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Abstract 

Field trials were conducted at a constructed salt marsh in Port Moody, British Columbia 

to test the following physical control variations for their effectiveness at reducing non-native 

Spartina patens:  1) covering using polyethylene and geotextile; 2) covering for six and twelve 

months; 3) stressing the plant by pre-treating with steam or mowing to ground prior to covering; 

and, 4) applying steam.   

No significant difference was observed between the various treatments after six months.  

After twelve months, both geotextile and polyethylene covered plots showed a significant 

decrease in percent cover, with polyethylene appearing to be more effective.  Neither cover 

material, however, achieved a complete reduction in live stems.  Pre-treating by applying steam 

or mowing had no significant effect.  Steam alone without covering also showed no effect.  

Doubling up layers of geotextile or combining polyethylene with geotextile is recommended for 

future eradication efforts in British Columbia and elsewhere on the Pacific coast of North 

America.    
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Introduction 

Invasion by non-native introduced species and the resulting negative impacts on 

terrestrial and marine environments is a growing concern.  Globally, invasive species are 

considered to be “the second most significant threat to biodiversity, after habitat loss” 

(Government of Canada, 2004, p. 9).  In response to this threat, both Canada and British 

Columbia have developed invasive species strategies to address “harmful alien species whose 

introduction or spread threatens the environment, the economy, or society, including human 

health” (Government of Canada, 2004, p. 1).  Currently, coastal resources in British Columbia 

are threatened by non-native Spartina species.  This threat has been recognized by the Pacific 

Coast Collaborative and the West Coast Governors’ Agreement on Ocean Health which has 

committed to eradicate non-native Spartina species from the Pacific coast of the United States 

and British Columbia by 2018 (Boe, et al., 2010, p. 5; Pacific Coast Collaborative, 2010, p.1). 

Four non-native species of Spartina, commonly known as cordgrass, have become 

established on the Pacific coast of North America:  Spartina alterniflora, Spartina anglica, 

Spartina densiflora, and Spartina patens (Boe, et al., 2010, p. 8).  These cordgrasses are 

“powerful ecosystem engineers” (Strong & Ayres, 2009, p. 3) which accrete sediment and 

elevate existing marshes and mudflats, changing the ecology of the area (Strong & Ayres, 2009, 

p. 5).  In addition, invasive Spartina species outcompete native marsh plants to create 

homogenous cordgrass meadows, reducing food sources for waterfowl, resting sites for 

migratory birds, and production areas for shellfish (Lonard, Judd, & Stalter, 2010, p. 943).  All 

four of these non-native Spartina species are recognized as a significant threat to the natural 
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resources of British Columbia and are classified as noxious under the Weed Control Act and 

Weed Control Regulation (BC Ministry of Agriculture, 2011).   

While infestations of three Spartina species have been identified in British Columbia to 

date (Spartina alterniflora is a recognized threat but its presence has not yet been recorded), 

resource limitations have compelled efforts to focus primarily on controlling the aggressive 

invasion of Spartina anglica currently threatening the mudflat habitats of the Fraser River 

estuary (Dresen, Scott, & Williams, 2010, p. 16).  The goal of the present research was to expand 

knowledge on control methods specific to Spartina patens (salt meadow cordgrass), a salt-

tolerant invader of the high marsh zone present in Burrard Inlet and the Comox estuary on 

Vancouver Island, BC, Canada.  While monitoring suggests that Spartina patens in Burrard Inlet, 

shown in Figure 1, has “remained relatively stable” (Knight, 2013, p. 13), the West Coast 

Governors’ Agreement on Ocean Health has recognized that infestations of Spartina patens and 

Spartina densiflora in British Columbia “are not currently being adequately addressed” (Boe, et 

al., 2010, p. 16).  Because Spartina species can be carried and spread by ocean currents, 

inadequate management anywhere on the Canadian Pacific coast could result in new infestations 

and reinvasions, prolonging eradication efforts and increasing resource requirements. 
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Figure 1.  Burrard Inlet in southwestern British Columbia, Canada (Google Inc., 2014).  

  

While Spartina patens infestations in California, Oregon, and British Columbia have 

generally been managed to date using digging, herbicide and/or covering treatments, methods 

used to control other Spartina species may also be effective when applied to Spartina patens.  

The present study was designed to examine the effectiveness of two pre-treatments, mowing and 

steam, in combination with covering using two different materials and for two different time 

periods.  The success of the treatment variations was assessed by measuring percent cover of 

Spartina patens within randomly selected study plots at six months and one year after treatment.  

Field trials commenced in the constructed habitat marsh at the Pacific Coast Terminals (PCT) 
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facility in Port Moody, shown in Figure 2, in September 2013, with data collection events 

occurring in March and September 2014. 

 

Figure 2.  Study area in Port Moody, British Columbia, Canada (Google Inc., 2014). 

  

Covering as a control method for small infestations is generally inexpensive and not 

labour intensive, depending largely on the size and location of the infestation.  However, it may 

not be well suited to areas where Spartina patens is intermingled with rare native plants or 

sensitive receptors.  Unintended consequences, such as potential impacts to soil organisms inside 

and outside covered areas, should also be considered when developing site-specific treatment 

strategies.  Additional research into the potential for reinvasion once covering materials are 

removed is also recommended.  To be successful, treatment activities should be adapted over 

time to best suit the characteristics of the remaining infestations and prevent reinvasion.  Above 

all, an ongoing commitment of resources is essential to ensuring the successful long term 

eradication of this invasive species. 
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Literature Review 

Determining Methods to Control Invasive Spartina Species 

Numerous studies have been undertaken on physical control options for Spartina species, 

including Spartina alterniflora (Patten, 2010) and Spartina anglica (Dethier & Hacker, 2004) in 

Washington State, Spartina densiflora in Humboldt Bay, California (Pickart, 2005), Spartina 

anglica and Spartina x townsendii in Northern Ireland (Hammond, 2001), and Spartina 

alterniflora in China (Tang, et al., 2009; Li & Zhang, 2008; Yuan, Zhang, Xiao, & Huang, 2011) 

and New Zealand (Shaw, 1999).  A systematic review of research into methods used to control 

five species of non-native Spartina found that “[e]xperiments investigating the control of S. 

townsendii and S. patens were sparse” (Roberts & Pullin, 2006, p. 6) and suggested that 

additional investigation into controlling these two species be conducted.  The studies specific to 

Spartina patens control methods identified by the review were limited to the effects of salinity 

(Bertness, Gough, & Shumway, 1992; Pezeshki & Delaune, 1997), flooding (Baldwin & 

Mendelssohn, 1998; Lessman, Mendelssohn, Hester, & McKee, 1997) or herbivory (Johnson & 

Foote, 1997; Seliskar, 2003).  Given that “the various species within the genus are ecologically 

similar” (Dethier & Hacker, 2004, p. 11), treatments that are effective at controlling other species 

may also be suitable for controlling Spartina patens, although testing should be conducted to 

confirm this. 

When selecting methods to control Spartina, site specific characteristics such as the size 

and distribution of the infestation (Dresen et al., 2010, p. 44) and the biology of the target species 

(Taylor & Hastings, 2004, p. 1055) should be considered.  Treatment effectiveness is also linked 

to the resources available on an ongoing basis.  For example, efforts to eradicate Spartina 
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anglica have been shown to require a minimum of three to four consecutive years of removal to 

be effective (Dethier & Hacker, 2004, p. 11).  Similarly, three to four years of repeated and 

regular clipping have been found to be required to contain the spread of Spartina alterniflora in 

the high tidal zone (Tang, et al., 2009, p. 880).  Where infestations have become established and 

spread, efforts can be costly.  For example, “nearly successful eradication efforts in San 

Francisco Bay [California] and Willapa Bay [Washington] have each required $12 million” (Boe 

et al., 2010, p. 5) between 2000 and 2010.  Where regular resources are not guaranteed, control 

strategies may need to be adapted (Taylor & Hastings, 2004, p. 1055).  A good example of such 

a strategy is the integrated management approach adopted in Oregon.  As stated in the Oregon 

Spartina Response Plan, “[t]here is clearly no single Spartina control technique that can be 

applied successfully under all circumstances” (Howard, Pfauth, Sytsma, & Isaacson, 2007, p. 

45).  

Spartina Control Efforts on the Pacific Coast of North America 

Four non-native species of Spartina have become established in estuaries on the Pacific 

coast of North America between San Francisco and southern British Columbia over the past 100 

to 150 years (Morgan & Sytsma, 2013, p. 250).  Spartina has not yet been identified in Alaska, 

however the state has been proactive in developing a response plan (Morgan & Sytsma, 2010) 

given the potential spread of Spartina by ocean currents.  Infestations in California, Oregon, 

Washington, and British Columbia were likely largely introduced by deliberate planting for 

shoreline protection and forage, through contaminated dredgeate and shipping barrels, or by 

natural dispersal of propagules transported by ocean currents and wildlife (Morgan & Sytsma, 

2010, p. 19).   
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In 1996, non-native Spartina species were documented in only five locations along the 

Pacific North American coast.  By 2008, sixteen new infestations were confirmed, including four 

in British Columbia (Morgan & Sytsma, 2013, p. 251).  The general areas of distribution of non-

native Spartina species on the Pacific North American coast are shown in Figure 3.  Ocean 

dispersal of seeds and wrack continues to be a long-term threat to currently uninfested estuaries 

as Spartina plant pieces have been demonstrated to “float in salt water for at least two months” 

(Morgan & Sytsma, 2010, p. 5) and dispersal studies have shown that Spartina from existing 

infestations could travel as far north as Haida Gwaii, BC and Alaska (Morgan & Sytsma, 2013, 

p. 254).  As noted in the West Coast Governors’ Agreement on Ocean Health, a coast-wide, 

strategy is needed to achieve current eradication efforts and prevent reinfestation (Boe, et al., 

2010, p. 13).  To achieve this, an Action Coordination Team including members from 

Washington, California, Oregon and British Columbia was formed to develop a workplan which 

shares lessons that can be used coast-wide in efforts to eradicate non-native Spartina (Boe et al., 

2010, p. 5). 
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Figure 3.  Distribution of non-native Spartina species on the Pacific coast of North America 
(Google Inc., 2014; Boe et al., 2010, p. 9). 

 

California, U.S.A. 

Approaches to control the different species have varied region by region, based on, 

among other considerations, specific species characteristics.  In California, Spartina densiflora is 

estimated to cover over 90 % of Humboldt Bay’s (see Figure 3) tidal marsh habitat (Boe, et al., 

2010, p. 11).  As of 2010, efforts to control the invasive cordgrass have focussed on mechanical 

treatments, including a two-year study of cutting below the root crown using metal-bladed weed-
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eaters.  While potentially viable, this method is considered “slow and expensive” (Morgan & 

Sytsma, 2010, p. 19).   

All four non-native Spartina species are present in San Francisco Bay (see Figure 3), 

including a hybrid of Spartina alterniflora with the native Spartina foliosa that is considered 

“even more invasive than the introduced species” (Morgan & Sytsma, 2010, p. i) and threatens 

extirpation of the native plant through displacement.  Prior to the 2006 treatment season, 

approximately 98.9 % of the infested area was estimated to be comprised of the hybrid, with the 

remaining areas occupied by Spartina densiflora, Spartina anglica and Spartina patens (Morgan 

& Sytsma, 2010, p. 20).  Between 2005 and 2009, hundreds of acres of non-native Spartina in 

the San Francisco Bay area were treated by aerial application of herbicide.  Combined with 

continually evolving treatment plans, these efforts resulted in a 90 % reduction in the net area 

infested by 2010 (Grijalva & Kerr, 2012, p. 2).  Treatment activities continue to be adapted over 

time to best suit the characteristics of the remaining infestations.  During the 2010 season, this 

involved aerial and ground-based herbicide application, as well as digging, mowing, and/or 

covering (Grijalva & Kerr, 2012). 

The herbicides imazapyr and glyphosate have been used to eradicate the majority of the 

single Spartina patens infestation in San Francisco Bay.  Complete eradication, however, is 

complicated by the presence of a rare plant, Cordylanthus mollis mollis (soft bird’s beak) 

“growing amongst or even intertwined with the last remaining small stands of S. patens” 

(Grijalva & Kerr, 2012, p. 11).  As of 2010, a new strategy to eliminate Spartina patens was 

being developed in consultation with a rare plant researcher (Grijalva & Kerr, 2012, p. 12). 
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Oregon, U.S.A. 

Invasive Spartina species have been recorded in four areas in Oregon, although Spartina 

alterniflora infestations in the Siuslaw River, Coos Bay, and the Columbia River (see Figure 3) 

estuary are generally considered to be eradicated (Morgan & Sytsma, 2010, p. 24).  The largest, 

most persistent infestation is a population of Spartina patens on Cox Island in the Siuslaw River 

estuary that is believed to have been present since at least the 1930s (Howard et al., 2007, p. 22).  

Based on mapping using aerial photos, the Cox Island infestation is estimated to have increased 

from an area of approximately 90 m2 in 1939 to over 3,000 m2 in 1980.  Ground surveys 

conducted in 1996 identified patches covering an estimated 10,600 m2 (Pickering, 2000, p. 2).   

In developing the Weed Management Plan for Cox Island, The Nature Conservancy 

investigated a variety of control methods, “including covering with heavy-duty landscape fabric, 

repeated mowing, artificial inundation and removal by manual digging” (Pickering, 2010, p. 

264).  Burning and application of the herbicide glyphosate were also tested, but found to have 

“very limited success” (Pickering, 2000, p. 6).  As a result of successful field trials conducted 

between 1996 and 1998, covering using heavy-duty landscaping material was determined to be 

“the most cost-effective and efficient control method” (Pickering, 2000, p. 6).  The time required 

for complete eradication using covering, however, has been longer than anticipated due to 

difficulties identifying smaller patches of the invasive cordgrass amongst other native vegetation 

(Howard et al., 2007, p. 22). 

Washington, U.S.A. 

All four non-native Spartina species have become established in Washington, with 

Spartina alterniflora being the primary invader, historically covering approximately 8,500 acres 
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in Willapa Bay at its peak in 2003 (Washington State Department of Agriculture (WSDA), 2014, 

p. 7).  Northern Puget Sound is also host to an infestation of Spartina anglica that expanded from 

nine clones in Port Susan and Skagit Bays when it was first identified in 1979 (Morgan & 

Sytsma, 2010, p. 21) to infesting more than 1,000 acres at its peak in 1997.  As of 2013, Spartina 

anglica comprised 90 % of the state’s remaining infestations (WSDA, 2014, p. 7).  Spartina 

densiflora has been found in Grays Harbor and Puget Sound, while Spartina patens has been 

identified at two sites in Hood Canal.  The second Spartina patens infestation, only recently 

identified during the 2013 season as a result of increased survey effort and access, is a priority 

for treatment in 2014 (WSDA, 2014, p. 8).  Treatment of Spartina patens in Washington has 

involved a combination of “digging, covering, and herbicide application” (WSDA, 2011, p. 27). 

Years of significant effort and funding in Washington have resulted in a greater than 

99 % reduction in the area of invasive Spartina infestation, from a high of 9,000 solid acres in 

2003 to a projected 7 solid acres in 2014 (WSDA, 2014, p. 1).  The effort has been costly.  Over 

the past decade, the state has spent $1 to 2 million per year on invasive Spartina management 

(Morgan & Sytsma, 2010, p. 22).  Recognizing that “the last few acres of Spartina will by far be 

the most difficult to find and eradicate” (WSDA, 2014, p. 1), continued funding remains critical 

to achieving the complete eradication of invasive Spartina in Washington (WSDA, 2014, p. 2). 

British Columbia, Canada 

Three non-native Spartina species have become established in British Columbia:  

Spartina anglica in the Fraser River Delta (Boundary Bay and Roberts Bank); Spartina 

densiflora in Baynes Sound and Denman Island; and, Spartina patens in Baynes Sound, Burrard 

Inlet, and the Comox estuary (Dresen et al., 2010, p. 51; Balke, 2013, p. 7).  Between 2003 and 
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2012, physical treatments, including removal by digging, seed clipping, and covering, were 

implemented to varying degrees at the different infestation sites.  Restricted by a lack of funding, 

these efforts achieved limited success, particularly in the control of the aggressive Spartina 

anglica.  As a result, herbicide use was adopted as part of an integrated management approach 

and backpack application of imazapyr to treat Spartina anglica began in August 2013 (Ducks 

Unlimited Canada, 2014).  While physical treatment has not yet been ruled out for controlling 

Spartina densiflora and Spartina patens in British Columbia, if current physical controls are not 

found to be successful, then herbicide application may be considered for these species as well 

(BC Ministry of Environment, 2013). 

Anecdotal evidence indicates that Spartina patens has been present at Maplewood Flats 

in Burrard Inlet since at least 1987 or 1988, and in Comox Harbour on Vancouver Island (see 

Figure 3) since 1975.  A preliminary survey in 2000 estimated that approximately 0.73 hectares 

of Spartina patens was present at Maplewood Flats (Dresen et al., 2010, p. 12).  Since that time, 

it has been confirmed at five locations in Burrard Inlet:  Maplewood Flats, Park Drive, Reed 

Point, Pacific Coast Terminals, and Cedar Sawmill (Knight, 2013, p. 13).  Two additional 

infestation areas were identified at Shoreline Park in Port Moody during field monitoring in 2013 

(M. Christensen, personal communication, December 30, 2013).  Three of the infestations, Reed 

Point, Pacific Coast Terminals, and Cedar Sawmill, are located in constructed habitat marshes.   

Field trials using Nilex 2002 woven geotextile to cover Spartina patens at Reed Point and 

on the Comox foreshore on Vancouver Island began in 2012, with an additional shade trial 

established on Sandy Island in 2013 (Knight, 2013, p. 21; Millham, 2013, p. 24).  Following the 

approach used in Oregon, the coverings are intended to be in place for a minimum of two years 
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(Millham, 2013, p. 22).  Initial results from Reed Point showed evidence of growth and 

photosynthesis after one year of covering with a single layer of geotextile, while two layers 

showed significantly more stress over the same period.  After two years, Spartina patens was 

eliminated within the covered area at Reed Point (M. Christensen, personal communication, 

August 26, 2014). 

Alaska, U.S.A. 

Although invasive Spartina has not yet been identified in Alaska, the threat of infestation 

by seed, wrack, and rhizome fragments carried by ocean currents has prompted the state to 

develop a Spartina prevention and response plan.  The plan’s goal is “to prevent the 

establishment of any Spartina populations and to eradicate established infestations if detected” 

(Morgan & Sytsma, 2010, p. i).   

Characteristics of Spartina patens 

Spartina patens is a “highly variable, rhizomatous perennial grass” (Silander & 

Antonovics, 1979, p. 1114) found in the upper tidal, mid to high salt marsh range, from 

approximately mean high tide to higher high water (Dresen et al., 2010, p. 17).  Unlike other 

Spartina species, such as Spartina alterniflora, Spartina patens has “a limited ability to 

oxygenate its roots in anoxic soils” (Bertness, 1991, p. 145) therefore restricting it to high marsh 

areas.  It has an extensive rhizome system and largely vegetative reproduction, growing in dense 

mats or carpets.  Roots may extend 20 to 30 cm below the surface, although the majority are 

within the upper 5 cm (Ewing, McKee, & Mendelssohn, 1997, p. 50).  With a vegetative rate of 

expansion estimated between 17.78 and 22.86 cm/year (Milne, 2007, p. 263), it has “a 

competitive advantage over native species” (Lonard et al., 2010, p. 942).  It flowers in late 
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summer and seeds between summer and early fall, with seed heads containing up to 30 spikes 

(Millham, 2013, p. 8).  Although thousands of seeds may be produced annually by a clone, 

seedling establishment is secondary to vegetative growth within closed communities (Silander & 

Antonovics, 1979, p. 1124).   

Spartina patens is adaptable, with a flexible breeding system and capacity for rhizome 

spread which allows rapid colonization of open spaces (Silander & Antonovics, 1979, p. 1126).  

It can tolerate high salinities, moderate inundation, low nutrient levels (Lonard et al., 2010, p. 

935), and moderate air and soil temperature increases (Gedan & Bertness, 2010, p. 484).  Like 

other Spartina species, Spartina patens is a C4 photosynthesizer, giving it a physiological 

advantage over most native C3 plants species.  Not only are C4 plants more efficient at 

converting intercepted light into biomass (approximately 40 % higher than C3 plants), they also 

use water and nitrogen more efficiently (Dresen et al., 2010, p. 18). 

While these traits may be beneficial in its native range on the east coast of North 

America, they contribute to the difficulties associated with achieving the complete and 

permanent eradication of the species in British Columbia.  In addition, identification and control 

efforts are complicated by the fact that “Spartina patens is particularly difficult to detect amongst 

native salt marsh vegetation” (Morgan & Sytsma, 2010, p. 2). 

Efforts to Protect Native Spartina patens on the Atlantic Coast of North America 

To help identify conditions which negatively impact Spartina patens, an examination of 

the threats it faces in its native environment was undertaken.  Studies of indigenous Spartina 

patens on the Atlantic coast and Gulf of Mexico have tended to focus on preserving and restoring 

salt marsh health, particularly in light of sea level rise.  Field experiments in coastal Louisiana, 
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New England, and Virginia, U.S.A.,  investigating salinity stress, nutrient response, flooding 

frequency, and herbivory have found that where the plant is subjected to stress, it may take years 

or multiple stressors to have an effect.  For example, a study at a high salt marsh in Virginia 

found that “altered inundation patterns were not sufficient to cause major changes in 

aboveground growth of these plants over the two years of study” (Tolley & Christian, 1999, p. 

951).  Another study in Cape Cod, Massachusetts investigating the potential cause of a rapid 

decline in high marsh vegetation, primarily Spartina patens, determined that significant plant 

mortality only occurred where elevated salinity, flooding, and herbivory acted together as 

stressors.  On their own, each was generally well tolerated (Smith, Medeiros, & Tyrrell, 2012, p. 

610).  In terms of warming trends associated with climate change, Gedan and Bertness found that 

Spartina patens “is more tolerant of temperature increase than the associated community of 

marine plants and invertebrates” (2010, p. 485). 

Where improving degraded marshes is the target, salinity has been identified as the 

primary concern limiting Spartina patens growth.  Different studies have found lethal salinity to 

range from 65 to 95 ppt depending on the population (Merino, Huval, & Nyman, 2010, p. 112), 

with a certain level of stress recognized at salinities between 30 and 40 ppt (Smith et al., 2012, p. 

610).  Where salinity was less than 6 ppt, nutrient levels were found to have a considerable 

effect; however, increasing nutrient availability did not improve the tolerance of plants to higher 

salinity levels (Merino et al., 2010, p. 115).  While Spartina patens may be tolerant of stressful 

conditions, maximum biomass was found to occur when salinity is low and nutrient levels are 

high (Tobias, Nyman, DeLaune, & Foret, 2010, p. 145).  Although sub-lethal stresses do not 
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result in immediate mortality, over time they may contribute to a decrease in plant vigor and 

production (Ewing et al., 1997, p. 49). 

To purposefully create conditions which will stress and ultimately kill Spartina patens, 

research from the Atlantic coast suggests that increased inundation and salinity may have an 

effect in combination with other stressors, although this will likely take several years (Tolley & 

Christian, 1999, p. 951; Ewing et al., 1997, p. 49).   

Research Method 

Study Design 

The research was designed to increase the knowledge associated with the effectiveness of 

physical treatment methods for the control and eradication of Spartina patens in Burrard Inlet, 

BC, Canada.  Given its presence in high marsh areas, Spartina patens infestations may be better 

suited to physical controls than other Spartina species which grow in lower tidal areas due to 

easier and longer periods of access (Dresen et al., 2010, p. 50; Howard et al., 2007, p. 40).  

Physical methods may also be appropriate for small infestations, defined as up to 0.2 hectares 

(0.5 acres) (Howard et al., 2007, p. 40), or in specific situations where sensitive receptors and 

non-target species preclude the use of herbicide.   

While herbicide has been used to control the majority of Spartina patens in San Francisco 

Bay, California (Grijalva & Kerr, 2012, p. 12), sources suggest that its in-rolled leaves may make 

it more difficult to treat with herbicide than other Spartina species (Boe, et al., 2010, p. 12).  As 

well, physical controls may be preferred where the community strongly objects to the use of 

herbicide (Pickart, 2005, p. 1).  The goals of the present study were to test variations of two 

physical pre-treatments, steam application and mowing to ground, in combination with covering 
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using two different materials to assess the short-term effectiveness of each alternative at reducing 

Spartina patens.   

This research examined three physical control options:   

1. Covering plants, thereby preventing photosynthesis and causing plant death 

(Millham, 2013, p. 22) 

2. Applying steam to kill or stress the plant stem 

3. Mowing to ground to stress the plant and reduce propagation 

Field trials of the following treatment variations were conducted in the constructed marsh at the 

Pacific Coast Terminals site in Burrard Inlet, BC (see Figure 2): 

• Covering using two types of material 

• Covering for two time periods 

• Applying steam as a pre-treatment prior to covering and as a standalone 

treatment without cover 

• Mowing to ground as a pre-treatment prior to covering 

The success of these methods was assessed by measuring percent cover of Spartina patens 

within the study plots.   

The treatment methods were selected based on success elsewhere (e.g., Pickering, 2010; 

Howard et al., 2007; Pickart, 2005; Hammond, 2001) and a lack of available trial data.  Covering 

was selected due to its proven effectiveness at controlling Spartina patens in Oregon (Pickering, 

2010; Howard et al., 2007).  Cover materials that have been used elsewhere include “industrial 

strength black plastic sheeting” (Hammond, 2001, p. 29) in Northern Ireland, Amoco 2002 

landscaping fabric in Oregon (Pickering, 2010, p. 264), and Nilex’s Woven 2002 in British 
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Columbia (Knight, 2013, p. 22; Millham, 2013, p. 22).  Field trials on the effectiveness of 

covering have examined cover periods ranging from six months for Spartina anglica and 

Spartina x townsendii (Hammond, 2001, p. 29), eight months for Spartina alterniflora and 

Spartina densiflora (Grijalva, 2010, p. 219), and up to two years for Spartina patens (Pickering, 

2010, p. 264).  A component of the study compared the effectiveness of two types of cover 

material, polyethylene sheeting and woven geotextile, and two cover periods, six months and one 

year.   

A single event pre-treatment with steam or by mowing to ground was applied to a 

selection of test plots under each of the cover plots on September 2 or 3, 2013.  While steam 

treatment is referenced in the literature (Shaw, 1999, p. 3), no data on the effectiveness of steam 

application to control Spartina patens could be located.  Repeated mowing to ground has been 

used successfully on Spartina densiflora in Humboldt Bay, California (Pickart, 2005, p. 4) and a 

combination of cutting and smothering was found to be effective on Spartina anglica and 

Spartina x townsendii in Northern Ireland (Hammond, 2001, p. 39).  It should be noted, however, 

that Spartina patens was regularly cut for hay for centuries in New England, U.S.A. without 

impact (Smith et al., 2012, p. 603).  The focus of this study was to examine the effectiveness of 

steam and cutting in combination with covering to reduce Spartina patens.  Trial plots where 

steam was applied but no cover material was installed were also assessed to compare the 

effectiveness of steam alone.   

Other potential treatments that were considered include digging up plants by hand, 

applying acetic acid to sediments (Anderson, 2007) and inundation (Pickering, 2000).  These 
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were abandoned given concerns regarding potential impacts to marsh elevation, complexity of 

the treatment, and the detailed information on substrates and tidal cycles that would be required. 

Description of Study Area 

The study area is located in an embayment on the south side of Port Moody Arm in 

Burrard Inlet, Port Moody, British Columbia (Figure 2).  Port Moody is located in the “dry 

maritime subzone of the western coastal hemlock biogeoclimatic zone” (Fluor Daniel Wright et 

al., 1992, p. 3-10).  The study area is “quite sheltered” (Williams, 2001, p. 11) and relatively 

protected from high energy winds or waves.  The marsh site was established between 1992 and 

1993 by Pacific Coast Terminals (PCT) as “habitat compensation” required under the Fisheries 

Act following the construction of a new tank farm at the facility (Williams, 1993).  Figure 4 

shows the embayment and study area location, with the constructed 1992 tank farm expansion 

immediately to the south. 

  

Figure 4.  The embayment on the south side of Port Moody Arm and study area location, Port 
Moody, BC (Google Inc., 2014).   
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A habitat inventory of the PCT site was conducted in July 1991 prior to the tank farm 

expansion (Fluor Daniel Wright et al., 1992).  The inventory identified salt marsh dominated by 

saltwort, Glaux maritima, along with Pacific silverweed, Potentilla pacifica, and mudflat within 

or adjacent to the current study area.  At the time, saltwort was found to form “almost monotypic 

stands at the PCT study site” (Fluor Daniel Wright et al., 1992, p. 3-15).  The Environmental 

Appraisal Document for the tank expansion project also referenced vegetation surveys conducted 

in the 1980s which recorded more diverse intertidal marsh vegetation.  At the time of the 1982 

and 1985 surveys, almost two dozen plant species including “at least six typical salt marsh 

species were identified including Salicornia, T. [Triglochin] maritimum, Glaux maritima, and 

several species of grasses” (Fluor Daniel Wright et al., 1992, p. 6-4).  By 1991, three species 

were present, including saltwort, Pacific silverweed, and orache, Atriplex patula.  The reduction 

in species distribution was potentially attributed to selective grazing by Canada geese (Fluor 

Daniel Wright et al., 1992, p. 6-5). 

Habitat impacts resulting from the tank farm expansion required that an area of 5,853 m2 

of new salt marsh be created.  The salt marsh compensation area was constructed immediately 

north-east of the new expansion using intertidal sediments excavated during tank farm 

construction as fill.  The compensation marsh consists of an intertidal bench at an elevation of 

1.0 m to 1.3 m geodetic (Williams, 1993, p. 3).  In May 1993, the area was planted with donor 

vegetation taken from the existing salt marsh located immediately to the north-east and other 

marshes in Port Moody Arm, with saltwort being the main target transplant species (Williams, 

1993, p. 1).  
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Follow up monitoring conducted in 1993 and 1994 found the establishment of vegetation 

in the constructed marsh to be poor.  Factors identified as potentially contributing to poor growth 

included “Canada geese grazing, elevated salinity, substrate, elevation, and soil pH” (Williams, 

1994, p. 1).  Soil pH, which was as low as 3.9 at locations within the constructed marsh, was 

determined to be the most likely limiting factor for plant growth.  As a result, lime and 

composted manure were applied across the site and roto-tilled into the soil in October 1994 in an 

effort to increase soil pH and improve fertility (Williams, 1994, p. 14). 

Further experiments to improve soil conditions and test transplant methods were 

conducted between 1994 and 1996.  By May 1997, conditions had improved sufficiently for 

large scale transplanting to be undertaken using donor vegetation from two locations in Burrard 

Inlet:  Park Street and Maplewood Flats (Williams, 1998, p. 1).  Although no published record 

had identified Spartina patens in the two donor marshes, the plant was recorded in the PCT 

compensation area during monitoring conducted in 1998, after the second growing season.  Once 

observed at the compensation site, Spartina patens was confirmed to be “very abundant in the 

Park Street and Maplewood donor marshes and ... growing well in the compensation marsh” 

(Williams, 1998, p. 13).  By September 2001, Spartina patens was the most frequently recorded 

species within the constructed marsh (Williams, 2001, p. 6).  At the start of field trials in 

September 2013, the constructed marsh at the PCT site was observed to be a monoculture 

Spartina patens meadow. 
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Data Collection 

Plot Lay-out and Sample Size 

Four lengths of cover material were laid out based on roll size, estimated to be 

approximately 3 to 4 m wide by 30 to 35 m long, over a relatively uniform area of Spartina 

patens in the PCT constructed marsh, as shown in Figure 5. 

 

Figure 5.  Approximate cover plot locations A, B, C and D within the study area.  X = control 
plot.  S = Steam only plot.  > = Photo perspective in Figure 7 (Google Inc., 2014). 

 

A gap was left between cover plots to allow for a buffer and to facilitate access.  Two plots were 

covered with heavy weight black polyethylene sheeting and two plots were covered with Nilex 

2002 woven geotextile.  Test plots measuring 1 m by 1 m were laid out along the centre of each 

cover plot area, maintaining a 1 m buffer from the edges of the cover material and a 1 m buffer 

between test plots, establishing 14 potential test plots within each cover plot.  Of the fourteen test 
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plots, three were randomly selected to be pre-treated with steam, three were pre-treated by 

mowing to ground, and three received no pre-treatment, as shown in Figure 6.   

 

Figure 6.  Random pre-treatment plot plan. 

 

The corners of the test plots were marked with nails and flagging tape.  A total of 36 test plots 

were treated using 1 of 12 possible treatment variations.  In addition, three 1 m by 1 m plots were 
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treated using steam, but not covered.  Three 1 m by 1 m control plots were also established in 

proximity to the test plots.     

Baseline Monitoring 

Baseline data was collected using a 1 m by 1 m plot frame, subdivided into 10 cm by 10 

cm sub-plots.  The plot frame was placed over the randomly selected test plots for each of the 

pre-treatment variations (steam, cutting, and no pre-treatment) and percent cover measured.  

Following the method used by Pickart (2005, p. 4), Spartina patens presence or absence in each 

of the 100 sub-plots was determined based on the rooting location of live stems to determine 

percent cover for each test plot.  A stem was considered alive based primarily on colour, with 

green indicating that the plant was successfully photosynthesizing. 

Covering Treatment 

The covering treatment method was based on work done at Reed Point in 2012 (Knight, 

2013, p. 22) and in Oregon (Pickering, 2010, p. 264).  Two plots were covered with woven 

geotextile, Nilex 2002, which was secured using 10-inch nails with washers and weighted down 

with rocks.  Two other plots were covered with heavy weight black polyethylene sheeting and 

similarly secured.  The installed cover plots are shown in Figure 7.  Regular site visits were made 

approximately monthly to monitor the condition of the cover material and repair any damage.   
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Figure 7.  Four cover plots, looking west from > on Figure 5, September 2013.  

 

The cover materials for one of each pair of cover plots were removed after six months 

(from September 3, 2013 to March 2, 2014)and installed together in a new location with the 

geotextile overlying the polyethylene.  The remaining cover materials were removed after one 

year (from September 3, 2013 to September 4, 2014) for data collection and then partially 

reinstalled to assess a two year cover period and potential reinvasion of uncovered treated areas.  

The results of this longer term work are not included in the findings of the present study. 

Steam Application 

Data on the effectiveness of steam treatment is limited, although the results of one 

preliminary trial conducted in New Zealand suggested “a level of initial impact similar to 

effective initial herbicide treatment” (Shaw, 1999, p. 3).  Other studies, however, have shown 

that conditions are generally too wet to adequately transfer heat underground (Dethier & Hacker, 

2004, p. 16).  For the present research, a portable, handheld steam cleaner, the Bissell 39N7A 

Steam Shot Hard Surface Cleaner, was used to inject steam for 30 seconds into the soil in the 
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centre of each approximate 20 cm by 20 cm area of the test plots, as shown in Figure 8.  An 

additional area extending approximately 20 to 25 cm beyond the 1 m by 1 m test plot was also 

treated to minimize edge effects. 

 

Figure 8.  Applying steam (foreground) in plot C2 and mowing by hand (background) in plot C1. 

 

Mowing 

Vegetation was mowed to ground by hand, using shears, taking care to collect seed heads 

and cuttings.  Cuttings were removed for off-site disposal.  As with the steam pre-treatment, an 
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additional area extending approximately 20 to 25 cm beyond the 1 m by 1 m test plot was also 

treated to minimize edge effects. 

Results 

Post-Treatment Data Collection 

Data on percent cover was collected for each variation of control methods six months and 

one year after treatment.  Three test plots were counted for each treatment variation.  Data at six 

months was pooled for the same treatments with different end dates.  Plot counts and the relative 

percent difference in percent cover for each treatment after six and twelve months are presented 

in Table 1.  Tables 2 and 3 compare the relative percent difference of grouped treatment data 

after six and twelve months, respectively.  

Table 1 

Percent Cover after Six and Twelve Months 
 

Plot 
September 

2013 
March 
2014 

September 
2014 

Relative % 
Difference after Six 

Months 

Relative % 
Difference after 
Twelve Months 

Polyethylene Cover Only 

Six Month Cover 

C4 100 97 99 -3.0 -1.0 

C5 100 100 100 0.0 0.0 

C13 100 100 100 0.0 0.0 

Twelve Month Cover 

A1 23 25 1 8.7 -95.7 

A4 100 98 0 -2.0 -100.0 

A7 100 99 0 -1.0 -100.0 

Polyethylene Cover & Mow to Ground 

Six Month Cover 

C1 98 100 100 2.0 2.0 

C6 100 96 100 -4.0 0.0 

C8 99 98 100 -1.0 1.0 

Twelve Month Cover 

A3 100 96 6 -4.0 -94.0 



ASSESSING SPARTINA PATENS CONTROL METHODS 36 
 

 
 

Plot 
September 

2013 
March 
2014 

September 
2014 

Relative % 
Difference after Six 

Months 

Relative % 
Difference after 
Twelve Months 

A9 100 96 4 -4.0 -96.0 

A13 98 98 95 0.0 -3.1* 

Polyethylene Cover & Steam 

Six Month Cover 

C2 100 100 100 0.0 0.0 

C7 99 99 99 0.0 0.0 

C11 90 93 93 3.3 3.3 

Twelve Month Cover 

A10 100 98 7 -2.0 -93.0 

A11 100 100 11 0.0 -89.0 

A14 98 96 31 -2.0 -68.4* 

Geotextile Cover Only 

Six Month Cover 

B4 77 74 78 -3.9 1.3 

B9 61 53 57 -13.1 -6.6 

B10 92 85 91 -7.6 -1.1 
Twelve Month Cover 

D3 99 100 3 1.0 -97.0 

D6 98 100 74 2.0 -24.5 

D10 98 91 24 -7.1 -75.5 
Geotextile Cover & Mow to Ground 

Six Month Cover 

B1 96 93 96 -3.1 0.0 

B8 96 96 95 0.0 -1.0 

B13 98 98 97 0.0 -1.0 

Twelve Month Cover 

D2 100 93 1 -7.0 -99.0 

D9 100 70 10 -30.0 -90.0 

D13 99 72 24 -27.3 -75.8 

Geotextile Cover & Steam 

Six Month Cover 

B6 97 92 99 -5.2 2.1 

B11 97 99 99 2.1 2.1 

B14 99 99 98 0.0 -1.0 

Twelve Month Cover 

D5 100 91 19 -9.0 -81.0 

D8 100 97 76 -3.0 -24.0 

D12 100 97 77 -3.0 -23.0 

Steam Only 

S1 100 81 99 -19.0 -1.0 
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Plot 
September 

2013 
March 
2014 

September 
2014 

Relative % 
Difference after Six 

Months 

Relative % 
Difference after 
Twelve Months 

S2 100 85 100 -15.0 0.0 

S3 100 97 100 -3.0 0.0 

Control 

X1 100 100 100 0.0 0.0 

X2 100 85 99 -15.0 -1.0 

X3 100 75 99 -25.0 -1.0 
* Sample plots A13 and A14 were damaged by wildlife, compromising the data. 

Table 2 

Comparing Relative Percent Difference of Treatment Variations after Six Months 
 
Treatment Median Maximum  Minimum Mean  Standard 

Deviation 
n 

Polyethylene Cover 
Only 

-0.5 8.7 -3.0 0.45 4.20 6 

Polyethylene Cover 
& Mow to Ground 

-2.5 2.0 -4.0 -1.83 2.57 6 

Polyethylene Cover 
& Steam 

0.0 3.3 -2.0 -0.12 1.96 6 

All Polyethylene 
Pooled 

-0.50 8.7 -4.0 -0.50 3.04 18 

Geotextile Cover 
Only 

-5.5 2.0 -13.1 -4.79 5.73 6 

Geotextile Cover & 
Mow to Ground 

-5.1 0.0 -30.0 -11.23 13.75 6 

Geotextile Cover & 
Steam 

-3.0 2.1 -9.0 -3.02 3.88 6 

All Geotextile 
Pooled 

-3.51 2.1 -30.0 -6.34 9.10 18 

Steam Only -15.0 -3.0 -19.0 -12.33 8.33 3 
Control -15.0 0.0 -25.0 -13.33 12.58 3 

Table 3 

Comparing Relative Percent Difference of Treatment Variations after Twelve Months 
 
Treatment Median Maximum  Minimum Mean  Standard 

Deviation 
n 

Polyethylene Cover 
Only 

-100.0 -95.7 -100.0 -98.55 2.51 3 

Polyethylene Cover 
& Mow to Ground 

-95.0 -94.0 -96.0 -95.00 1.41 2 

Polyethylene Cover 
& Steam 

-91.0 -89.0 -93.0 -91.00 2.83 2 

All Polyethylene -95.65 -89.0 -100.0 -95.38 3.90 7 
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Pooled 

Geotextile Cover 
Only 

-75.5 -24.5 -97.0 -65.66 37.23 3 

Geotextile Cover & 
Mow to Ground 

-90.0 -75.8 -99.0 -88.25 11.72 3 

Geotextile Cover & 
Steam 

-24.0 -23.0 -81.0 -42.67 33.20 3 

All Geotextile 
Pooled 

-75.76 -23.0 -99.0 -65.53 32.34 9 

Steam Only 0.0 0.0 -1.0 -0.33 0.58 3 
Control -1.0 0.0 -1.0 -0.67 0.58 3 
 

Statistical Analysis 

 The null hypothesis states that there is no change in percent cover due to treatment 

effects.  To test this hypothesis, Analysis of Variance (ANOVA) can be used.  ANOVA is a 

parametric test that assumes that the values for each group are normally distributed and that 

sample variances are similar to each other (Fowler, Cohen, & Jarvis, 2005, p. 181).  The data did 

not meet the ANOVA assumptions.  As a result, the Kruskal-Wallis test was used as a non-

parametric equivalent of the ANOVA to test the null hypothesis and determine whether there are 

significant differences between treatment variations.  The Kruskal-Wallis test compares the 

medians of three or more groups.  Another non-parametric test, the Mann-Whitney U-test, 

compares the medians of two unmatched samples and was used to compare pooled polyethylene 

and geotextile data.  Groups tested by the Mann-Whitney U and Kruskal-Wallis do not need to 

contain an equal number of values (Fowler et al., 2005, p. 168).   

Using QED Statistics version 1.4.1.456, the Kruskal-Wallis showed a significant 

difference in medians between treated plots in September 2013, March 2014, and September 

2014 (H=28.8987, df = 5, P = > 0.05).  While the results suggest that the treatments had an effect 

after twelve months, the March data is considered reflective of natural seasonal trends, rather 

than a result of the treatments.  For example, as shown in Table 2, the median for the control 
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plots showed a decrease of 15.0 percent in March, while the largest decrease in medians for 

covered treatment groups was 5.5 percent.  Comparing the six covered treatment variations, the 

Kruskal-Wallis test indicated no significant difference in medians after six months (H= 6.44, df 

= 5, P = > 0.05) or twelve months (H= 9.07, df = 5, P = > 0.05), suggesting the pre-treatments 

had no effect and that the cover materials themselves were responsible for the change in percent 

cover between September 2013 and September 2014.   

Given that the pre-treatment variations did not show significantly different results, data 

for polyethylene and geotextile plots were pooled to determine whether one cover material was 

more effective than the other.  A two-tailed Mann-Whitney U-test showed a significant 

difference in medians between polyethylene and geotextile covered plots after six months (U = 

95.5, n1 = 18, n2 = 18, P = < 0.05) and twelve months (U = 11, n1 = 7, n2 = 9, P = < 0.05).  The 

two results, however, point to different materials being more effective.  At six months, the 

geotextile appears to show a greater decrease in percent cover than polyethylene, while the 

reverse is true after twelve months.  As noted previously, the decline in percent cover observed 

in March 2014 may be more strongly associated with seasonal conditions than with treatment 

effects. 

Plots that were uncovered in March 2014 and left exposed for the following six months 

showed no significant difference in percent cover between September 2013 and September 2014, 

indicating that covering for six months, particularly the six months aligning with winter, had no 

effect.  Similarly, plots that were steamed only and not covered were not significantly affected 

by the treatment. 
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Discussion 

Observations Six Months after Treatment 

Six months after treatment, plants under the polythene sheeting were yellow and 

appeared more stressed compared to the green growth observed under the geotextile (Figure 9), 

suggesting that the polyethylene sheeting was more effective at blocking out sunlight.  However, 

although the plants appeared more stressed, the majority of the stems were still alive and this is 

reflected in the percent cover data.  For example, four of the sample plots under polyethylene in 

plot C (C1, C2, C5, and C13) appeared yellow but had percent covers of 100%.   Results within 

the same treatment groups also varied widely in some cases.  For example, as shown in Table 2, 

the difference in percent cover for plots pre-treated by mowing and covered with geotextile 

ranged from 0 % to a 30 % decrease.  Aside from the results for this one treatment variation, the 

largest decreases were observed in the two groups of uncovered plots, the control and steam 

plots, suggesting that covering Spartina patens over the winter months may have protected the 

plants from harsh conditions.  Given the limited ability of Spartina patens roots to oxygenate in 

anoxic conditions, another possibility is that the covered soils were kept drier than uncovered 

areas, potentially giving them an advantage.  Pre-treating by applying steam or mowing appeared 

to have no significant effect, with steamed and mowed plots showing similar results to plots that 

received no pre-treatment prior to covering. 
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Figure 9.  Uncovered plots in March 2014, with geotextile plot B on left (green) and 
polyethylene plot C on right (yellow). 

 

The effects of the six month treatments were short-lived.  In April 2014, one month after 

uncovering, both of the six-month plots showed vigorous growth, as seen in Figure 10.  Stems in 

the previously covered plots also appeared taller and denser than the uncovered area between the 

two treatment areas.  This suggests that the timing of treatment is critical and that cover materials 

will be more effective when applied before the growing season. 

 

Figure 10.  Plots one month after uncovering, with untreated area in the centre. 
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Observations Twelve Months after Treatment  

Sometime between June 28 and August 4, 2014, wildlife appears to have damaged the eastern 

end of the polyethylene covering plot A.  During the August site visit, approximately ten rough 

tears were observed in the cover material, accompanied by recent digging into the underlying 

mud at several of the punctures, as shown in Figure 11.  A coyote was observed in the marsh 

during the site visit.  Green shoots were observed in approximately half of the exposed areas, 

with the remaining plants appearing brown and dead.  The damaged areas were covered with 

additional polyethylene or patched with heavy duty tape prior to leaving the site, as shown in 

Figure 12. 

 

Figure 11.  Wildlife damage to polyethylene, August 4, 2014. 
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Figure 12.  Repairs to plot A, August 4, 2014.   

 
Between August 4 and September 4, 2014, further similar damage to the polyethylene in 

the same approximate area occurred, again appearing to be caused by wildlife.  While the August 

patches were intact, three new tears were observed adjacent to the previous repairs, as shown in 

Figure 13.  The location of these punctures exposed and compromised two of the test plots, A13 

and A14, located at the eastern end of plot A.  New green growth was observed in both plots, and 

one had also been subject to digging.  Data from these two test plots were not included in the 

statistical analysis.  
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Figure 13.  Additional damage to plot A adjacent to previous repairs, September 4, 2014. 

 

After twelve months, both the geotextile and polyethylene covered plots showed a 

significant decrease in the percent cover of live stems, with the majority of plants appearing 

brown and dead, as shown in Figure 14.  Notable exceptions include plants exposed by the 

damage to plot A in July and August 2014.  Plants in the damaged areas that had been covered 

for at least ten months were green and showed new growth, indicating that Spartina patens will 

recover quickly anywhere the cover material is not intact and sunlight can penetrate.  While 

polyethylene may have had a greater effect than geotextile after twelve months, it was more 
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prone to damage and such puncture-related regrowth.  The plots that had been uncovered in 

March 2014 showed vigorous green growth similar to the control plots, as did the plots treated 

with steam only. 

Figure 14.  Uncovered plots in September 2014, with polyethylene plot A on left and geotextile 
plot D on right. 

 

Observation Summary and Ongoing Efforts  

In general, Spartina patens appeared to show a natural decrease in percent cover over the 

winter, followed by vigorous growth between March and September.  Pre-treating by applying 

steam or mowing appeared to have no significant effect, showing similar results to plots that 

received no pre-treatment prior to covering.  After twelve months, polyethylene appears to have 

been more effective than geotextile, although this only applies where the polyethylene remains 

intact and undamaged.  Stressed Spartina patens recovered quickly once uncovered and 

anywhere it was exposed to sunlight.  Covering for six months over the winter did not have a 

significant negative effect, suggesting that the initial installation of cover materials will be more 

effective if conducted before the growing season. 
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Photos of test plots generally representative of conditions observed in each covered plot 

over the course of the study are presented in Figure 15.  As shown in Figure 15, live stems were 

observed in all of the plots in March 2014, with Control 2 having the lowest percent cover of 

those shown.  In September 2014, green stems were present in the geotextile-covered D6, while 

no live stems were observed in the polyethylene-covered A4.  Control 2 had returned to 

conditions observed in September 2013. 

Plot September 2013 March 2014 September 2014 

A4 

 
  

B13 

 
 

 

C2 

 
 

 

D6 
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Plot September 2013 March 2014 September 2014 

Control 
2 

   

Figure 15.  Seasonal example photos from each of the covered plots and a control plot. 

 

At the end of the twelve month study, the geotextile was reinstalled in the same location 

at plot D, while the polyethylene was folded in half and reinstalled at the eastern end of the 

damaged plot A.  The coverings are intended to remain in place for another year, unless a 

determination is made to proceed with herbicide treatment of Spartina patens infestations in 

Burrard Inlet prior to that time.  Installing the folded polyethylene left four test plots (A1, A3, 

A4, and A7) exposed.  Monthly monitoring of these plots will be continued to investigate the rate 

of recovery and reinvasion.   

Unintended Treatment Impacts and Rehabilitation Efforts 

While covering appeared to have an impact on Spartina patens after twelve months, 

unintended consequences to other species should also be considered when selecting an 

appropriate control method.  Given that the PCT constructed marsh had become a monoculture 

of Spartina patens, impacts to native marsh plants were not a concern during the present 

research.  However, this is not the case in San Francisco Bay where Spartina patens eradication 

efforts must be planned around a rare plant growing amongst the invasive cordgrass (Grijalva & 

Kerr, 2012, p. 12).  This is also not the situation at Maplewood Flats, another infestation in 

Burrard Inlet, where cow parsnip (Heracleum lanatum) and sea watch (Angelica lucida) have 
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made a comeback after two decades of management efforts as part of the Wild Bird Trust’s 

Anise Swallowtail Butterfly Restoration Project.  As in San Francisco Bay, herbicide application 

rather than covering is being considered for treatment of Spartina patens at Maplewood Flats 

(Banning-Lover, 2013, p. 11).  In addition to negative effects on native plants, further 

investigation into the potential impacts of covering on invertebrates and other soil organisms 

both inside and outside covered areas may be warranted prior to installing large scale, long term 

covering treatments.   

An integrated management approach should evolve over time and take into consideration 

alternative control methods which best suit the characteristics of the specific infestation.  For 

example, herbicide application has been shown to be effective at controlling large Spartina 

patens infestations in San Francisco Bay and Washington.  It can be targeted and provides the 

advantage of killing only herbaceous plants, while covering treatments may have unintended 

impacts on other species.  Depending on the size and location of the infestation, herbicide may 

also be more cost effective.  For example, the BC Spartina Working Group has estimated the 

cost of covering treatment in the high intertidal area to be $15,000/acre for materials and 

$20,000/acre for labour, while backpack application of herbicide was estimated to have material 

costs of $320/acre and labour costs of $800/acre (Dresen et al., 2010, p. 57).  While public 

opposition to herbicide application may be a concern, all of the potential tools available to 

eradicate Spartina patens should be considered when developing site-specific treatment 

strategies.  

Once eradication is achieved, the level of effort required “to restore the function of a 

previously invaded site and to ensure that the area is resilient to new invasions” (Boe, et al., 
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2010, p. 13) will also need to be determined based on site-specific conditions.  For example, The 

Nature Conservancy’s experience in Oregon has been that “[a]ctive planting of native vegetation 

is not necessary as recolonization by native plants occurs within 2-3 years after the fabric is 

removed” (Pickering, 2000, p. 3).  In the case of the PCT marsh, however, the lack of success of 

previous transplant efforts and the limited presence of native plants nearby suggests that more 

active rehabilitation may be required once Spartina patens is eradicated.   

Recommendations for Covering Treatments 

Based on the observations and findings of the present study, polyethylene sheeting was 

less expensive (roughly half the cost), easier to manage, and more effective at blocking sunlight 

than geotextile.  However, it was also more prone to damage from wave action, wildlife and 

weather conditions, requiring regular monitoring and patching over the twelve month period.  

The additional effort required to ensure the effectiveness of polyethylene as a covering treatment 

may be problematic in inaccessible locations.  As well, the lifespan and potential re-use of the 

material is likely much more limited compared to the geotextile.  The Nature Conservancy, for 

example, has been able to re-use landscaping fabric on Cox Island, Oregon “for six consecutive 

years (on three different patches for two years each) before it became too thin to block light” 

(Pickering, 2010, p. 264).  

The Nilex 2002 geotextile was rugged and required minimal repairs during the twelve 

month period.  Although covering trials using the same geotextile on Vancouver Island identified 

fraying at the cut edges of the material which “could potentially impact shoreline fauna” 

(Millham, 2013, p. 27), similar issues were not encountered during the present study.  This may 

be due to the larger size of the installations which used the full width of the roll, or the anchoring 
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method which included folding edges under before inserting the nail and washer.  While the 

robustness of the geotextile is likely partially attributable to its permeability, this characteristic 

also appears to reduce its effectiveness at blocking sunlight. 

The selection of covering materials should be based on the specific characteristics of the 

infestation location.  Where the area is relatively small and large sheets such as those used in the 

present study are not required, geotextile can likely be doubled-up with little extra effort or cost, 

as done at the Vancouver Island covering trials (Millham, 2013, p. 24), or combined with a 

material such as polyethylene sheeting.  Geotextile may also be better suited for difficult to 

access locations where regular monitoring would be problematic, although transporting the 

awkward, heavy rolls of geotextile to site for large scale installations may require extra effort up 

front.  Overall, installation of both covering materials was inexpensive and could be completed 

in a relatively short time with minimal effort.  

Regardless of the type of material selected, the timing of cover treatments is an important 

factor.  Based on the findings of this study, covering over the winter had little to no negative 

effect and may have actually helped protect the plants during harsher conditions.  As a result, 

conducting the initial installation of cover materials before the growing season is recommended.   

Cover plots of any type may also be subject to unexpected difficulties.  For example, the 

first two covering trials installed on Vancouver Island in 2012 were vandalized in mid-2013, 

“with the fabric cut open to expose the vegetation below” (Millham, 2013, p. 23).  In an effort to 

avoid similar incidents, signage describing the project was added in close proximity when the 

cover materials were reinstalled (Millham, 2013, p. 24).  Adopting similar measures is 

recommended for cover plots installed in publicly accessible and/or highly visible locations.   
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The present study was conducted in a constructed marsh, rather than a natural shoreline 

environment, potentially making the results more immediately applicable to similar infestation 

sites, such as the constructed marsh benches at Reed Point and Cedar Sawmill.  However, while 

constructed habitats would be expected to have characteristics which differ from natural 

environments, Spartina patens does not appear to be selective.  At the PCT site, for example, the 

plant has spread from the initial plugs transplanted in the constructed marsh to the adjacent pre-

existing marsh, as well as to a nearby riprap armoured shoreline.  To increase the chance of 

success, site specific treatment strategies developed to eradicate Spartina patens should take into 

account the lessons learned from control efforts in a variety of conditions and environments. 

Conclusion 

Spartina patens is a non-native species of cordgrass that threatens the coastal resources of 

British Columbia.  Inadequate management efforts to control this invasive plant could result in a 

loss of intertidal habitat which would negatively impact numerous species and require greater 

resources to address in future.  Eradication efforts elsewhere on the Pacific coast of North 

America, notably San Francisco Bay, California and Cox Island, Oregon, have largely focussed 

on herbicide application and covering using landscaping material.  Shading trials to treat known 

Spartina patens infestations in British Columbia began in 2012.  The goal of the present research 

was to expand the current knowledge related to covering treatments, particularly as it applies to 

Burrard Inlet infestations, and to assess potential pre-treatments that may contribute to reducing 

the length of time required for eradication. 

This study tested the following treatment variations for their effectiveness at reducing 

Spartina patens in a constructed marsh:  1) covering using polyethylene and geotextile; 2) 
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covering for six months and one year; 3) stressing the plant by pre-treating with steam or by 

mowing to ground prior to covering; and, 4) applying steam.  After six months, plants under the 

polythene sheeting were yellow and appeared more stressed compared to the green growth 

observed under the geotextile, suggesting that the polyethylene sheeting was more effective at 

blocking out sunlight.  However, although the plants looked different, no significant difference 

was observed in the percent cover of live stems between the various covered treatments.   

After twelve months, percent cover decreased significantly in the covered plots, with 

polyethylene appearing to be more effective than geotextile.  Unfortunately, the polyethylene 

was also more prone to damage, potentially rendering it useless if regular monitoring and repairs 

are not conducted.  Pre-treating by applying steam or mowing appeared to have no significant 

effect, suggesting that stressing Spartina patens prior to covering does not reduce the length of 

time required for covering to be effective.  Plots that were uncovered after only six months 

quickly recovered from any stress they may have experienced, with no difference observed in 

percent cover between September 2013 and September 2014.  Similarly, the plots that were 

steamed only and not covered were not significantly affected by the treatment.   

Neither cover material achieved a complete reduction in live stems after twelve months, 

in line with previous studies and efforts which recommend a minimum two year cover period.  

The findings and observations of the present study suggest that combining or doubling up cover 

materials may block sunlight more completely, provided the installations remain intact and 

undamaged.  As observed, even after being covered for ten months stressed Spartina patens will 

recover quickly once uncovered and exposed to sunlight.   Timing is also important, with cover 
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materials appearing to be more effective when applied before the growing season, rather than 

over the winter.     

Further research into the long-term effectiveness of covering treatments and the viability 

of native plants to re-establish is recommended.  Unintended consequences, such as potential 

impacts to soil organisms inside and outside covered areas, should also be considered for further 

study.  While covering as a control method for small infestations is generally inexpensive and 

not labour intensive, it may not be well suited for all situations.  Site-specific treatment 

approaches should consider the trade-offs of different control methods, as well as resource 

limitations.  While physical control methods have not yet been ruled out in British Columbia, in 

future this may include applying herbicide to treat Spartina patens.  Above all, management 

efforts to control and eradicate non-native Spartina species will require a long-term commitment, 

including “adequate funding, political will and coordinated efforts” (Boe, et al., 2010, p. 5).   
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