they no longer impact sand movement.   Additional fencing must be 

installed to further sand accretion in those areas (Surrency 1992, Olafson 1997, Miller et 

al. 2001).  Dune cross-over structures such as boardwalks can be used to limit foot 

traffic and to allow for natural re-establishment of dune vegetation by providing some 
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protection from erosion (Surrency 1992).  These structures can be expensive, require 

maintenance, and are limited in terms of appropriate placement and design.  As an 

alternative to using mechanical and structural measures to encourage dune 

stabilization, soft engineering strategies such as planting vegetation and/or installing 

vegetative mats or netting can be effective. 

Vegetative mats or netting can protect bare sand surfaces such as those found in 

dune blowouts following severe storm events.  They can be used in combination with 

seedling plantings or transplants propagated from cuttings, but do little to increase sand 

accretion rates (Olafson 1997).  To promote dune building or maintain dune structure, 

revegetation of the site is a relatively inexpensive, effective technique that encourages 

the restoration of autogenic processes which decreases the need for ongoing 

maintenance following successful installation and establishment (Surrency 1992, 

Olafson 1997, Snyder and Boss 2002, Miller et al. 2003, Mountney and Russell 2006, 

Williams and Feagin 2010).  When selecting plant species for coastal dune restoration 

projects, several factors need to be considered.  Coastal dunes are harsh environments 

and the vegetation must be adapted to tolerate considerable salt spray, widely 

fluctuating temperatures resulting in high evapotranspiration rates in the summer 

months, and fluvial and aeolian processes (Olafson 1997, Miller et al. 2001, Snyder and 

Boss 2002, Miller et al. 2003).  Ideal vegetation for stabilizing coastal dunes are those 

that can withstand the afore mentioned environmental stressors and are perennial, have 

high survival rates, have extensive root structures, have aboveground biomass that can 

slow sand movement, and that can grow quickly enough to exceed sand accumulation 

levels (Surrency 1992, van der Laan et al. 1997, Snyder and Boss 2002, Miller et al. 
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2003).  Oftentimes, perennial grasses such as sea oats (Uniola paniculata), beachgrass 

(Ammophila spp.), and bitter panicum (Panicum amarum) are installed to facilitate dune 

building after existing dunes have been fragmented or destroyed (Surrency 1992, van 

der Laan 1997, Miller et al. 2003).   

Because coastal dune environments are typically nutrient poor, vegetative 

recolonization may be slow with several coastal dune species needing three or more 

growing seasons to establish (van der Laan et al. 1997, Miller et al. 2001, Hannan et al. 

2007).  To increase growth rates and therefore increase sand holding capacity, several 

studies and land management manuals suggest the use of fertilizers or other soil 

amendments in a limited capacity for specific restoration goals such as increased first 

season growth or accelerated root spread (Surrency 1992, Seliskar 1995, Olafson 

1997).  The majority of coastal dune vegetation is adapted to the naturally low nutrient 

regime common in this type of habitat.  However, in damaged dune systems, fertilizer-

assisted growth rates may be one of the determining factors of revegetation/restoration 

success. 

Seliskar (1995) found that the application of nitrogen, phosphorus, or potassium 

fertilizers along with limestone allowed for successful recolonization of Ammophila spp. 

after an initial die-out while sites with no amendments took up to five months to 

revegetate. Using hydrated hydrogel along with slow-release fertilizer to accelerate the 

growth of planted sea oats in coastal dune restoration projects has been a common 

approach (Surrency 1992, Olafson 1997).  For U. paniculata, S. patens, P. amarum, the 

Americus Plant Materials Center for the USDA recommends adding a slow release 

fertilizer (ex. Osmocote) in each hole at the time of planting or applying between 200-
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400 pounds/acre of 10-10-10 fertilizer a few weeks after planting and then once 

annually (Surrency 1992).  These strategies can be time consuming and expensive 

making them potentially unachievable given the financial limitations of many restoration 

projects.  However, there are promising alternatives that have been considered more 

recently such as the use of vegetative wrack and other organic materials that can 

simulate many of the wrack‟s natural functions. 

In an attempt to develop a study that could answer questions that were relevant 

to coastal land managers‟ restoration goals, I contacted Tova Spector, an environmental 

scientist with the Northwest District of the Florida Department of Environmental 

Protection (FDEP).  She suggested that we consider the role of the natural wrack, how it 

might be simulated, and if that surrogate could be useful for coastal revegetation.     

Vegetative wrack which is defined as beach litter consisting of “algae, grasses, 

driftwood, fruits, seeds, and carrion, along with cultural litter” that accumulates at the 

high tide line or as a result of overwash during storm surges is often considered an 

important marine subsidy for terrestrial coastal communities (Behnehani and Croker 

1982, Orr et al. 2005, Nordstrom et al. 2010).  In addition to marine-originating debris, 

wrack found higher on the beach and/or closer to pre-existing dunes often contains 

vegetative reproductive structures (culms, rhizomes, seeds) from terrestrial dune 

species (Nordstrom et al. 2010). It has been considered as not only a nutrient supply, 

but also as a potential source of protection, as a method to retain soil moisture, as an 

obstacle to promote sand accumulation, and as a highly heterogeneous surface to catch 

seeds and therefore increase species diversity and richness (Dugan et al. 2003, Orr et 

al. 2005, Cardon and Garcia 2008, Nordstrom et al. 2010, Williams and Feagin 2010). 
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The potential ecological significance of vegetative wrack on the beaches has 

been dismissed in the past due to its unattractive appearance which many beach-goers 

find unfavorable (Behnke 2010), but further consideration should be given.  Recent 

studies have investigated variability in wrack composition (Orr et al. 2003), the effects of 

wrack abundance on various macrofauna communities and shorebirds (Dugan et al. 

2003), and the importance of this organic matter on enhancing coastal dune plant 

growth (Cardona and Garcia 2008, Williams and Feagin 2010) as well as the impacts of 

wrack removal through beach grooming such as a raking (Dugan and Hubbard 2010, 

Nordstrom et al. 2010).  Orr et al. (2005) found that wrack deposition does not occur in 

a predictable pattern and that substratum grain size influences the amount of wrack that 

can be trapped both of which determine the species composition that can be supported 

by this material.  More specifically, Cardon and Garcia (2008) determined that the 

seagrass component of vegetative wrack acts as a nitrogen source for coastal foredune 

vegetation.  Brown alga, another component found in wrack, can also be an important 

supplier of nitrogen and phosphorus (Williams and Feagin 2010). 

During a meeting with Tova Spector and John Bente, a FDEP biologist, the two 

proposed the use of wheat straw as a surrogate wrack.  It is an appealing option to 

managers because it is readily available and relatively inexpensive.    

While the species composition varies substantially, there are many similarities 

between the vegetative wrack that washes ashore and wheat straw which is commonly 

applied during various restoration projects to reduce surface erosion and to promote 

vegetative growth.  Wheat straw contains moderate amounts of potassium and nitrogen 

as well as some phosphorus.  It also acts as protective surface cover which will reduce 
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sand movement under it as well as retain moisture at the surface of the soil.  

Additionally, its uneven surface acts as a topographic obstacle to aeolian transport and 

for seed dispersal, encouraging recruitment of coastal plant species in that area.  To 

determine the feasibility of using vegetative wrack and/or similar cost-effective organic 

substances in coastal dune revegetation/restoration projects to increase the survival, 

accelerate the growth of coastal dune plant species, and to enhance dune building 

through sand accumulation, we applied a layer of wheat straw to our planting sites.  

Using the wheat straw as a surrogate wrack, we expected to have increases in survival, 

growth, and sand accumulation in plots were it had been applied. 

Methods 

Field Site 

This study was conducted on Johnson Beach, Gulf Islands National Seashore 

(30.306‟N, 87.381‟W; elevation  0.91 m) located on Perdido Key, Florida a barrier island 

about 24 km southwest of Pensacola, Florida.  The dominant species of the study site 

were U. paniculata, P. amarum, beach elder (Iva imbricata), gulf bluestem 

(Schizachyrium maritimum), and seabeach evening primrose (Oenothera humifusa).   

Mean monthly maximum and minimum temperatures varied from 33°C (max) and 

24.9°C (min) in the summer to 14.2°C (max) and 2.8°C (min) in the winter (Figure 2-1).  

Total monthly precipitation during the study period ranged from a high of 30.15 cm in 

August 2010 to a low of 0.97 cm in October 2010 (Figure 2-2). 

 In 2004, Hurricane Ivan caused substantial coastal erosion both in terms of 

beach profile lowering and dune erosion on Perdido Key.  Additionally, within the 

Johnson Beach Park, extensive overwash of sand occurred across the barrier island 

(FDEP 2004).  Large overwash fans extended from the Gulf of Mexico to the back side 
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of the island (Perdido Bay) in several locations throughout the approximately 8 km of 

undeveloped land beyond Johnson Beach Road (Figure 2-3).   

 Species 

 Six native dune species that are native to the site and are important in dune-

building and stabilization or serve as important food sources for native dune animals 

were used in this study: U. paniculata, O. humifusa, coastal groundcherry (Physalis 

angustifolia), Gulf coast searocket (Cakile edentula), two forms of Godfrey‟s goldenaster 

(Chrysopsis godfreyi f. godfreyi and C. godfreyi f. viridis), and cottony goldenaster 

(Chrysopsis gossypina ssp. cruiseana) (Figure 2-4A and Figure 2-4B). U. paniculata is a 

native, dune stabilizing grass that occurs on primary dunes and barrier islands in the 

southeastern United States.  It typically has a naturally fragmented, linear distribution 

and reproduction occurs by wind pollination as well as clonally. O. humifusa is a native 

perennial that is common in frontal and interdune troughs throughout Perdido Key.  

They can form large clumps and promote sand accumulation.  P. angustifolia is a 

native, rhizomatous perennial that produces a small, round fruit enclosed in a papery 

husk.  On Perdido Key, it is common along roadways and can be found on the sound 

side of Johnson Beach in small patches.   C. edentula is an annual and is often one of 

the first species to recolonize a beach after a major disturbance.  It is common on 

foredunes especially in the wrack that forms at the high tide line. C. cruiseana and both 

forms of C. godfreyi are endangered perennials found only in the coastal region of 

Alabama and the western portion of the Florida panhandle.  In Perdido Key, they are 

found in secondary dunes or more established areas on the sound side of the barrier 

island.  In addition to assisting with dune formation and stabilization, the six species 
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considered in this study serve as critical components of the endangered Perdido Key 

beach mouse (Peromyscus polionotus trissyllepsis) diet and/or habitat. 

Study Design 

Surrogate wrack effects on sea oats planting 

 Six replicate interdunal sites were selected along the roadless portion of Johnson 

Beach on Perdido Key (Figure 2-1). In April 2010, approximately 1000 U. paniculata 

plugs propagated from seed of local stock were planted within a 21.34 m by 3.96 m plot 

randomly selected at each of the six replicate sites.  Plants were spaced approximately 

30.5 cm apart in straight lines.  Two weeks later, at each replicate site, the U. paniculata 

plantings were divided into subplots (10.67 meters by 3.96 meters; Figure 2-5A) with 

half of the suplots randomly selected to receive five bales of wheat straw.  The 

remaining subplots did not receive wheat straw.   Wheat straw was used as a surrogate 

for wrack.  This surrogate wrack layer measured approximately 10 cm in depth.  The 

straw was carefully placed around U. paniculata to avoid burial, but allow the entire 

surface of the treatment area to be covered. 

Surrogate wrack and interplanting with herbaceous species 

At each replicate site at least 25 m away from the plots planted with sea oats, an 

additional plot consisting of bare sand (10.67 meters by 3.96 meters; Figure 2-2A) and 

not planted with U. paniculata was established.  In early July 2010, five bales of wheat 

straw were applied to randomly selected subplots within the bare sand plots (Figure 2-

5A).  The wheat straw layer measured approximately 10 cm in depth.  The remaining 

subplot of bare sand (10.67 m by 3.96 m) received no straw and no U. paniculata. 

 Each of the four sea oats/surrogate wrack treatments (sea oats no straw; sea 

oats with straw; straw no sea oats, and bare sand) within each site were further divided 
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into seven, 1.52 m by 3.96 m sub-plots (Figure 2-5B).  Five species of herbaceous 

plants- P. angustifolia, C. edentula, C. godfreyi [with two forms, f. godfreyi (CHGOG) 

and f. viridis (CHGOV)], C. gossypina spp. cruiseana (CHGOC) and O. humifusa were 

randomly installed in one of the seven areas within each treatment.  Plants were planted 

between U. paniculata using 61 cm spacing (Figure 2-5C).  The original design included 

21 individuals of each species for a select 1.52 m by 3.96 m subplot.  However, due to 

variable survival rates of planted stock, that number was not available for all 

species/forms.  The final design included 21 P. angustifolia, 21 O. humifusa, 20 

CHGOV, 10 C. edentula, 9 CHGOC, or 9 CHGOG randomly selected for one of the 

seven subplots within each of the four sea oats/surrogate wrack treatment areas within 

a block.  Species that had less than 21 individuals available were planted at the center 

of the specified sub-plot. 

Data collection 

Surrogate wrack effect on sea oat planting 

Sea oats survival was determined one month and six months after planting.   The 

aboveground biomass of U. paniculata was harvested from five individuals in each of 

the two surrogate wrack treatments (straw, no straw) for all six sites four and six months 

after planting.  Individuals were randomly selected, and the coordinates were recorded 

to avoid harvesting the same plant during the second collection.  The three outermost 

rows and columns were avoided to reduce inclusion of edge effects. Prior to harvesting, 

the number of tillers, the maximum height of each tiller, and the basal width of each tiller 

was measured and recorded.  Biomass from each plant was placed in a paper bag and 

closed with two staples.  Sealed bags were loaded into a drying oven set at 65ºC for 2.5 
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days.  Masses were immediately taken and recorded after removal from the drying 

oven.  

Survival of herbaceous plantings 

 Survival of herbaceous species was determined two (08/30/2010) and four 

(10/30/2010) months after planting.  Individuals of each species were counted and that 

number was compared against the known number of planted individuals. 

Dune profiling 

 Six, 1.52 m PVC poles were installed within each block.  Three poles were 

installed at each plot- two on either side, 1.07 m beyond the plot area in the center and 

one in between the two treatment areas within that plot also in the center.  A string was 

tied to one of the end poles and extended across the plot to the other pole.  A string 

level was used to ensure the line was straight.  Measurements were taken every 61 cm 

using a meter stick- measuring from the line down to the sand surface.  This data was 

collected two and five months after the last wheat straw was applied and compared to 

calculate sand accumulation or loss. 

Data Analysis 

Surrogate wrack effects on sea oats plantings 

The experimental design followed a randomized complete block design with a 

repeated measure of survival.  Each interdunal site represented a block and a replicate.   

Main effects were surrogate wrack treatment (presence or absence of straw) and date 

(two sample dates within the growing season).  Response variables were survival (%), 

above-ground biomass (g), mean height (cm), tillers produced (no.), and plant width 

(cm). Residual analysis was performed and assumptions of equal variance and 

normality were met (skewedness was 0).  Transformations were made for October data 
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as follows: width (log 10), mass (log), and tiller (log2).  To normalize August data, tiller 

(log), width (log2), and mass (log + 1) were used.  Mixed models (PROC MIXED) 

repeated measures analysis was used to test main effects and interaction of wrack 

treatment and date.  Means separation of dependant variables was conducted with the 

LSMeans procedure with a bonferonni correction.  

Herbaceous interplanting 

The experimental design followed a balanced split plot design with the whole 

plots arranged in a randomized complete-block design and included a repeated 

measure of the response variable.   Each interdunal site represented a block and a 

replicate. Four surrogate wrack treatments (sea oats no straw; sea oats with straw; 

straw no sea oats and bare sand) were the whole plots and each whole plot was 

separated into 7 sub plots (6 herbaceous species and a control, either non-planted or 

with U. paniculata only).  The response variable (survival) was measured on multiple 

dates necessitating repeated measures analysis of the data.  Residual analysis was 

performed and assumptions of equal variance and normality were met (skewedness 

was 0).  The transformation log+1 for survival was performed.  Mixed models (PROC 

MIXED) repeated measures analysis was used to test main effects of treatment and 

interaction of treatment and date.  Means separation of the dependant variable was 

conducted with the LSMeans procedure with a bonferonni correction. 

Results 

Sea Oats Growth 

 Four months after planting, mean tiller height (cm) and mean aboveground 

biomass (g) of U. paniculata planted with surrogate vegetative wrack (straw) differed 

significantly from those planted without wrack (F(1,5)=7.27, P=0.04, α = 0.05; 
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F(1,5)=13.28, P=0.01, α = 0.05 respectively; Table 2-1).  Height and aboveground 

biomass were greater in individuals planted with surrogate wrack. Six months after 

planting, mean tiller height (cm) and mean aboveground biomass remained greater for 

U. paniculata installed with surrogate wrack (P=0.002, α = 0.05; P=0.0002, α = 0.05 

respectively; Table 1).  Additionally, the mean number of tillers and mean plant width 

(cm) also varied between U. paniculata planted with and without surrogate wrack 

(P=0.039, α = 0.05; P=0.003, α = 0.05 respectively; Table 2-1).  In all four growth 

indicator measures, the mean values were greater for U. paniculata with the application 

of wrack.  The change in the number of tillers and the aboveground biomass between 

August and October differed significantly between wrack treatments as well (P=0.036, α 

= 0.05; P= 0.0007, α = 0.05 respectively; Table 2-1) with greater mean changes 

measured in U. paniculata plots with wrack. 

Survival 

Six months after installation, the mean U. paniculata survival in plots with 

surrogate wrack was 98.9 ± 0.35% and 97.1 ± 0.35% in plots without. During late July 

2010, Escambia County was experiencing drought conditions and many C. edentula did 

not transition well from greenhouse culture to the coastal environment despite a 

transitional period on an outdoor irrigation pad; survival was extremely low following the 

transport from the greenhouse to the beach.  Because of this stress, planted individuals 

were not considered in overall survival analyses.  Overall survival of the herbaceous 

species was the lowest, 15.6 ± 4.0% and significantly different in the wrack only plots 

compared to the other three treatments, both wrack and U. paniculata, interplanted with 

U. paniculata and no wrack, and with bare sand (no U. paniculata and no wrack) (Table 

2-2).  Survival of the three dune species planted with both wrack and U. paniculata, 
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interplanted with U. paniculata and no wrack, and planted within bare sand were very 

similar (Table 2-3).  The species with the highest mean survival overall was P. 

angustifolia with 51.2 ± 6.0%.  P. angustifolia survival varied significantly from the 

overall survival of C. godfreyi f. viridis (14.4 ± 4.0%; Table 2-3) and O. humifusa (23.8 ± 

5.9%; Table 2-3).  Mean survival of the three dune species did not vary significantly in 

response to U. paniculata and surrogate wrack (p=0.6894; Table 2-4).   

Sand Accumulation 

 The mean change in sand height (cm) between plots with surrogate wrack and U. 

paniculata plots without surrogate wrack did not vary significantly (P=0.1093), but did 

indicate a notable difference in sand accumulation with a mean increase of 11.16 ± 1.71 

cm in surrogate wrack plots and an increase of 7.78 ± 0.78 cm in U. paniculata plots 

without surrogate wrack (Table 2-5).   Sand height changes in herbaceous planting plots 

with and without surrogate wrack were highly variable and were not statistically 

significant (Table 2-6).   

Discussion 

U. paniculata survival in restoration projects is variable and often differs from site 

to site and with environmental conditions at time of planting.  Overall U. paniculata 

survival in our study at over 95% regardless of surrogate wrack treatment was higher 

than many other documented coastal dune restoration studies (Finch and Bauer 1986, 

Feagin et al. 2009).   For example, a revegetation effort of a manmade spoil island in 

Clearwater Harbor, Florida showed between 46% and 75% survival of U. paniculata 

planted in January after six months at two sites (Finch and Bauer 1986).  Three months 

after planting, U. paniculata survival was 22.91% for a restoration project on Galveston 

Island, Texas that experienced a mild drought following plant installation (Feagin et al. 
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2009).  The nearly 80% mortality observed in this study suggests that while U. 

paniculata is adapted to relatively harsh conditions, it has a threshold for environmental 

factors such as moisture availability.    

Higher survival in our study could be the result of a number of factors.  Our plants 

were installed in the first half of April 2010 when temperatures and precipitation were 

typical for the region.   Cooler spring temperatures compared to summer temperatures 

would limit evapotranspiration and on average precipitation in April is higher than May in 

this region.   Survival of U. paniculata can be inhibited due to factors associated with 

relative location; dune plantings closer to the Gulf of Mexico are subjected to higher 

wind energy, increased exposure to salt spray, and higher levels of soil salinity than 

those planted behind foredunes (Thetford et al. 2005).  Our U. paniculata were planted 

on the back side of the island where wind speed is reduced and seedlings are less likely 

to be excavated by shifting sands.  When planted behind the protection of foredunes of 

at least 1m in height survival of Schizachyrium maritimum was nearly 100% and did not 

vary with distance from the Gulf 15 months after installation in an earlier study on Santa 

Rosa Island, Florida (Miller et al. 2008).  

There is some evidence that suggests facilitative interactions can result in 

increased survival when plant spacing for dune species is reduced because 

environmental extremes are weakened by neighboring plants (Franks 2003).  The 

spacing in our study may have facilitated survival.  On Santa Rosa Island (SRI), located 

approximately 30 km to the west of the plantings in our study, Miller et al. (2001) 

measured survival of U. paniculata seven months after a spring planting where plants 

were placed 100 cm apart and found a somewhat higher mortality rate of 15.8% 
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compared to our study where plants were spaced 30 cm apart.  The U. paniculata 

planted on SRI were larger at the time of planting compared to the seedlings planted on 

Perdido Key, but excavation by wind was the primary cause of mortality in the SRI study 

which may have been prevented by the back dune location and the closer spacing of U. 

paniculata in our study.   U. paniculata may improve the survival of neighboring U. 

paniculata or other dune species, but perennial grasses have also been shown to have 

adverse effects on other dune species establishment and production of tillers so 

competition can also occur and therefore facilitation within U. paniculata plantings is not 

absolute  (Keddy 1982; Franks 2003).  Facilitation as an adaptation to the harsh, high 

energy environment of coastal dune systems seems plausible when the presence of 

surrounding plants improve environmental conditions for the target individual (Franks 

and Peterson 2003).    

The main constraints impacting vegetative growth in coastal sand dunes are 

deficiencies of water, nitrogen, phosphorus, potassium, and organic matter (Maun 

1994).  The addition of macronutrients such as nitrogen, phosphorus, and potassium 

has been shown to result in increased total biomass production, higher leaf elongation 

rates, and a greater number of stems in U. paniculata and Panicum amarum (Hester 

and Mendelssohn 1990).  Other studies have shown that in addition to an increase in 

available nitrogen and soil organic matter, wheat straw can increase soil moisture 

content on the soil surface and in the first few centimeters of soil (Wilson et al. 2004, 

Pervaiz et al. 2009).  In coastal dune environments, natural recruitment of seedlings has 

been shown to correspond with seasonal moisture availability when precipitation occurs 

uniformly throughout the system.  In this study, the wheat straw was saturated from a 
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recent rain event when it was applied to the planted sea oat plots.  The presence of the 

wheat straw may have kept the water from additional precipitation near the surface 

where the young seedlings with relatively shallow roots could access it for a longer 

period.  Whereas infiltration rates in bare sandy soils is high and percolation through the 

soil profile is rapid.   There is evidence that the application of straw can increase the soil 

moisture content in sandy soils down to 60 cm with the greatest increase observed in 

the top 15 cm of soil (McDonald 1934).  

U. paniculata in our study had greater above ground biomass and tiller number 

with the application of surrogate wrack.   Sea oats can grow from 30 cm to 60 cm in the 

first year after establishment under normal growing conditions (Hazell et al. 2010).  

Gormally and Donovan (2010) found that sea oats growing closer to the shoreline 

where soil K content was highest  were taller and had higher N and K content.  The 

mean change in height of U. paniculata within the surrogate wrack plots in our study 

was almost 20 cm in only two months.  Nutrient analysis was not conducted on the 

wheat straw used in this study, but typical values have been established for nitrogen, 

phosphorus, and potassium and are 6.1-7.2 g N kg-1, 0.64-1.0 g P kg-1, and 10.1-11.7 g 

K kg-1, respectively (Tarkalson et al. 2009, NRCS 2011).  While the total amount of N, P, 

and K are likely not available for plant uptake, the presence of these macronutrients in 

the wheat straw suggest that increased nutrients may have contributed to the greater 

increase in growth variables of U. paniculata planted in plots where the surrogate wrack 

was applied. 

The overall adverse effect of surrogate wrack on the herbaceous species was not 

anticipated.  While we are unclear as to the actual mechanism that was detrimental to 
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plant survival, there are a number of possibilities.  At the time of planting in July, mean 

daily temperatures on Perdido Key were slightly higher than average and precipitation 

was substantially lower than average.  While the plants were installed with soil that had 

been saturated, a rain event at the study site did not occur until five days after planting.  

The presence of dry wheat straw on the soil surface surrounding the plants may have 

inhibited small amounts of moisture from reaching the root zone during a critical period 

for establishment as the moisture may have been absorbed by the wheat straw.  

Additionally, with less wind energy at the site during that time of year, the wrack 

remained exposed and was not compacted by the sand at the time of the initial height 

measurements. 

Overall low survival among species in all treatment groups included in the study 

may have been a result of unfavorable temperatures and moisture availability for 

establishment for the week following planting, but there may be species specific 

explanations for these results. Species may have been influenced differentially by 

aeolian transport and sand burial at some of the sites by the time the second sand 

measure was collected.  Previous studies suggest that coastal dune species respond 

differently to sand burial which may have been a factor affecting survival (Maun 1998).   

While there is evidence that suggests that interplanting with U. paniculata can 

adversely affect survival of other herbaceous dune species, published accounts of this 

phenomena are limited to O. humifusa.  Although not significant, general trends 

between treatments indicate that perennial, clumping coastal species such as O. 

humifusa may not need or benefit from organic matter additions or the presence of 

primary successional grasses such as U. paniculata to stabilize surrounding sand.  This 
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may be due to the fact that species like O. humifusa are often some of the first to 

colonize bare coastal sands and are relatively tolerant of burial and aeolian sand 

transport (Gibson and Looney 1994, Stallins and Parker 2003).   

While not significant, survival of the two forms of C. godfreyi and C. gossypina 

spp. cruiseana was generally higher in plots where individuals were interplanted with U. 

paniculata.   Unlike P. angustifolia, C. edentula, and O.humifusa, C. godfreyi and C. 

gossypina are more sensitive to salt spray and water overflow and appear to be more 

abundant in swales and secondary dunes at the sites where seeds and vegetative 

cuttings were collected for propagation (Stopp, Jr. and O‟Neil 1996).  Because interior 

and sound-side dunes typically have more dense vegetative cover than frontal dunes, 

the Chrysopsis species may have benefited from the presence of sea oats that had 

already been growing at the site for almost four months prior to the herbaceous species 

installation.   

Although C. edentula is a cool season annual, it was originally included in the 

experimental design because of its natural distribution in coastal dune environments 

and the potential for creating a seed bank for this species in highly disturbed dune 

systems.  Absence of a seed bank for annual plants may consequently result in the 

species removal from that ecosystem (Maun 1998).  Because this species is a potential 

food sources for the endangered Perdido Key beach mouse (Peromyscus polionotus 

trissyllepsis) and it can be found under various environmental conditions from open 

sandy areas such as blowouts to dunes established with abundant vegetation (Keddy 

1982) it was an ideal representative for our study.  Additionally, C. edentula fruit can 

float or may be carried by the wind and is often a component of the vegetative wrack 
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(Keddy 1982).  Unfavorable greenhouse conditions due to various irrigation 

malfunctions stressed the C. edentula population which was already near the end of its 

annual life cycle. 

In addition to providing nutrients to terrestrial plant species that can trap sand, 

natural wrack in and of itself can assist in dune building near the high tide line by acting 

as an obstacle that can reduce wind and wave energy at the surface of the soil and trap 

sediment (Dugan and Hubbard 2010, Nordstrom et al. 2010, Williams and Feagin 

2010).  Because the wheat straw used in this study also creates an obstacle that can 

cause sand to accumulate around it, increased accumulation was expected in the two 

plots that were treated with this surrogate wrack.    

In the two sub-plots containing U. paniculata, there was a marginally significant 

difference between sand accumulation in the surrogate wrack plot versus the no 

surrogate wrack plot supporting the hypothesis of increased accumulation with wrack 

(Figure 2-6).   However, much of the influence of surrogate wrack on sand accumulation 

may be the effect surrogate wrack had on U. paniculata growth.   U. paniculata capture 

wind-blown beach sand and stabilize it with an extensive, fibrous root system (Miller et 

al. 2003).  The extent of U. paniculata‟s influence on aeolian transport could be tested 

by comparing the sand accumulation of four plot types: U. paniculata only, wrack only, 

U. paniculata and wrack, and bare sand. 

Sand accumulation is greater in fall, winter and early spring in Northwest Florida 

than summer because of higher wind speeds and sand movement in associated with 

cold front passage (Miller et al. 2003).   We measured sand accumulation in late 

summer and fall.  Additional measurements taken prior to surrogate wrack application, 
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following complete wrack coverage as well as additional fall and winter measures of 

sand accumulation may more greatly accentuate effects of surrogate wrack on sand 

accumulation.    

There was no evidence to support the hypothesis that wrack increases 

accumulation in the herbaceous only plots.  Similar to explanations related to decreased 

survival in those herbaceous wrack plots, timing of application (summer) as well as 

precipitation may have influenced the changes in sand accumulation observed across 

the plot profile.  Additionally, sand that was caught by the surrogate wrack or by the 

increased number of tillers produced in surrogate wrack plots may have created 

additional obstructions that slowed or stopped the transport of sand from moving into 

the plots that did not have U. paniculata and/or the surrogate wrack. 

Concluding Remarks 

Our findings suggest that the application of a surrogate wrack such as wheat 

straw can potentially benefit coastal dune restoration projects by increasing the rate of 

growth of dune grasses such as U. paniculata.  Additionally, the presence of surrogate 

wrack along with U. paniculata generally improves sand accumulation in the immediate 

area.  However, it appears that wheat straw can have a negative impact on planted 

herbaceous species when plants are installed when environmental conditions are not 

optimal for survival (higher temperatures, lower precipitation).  Because of this potential 

adverse effect, time of planting, time of wheat straw application, and current, local 

conditions should be considered before using this method to promote establishment and 

survival of herbaceous dune species. 

 Additional studies investigating plant response to wheat straw applications along 

the environmental gradient of a barrier island as well as those examining the similarities 
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between natural vegetative wrack and the surrogate  wrack would help to advance the 

understanding and application of this strategy in coastal dune restoration projects.  
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Table 2-1. Mean height, width, number of tillers, and aboveground biomass of U. 

paniculata samples collected from Johnson Beach, Gulf Islands National 
Seashore in response to surrogate wrack. 

Wracky 

       Datez Present  Absent  Significance (p)  

    height (cm)  

 August 51.1 ± 0.6  43.5 ± 2.7     0.0452 

 October 71.6 ± 2.0  51.1 ± 2.2 0.0016  

 CHANGE 19.4 ± 2.1  5.4 ± 4.9 0.0876 

   width (cm) 

 August 0.8 ± 0.05  0.7 ± 0.06 0.2007   

 October 1.0 ± 0.05  0.8 ± 0.05 0.0392 

 CHANGE 0.2 ± 0.05  0.1 ± 0.09 0.3356  

   tiller (no.) 

 August 3 ± 0.2  2 ± 0.1 0.0840 

 October 4 ± 0.4  2 ± 0.2 0.0035 

 CHANGE 1 ± 0.4  0 ± 0.3 0.0364 

   above-ground biomass(g)  

 August 2.34 ±0.23  1.43 ± 0.12 0.0148 

 October 9.25 ± 1.00  2.18 ± 0.24 0.0002 

 CHANGE 6.92 ± 0.92  0.75 ± 0.26 0.0007 

 Z All plants were installed between April 7th and April 12th, 2010.  August = 30 

subsamples from both treatments were collected August 6, 2010 (~120 days after 

installation of wheat straw). October= 30 subsamples from both treatments were 

collected October 18th, 2010 (~190 days after installation). CHANGE= the difference in 

average measures between the August and October dates.  
YAn 8 cm layer of wheat straw was added to half of the U. paniculata approximately two 

weeks after plants were installed. 
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Table 2-2.  Overall mean survival (%) of the herbaceous dune species in response to 
planting with Uniola paniculata and surrogate wrack. 

Treatmentz n Survivaly (%) Bonferroni Test  

U. paniculata 24 38.3 ± 5.7 a 

Surrogate Wrack  24 15.6 ± 4.0 b 

Both 24 39.8 ± 5.2 a 

None  24 39.6 ± 5.9 a 

Means separation by LSD (alpha= 0.05) with a Bonferroni correction.  Means followed 

by the same letter do not differ. 
zTreatment= U. paniculata - herbaceous species planted within a plot with preexisting 

sea oats that were planted with 30 cm spacing; Wrack- an 8 cm layer of wheat straw 

mulch was applied to the area prior to planting; Both- U. paniculata and wrack installed 

at site prior to herbaceous planting; None-herbaceous species planted in bare sand. 
ySurvival= the mean survival of all dune plants in the study (Chrysopsis gossypina spp. 

cruiseana, Chrysopsis godfreyi f. godfreyi, Chrysopsis godfreyi f. viridis, Oenothera 

humifusa, and Physalis angustifolia) 

 

Table 2-3.  Overall mean survival (%) of three dune species planted in late July 2010 at 
Johnson Beach, Gulf Islands National Seashore. 

 Species n Survival (%) Bonferroni Test 

C. gossypina spp.   

cruiseana 30 32.4 ± 5.0 abc 

C. godfreyi f. viridis 30 14.4 ± 4.0 c 

C. godfreyi f. godfreyi 30 44.9 ± 6.8 ab 

O. humifusa 30 23.8 ± 5.9 bc 

P. angustifolia 30 51.2 ± 6.0 a 

Means separation by LSD (alpha= 0.05) with a Bonferroni correction.  Means followed 

by the same letter do not differ. 

 

 



40 

Table 2-4.  Mean survival (%) of three dune species in response to planting with Uniola 
paniculata (sea oats) and surrogate wrack. 

   Treatmenty 

Species n Sea Oats Surrogate wrack  Both None  

C. gossypina spp.  

cruiseana 6 48.1 ± 6.2 18.5 ± 12.1 31.5 ± 7.8 31.5 ± 7.8 

C. godfreyi f. viridis 6 22.5 ± 12.2 4.2 ± 1.5 20.0 ± 8.5 10.8 ± 5.7 

C. godfreyi f. godfreyi 6 46.3 ± 11.6 27.8 ± 14.0 48.1 ± 13.0 57.4 ± 15.8 

O. humifusa 6 16.5 ± 13.6 4.8 ± 1.7 30.2 ± 9.9 43.6 ± 13.6 

P. angustifolia 6 57.9 ± 13.6 25.0 ± 4.1 69.0 ± 4.9 54.8 ± 14.4 

   p= 0.6894 

YTreatment= U. paniculata - herbaceous species planted within a plot with preexisting 

sea oats that were planted with 30 cm spacing; surrogate wrack- an 8 cm layer of wheat 

straw was applied to the area prior to planting; Both- U. paniculata and wheat straw 

installed at site prior to herbaceous planting; None-herbaceous species planted in bare 

sand. 

 

 

Table 2-5.  Mean difference in sand accumulation in Uniola paniculata plots by 
treatment 

Treatmentz n Mean Difference (cm) F=3.79, p=0.1093 

 
Wrack only 6 1.28 ± 0.76 
No Wrack 6 7.78 ± 0.78  
zWrack= surrogate wrack; an 8 cm layer of wheat straw was applied to the area prior to 
planting herbaceous species, but after installation of U. paniculata 
 
 
 

Table 2-6.  Mean difference in sand accumulation in herbaceous only plots with and 
without surrogate wrack 

Treatmentz n Mean Difference (cm) F=2.50, p=0.9910 

 
Wrack only 6 1.28 ± 0.76 
Bare sand 6 1.02 ± 1.97 
zWrack=surrogate wrack; an 8 cm layer of wheat straw was applied to the area prior to 
planting 
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Figure 2-1.  Mean monthly maximum and minimum temperatures for Perdido Key, 
Florida during the time of plant installation and monitoring in 2010 compared 
to historic mean monthly temperatures. Values obtained for 1985-2010 are 
from the National Weather Forecast Office 
http://www.weather.gov/climate/index.php?wfo=mob 
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Figure 2-2.  Total monthly precipitation at Perdido Key, Florida during the time of plant 

installation and monitoring in 2010 compared to historic mean total monthly 
precipitation. Values obtained for 1985-2010 are from the National Weather 
Forecast Office http://www.weather.gov/climate/index.php?wfo=mob  
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Figure 2-3.  Location of the six replicate sites within Gulf Islands National Seashore- 

Johnson Beach, Perdido Key, Florida. 
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Figure 2-4 Photographs, descriptions and geographic origins of the six species included in the herbaceous plot designs. 
(A) U. paniculata, O. humifusa, P. angustifolia, and C. edentula. (B) C. godfreyi f. godfreyi, C. godfreyi f. viridis, 
and C. gossypina spp. cruiseana. Map credits: Wunderlin and Hansen 2008.

Botanical Name Uniola paniculata Oenothera humifusa Physalis angustifolia Cakile edentula 

Plant Form 

    

Geographic 
Distribution 

    

A 
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Botanical Name  Chrysopsis godfreyi f. 
godfreyi 

Chrysopsis godfreyi f. viridis Chrysopsis gossypina spp. 
cruiseana 

Plant Form 

   

Geographic Distribution 

   

 

Figure 2-4 continued.

B 
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Figure 2-5.  Block and planting design  (A) Block (Total of 6 blocks at Gulf Islands 
National Seashore)- presence and absence of wheat straw is randomized. U. 
paniculata plantings approximately 30.5 cm (12 in) apart. (B) One of four 
subplots within a block- location of each species and/or phenotype were 
randomized.  In plots where U. paniculata was not planted, there will just be 
wheat straw or bare sand depending on the assigned treatment. (C) Planting 
arrangement within one of seven species sub-plots (U. paniculata will not be 
present in half of the treatment areas).  U. paniculata= 30.5 cm (12 in) 
spacing; Assigned species (either C. godfreyi f. viridis, C. godfreyi f. godfreyi, 
C. gossypina spp. cruiseana, C. edentula, O. humifusa, or P. angustifolia) 61 
cm (24 in) spacing. 
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Figure 2-5.  Continued 
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Figure 2-6.  Mean change in sand height by 61 cm segments across sea oats plantings 
with and without surrogate wrack that occurred during a three month time 
period. (n=6) Error bars represent ± 1 standard error of the mean 

 

Figure 2-7.  Mean change in sand height by 61 cm segments across herbaceous 
species only plantings with and without surrogate wrack that occurred during 
a three month time period. (n=6) Error bars represent ± 1 standard error of 
the mean.  
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CHAPTER 3 
THE IMPORTANCE OF RECOGNIZING DISTINCT ECOTYPES FOR RESTORATION 
USING TWO SPECIES OF GOLDENASTER (Chrysopsis  godfreyi AND Chrysopsis 
gossypina spp. cruiseana) AS THE MODEL ORGANISMS 

Background 

Coastal dune ecosystems are subject to both natural and anthropogenic 

disturbances.  Because coastal dunes provide critical ecosystem services such as 

erosion and flooding control, it is important to consider how resilient these systems are 

to such stresses.  Typically, coastal dunes that have less human development and are 

in a healthy, natural state are less vulnerable to disturbances and can reduce adverse 

impacts on surrounding areas (Martínez et al. 2006).  In fact, the use of assessments 

determining the plant diversity for coastal dunes has been deemed a suitable tool for 

measuring the sensitivity of dunes to natural and anthropogenic pressures (Garcia-Mora 

et al. 2000). 

In an attempt to regain many of the ecosystem services, the foundation of coastal 

dune restoration is the re-establishment of native vegetation.   Plants can contribute to 

the dune building process and/or assist in the rehabilitation of autogenic processes that 

can support animal species that depend on their presence and proper function (Fant et 

al. 2008).  Three functional groups of coastal dune vegetation have been identified: 

dune-builders, burial tolerant stabilizers, and burial-intolerant stabilizers as well as a 

fourth group of passenger species with no direct influence on topographic modification 

(Walker 1995, Stallins 2002). Maintaining vegetative diversity is a necessary component 

of restoration because in addition to their role as producers, coastal dune plant species 

influence the structure of their habitat, alter the topography, and support the 

establishment of other species (Stallins 2002; Corenblit and Steiger 2009).  In addition 
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to species diversity, genetic variation of native species must also be preserved when 

revegetating coastal dunes. 

An individual‟s physical form and function within its environment is partially 

determined by its genetic coding as well as phenotypic plasticity (Gray 1996, Falk et al. 

2001).  Various genotypes and/or phenotypes of each species are often found within a 

population (Gray 1996).  This genetic diversity is responsible for producing traits that 

allow tolerance of environmental variations related to moisture availability, temperature, 

nutrient availability, light availability, and herbivory (Falk et al. 2001).  Survival and 

fitness between and within populations as well as within individuals is influenced by the 

genetic variation that exists at each of those levels.  Additionally, the ability of a species 

and/or population to persist over time when their physical and/or biological 

environments have shifted to a different state is determined by the genetic composition 

of that species (Freeman and Herron 1998, Falk et al. 2001).  Because of the influence 

genetic variability and phenotypic variations of local populations can have on the 

success of re-establishment, diversity is an important consideration when collecting 

plant materials for propagation in the field or purchasing them from native plant 

suppliers (Gray 1996, Hufford and Mazer 2003, Carney 2005, Smith et al. 2009). 

Vegetation collection protocols have recently come under scrutiny because of the 

potential consequence of altering the genetic composition and possibly fitness of local 

ecotypic populations through outbreeding and inbreeding depression, and genetic 

swamping (Gray 1996, Hufford and Mazer 2003, Fant et al. 2008, Smith et al. 2009).  

For restoration projects, limited sampling geographically and ecologically can have long-

term consequences related to species establishment and persistence if the range of 



51 

phenotypic variation between ecotypes is not represented at the sites of revegetation 

(Smith et al. 2009).  Installation of non-local ecotypes can cause the remnant population 

to fail due to competition with the new forms and/or intraspecific hybridization 

(Holmstrom et al. 2010).  While the genetic structure of many species considered for 

restoration may be unknown, there are strategies for conserving the population‟s 

diversity without having that information available. 

Traditionally, researchers advocated the collection of a large number of seeds or 

individual plants to optimize sample diversity (Allard 1970).  This approach is 

unreasonable for many restoration projects due to limited time for collection and 

resources for storing seeds and/or propagating.   Fortunately, more recent studies 

suggest that as few as 10-34 random individuals from a minimum of five populations 

could be sampled and still maintain the necessary ecotypic diversity (Brown and Biggs 

1991; Lawrence et al. 1995).  However, the species distribution across the 

environmental gradient must still be considered because species‟ characteristics may 

be influenced by their individual surroundings.  Therefore, a habitat based sampling 

strategy where a comparatively small number of individuals are collected from 

populations that exist in different habitats across the environmental gradient (Gray 

1996).   

An approach that incorporates specific knowledge of a species biology and habit 

as it relates to diversity within the species can further optimize sampling protocols for 

maintaining the natural genetic composition for a species included in a restoration 

project.  The Center for Plant Conservation uses this strategy for sampling threatened 
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and endangered species and places a high priority on site variations within a species to 

determine the number of populations to sample (Falk 1991, Gray 1996).  

The inclusion of endangered and threatened plant species as a component of 

coastal dune restoration is important for multiple reasons: they serve functional roles 

within their environment; coastal dunes are being degraded by natural and 

anthropogenic activities resulting in an overall reduction in the system type and an 

increased risk of species extinction; and, increased biodiversity in coastal dunes 

reduces their vulnerability to disturbances.  To create a sustainable population of an 

endangered plant species, the genetic composition and structure of other local 

populations should be reconstructed as differences in morphology and fecundity have 

been observed in different habitat types across a species geographical range (Fant et 

al. 2008, Smith et al. 2009). 

Godfrey‟s goldenaster (Chrysopsis godfreyi), first identified in 1978, is an 

endangered coastal dune plant endemic to a few counties in the central and western 

panhandle of Florida (Semple 1978, DeLaney and Wunderlin 2002).  It is most common 

on barrier islands, sometimes forming large colonies, and assisting in sand stabilization 

on secondary dunes (Semple 1978).  According to Semple‟s (1978) account, two forms 

of the species exist, C. godfreyi f. godfreyi and C. godfreyi f. viridis, and can be 

distinguished by leaf pubescence with form godfreyi exhibiting “long woolly hairs” and 

form viridis lacking the pubescence.  However, field observations at Perdido Key State 

Park and at the Naval Air Station in Pensacola suggest that three similar morphologies 

exist which may indicate the presence of Chrysopsis gossypina spp. cruiseana which is 

native to the area, but has not been documented at the two collection sites (Figure 3-3).  



53 

C. gossypina spp. cruiseana displays thin pubescence on the basal leaves, the tips of 

some leaves, and/or on the youngest leaves, but not throughout the entire stem.  C. 

godfreyi f. viridis lacks pubescence, appears green in color, and leaves exude a sticky 

substance.  C. godfreyi f. godfreyi is densely covered with pubescence on all stems and 

leaves, and has a silvery-white like appearance because of the large amount of hairs 

present. 

The intent of this study was to determine if these three physically distinct types of 

Chrysopsis also differed in terms of seed production as well as seed viability, and 

germination in response to differing photoperiods and seasonal temperatures.  This 

data could indicate whether it was necessary to include all apparent phenotypes in 

restoration efforts to maintain the morphological (potentially genetic) diversity within the 

local population.  Additionally, the determination of germination success for the three 

phenotypes in response to various temperature regimes can provide important details to 

support the propagation of this endangered species for inclusion in future coastal dune 

restoration projects.  

Methods  

Collection Areas 

Pensacola.  Escambia County, Florida, Naval Air Station (30°21‟N, 87°19‟W; 

elevation 9 m), (Figure 3-1).  The Naval Air Station is located west of downtown 

Pensacola.  The dominant plant  species present are Chrysoma pauciflosculosa (woody 

goldenrod), Chrysopsis spp. (goldenasters), Conradina canescens (false rosemary), 

Physalis angustifolia (ground cherry), Polygonella spp. (jointweeds), Quercus geminata 

(sand live oak) and Quercus myrtifolia (myrtle oak).  
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Perdido Key.  Escambia County, Florida, Perdido Key State Park (30°18‟N, 

87°28‟W; elevation 7 m), (Figure 3-2).  Perdido Key State Park is located on a barrier 

island about 24 km southwest of Pensacola, Florida.  The dominant vegetative species 

present are Chrysoma pauciflosculosa (woody goldenrod), Chrysopsis spp. 

(goldenasters), Quercus geminata (sand live oak) and Quercus myrtifolia (myrtle oak).  

Collection Methods 

 In December 2009, a total of 150 seed heads from 33 individuals of Chrysopsis 

species were collected from the Naval Air Station and Perdido Key State Park (DAC 

permit no. 888; DEP permit no. 09111111).  Individual plants were selected based on 

leaf pubescence because of that characteristic‟s importance in distinguishing between 

the forms.  Plants that lacked living leaf tissue or that had both wooly and densely 

stipitate-glandular leaves were not selected.  Once a plant was recognized for 

collection, a photo of the individual was taken, its  identity was recorded as C. godfreyi f. 

viridis (green leaves with little to no pubescence and sticky leaf surface), C. gossypina 

spp. cruiseana (green leaves with pubescence), or C. godfreyi f. godfreyi (heavily 

pubescent with a silvery appearance) (Figure 3-3), and its location marked using a 

Garmin GPS receiver (Garmin Ltd., Olathe, Kansas).   Up to five non-fractured, fruiting 

heads were collected from selected individuals.  Heads were placed in envelopes, 

sealed, and stored in a growth chamber at approximately 23ºC.  Total number of seeds 

collected from an individual plant was counted and recorded. 

Initial Germination and Viability test 

Mature inflorescences were removed from each plant at each site and cleaned 

by hand.  Immature seeds or seeds with visible indication of pathogen or insect damage 

were discarded. Cleaned seeds were gravity air-dried at 22°C for 48 to 72 h before 
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analysis. In accordance with the TetrazoliumTesting Handbook, Contribution No. 29 

Associationof Official Seed Analysts rules (Peters 2007), pre-germination viability tests 

were replicated twice on a subset of 100 seeds per species (two forms of C. godfreyi 

and C. gossypina spp. cruiseana). Seeds were pretreated by allowing them to imbibe 

between moist blotter paper overnight at at 20-25ºC. Seeds were then cut longitudinally 

and stained for 18 to 24 h at 30 to 35°C in 1.0% tetrazolium (2, 3, 5-triphenyl 

chloride)solution with positive staining patterns confirming seed viability (Mid-West 

SeedService Inc., Brookings, SD).  

An additional 400 seeds per species/form were subjected to germination tests 

(four replications of 100 seeds per test) at 30/20°C (8-h photoperiod at 30°C followed by 

16 h darkness at 20°C) for 28 d (Mid-West SeedService Inc.). Seeds were arranged in 

germination boxes (containing two layers of moistened blue blotter paper) that were 

placed in incubators equipped with cool-white fluorescent lamps. Germination readings 

were taken at Day 14 with a final count at Day 28.Ungerminated seed were subjected to 

post-germination viability tests (as described previously) and used to report percent 

germination of viable seeds. 

Germination Trials 

Seed preparation: Seeds were collected from 33 individuals that represented the 

three phenotypes/ species of interest. All collected seeds were graded and counted.  

Class 1 seeds were defined as fully developed, light to dark tan in color, and no signs of 

herbivory.  Class 2 seeds were defined as underdeveloped or had evidence of 

herbivory.  Those seeds likely to germinate (class 1) were used for the germination 

trials. 
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Four replications per treatment of 50 seeds (n=1600) of C. godfreyi f. viridis, C. 

godfreyi f. godfreyi, and C. gossypina spp. cruiseana were soaked in a Physan 20 

(Marlin Products, Inc., Tustin, California) solution (1.0 mL Physan 20 per 500 mL of 

deionized water) for five minutes to reduce the amount of surface contaminants.  

Physan was tested prior and was determined to have no effect on germination rates.  

Seeds were placed in 32, 10.9 x 10.9-cm transparent polystyrene germination boxes 

(Hoffman Manufacturing, Inc., Albany, OR) containing two sheets of germination paper 

(Hoffman Manufacturing, Inc.) that were saturated with 15 mL of nanopure water.  An 

additional 5 to 10 mL of deionized water was added to germination boxes as needed. 

Temperature and photoperiod: The prepared germination boxes were placed in 

temperature and light-controlled chambers equipped with cool-white fluorescent lamps 

(Model818; Precision Scientific, Winchester, VA). The seeds were exposed to four, 12-

hour alternating temperatures- 20/10°C , 25/15ºC, 30/20°C, and 35/25°C to simulate 

day and night temperatures that are similar to mean temperatures common to Florida‟s 

winter, fall, spring, and summer, respectively.  Four replicates of each phenotype 

experienced a 12 hour daily photoperiod for each temperature treatment (photosynthetic 

photonflux was 22 to 30 mmol m–2 s–1 at shelf level).  Aluminum foil was placed 

around each of the remaining four replicates for each phenotype to allow for continuous 

darkness within those petri dishes throughout the trial.  These were not opened until the 

end of the experiment.  Treatments for the germination trials were arranged in a 3 

(phenotype) x 2 (photoperiod) x 4 (temperature) factorial.  A randomized complete block 

design was used for this study.  Germination counts for seeds in the light treatment 

were taken every other day for 8 weeks and at 8 weeks for those in the dark treatment.    
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Differences in Seedling Emergence:  To determine seedling emergence under 

typical growing conditions, additional germination tests were conducted at the 

greenhouse during late summer through early fall in Fort Pierce, Florida.  Four 

replications of 50 seeds (n=200) of C. godfreyi f. viridis, C. godfreyi f. godfreyi, and C. 

gossypina spp. cruiseana were soaked in a Physan 20  solution (1.0 mL Physan 20 per 

500 mL of deionized water) for five minutes to reduce the amount of surface 

contaminants.  After decontamination, seeds were placed on the surface of a peat 

based germination media and covered lightly with vermiculite.  The trays were then 

placed in the greenhouse and watered by seep irrigation as needed. Germination data 

was collected every other day for 8 weeks. 

Data Analysis 

Mean flower and seed production for each of the Chrysopsis spp. was calculated 

and analysis of variance was performed using the PROC GLM procedure in SAS®  

software,  v. 9.1 (SAS Institute, Cary, North Carolina).  Mean germination percentage 

data (MidWest Seeds, Inc.) were transformed using the arcsine of the square root and 

analysis of variance was performed using the SAS™ PROC GLM procedure with a 

Tukey correction.  Non transformed data are presented.   

For germination studies under greenhouse conditions and those with varying 

temperature regimes and photoperiods, mean percent germination over time was 

calculated.  Overall mean data were transformed using the arcsine of the square root.  

Analysis of variance was performed using the SAS™ PROC GLM procedure and 

means separation was by LSMeans with a Bonferroni correction in SAS® software, v. 

9.2.  Significance of main effects and interactions was determined with PROC MIXED 

procedure in SAS®. 
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Results  

The mean number of inflorescence, the number of flower heads per 

inflorescence, the number of flower heads per plant, and the estimated number of seeds 

per plant did not differ significantly between the two forms of C. godfreyi and C. 

cruiseana  (Table 3-1).  The number of seeds produced per flower head by C. godfreyi f. 

godfreyi (CHGOG) (118 ± 7) was lower than the number produced by the C. godfreyi f. 

viridis (CHGOV) (137 ± 6) and C. gossypina spp. cruiseana (CHGOC) (137 ± 6) (Table 

3-1). 

 Seeds tested by MidWest Seeds Lab from all three phenotypes indicated that the 

mean percentage of normal seeds was lower (40.50% ±1.76%) for CHGOG than for the 

other two (P= 0.0036; Table 3-2). CHGOC and CHGOG had significantly different 

percentages of dead seeds, 35.00% ± 2.8% and 47.25% ± 3.35%, respectively 

(P=0.0342; Table 3-2). The proportion of viable seeds was significantly lower for 

CHGOG (51.00% ± 2.91%) than for the other two phenotypes (P=0.0145; Table 3-2) 

while the proportion of viable seeds that germinated differed between the CHGOV 

(89.75% ± 1.65%) and CHGOG (79.75% ± 1.69%) phenotypes (P=0.0461; Table3-2).  

The percentage of abnormal, dormant, and those non-germinating seeds deemed to be 

viable according to the TZ test results did not differ significantly between the three 

Chrysopsis tested (Table 3-2).  The TZ test were highly variable but generally suggest 

that the mean percentage of seeds in natural populations of the CHGOV, CHGOC, and 

CHGOG are 73% ± 21%, 75 ± 22, and 48 ± 14, respectively.  

 Overall mean germination in the greenhouse did not differ after eight weeks.  

There was a significant difference in germination in the greenhouse at six weeks 

between all three Chrysopsis spp (Figure 3-4).  C. godfreyi f. viridis had the highest 
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mean germination (27% ± 3%) followed by C. gossypina spp. cruiseana (22% ± 2%) 

with C. godfreyi f. godfreyi having the lowest germination (18% ± 0.8%) at six weeks.  

Overall mean germination differed between photoperiods with 13% ± 2% of all 

seeds exposed to 24-hours of darkness and 49% ± 3% subject to a 12-hour photoperiod 

germinating after 55 days (n=48; P< 0.0001).  Cumulative mean percentages from all 

photoperiod and temperature combinations differed between phenotypes as well with 

38% ± 5%  of CHGOC, 23% ± 4% of CHGOG, and 33% ± 4% of CHGOV germinating 

after 55 days (n=32; P< 0.0001).   

Total germination across all three phenotypes varied according to temperature 

regimes (seasons )with the highest values in winter (44% ± 4%) and fall (40% ± 5%) 

exhibiting significant differences between summer (11% ± 3%) and spring (30% ± 6%) 

germination percentages with the two warmer temperature regimes differing significantly 

as well (P<0.0001; Figure 5).  The response to the interaction between photoperiod and 

season treatments also varied significantly (Figure 3-6).  While the spring, fall, and 

winter seeds with a 12-hr photoperiod responded similarly and having mean 

germination percentages above 55% ± 3%, they differed from the seeds with the same 

photoperiod, but exposed to the summer alternating temperature regime (21% ± 3%).  

However, the light summer treatment did not differ from the dark winter treatment (30% 

± 4%) or the dark fall treatment (18% ± 3%).  The winter alternating temperature regime 

had the highest mean germination percentage under zero light conditions. (Table 3-3; 

Figure 3- 6). 

Discussion 

Differences in the number of seeds produced per flower head can be caused by 

genetic variation, differing environmental conditions such as resource availability, and or 
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various biological stressors such as competition for the parent plant at the time of seed 

development.    Some studies have shown that increased pollen levels resulted in a 

greater number of seeds (Galen and Weger 1986, Lalonde and Roitberg 1989).  C. 

godfreyi f. godfreyi, which had fewer seeds per flower head, was most commonly found 

near the tree line or next to large shrubby vegetation while the other two Chrysopsis 

were found in swale-like depressions or in less densely vegetated areas of the 

backdunes.   The form godfreyi plants‟ relative location in the environment may have 

reduced the number of pollinators visiting parent plants.  Another possibility is that those 

plants had fewer resources available.  A study by McGinley and Charnov (1988) found 

that the relationship between seed number and size was influenced by the amount of 

carbon and nitrogen available for seed production.  

Characteristics of germination can vary within a species due to genetics, the 

environment, or an interaction of genetics and the environmental conditions at the time 

of seed maturation (Baskin and Baskin 2001).  While there was no difference in 

dormancy between the three sample populations, there were variations in the proportion 

of normal, dead, viable, and germination of viable seeds.  The viability of seeds 

collected is an important consideration for restoration projects.  If only a small 

percentage of seeds are viable for a species of interest, more seeds must be collected 

to reach the target number of individuals.  Because all of the seeds tested by MidWest 

Seeds were collected at the same time and were subjected to the same conditions, the 

length of day and the growing season did not differ.  Also, the seeds were collected 

from random individuals across the entire habitat so it is unlikely age of the parent plant 

differed between the three Chrysopsis species.  However, several studies have 
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indicated that environmental conditions required for germination may vary between 

populations of a species (Groves et al. 1982, Fady 1992, Baskin and Baskin 2001).  

Varying individual sensitivities of salinity, soil pH, photoperiod, and temperatures have 

been observed (Baskin and Baskin 2001). 

In the greenhouse trials, all three performed similarly over the eight week period 

suggesting that the differences in abundance of the three seen in the field may be due 

to conditions that did not differ in the greenhouse such as moisture and nutrient 

availability, photoperiod and temperature regimes, or interactions with other organisms 

in terms of herbivory or competition.  Additionally, the greenhouse study took place 

during Fall 2010; the growth chamber germination study indicated that all three 

phenotypes had the highest germination with a normal photoperiod (12-h) and 

alternating temperatures that mimic temperatures most similar to Florida‟s fall weather.  

It may be possible that differences in germination between the three would become 

apparent in the greenhouse during less favorable growing seasons. 

Germination speed is considered to be a heritable trait in some plant species, but 

has also been shown to differ by cultivar at lower temperatures (Farris 1988, Otubo et 

al. 1996, Baskin and Baskin 2001).  Under all four seasonal temperature regimes used 

in the growth chamber, C. gossypina spp. cruiseana had the highest initial percent 

germination.  This suggests that the germination speed for Chrysopsis species may be 

genetic because the relative speed of germination was consistent for all seasonal 

temperatures tested.   

Van Loenhoud and Duyts (1981) found that ideal light and temperature 

requirements for 11 microspecies of Taxraxacum germination differed significantly.  Of 
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the temperature regimes and photoperiods included in this study, it appears that all 

three phenotypes favor a 12-hour photoperiod with alternating temperatures consistent 

with Florida‟s fall and winter.  Given the harsh environment of coastal dunes, fall and 

winter likely allow seeds to experience less direct sunlight and more exposure to 

moisture due to reduced evaporation at those times of year. 

Concluding Remarks  

This study indicates that the two forms of Chrysopis godfreyi and the subspecies 

of Chrysopsis gossypina respond differently to seasonal temperature regimes and to 

differing photoperiods which may indicate that they represent different ecotypes of that 

genus.  At minimum, they represent two species with three distinct morphologies that 

naturally occur; therefore, efforts should be made to include all of them in revegetation 

of coastal dune habitats within their native range.  Our results suggest that optimal 

seasons for germination of all three in Florida are fall and winter.  Seeds can be 

collected in the winter and immediately sown for greatest germination.  Additionally, 

because C. godfreyi f. godfreyi has a lower proportion of viable seeds that germinate, it 

may be necessary to collect additional seed heads of this type compared to the other 

two to get the same number of plants.    

Because of the importance of maintaining species diversity and genetic diversity, 

future studies are needed on C. godfreyi and C. gossypina as well as on other coastal 

dune species to determine the source of variation.  If multiple, distinct ecotypes or 

subspecies exist, it will be necessary to incorporate all of them in management plans 

and restoration efforts.  
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Table 3-1. Flower and seed production in two forms of Chrysopsis godfreyi and one 
subspecies of Chrysopsis gossypina. 

      Chrysopsisz 

 Characteristic CHGOV (n=11) CHGOC (n=10) CHGOG(n=12) Significance 

Inflorescence (no.) 6 ± 1 4 ± 1 5 ± 1 0.1979  
 

Flower heads/  11 ± 2 12 ± 2 11 ± 1 0.8724 

inflorescence (no.) 
 

Flower heads/plant 62 ± 17 40 ± 8 59 ± 14 0.3993 

(no.) 
 

Seeds/head (no.) 137 ± 6 148 ± 10 118 ± 7 0.0028 
 

Estimated number   7,949 ± 1920 6,082 ± 1538 6,778 ± 1401 0.6653 

of seeds/plant y 

zChrysopsis: CHGOV= Chrysopsis godfreyi f. viridis represents individuals with a sticky 

leaf surface and little to no pubescence on any leaves; CHGOC= Chrysopsis gossypina 

spp. cruiseana represents individuals with moderate pubescence on leaves with 

increased coverage on basal leaves; CHGOG= Chrysopsis godfreyi f. godfreyi 

represents individuals with heavy pubescence on leaves as well as the stems and give 

it a silvery white appearance. 
yEstimated number of seeds per plant was calculated as (flower 

heads/plant)*(seeds/head) 
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Table 3-2. Characteristic morphology, germination and viability percentages of the three 
Chrysopsis spp. as determined by studies conducted by MidWest seeds 
starting in June 2010 (n=100). 

                                         Chrysopsisz     
Characteristicy CHGOV CHGOC CHGOG  Significance (p)  

 Normal 55.00 ± 2.91 aW 53.50 ± 1.85 a 40.50 ± 1.76 b 0.0036  

 Abnormal 2.25 ± 0.75 1.00 ± 0.00 1.75 ± 0.48 0.4059  

 Dead 36.5 ± 2.72 ab 35.00 ± 2.80 b 47.25 ± 3.35 a 0.0342  

 Dormant 6.25 ± 0.75 10.50 ± 1.85 10.50 ± 1.32 0.1270  

 TZ- Viable  73.25 ± 21.05 74.50 ± 21.68 48.00 ± 13.95 0.1753 

 Total Viable  61.25 ± 2.66 a 64.00 ± 2.80 a 51.00 ± 2.91 b 0.0145 

 Viable Germ 89.75 ± 1.65 a 83.75 ± 2.50 ab 79.75 ± 1.49 b 0.0461  

zChrysopsis: CHGOV=Chrysopsis godfreyi f. viridis represents individuals with a sticky 
leaf surface and little to no pubescence on any leaves; CHGOC= Chrysopsis gossypina 
spp. cruiseana represents individuals with moderate pubescence on leaves with 
increased coverage on basal leaves; CHGOG= Chrysopsis godfreyi f. godfreyi 
represents individuals with heavy pubescence on leaves as well as the stems and give 
it a silvery white appearance. 
yCharacteristic- TZ-Viable- separate seed sets used to conduct TZ test- Seeds were 
then cut longitudinally and stained for 18 to 24 h at 30 to 35°C in 1.0% tetrazolium (2, 3, 
5-triphenyl chloride)solution with positive staining patterns confirming seed viability; total 
viable= seeds that germinated + non-germinating seeds deemed viable from additional 
TZ test; viable germ= percentage of all viable seeds that germinated 
wMean separation by LSD (alpha=0.05) with a Tukey correction.  Means in the same 
row with the same letter are not significantly different. 
 

Table 3-3. Mean germination of all three Chrysopsis species after 55 days in a growth 
chamber in response to photoperiod and temperature.  

                 Photoperiod   

Season (Day °C/Night °C)z Lighty Dark 

Spring (30/20) 55.00 ± 3.27 aw 4.17 ± 1.17 d 

Summer (35/25) 21.33 ± 3.04 bc 1.34 ± 0.57 d 

Fall (25/15) 63.17 ± 2.91 a 17.83 ± 3.17 c 

Winter (20/10) 58.00 ± 3.52 a 29.67 ± 4.25 b 

 zTemperatures meant to simulate seasonal day and night temperatures in Florida 
ylight= 12-hour photoperiod, dark= 24-hour dark  
wMean separation by LSD (alpha = 0.05) with a Bonferroni correction. Means followed 
by the same letter do not differ 
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Figure 3-1.  Location of 13 individual Chrysopsis spp. plants at the Naval Air Station in 
Pensacola, FL that had seed heads harvested in December 2009.  Individuals 
are labeled N01-N13. 

 

Figure 3-2.  Location of 20 individual Chrysopsis spp. plants at Perdido Key State Park 
in Escambia County, Florida that had seed heads harvested in December 
2009.  Individuals are labeled P01-P20.  
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Figure 3-3.  Photos and distribution maps of the three Chrysopsis spp. collected. (A) 
Chrysopsis godfreyi f. godfreyi represents individuals with heavy pubescence 
on leaves as well as the stems and give it a silvery white appearance.. (B) 
Chrysopsis godfreyi f. viridis represents individuals with a sticky leaf surface 
and little to no pubescence on any leaves (C) Chrysopsis gossypina spp. 
cruiseana represents individuals with moderate pubescence on leaves with 
increased coverage on basal leaves Map credits: Wunderlin and Hansen 
2008.   

A B C 
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Figure 3-4.  Mean germination (%) of three Chrysopsis spp. over eight weeks in a 

greenhouse in Fort Pierce, Florida from September 2010-November 2010. 
CHGOV= Chrysopsis godfreyi f. viridis represents individuals with a sticky leaf 
surface and little to no pubescence on any leaves; CHGOC= Chrysopsis 
gossypina spp. cruiseana represents individuals with moderate pubescence 
on leaves with increased coverage on basal leaves; CHGOG= Chrysopsis 
godfreyi f. godfreyi represents individuals with heavy pubescence on leaves 
as well as the stems and give it a silvery white appearance. Error bars 
represent ± 1 standard error of the mean.  *= week where cumulative 
germination between the three species was statistically different. 
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Figure 3-5.  Total mean germination (%) of all seeds of Chrysopsis spp.  under different 

temperature regiments representing Florida seasons.  Error bars represent ± 
1 standard error.  Means separation by LSD (alpha= 0.05) with a Bonferroni 
correction.  Bars containing the same letter do not differ. 

 

Figure 3-6.  Total mean germination (%) of all Chrysopsis spp. seeds in response to 
temperature and photoperiod. Error bars represent ± 1 standard error of the 
mean.  Light = a 12 hour photoperiod; dark= 24 hours of darkness.
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Figure 3-7.  Mean germination (%) of three Chrysopsis spp. over eight weeks in under four different temperature regimes 
representing Florida‟s four seasons and two photoperiods. CHGOC= Chrysopsis gossypina spp. cruiseana 
represents individuals with moderate pubescence on leaves with increased coverage on basal leaves; 
CHGOG= Chrysopsis godfreyi f. godfreyi represents individuals with heavy pubescence on leaves as well as 
the stems and give it a silvery white appearance. Light- 12 hr light/12 hr dark. Dark- 24 hr of darkness.
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CHAPTER 4 
IMPLICATIONS FOR PROMOTING VEGETATION ESTABLISHMENT AND 
RECREATING NATURAL DIVERSITY IN COASTAL DUNE RESTORATION 

As a result of overexploitation and increases in natural disturbances, coastal 

dunes have experienced a net loss worldwide (Martínez et al. 2008).  These 

ecosystems continue to experience stress from major storm events as well as structural 

development, terrestrial and marine pollution, encroachment by non-native species, and 

coastline retreat related to sea-level rise from global climate change (Perrow and Davy 

2002, Crowell et al. 2007, Defeo et al. 2009).  Restoration of coastal dune ecosystems 

in response to these natural and anthropogenic stressors is necessary to preserve the 

unique biodiversity and ecosystem services that only they provide.  Revegetation of 

coastal dunes is a necessary step in the restoration process and studies related to 

improved establishment of planted vegetation as well as those that can identify local 

ecotypes will help practitioners restore the autogenic processes that occur when natural 

plant diversity is present at a site.  

The addition of organic matter to planting sites can help stabilize the sand, add 

moisture to the microenvironment surrounding the installed plants, and provide nutrients 

that could increase the growth and spread of dune grasses (Hester and Mendelssohn 

1990, Seliskar 1995, Nordstrom et al. 2010, Williams and Feagin 2010).  Another 

component of successfully restoring coastal dunes is restoring the natural diversity that 

occurred at the site prior to the disturbance or that occurs at the reference site.  

Because ecological systems are complex and all interactions and/or functions have not 

been identified, it is important to maintain the genetic diversity even within a species to 

preserve the integrity of the community in which it belongs. 
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At Gulf Islands National Seashore in Escambia County, Florida, we applied a 

surrogate wrack in the form of wheat straw to Uniola paniculata, a native dune grass, at 

six replicate sites and compared them with U. paniculata that did not receive the 

surrogate wrack treatment.  Six months after the application, we found that the mean 

aboveground biomass, the height, the basal width, and the number of tillers per plant 

were all greater for U. paniculata that were in plots with wrack than those that were 

grown in bare sand (P<0.05).  On average, U. paniculata grown in the wrack plots had 2 

more tillers, were 7 grams heavier, and 20 centimeters taller than those plants grown 

without the surrogate wrack.  Additionally, wrack plots accumulated 11.16 cm ± 1.71cm 

of sand over three months compared to only 7.78 cm ± 0.78 cm in plots with no wrack.  

While this difference was only marginally significant (P = 0.1093), it suggests that either 

the presence of a surrogate wrack or the additional grass growth as a result of the 

wrack influences sand accumulation in the immediate area.  

We also collected seeds from three phenotypes representing the two 

endangered Chrysopsis species endemic to the coastal dunes of the Florida panhandle 

to determine if the three phenotypes observed in the field were expressions of the 

species phenotypic plasticity or if they are in fact distinct ecotypes or subspecies.  The 

three Chrysopsis differ in the amount of pubescence present on the leaves and stems 

with Chrysopsis godfreyi f. viridis having a sticky leaf surface and little to no pubescence 

on any leaves, Chrysopsis gossypina spp. cruiseana present moderate pubescence on 

leaves with increased coverage on basal leaves, and Chrysopsis godfreyi f. godfreyi 

include individuals with heavy pubescence on leaves as well as the stems and give it a 

silvery white appearance.  
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We found no overall difference in germination in greenhouse studies that were 

conducted in the fall of 2010 in Fort Pierce, Florida, but significant differences in 

germination between phenotypes did occur in growth chamber studies.  Chrysopsis 

godfreyi f. godfreyi had the lowest germination over eight weeks with a 12-hour 

photoperiod under four different alternating temperature regimes: 20/10°C, 25/15ºC, 

30/20°C, and 35/25°C, which in essence represent Florida‟s seasons.  Additionally, C. 

godfreyi f. gofreyi had the least number of seeds per flower head, the fewest seeds with 

normal morphology, and the lowest viability as measured by the TZ test.  Our results 

show that the highest percentage of all three Chrysopsis spp. seeds will germinate at 

temperatures that are most similar Florida‟s fall and winter seasons. 

Our study suggests that the application of a surrogate wrack can enhance the 

growth of dune grasses such as U. paniculata.  Wheat straw is generally inexpensive 

and readily available to managers.  A more favorable approach to a surrogate wrack 

may be the use of the natural vegetative wrack that occurs along the high tide line.  

Other studies have shown that this wrack material can fertilize coastal vegetation and 

can assist in initial stages of dune building (Cardona and Garcia 2008, Nordstrom et al. 

2010, Williams and Feagin 2010).  Using the natural wrack especially at sites where it is 

typically removed could reduce the cost of restoration by replacing the hydrogel and 

fertilizers that are often used and eliminating the need for off-site transport of wrack 

from beach grooming.  

Conversely, we found that wheat straw can have a neutral or negative effect for 

herbaceous species naturally occurring in open dune habitats.  This indicates that the 

use of wheat straw as a surrogate wrack could be applied in restorations that use a 
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successional approach to vegetation installation where the wrack would be applied in 

the initial stage along with the dune-building grasses.  Herbaceous species could then 

be added after the grasses have established and the straw is covered in sand.  

Our investigation on the three Chrysopsis spp. suggests that these physical traits 

represent different genotypes within the population.  While more data needs to be 

collected to confirm classification, it is apparent that to recreate the natural diversity of 

these species, all three phenotypes should be included in restoration projects.  

Additionally, because germination success varies, it is important to collect the 

appropriate number of seeds for propagation to reach target numbers. 

Wrack has long been considered an important marine subsidy for invertebrates, 

but has only recently been investigated for its role as a natural fertilizer.  Dr. Semple 

identified two forms of C. godfreyi in the late 1970s, but despite their, and C. gossypina 

spp. cruiseana’s, endangered status little research has been done to determine 

effective ways to recreate their natural diversity on restoration projects.  The willingness 

of restoration ecologists and practitioners to consider new approaches and/or re-

evaluate current strategies is a crucial component to the future success of restoration 

projects.   
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