
1 

 

 

 

 

Recent interactions between an invasive (Phragmites australis) and a native plant 

species (Spartina alterniflora) in the upper reaches of Great Sippewissett marsh, 

Cape Cod 

 

by 

Yuyang Wang 

 

A Paper Presented to the 

Faculty of Mount Holyoke College 

in Partial Fulfillment of the Requirements for the Degree of Bachelors of Arts 

with Honor 

 

Department of Environmental Studies 

South Hadley, MA 01075 

 

May 2024 

  



2 

Acknowledgements: 

I am sincerely grateful for the generous support extended to me throughout the 

completion of this senior thesis project. My heartfelt appreciation goes out to the 

Environmental Studies Department, Biological Science Department, Miller Worley 

Center for the Environment, and Student Life at Mount Holyoke College for their 

unwavering assistance and encouragement. 

I am particularly indebted to my advisor, Kate Ballantine, whose guidance and 

expertise were instrumental in shaping this thesis. I am also thankful to Martha 

Hoopes for her invaluable feedback as the second reader of the thesis draft, and to 

Ivan Valiela from the Marine Biological Laboratory (MBL) for serving as the third 

reader and for his invaluable contributions to the experimental design and 

methodology refinement. 

Special acknowledgment is due to Olivia Aguilar, Angie Patterson, Timothy 

Farnham, Catherine Corson, and Debra Labonte for their assistance during the 

funding process at Mount Holyoke College. Additionally, I would like to express my 

gratitude to Anne Giblin, Javier Lloret, and Linda Hayman for their support in 

facilitating the application process for the Maxwell-Hanrahan Grant from the MBL. 

I am also thankful to Eugenio Marcano, Alan Werner, and Willie Perreault for 

their invaluable support in lending equipment for this project.  

Last but not least, I appreciate the continuous support and genuine feedback from 

MHC Restoration Ecology Lab.  

 

  



3 

Table of Contents 

Page   

List of Figures           4 

List of Tables           5 

Abstract             6 

Introduction            7 

Methods            20 

Results             24 

Discussion            25 

Conclusion            36 

References            38 

Figures             48 

Tables             55 

  



4 

List of Figures 

Figure 1: Arrangement of experiment plots and reference plots.  

Figure 2: Comparison of S. alterniflora percent cover between point intercept method 

with visual estimates method.  

Figure 3: Spartina alterniflora percent cover, during the growing season, in 

experimental plots.   

Figure 4: Spartina alterniflora percent cover, during the growing season, in reference 

plots. 

Figure 5: Spartina alterniflora cover (%) vs elevation (m) across reference plots and 

experimental plots.  

Figure 6: Average photosynthetically active radiation, Spartina alterniflora accepted, 

in experimental plots. 

Figure 7: Average photosynthetically active radiation, Spartina alterniflora accepted, 

in reference plots. 

  



5 

List of Tables: 

Table 1: Linear regression and non-linear regression R2s of S. alterniflora percent 

cover in experimental plots. 

Table 2: Linear regression and non-linear regression R2s of S. alterniflora percent 

cover in reference plots. 

Table 3: Repeated Measures ANOVA test for means of experimental plots S. 

alterniflora percent cover during the growing season.  

Table 4: Repeated Measures ANOVA test for means of reference plots S. alterniflora 

percent cover during the growing season.  

 

  



6 

Abstract 

Salt marshes are critical coastal ecosystems characterized by tidal flow, 

halophytic vegetation, and muddy sediment, serving as nurseries for marine species, 

erosion buffers, and carbon sinks. However, the invasion of the salt-tolerant haplotype 

of common reed, Phragmites australis, in Eastern North America poses a threat to salt 

marsh ecosystems historically dominated by Spartina alterniflora. While a range of 

management strategies, including chemical, biological, and physical control methods, 

are utilized to address invasive species, the emphasis tends to be primarily on their 

removal rather than on the long-term impact of restoration efforts.  

This study investigates the competitive interactions between P. australis and S. 

alterniflora in Great Sippewissett Marsh on Cape Cod. I conducted a one-season 

experiment manipulating P. australis by cutting its stems at ground level in three 

treatment plots. I then measured the resulting changes in S. alterniflora percent cover 

and compared them to values in three control plots. The results revealed that the 

invasion of P. australis impedes the upland migration of S. alterniflora, potentially 

through shading effects. Clipping stems of P. australis led to a rapid increase in S. 

alterniflora % cover, nearly doubling that of unclipped areas by the end of the 

growing season. This result suggests cover of P. australis might be managed to 

encourage cover of native marsh vegetation and prevent habitat loss. On a broader 

scale, this project gives insight into not only into invasive species removal but also 

into ecosystem restoration, crucial for reinstating native plant communities and 

ensuring long-term ecological resilience.  

  



7 

Introduction 

Salt marshes and their ecological functions  

Salt marshes are found in intertidal zones, where land meets the sea, creating a 

transition area between terrestrial and aquatic environments (Townend et al. 2011). 

They are characterized by a unique combination of tidal flow, halophytic vegetation, 

and muddy sediment (Townend et al. 2011; Vernberg 1993). Salt marshes are formed 

in sheltered coastal areas, such as estuaries, bays, and lagoons, where tidal 

fluctuations and the accumulation of sediment facilitate their development (Friedrichs 

and Perry 2001). The ebb and flow of tides help distribute nutrients and filter 

pollutants throughout coastal ecosystems. Tidal cycles influence the exchange of 

water and nutrients between salt marshes and adjacent coastal waters (Christiansen, 

Wiberg, and Milligan 2000; Friedrichs and Perry 2001). During high tides, water 

flows into the marsh, carrying nutrients and organic matter, which support the diverse 

array of organisms inhabiting the marsh (Friedrichs and Perry 2001). Conversely, 

during low tides, water recedes, allowing for the flushing out of excess nutrients and 

facilitating the exchange of gases between the marsh and the atmosphere (Friedrichs 

and Perry 2001). Moreover, the dynamics of tides help to dissipate the energy of 

waves, reducing the impact on coastal areas and preventing or slowing down 

shoreline erosion (Barbier et al. 2011; zu Ermgassen et al. 2021). 

Tides also contribute to the activities of microorganisms in the marsh. High 

tides create anaerobic conditions that support specific microorganisms by enabling 

anaerobic metabolism, breaking down organic matter into compounds like methane 

and hydrogen sulfide (Kostka, Roychoudhury, and Van Cappellen 2002). This process 

releases vital nutrients for other organisms (Kostka, Roychoudhury, and Van 

Cappellen 2002). Low tides, on the other hand, form aerobic conditions sustaining 
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plants and microorganisms that require oxygen for respiration (Vernberg 1993). 

Moreover, the coexistence of anaerobic and aerobic conditions facilitates nitrogen 

cycling (Bowen et al. 2023). Nitrogen gas is converted into ammonia by bacteria 

under anaerobic conditions, later oxidized to nitrate under aerobic conditions, 

providing crucial nutrients for plant growth (Bowen et al. 2023). In short, the dynamic 

nature in salt marshes provides a rich source of energy and nutrients for the 

ecosystem, facilitating material cycling and maintaining ecological balance. 

The halophytes, as another key feature of salt marshes, are divided into two 

categories: high marsh plants that grow in higher elevations that remain dry for longer 

periods, and low marsh plants that spread in areas regularly submerged by high tides 

(Bertness and Miller 1984; Pennings and Callaway 1992). In New England salt 

marshes, common low marsh vegetation includes salt-tolerant grasses, such as 

Spartina species, while common high marsh vegetation includes shrubs and herbs 

uniquely adapted to saline conditions, such as Iva frutescens and Solidago 

sempervirens (Bertness and Miller 1984). However, the dominant vegetation species 

can vary at different latitudes and in different countries. 

Muddy sediment also plays a crucial role in the formation and function of salt 

marsh ecosystems. Muddy sediment in the salt marsh refers to sediment containing a 

high proportion of fine-grained particles, such as clay and silt, which settle at the 

bottom of the marsh or remain suspended in the water. This sediment typically has a 

soft texture and may appear murky, often forming due to slow water flow within the 

salt marsh environment. Within salt marshes, muddy sediment acts as a substrate for 

plant growth, providing stability for vegetation to take root (Friedrichs and Perry 

2001). This sediment is often rich in organic matter, which is deposited through the 

interaction of tidal currents and the decay of plant material (Portnoy and Giblin 1997; 
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Valiela, Teal, and Persson 1976). As a result, salt marsh sediment serves as a nutrient 

source for the diverse array of plants and microorganisms that inhabit these 

environments. 

Moreover, muddy sediment in salt marshes serves as a habitat and food source 

for various fauna. Burrowing organisms, such as worms and mollusks, thrive in the 

nutrient-rich sediment, contributing to the bioturbation process that enhances 

sediment mixing and nutrient cycling (Gutiérrez et al. 2006; J. Q. Wang et al. 2010). 

These organisms play a vital role in shaping the physical structure of the sediment and 

influencing nutrient availability, which in turn impacts the overall productivity of the 

salt marsh ecosystem (Gutiérrez et al. 2006; J. Q. Wang et al. 2010). 

Salt marshes are of significant interest to researchers, conservationists, and 

policymakers for several reasons. Firstly, they play a crucial role in coastal protection 

by acting as natural barriers against erosion, storm surges, and flooding (Barbier et al. 

2011; zu Ermgassen et al. 2021). The dense vegetation and intricate root systems of 

salt marsh plants help stabilize the shoreline and dissipate the energy of incoming 

waves, thereby reducing the impact of coastal hazards on human settlements and 

infrastructure (Feagin et al. 2009; Kidson 1959). 

Salt marshes are also recognized for their ability to sequester and store large 

amounts of carbon, making them valuable in the fight against climate change 

(Chmura et al. 2003; Drake et al. 2015). The organic matter accumulated in the 

waterlogged soils of salt marshes can remain trapped for centuries, effectively 

removing carbon dioxide from the atmosphere and mitigating the impacts of 

greenhouse gas emissions (Beaumont et al. 2014; Burden et al. 2013). According to 

other studies, the carbon burial per unit area in salt marshes ranks among the highest 

measured in numerous environments (Chmura et al. 2003; Duarte, Middelburg, and 
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Caraco 2005). 

The exports from salt marshes serve as an important food and nutrient source to 

support coastal food webs. Tidal water movements flowing in and out of salt marshes 

lead to a notable export of energy-rich particulate organic matter, bolstering coastal 

food webs extending beyond the marsh fringe (Valiela, Lloret, and Chenoweth 2023). 

Furthermore, salt marshes release dissolved organic carbon compounds that support 

microbial activity in adjacent waters, along with nitrogen-containing materials, which 

serve as crucial nutrient sources for coastal primary producers (Valiela, Lloret, and 

Chenoweth 2023).  

Salt marshes also play a significant role in improving water quality by filtering 

pollutants and trapping sediments. The vegetation and soils in these wetlands act as 

natural filters, removing excess nutrients, heavy metals, and other contaminants from 

the water (Almeida, Mucha, and Teresa Vasconcelos 2011; Nelson and Zavaleta 

2012; Reboreda and Caçador 2007; Webb et al. 2012; Weis et al. 2002). This 

filtration process helps to maintain the delicate balance of coastal and estuarine 

environments, benefiting both aquatic and terrestrial species. 

As a highly productive ecosystem, salt marshes provide valuable habitats for a 

diverse community of plant and animal species. These coastal wetlands serve as 

nursery grounds for many commercially and recreationally important fish species, as 

well as feeding and nesting areas for migratory birds, shorebirds, and waterfowl 

(Barbier et al. 2011; zu Ermgassen et al. 2021). The biodiversity supported by salt 

marshes contributes to the overall health and resilience of coastal ecosystems (Barbier 

et al. 2011; zu Ermgassen et al. 2021). 

The natural richness and biodiversity of salt marshes have attracted various 

human activities over time, including early damaging practices such as peat mining, 
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diking, filling, and draining for agriculture (Valiela, Lloret, and Chenoweth 2023). 

Additionally, there has been historical selective harvest of marsh grasses for hay and 

livestock grazing (Valiela, Lloret, and Chenoweth 2023). In recent times, salt marshes 

have become popular destinations for visitors interested in observing natural settings 

and wildlife, such as birds (Valiela, Lloret, and Chenoweth 2023). Salt marshes and 

related habitats have long served as areas for fishing and shellfish collection, 

although, in recent decades, there has been an increasing use of salt marsh estuaries 

for mariculture of macroalgae, holothurians, crustaceans, bivalves, and fish (Ferrón, 

Ortega, and Forja 2009).  

Salt marsh invasive species 

Invasive species are non-native organisms that have been introduced by 

humans, either intentionally or unintentionally, into an ecosystem where they did not 

evolve naturally and cause negative effects on native species or ecosystems (Keller et 

al. 2011; Sakai et al. 2001; Yan et al. 2001). These species can be plants, animals, or 

microorganisms, and they possess characteristics that allow them to outcompete and 

displace native species, often leading to significant ecological, economic, and/or 

social consequences (Keller et al. 2011; Yan et al. 2001). 

Invasive species have garnered substantial interest from scientists, 

policymakers, and the general public due to their potential to cause severe 

environmental and economic impacts. These impacts can manifest in various ways, 

such as the disruption of ecosystem functions, the alteration of food webs, the loss of 

biodiversity, and the degradation of natural habitats (Gallardo et al. 2016; Pejchar and 

Mooney 2009; Riley, Dybdahl, and Hall 2008). By exploiting available resources 

more efficiently or lacking natural predators or control mechanisms, invasive species 

can rapidly proliferate and dominate an ecosystem, leading to the decline or even 
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extinction of native species (Keller et al. 2011; Yan et al. 2001). This process can have 

cascading effects on the entire ecological community, potentially altering the structure 

and functioning of the ecosystem (Keller et al. 2011; Yan et al. 2001). 

In recent decades, a salt-tolerant haplotype of the common reed, Phragmites 

australis, has proliferated across Eastern North America and expanded into wet areas, 

including salt marshes whose vegetation has historically been dominated by Spartina 

alterniflora (Chambers, Meyerson, and Saltonstall 1999; Guo et al. 2014; Kirk et al. 

2011; Saltonstall 2002; Vasquez et al. 2005). A study in the Great Salt Lake revealed 

expansion rates of P. australis patches, ranging from 9-35% per year (Kettenring et al. 

2016). The rapid pace of expansion and detrimental effects have garnered significant 

attention from scientists.  

Phragmites australis 

P. australis, commonly known as common reed or reed grass, is a perennial 

grass species that has garnered significant interest due to its widespread distribution, 

ecological impacts, and potential applications (Engloner 2009). As a fresh water plant, 

it was originally from East Asia and Europe (Hazelton et al. 2014). However, in 

recent decades, it has arrived on the east coast of North America as an invasive salt-

tolerant haplotype that poses a threat to many native salt marsh species (McCormick 

et al. 2010; Meyerson, Viola, and Brown 2010). This invasive haplotype can tolerate 

high levels of salinity, fluctuating water levels, and nutrient-rich or polluted waters, 

making it a successful colonizer of disturbed and degraded wetlands (Meyerson et al. 

2000; Uddin and Robinson 2017).  

One of the primary concerns regarding the invasiveness of P. australis is its 

ability to form dense, monospecific stands that outcompete and displace native 

vegetation (Windham and Lathrop 1999). This tall grass can cause deep shade and 
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effectively exclude other plant species from establishing themselves (Windham and 

Lathrop 1999). Its extensive rhizome system and high seed production further 

contribute to its rapid spread and dominance in wetland habitats (Moore et al. 2012). 

The proliferation of P. australis can lead to a significant reduction in native 

plant biodiversity, as native species are outcompeted for light, nutrients, and space 

(Back and Holomuzki 2008; Rice, Rooth, and Stevenson 2000). This loss of plant 

diversity can have cascading effects on the entire ecosystem, affecting the abundance 

and diversity of wildlife species that depend on these habitats for food, shelter, and 

breeding grounds (Chambers, Meyerson, and Saltonstall 1999). For example, in North 

America, the spread of P. australis has been implicated in the decline of various bird 

species, such as the Saltmarsh Sparrow and the Black Rail, which rely on coastal 

marshes for nesting and foraging (Valiela et al. 2018). 

Spartina alterniflora  

S. alterniflora, commonly known as smooth cordgrass or saltwater cordgrass, is 

a perennial grass species that is native to the coastal salt marshes of the Atlantic and 

Gulf coasts of North America (Blum et al. 2007). Characterized by its tall, slender 

stems and long, narrow leaves, this hardy plant has garnered significant interest due to 

its ecological importance and its potential applications in coastal management and 

restoration efforts (Wan et al. 2009; G. Wang et al. 2008). 

S. alterniflora is a keystone species in eastern North America salt marsh 

ecosystems, playing a crucial role in maintaining the structure and function of these 

valuable coastal wetlands (Pennings and Bertness 2001). Its dense root system and 

extensive above-ground biomass help stabilize the marsh sediments, preventing 

erosion and providing a buffer against storm surges and rising sea levels (Wails et al. 

2021; Wang et al. 2008). Additionally, the tall, sturdy stems of S. alterniflora provide 
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habitat and shelter for a wide range of wildlife, including migratory birds, fish, and 

invertebrates (Bertness 1984; Okoye, Li, and Gong 2020). Its ability to stabilize 

sediments and withstand harsh conditions makes it a valuable tool for shoreline 

protection, erosion control, and habitat restoration efforts (Carrion 2016; Davis et al. 

2015).There characteristics have increased interests in S. alterniflora for its potential 

applications in coastal management and restoration projects. Ongoing research is 

exploring the use of S. alterniflora in living shoreline projects, where it is planted in 

combination with other natural materials to create a resilient and sustainable approach 

to coastal protection (Carrion 2016; Davis et al. 2015). 

One of the key reasons for the interest in S. alterniflora is its remarkable ability 

to tolerate and thrive in the harsh conditions of salt marshes. This plant has evolved a 

range of adaptations that allow it to withstand high salinity, periodic flooding, and the 

physical stress of wave action (Maricle, Cobos, and Campbell 2007). These 

adaptations include specialized anatomical features, such as salt glands that excrete 

excess salt, and physiological mechanisms that regulate water and nutrient uptake 

(Maricle, Cobos, and Campbell 2007). 

The ecological significance of S. alterniflora extends beyond its role in salt 

marsh habitat. This plant is also recognized for its contribution to carbon 

sequestration and climate change mitigation (Howes, Dacey, and Teal 1985; Xia et al. 

2021; Zhang et al. 2021). The extensive root systems of S. alterniflora play a crucial 

role in capturing and storing carbon in the marsh sediments, effectively removing it 

from the atmosphere (Wan et al. 2009). 

Study Site 

The Great Sippewissett Marsh is a coastal salt marsh located in Falmouth, 

Massachusetts, on the southern coast of Cape Cod. It is renowned for its extensive 
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wetland habitat, rich biodiversity, and ecological importance (Valiela 2015). The 

marsh encompasses a diverse array of habitats, including tidal creeks, mudflats, salt 

marshes, and upland areas, providing critical habitat for numerous plant and animal 

species. 

I chose to study S. alterniflora and P. australis in the Great Sippewissett Marsh 

for several compelling reasons. Firstly, the marsh represents a prime example of a 

coastal salt marsh ecosystem, offering a natural laboratory for studying the dynamics 

of wetland plant communities and ecological processes. Secondly, the marsh is home 

to extensive stands of both S. alterniflora and P. australis. The co-occurrence of these 

two important wetland plants within the same ecosystem provides an excellent 

opportunity to study their interactions, competitive dynamics, and ecological impacts. 

Thirdly, decades-long monitoring and research activities in the Great Sippewissett 

Marsh provide extensive historical data (Valiela 2015; Valiela et al. 2024). Ongoing 

monitoring efforts provide valuable baseline information and allow for the study of 

temporal changes and trends in the marsh ecosystem, including shifts in vegetation 

composition and distribution (Valiela 2015; Valiela et al. 2024). Additionally, the 

accessibility and relatively undisturbed nature of the Great Sippewissett Marsh make 

it an attractive study site for long-term ecological monitoring and experimental 

studies.  

Recent studies of interaction between invasive P. australis and S. alterniflora 

Recent studies on the interaction between P. australis and S. alterniflora have 

revealed that both of these plant species play crucial roles in salt marsh ecosystems, 

and these roles have led to different invasion patterns in different areas. In Eastern 

North America, the salt-tolerant haplotype of P. australis has proliferated and 

expanded into wet areas, including salt marshes whose vegetation is dominated by S. 
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alterniflora (Chambers, Meyerson, and Saltonstall 1999; Guo et al. 2014; Kirk et al. 

2011; Saltonstall 2002; Vasquez et al. 2005). P. australis has extensively encroached 

upon the upper boundaries of salt marshes in numerous locations. The encroachment 

of the P. australis potentially threatens the capacity of S. alterniflora to sustain cover 

within its existing elevation range in salt marshes (Valiela et al. 2024). Additionally, P. 

australis is gradually dominating in low-lying areas that are adjacent to existing salt 

marshes, where native marsh species might find it possible to migrate landward in 

response to rising sea levels (Valiela et al. 2024).  

   However, in the coastal regions of eastern China, the interaction between S. 

alterniflora and P. australis was reversed. S. alterniflora was intentionally introduced 

to China in the 1970s for coastal protection and sand stabilization (Nie et al. 2023). 

However, this plant has exhibited strong invasive characteristics in China's coastal 

areas, rapidly spreading from the low marsh toward high marsh and displacing native 

coastal vegetation, including P. australis (Nie et al. 2023). Along the east coast of 

China, S. alterniflora grows rapidly, forming dense stands (Li, Wang, and Zhang 

2014). A research study reveals that S. alterniflora exhibits a leaf litter decomposition 

rate 2.2 times faster than that of the indigenous P. australis, which aids S. alterniflora 

in outcompeting P. australis in the middle tidal zone (Cheng et al. 2024).  

Various factors may explain the diverse invasion patterns observed across 

continents. Biogeographical contexts can influence the availability of open niches and 

the resistance of native communities to invasive species (Hierro, Maron, and 

Callaway 2005). Climatic conditions, resource availability, and environmental factors 

vary across continents and regions, favoring the establishment and spread of certain 

invasive species while hindering others (Zhao et al. 2010). Additionally, invasive 

species may possess distinct evolutionary histories and adaptations compared to 
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native species in recipient regions, providing them with competitive advantages, such 

as more efficient resource exploitation or resistance to introduced predators and 

pathogens, not coevolved with native species (Hierro, Maron, and Callaway 2005). 

Invasive species management 

The management of invasive species like P. australis in coastal wetlands has 

been a subject of extensive research. A variety of management strategies have been 

proposed and evaluated, each with its own advantages and limitations (Hazelton et al. 

2014). The choice of approach often hinges on site-specific factors such as the extent 

of invasion, environmental conditions, and available resources. 

Chemical control methods rely on the application of herbicides to suppress or 

eliminate invasive plants. These methods are highly efficient and can achieve 

significant reductions in invasive plant populations within a relatively short timeframe 

(Martin and Blossey 2013). Chemical control also has the potential to completely 

eradicate invasive species (Hazelton et al. 2014). Nevertheless, the use of herbicides 

can have significant environmental impacts, including non-target effects on 

surrounding ecosystems and potential contamination of water bodies (Mozdzer et al. 

2008). Careful consideration and proper application are essential to minimize these 

risks. 

Prescribed burning can effectively remove aboveground biomass, but it requires 

specialized skills and resources for fire management and carries the risk of 

uncontrolled fires and unintended ecological consequences (Rohal et al. 2019). 

Furthermore, the nutrient-rich ash that remains can serve as an ideal fertilizer, 

fostering the growth of unburned below-ground shoots of the invasive species that 

have already outcompeted other vegetation (van Der Toorn and Mook 1982).  

Biological control, through the introduction of host-specific herbivores, 



18 

pathogens, or plant competitors, has the potential for long-term, self-sustaining 

control with minimal ecosystem disturbance (Hazelton et al. 2014). However, 

extensive research and testing are necessary to ensure the safety and efficacy of 

biological control agents, and their establishment and effectiveness can be 

unpredictable (Thomas and Reid 2007; Tu, Hurd, and Randall 2001). 

Habitat management, such as manipulating water levels, salinity, or nutrient 

availability, can create unfavorable conditions for invasive species while promoting 

native vegetation growth (Hazelton et al. 2014). This approach requires a thorough 

understanding of the ecological requirements of both invasive and native species, and 

consistently achieving the desired habitat conditions can be challenging (Rohal et al. 

2019). 

Increasingly, researchers advocate for an integrated management approach that 

combines multiple strategies, such as mechanical removal followed by herbicide 

application or habitat manipulation (Carlson, Kowalski, and Wilcox 2009; Hellings 

and Gallagher 1992; Rolletschek et al. 2000; Teal and Peterson 2005). While offering 

potentially more effective and sustainable control, integrated management demands 

careful planning, coordination, and resource allocation, as well as ongoing monitoring 

and adaptation to account for complex interactions between different techniques. 

Compared to the methods above, physical control methods involving direct 

manipulation of the invasive plants through techniques such as hand-cutting, mowing, 

or excavation can rapidly reduce the abundance and coverage of invasive plants. 

These techniques require less professional knowledge to implement and are cost-

effective. Additionally, physical control methods generally have minimal 

environmental impact compared to chemical methods, as they do not involve the use 

of potentially harmful substances. However, they can be labor-intensive and time-
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consuming, particularly for large-scale infestations, and they may also change the 

structure of local ecosystems.  

Furthermore, it is crucial to recognize that, while many management studies 

primarily concentrate on the removal of invasive species, few address the vital aspect 

of ecosystem restoration, particularly the regrowth of native plant species following 

management interventions (Hazelton et al. 2014). Restoration efforts are essential for 

reinstating the ecological balance and functionality of ecosystems impacted by 

invasive species (Lyons et al. 2008). Restoring native plant communities helps 

enhance biodiversity, stabilize soil, improve habitat quality for wildlife, and promote 

ecosystem resilience to future disturbances (Lyons et al. 2008).  

   Project goals and implications 

The interactions between P. australis and S. alterniflora are occurring in 

numerous Cape Cod salt marshes, including the Great Sippewissett Marsh. Initially, 

this project aims to assess whether P. australis is limiting the cover of S. alterniflora. 

Furthermore, recognizing the significance and the dearth of research on the 

restoration process following the removal of invasive species, the project intends to 

assess the regrowth of native S. alterniflora after physical removal of aboveground 

biomass of the invasive species. 

This project marks the inception of a comprehensive study on restoration efforts 

involving the clipping of invasive P. australis within the Great Sippewissett Marsh. 

By concentrating on this specific control method, the project aims to shed light on the 

effectiveness of clipping as a management strategy for controlling invasive species 

and assisting restoration in salt marsh ecosystems. Through systematic monitoring 

and analysis of the regrowth of native plant species, valuable insights can be gleaned 

into the restoration process. The implications of this study extend beyond the Great 
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Sippewissett Marsh, offering valuable lessons and implications for other salt marshes 

grappling with similar invasive species challenges. Ultimately, this study seeks to 

contribute to the development of more effective and sustainable approaches for 

restoring and conserving salt marsh ecosystems globally, thereby enhancing resilience 

and biodiversity in these crucial coastal habitats. 

Methods 

     Site description 

     The plots for this project were established within a privately-owned section of 

Great Sippewissett Marsh. These plots include two distinct zones—high marsh and 

low marsh—spanning the tidal gradient of the marsh landscape. Historically 

dominated by S. alterniflora with a sparse presence of Distichlis spicata and 

Salicornia europaea, the native salt marsh now exhibits a shift in dominance within 

the recent half century, with P. australis prevailing in the high marsh, while S. 

alterniflora tall and short forms respectively dominate the creek banks and low marsh 

(Valiela et al. 2024). Adjacent to the high marsh, a bike trail frequented by cyclists 

poses a potential source of disturbance, possibly facilitating the intrusion of the 

invasive species P. australis. Otherwise, the research site is encircled by fencing, 

effectively barring access to cyclists and mitigating external disruptions.  

Set-up of experimental and reference plots 

In the research site, six 3x2 m plots were described along the upper edge of the 

marsh as experimental plots. Each plot faced westward, ensuring consistent exposure 

to sunlight throughout the research site. Three of the plots were assigned to the 

clipping treatment and were alternated with three control plots (Fig. 1). Stems of P. 

australis were cut at ground level in the treatment plots, beginning on 8 May 2023. 

Since new growth of stems of P. australis took place through the season, I cut them 
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weekly throughout the growing season until 13 October 2023. The control plots were 

left untreated plots. Any accumulation of dead grass wrack brought in by tides within 

the treatment plots was also cleared every week. 

To ensure that placement of the plots was not confounded by other site 

differences, I set up six 3x0.5 m plots respectively at the down-gradient of each 

experimental plot, referred to henceforth as reference plots. The reference plots were 

uninvaded and untreated.  

Elevation measurements were taken in both the experimental and reference 

plots. Initially, relative elevation was determined using hand levels and stadia rods. 

Subsequently, the relative elevation was calibrated by comparing it to a nearby point 

where the orthometric elevation (North American Vertical Datum of 1988 [NAVD88]) 

had already been accurately measured using differential GPS. 

S. alterniflora percent cover 

Percent cover of S. alterniflora in the plots was visually estimated. There are 

two common human-involved vegetation coverage measurement methods, visual 

estimation and point estimate. To conduct a point estimate, first mark 25 equally 

spaced dots on a transparent plastic sheet measuring 25*25 cm. Place the sheet on the 

targeted area. Count the number of dots that have vegetation directly below them 

vertically. Calculate the percentage of dots covered by vegetation as the percentage 

vegetation cover in the selected area.  

Visual estimates of cover for this research are more time-effective and as 

accurate as point estimates (Fox et al. 2012). I tested the visual estimates early in the 

study by direct comparisons with point estimates. These tests demonstrated the 

reliability of the visual method, because I found a strong relationship between my 

visual estimates and point estimates approach (slope=0.86, df=24, R2=0.9064, 
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p<0.0001). Therefore, I continued the visual estimates as a good approximation to the 

more accurate point estimate (Fig. 2). I used the visual estimation method to draw 

vegetation percent cover graphs for each plot. Each graph was done by first setting up 

a line parallel to the lower periphery of the plot. The line was marked at 0.2 m 

intervals. I then mapped the vegetation contour within 0.2 m intervals from the left to 

right margin of the plot. To describe the vegetation in the plots, I specified spatial 

extent location of patches of monocultures of S. alterniflora or mixes of different 

species. Within each patch, we distinguished cover categories in bins of 10% cover. 

Then, I digitized graphs into shapefiles using QGIS (Valiela et al. 2018) and 

calculated the total S. alterniflora percent cover for each plot.  

I used Microsoft Excel (16.16.27) to generate both the linear and non-linear 

regression of S. alterniflora % cover in experimental and reference plots during the 

growing season. Both the non-linear regression (slope=148.30, df=8, R2=0.9300, 

p=0.001) and the linear regression (slope=0.27, df=8, R2=0.8562, p=0.001) were 

significant in the treatment plots. In the control plots, both the non-linear regression 

(slope=43.92, df=8, R2=0.8530, p=0.0061) and the linear regression (slope=0.08, 

df=8, R2=0.7910, p=0.0031) were significant. Similarly, in the reference plots that 

were associated to the treatment plots, both the non-linear regression (slope=22.14, 

df=7, R2=0.9560, p=0.0009) and the linear regression (slope=0.27, df=7, R2=0.9556, 

p=0.0001) were significant. In the reference plots that were associated to the control 

plots, both the non-linear regression (slope=370.61, df=7, R2=0.9420, p=0.0013) and 

the linear regression (slope=0.24, df=7, R2=0.7880, p=0.0076) were significant. I 

chose the non-linear regression model for both the experimental and reference plots 

based on their R2 values (Table 1 & 2).  

I also did a Repeated Measures ANOVA to test for differences in mean S. 
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alterniflora percent cover with clipping and control treatments as a two-level factor 

and time frame of the experiment as the repeated measure. To explore whether similar 

effects were present in my reference plots, I conducted a second Repeated Measures 

ANOVA to look for differences in S. alterniflora percent cover among reference plots 

during the growing season.  

Irradiance  

To determine if light supply made a meaningful difference for the S. 

alterniflora in the treatment and control plots, I measured photosynthetically active 

radiation (PAR, μmol/m2 s-1) in all plots on July 20th. PAR was measured in nine 

regularly spaced points within each plot, using a Licor 2200 meter and averaging the 

nine points to get mean irradiance for each plot. In order to ensure uniform initial 

irradiance levels across all experimental plots, I measured PAR in each reference plot 

using identical methods and conducted on the same day. Then, I used JMP (17.2.0) to 

conduct two t-tests respectively for identifying the differences of PAR values between 

treatment and control plots and between reference plots associated with treatment and 

control plots.   
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Results   

S. alterniflora percent cover 

The Repeated Measures Analysis of Variance (ANOVA) for the experimental 

plots revealed a significant time effect, implying growth in S. alterniflora percent 

cover across experimental plots throughout the growing season (Table 3, F7,32 = 3.98, 

p = 0.003). There was also a significant treatment effect with higher mean percent 

cover of S. alterniflora between in treatment than control plots (Table 3, F1,32 = 30.32, 

p = 0.000005). However, no significant interaction effect was observed, suggesting 

that the relationship between time and clipping remained consistent (Table 3, F7,32 = 

1.13, p = 0.367).  

In contrast, the Repeated Measures ANOVA of the reference plots showed no 

statistically significant difference in S. alterniflora percent cover between reference 

plots associated with treatment versus control plots (Table 4, F1,28 = 0.05, p = 0.825). 

Interestingly, the time effect also was not significant (Table 4, F6,28 = 2.38, p = 0.055) 

because growth was not detectable across all reference plots. Again, the interaction 

effect between the type of reference plots and time was not significant (Table 4, F6,28 

= 0.17, p = 0.982). Notably, the cover of S. alterniflora in these reference plots 

reached values of % cover considerably higher than those measured in the 

experimental plots, as would be expected given their slightly lower elevation (Fig. 5). 

Irradiance 

A t-test conducted on PAR values in the experimental plots revealed a 

significantly higher average PAR value in treatment plots compared to control plots  

(Fig. 6, t = 18.5653, df = 2.1374, p = 0.0021). Conversely, no significant difference in 

PAR values was found among the reference plots (Fig. 7, t = 1.1732, df = 2.0264, p = 

0.3602). 
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Discussion 

The findings of this study provide valuable insights into the competitive 

interactions between the invasive P. australis and the native S. alterniflora in Great 

Sippewissett Marsh, as well as the potential implications for invasive species 

management and ecosystem restoration efforts in salt marsh ecosystems. 

Above-ground and below-ground competition factors 

For the experimental plots, combining the significant time effect (Table 3) with 

the observed difference in percent cover (Fig. 3), it becomes evident that there was a 

significant increase in S. alterniflora percent cover during the growing season, 

consistent with expectations of seasonal growth. The significant treatment effect 

(Table 3) underscores the inhibitory impact of the invasive species on the 

establishment and growth of native S. alterniflora. This finding aligns with prior 

research indicating that P. australis can outcompete native species, forming dense 

monospecific stands that reduce plant diversity and alter ecosystem structure and 

function (Kirk et al. 2011; Saltonstall 2002). Furthermore, the lack of a significant 

interaction effect (Table 3) implies that the relationship between time and treatment 

effect remained consistent and unaffected by other variables, indicating a stable 

treatment application.  

For the reference plots, the lack of a significant time effect in the reference 

plots may be attributed to relatively large standard errors (Fig. 4). However, the p-

value close to the confidence level (0.055) and the increasing slope still suggest a 

growing trend (Fig. 4).The non-significant treatment effect indicates that the percent 

cover of S. alterniflora in reference plots associated with treatments was comparable 

to that in reference plots associated with control plots, suggesting no additional 

factors influencing S. alterniflora growth in the experimental plots during the growing 
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season. Once again, the non-significant interaction effect reaffirms the in general 

consistently untreated and uninvaded condition of the reference plots. 

The shading effect of P. australis, evidenced by the significant higher PAR 

values in the treatment plots compared to the control plots (Fig. 6), likely contributed 

to the observed increase in S. alterniflora cover. Despite generally high levels of PAR 

in the reference plots, there was a discrepancy between the average PAR in the 

reference plots under the control and treatment plots (Fig. 7). This discrepancy can be 

attributed to the presence of P. australis invading one of the reference plots for the 

control conditions, which shaded the shorter S. alterniflora. This lowered PAR in one 

of the control reference plots influenced the overall average PAR value for the control 

reference plots. Nevertheless, this does not detract from the overarching conclusions 

of this study, which are consistent with prior research demonstrating that reduced light 

availability due to the tall stature and dense canopy of P. australis can impede the 

growth and establishment of understory vegetation, including S. alterniflora 

(Hirtreiter and Potts 2012).  

While the shading effect appears to play a significant role in the inhibition of S. 

alterniflora by tall P. australis, as evidenced by the higher light levels in the clipped 

plots, belowground factors may also contribute to the invasive species' ability to 

outcompete the native vegetation (Moore et al. 2012). Future research should explore 

the belowground dynamics and resource utilization strategies of these two species to 

gain a more comprehensive understanding of their competitive interactions. One 

potential area of investigation could be the examination of root system architecture 

and the capacity for resource acquisition. P. australis is known for its extensive 

rhizome system, which may allow it to access and monopolize nutrient resources, 

such as ammonium and nitrate, more efficiently than S. alterniflora (Moore et al. 
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2012). Furthermore, it is possible that the invasive species may interfere with the root 

growth or nutrient uptake of the native species through mechanisms such as root 

exudation or alterations in soil chemistry. For example, a study in Louisiana found 

that the invasive species can employ mechanisms to alter the soil environment, such 

as through the release of allelochemicals or the modification of microbial 

communities, conferring a competitive advantage over native species (Schroeder et al. 

2020). By examining these belowground factors, combined with aboveground shading 

effects, researchers may gain a more holistic understanding of the competitive 

dynamics, leading to more targeted and successful conservation and restoration efforts 

in salt marsh ecosystems threatened by invasive species. 

S. alterniflora growth pattern across elevation gradient 

Comparing the S. alterniflora percent cover between the reference plots and the 

experimental plots, the values in the reference plots were consistently higher 

throughout the growing season (Fig. 5). This can be explained by the lower elevations 

where the reference plots were located. According to previous studies, S. alterniflora 

is typically confined to low marsh habitats in salt marsh ecosystems, primarily due to 

competitive displacement (Bertness 1991). The ability of S. alterniflora to thrive in 

anoxic low marsh habitats is attributed to its capacity to oxygenate its roots and 

rhizosphere (Bertness 1991). Therefore, naturally, without the invasive species, during 

the growing season, S. alterniflora begins to establish itself at the lower margins of 

the marsh where there is no competition (Bertness 1991). The low marsh S. 

alterniflora can monopolize resources in the low marsh and gradually spread up the 

topographic gradient until they encounter other species who can fully outcompete 

them (Bertness 1991).  

Invasive species and sea level rise threats 
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As sea levels rise, existing salt marshes face increased inundation, potentially 

jeopardizing habitats for native plant species like S. alterniflora whose growth starts 

from lower margins of the marsh (Valiela et al. 2018). Counteracting salt marsh 

submergence relies on either increasing accretion within the wetland or landward 

migration (Valiela, Lloret, and Chenoweth 2023). However, both mechanisms face 

challenges. Human uses of coastal land and water limit mineral supply for accretion, 

and wetlands relying on plant-generated accretion are disadvantaged against sea level 

rise (Valiela, Lloret, and Chenoweth 2023). Therefore, salt marsh vegetation would 

migrate landward, colonizing higher elevations as lower areas become unsuitable. 

However, landward migration is hindered by high slopes and human reluctance to 

relinquish valuable land, and further compounded by the invasion of P. australis from 

upper marsh areas, occupying and dominating these potential migration zones 

(Valiela, Lloret, and Chenoweth 2023). Therefore, native marsh plants may find 

themselves trapped, unable to escape the encroaching waters. 

The consequences could be devastating for salt marsh ecosystems. The loss of 

native vegetation could lead to a significant reduction in biodiversity, as these habitats 

support a wide range of specialized plant and animal species. For example, the loss of 

S. alterniflora can lead to cascading ecological effects, including habitat loss of 

fiddler crabs (Uca pugnax), bivalves, and seaside sparrows (Ammodramus 

caudacutus) (Bertness and Miller 1984; Evgenidou and Valiela 2002; Gjerdrum, 

Elphick, and Rubega 2005). Furthermore, due to the tendency of P. australis to create 

monospecific marshes, which exhibit minimal resilience and are susceptible to 

increasingly frequent severe weather events exacerbated by climate change (Silliman, 

Grosholz, and Bertness 2009), the ecosystem services offered by salt marshes, 

including coastal protection, nutrient cycling, and carbon sequestration, may face 
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significant compromise. This could have far-reaching implications not only for the 

local environment but also for the communities and infrastructure that rely on the 

protective and stabilizing functions of these ecosystems. 

Addressing this multifaceted threat requires a comprehensive and proactive 

approach. Effective management strategies should not only focus on controlling the 

spread of invasive species like P. australis but also incorporate measures to facilitate 

the landward migration of native salt marsh vegetation. This may involve identifying 

and preserving suitable migration corridors, implementing habitat restoration efforts, 

and potentially considering assisted migration or relocation of native species to higher 

elevations. 

Invasive species management methods  

These findings above have important implications for invasive species 

management and ecosystem restoration in salt marsh ecosystems. The success of 

physical control methods, such as clipping P. australis stems, in promoting the 

recovery of native vegetation underscores the potential effectiveness of targeted 

management interventions for controlling invasive species and restoring ecological 

balance. While chemical control methods may offer rapid and efficient eradication of 

invasive species, they can pose environmental risks and have long-term consequences 

for ecosystem health (Chambers et al., 1999). One example of how chemical 

herbicides can harm ecosystem health is through their impact on non-target species 

(Chambers et al., 1999). While herbicides are designed to target specific plant species, 

they can also affect other organisms in the ecosystem, including insects, birds, and 

aquatic life (Chamberset al., 1999). For instance, the widespread use of herbicides can 

lead to a decline in pollinator populations due to the loss of habitat and food sources 

(Chambers, Meyerson, and Saltonstall 1999). Additionally, herbicides may 
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contaminate water sources, posing risks to aquatic organisms and disrupting the 

balance of aquatic ecosystems (Chambers et al., 1999). Repeated exposure to 

herbicides can also lead to the development of herbicide-resistant plant species, 

further complicating eradication efforts and potentially leading to ecological 

imbalances (Hazelton et al. 2014). Overall, the indiscriminate use of chemical 

herbicides can have cascading effects on ecosystem health, affecting biodiversity, 

food webs, and ecosystem functioning.  

In contrast, physical control methods are relatively simple, cost-effective, and 

environmentally friendly, potentially making them a viable option for managing 

invasive species in salt marsh ecosystems. However, it is important to acknowledge 

the labor-intensive nature of physical clipping methods, which may limit their 

applicability at larger spatial scales or in areas with extensive invasive species 

infestations. Manual clipping of plants can be time-consuming and resource-intensive, 

especially in cases where frequent maintenance is required to prevent regrowth. For 

this project, it took about 10 minutes to clip the new growth of P. australis shoots and 

clear accumulated wrack for each 3*2m plot each week. Assuming P. australis is 

currently only present in the upper reaches of the marsh, we estimate the areas that 

were already invaded by P. australis only constitute 1/10 of the marsh. Therefore, 

managing P. australis in the Great Sippewissett Marsh (140 acres, approximately 

566,560 square meters) would require approximately 157 hours per week, excluding 

the time required to walk across the hazardous muddy marsh.  

To address this limitation, future research could explore methods to scale up 

and optimize physical control approaches for broader application in salt marsh 

ecosystems. One potential avenue is the development of mechanical or automated 

clipping techniques that can cover larger areas more efficiently while minimizing 
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labor requirements. For example, research could be conducted to develop mechanical 

cutting devices or drone technology to achieve larger-scale physical control methods. 

Additionally, exploration could be done on the processing and reuse of the waste from 

common reed after cutting, aiming to reduce the environmental impact of the 

processing and enhance the sustainability of the cutting method. For instance, 

exploring whether the removed biomass can be refined into a source of forage or 

utilized in the production of construction materials could be beneficial. 

Research could prioritize identifying optimal timing and frequencies for 

physical control interventions, along with evaluating the effectiveness of these 

methods when combined with other management strategies such as prescribed 

burning, habitat manipulation, or biological control. By integrating multiple 

approaches, it may be possible to achieve more comprehensive and long-lasting 

control of invasive species while promoting the recovery of native vegetation. During 

my work, I observed that P. australis growth peaked in early summer, typically from 

June to July, after which its growth rate appeared to slow down. Additionally, in one 

of the treatment plots, I noticed a few seedlings of other native species grew back 

after clipping. Interestingly, the number of new P. australis shoots in this plot seemed 

to be lower compared to other treatment plots where only S. alterniflora regrew. 

Although there is a lack of statistical data to support this observation, I believe it is 

worth considering introducing native plant species for future research. Intentionally 

introducing more native species in restored areas after clipping may help inhibit the 

regrowth of invasive P. australis. Regarding frequency, I would suggest a maximum 

of one week between control interventions. I once returned after two weeks in June 

and found that the new P. australis shoots were already taller than the S. alterniflora. 

This observation suggests that their underground root system might have become 
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more extensive, supporting continuous regrowth throughout the rest of the growing 

season. 

Furthermore, the development of decision support tools and predictive models 

could aid in prioritizing management efforts and identifying areas most suitable for 

physical control methods. These tools could incorporate factors such as the extent of 

invasive species infestation, accessibility, environmental conditions, and potential 

impacts on native species, ensuring that resources are allocated effectively and 

efficiently. 

Short-term and long-term ecosystem restoration monitoring  

As discussed above, the restoration of native vegetation following invasive 

species removal is essential for enhancing biodiversity, restoring ecosystem functions, 

and promoting resilience to future disturbances. The observed increase in S. 

alterniflora cover following the clipping of P. australis highlights the potential for 

targeted management actions to facilitate the recovery of native plant communities in 

degraded salt marsh habitats. While the short-term results of this study are promising, 

it is crucial to recognize that ecosystem restoration is a long-term process, and the 

successful re-establishment of native plant communities may depend on various 

factors beyond the initial removal of invasive species (Pennings and Callaway 1992). 

Future research should focus on long-term monitoring and assessment of overall 

ecosystem dynamics following invasive species management interventions. 

One important aspect to investigate is the succession patterns and trajectories of 

native vegetation recovery over multiple growing seasons. It is essential to understand 

whether the initial increase in S. alterniflora cover translates into sustained 

dominance and resilience of the native plant community. Monitoring changes in 

species composition, diversity, and structural complexity over time can provide 
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valuable insights into the long-term ecological consequences of invasive species 

removal. 

Additionally, although not reported in the result, as I mentioned above, there 

were an individuals of few Distichlis spicata, another kind of native plant species, 

growing back along with S. alterniflora in one treatment plot and also crab burrows in 

another treatment plot. Therefore, research should examine the potential for the re-

establishment of other native species beyond S. alterniflora, as well as the interactions 

among these species and their roles in shaping the overall community structure and 

ecosystem functions. Salt marsh ecosystems are complex and diverse, and the 

restoration of a diverse and balanced native plant community may be crucial for 

maintaining ecological resilience and ecosystem services. 

Furthermore, it is important to investigate the potential feedbacks and 

interactions between the restored native vegetation and other components of the 

ecosystem, such as soil properties, nutrient cycling, hydrology, and wildlife 

populations. These interactions may influence the long-term sustainability and 

stability of the restored ecosystem, and understanding them can inform adaptive 

management strategies and facilitate the successful transition towards a self-

sustaining, resilient salt marsh ecosystem (Hazelton et al. 2014). 

Long-term monitoring and research should also explore the potential for 

reinvasion or colonization by other invasive species following the removal of P. 

australis. Understanding the factors that contribute to the vulnerability or resistance 

of the restored ecosystem to future invasions can guide preventative measures and 

inform ongoing management efforts. 

Improving Experimental Design for Future Research 

For future iterations of similar experiments, there are several adjustments that 
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could enhance the potential for valuable insights. Firstly, ensuring that the 

experimental plots have horizontally similar elevations would minimize potential 

confounding factors and improve the accuracy of the results. While the alternately set 

treatment and control plots in this study helped to balance elevation variations to 

some extent, selecting plots with more consistent elevations from the outset would be 

beneficial. This would help to eliminate any potential bias introduced by differences 

in elevation affecting factors such as water drainage, nutrient availability, and 

microclimate. 

Secondly, incorporating drone technology to measure the percent cover of 

Spartina alterniflora could provide more precise and consistent data compared to 

visual estimation methods. While visual estimation was utilized in the absence of 

drone imagery, the use of drones would offer advantages such as high-resolution 

aerial imagery, standardized data collection protocols, and the ability to cover large 

areas efficiently. By capturing images of the experimental plots from above, 

researchers could assess the extent of S. alterniflora cover and monitor changes over 

time without the need for extensive fieldwork which would streamline the data 

collection process. However, the accuracy of such methods still needs to be tested. 

Additionally, implementing a more robust experimental design with increased 

replication and randomized plot selection could strengthen the statistical power of the 

study. By increasing the number of replicate plots and randomizing their placement 

within the study area, researchers can reduce the potential for sampling bias and 

improve the generalizability of the findings. This would enhance the robustness of the 

conclusions drawn from the study and increase confidence in the validity of the 

results. 
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Conclusion 

The expansion of invasive P. australis into salt marshes dominated by the native 

S. alterniflora represents a significant threat to the biodiversity, ecosystem functions, 

and resilience of these valuable coastal wetlands. This study, conducted in the Great 

Sippewissett Marsh in Falmouth, Massachusetts, has provided valuable insights into 

the competitive interactions between these two species and the potential for targeted 

management actions to facilitate the restoration of native vegetation. 

The experimental clipping of P. australis stems resulted in a striking increase in 

the percent cover of S. alterniflora, leading to growth that was almost double that 

observed in control plots. This finding highlights the inhibitory effect of the invasive 

species on the growth of the native salt marsh vegetation, likely due to a combination 

of shading and potential belowground competition factors. 

As sea levels continue to rise, the encroachment of P. australis into potential 

migration zones for native salt marsh vegetation poses a severe threat, potentially 

resulting in the loss of some of these important ecosystems. Proactive measures, 

including the preservation of migration corridors, habitat restoration efforts, and 

potential assisted migration or relocation of native species, may be necessary to 

ensure the long-term survival and resilience of salt marsh ecosystems. 

This study has highlighted the potential effectiveness of one physical control 

method, clipping, in managing invasive species and promoting the recovery of native 

vegetation. However, future research should explore additional physical control 

approaches as well as methods to scale up and optimize these approaches and 

integrate them with other management strategies, such as introducing other native 

plant species into the restored area. 

By addressing the multifaceted threats posed by invasive species and sea level 
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rise, and by adopting an ecosystem-based approach to restoration, researchers and 

land managers may contribute to the protection and conservation of salt marsh 

ecosystems, potentially safeguarding their invaluable ecosystem services and 

promoting their resilience in the face of environmental change. While the short-term 

results are promising, long-term monitoring and research are crucial to understand the 

trajectories of native vegetation recovery, the resilience of the restored ecosystem, and 

the potential for reinvasion by invasive species. Thus, this project serves as a first step 

and offers a solid foundation for further exploration of this topic. Drawing from the 

lessons and experiences acquired throughout this endeavor, I am committed to 

ongoing research in this area. It is my aspiration to deepen the comprehension of the 

interaction between native and invasive plant species within salt marsh ecosystems 

and to develop effective restoration protocols that may contribute to global 

conservation efforts. 
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Figures: 

 

Figure 1: arrangement of two types of experiment plots, treatment and control plots, 

and reference plots, which are the lower extension of the experiment plots, took on 

July 5th.  

 

  



48 

 

Figure 2: Comparison of point intercept method with visual estimates of cover. Data 

shown are the visual estimation of percent cover in a 25x25cm patch versus cover 

values determined with a 25-point-intercept method.  
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Figure 3: Spartina alterniflora % cover, during the growing season, in treatment and 

control plots. Dots represent means in a sampling period across the three plots in the 

respective treatment, and error bars represent±SE. 
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Figure 4: Spartina alterniflora % cover, during the growing season, in the reference 

plots below the treatment and control plots. Dots represent means in a sampling 

period across the three plots in the respective treatment, and error bars represent±SE. 
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Figure 5: S. alterniflora cover(%) vs elevation (m) across reference plots and 

experimental plots. (S. alterniflora cover (%) measured on Oct. 13th, at the end of the 

growing season.)    
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Figure 6: Average photosynthetically active radiation (PAR, micromoles m-2 sec-1), S. 

alterniflora accepted, in experimental plots, and their ± 1 standard errors. Treatment 

plots have a mean of 1721±24SE. Control plots have a mean of 296±131SE.  
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Figure 7: Average photosynthetically active radiation (PAR, micromoles m-2 sec-1), S. 

alterniflora accepted, in reference plots, and their ± 1 standard errors. Reference 

plots associate with treatment plots have a mean of 1719±50. Reference plots 

associate with control plots have a mean of 1300±617.  
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Tables: 

Table 1: Linear regression and non-linear regression R2s of S. alterniflora percent 

cover in experimental plots. 
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Table 2: Linear regression and non-linear regression R2s of S. alterniflora percent 

cover in reference plots. 
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Table 3: Repeated Measures ANOVA test for means of experimental plots S. 

alterniflora percent cover during the growing season. 
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Table 4: Repeated Measures ANOVA test for means of reference plots S. alterniflora 

percent cover during the growing season. 

 

 


