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Abstract 

Tl’chés is the Lekwungen name for the Chatham Islands — an archipelago located 

southeast of Victoria, British Columbia. Tl’chés is a central place in the traditional 

territory of the Lekwungen peoples, and today it is reserve land of the Songhees First 

Nation. This landscape was traditionally managed by prescribed burning and the 

cultivation of native plants. However, in the early 1950's, Lekwungen peoples left the 

archipelago, due to a lack of potable water and since then, the landscape has degraded 

drastically. The introduction of non-native plants has resulted in threats to the ecological, 

cultural resilience, and diversity of the landscape. My research focuses on developing a 

restoration plan for springbank clover in the coastal root garden. My restoration approach 

focuses on incorporating a Songhees-informed approach to restoration by integrating past 

practices and knowledge with the aim of answering: how to best restore the springbank 

clover population on Tl’chés? 

Keywords:  Eco-cultural restoration; coastal root gardens; traditional ecological 

knowledge (TEK); Songhees First Nation; cultural keystone place (CPK) 
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Glossary 

Hygric Water removed slowly enough to keep soil wet for most of 
growing season; permanent seepage and mottling; gleyed 
colours common. 
 

Mesic Water removed somewhat slowly in relation to supply; soil 
may remain moist for a significant, but sometimes short 
period of the year. Available soil moisture reflects climatic 
inputs. 
 

Subhydric Water removed slowly enough to keep water table at or near 
surface for most of year; gleyed mineral or organic soils; 
permanent seepage < 30 cm below surface. 
 

Subhygric Water removed slowly enough to keep soil wet for a 
significant part of growing season; some temporary seepage 
and possibly mottling below 20 cm. 

Xeric Water removed very rapidly in relation to supply; soil is moist 
for brief periods following precipitation. 
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Chapter 1. Introduction to the Coastal Root Garden at 

Tl’ches 

Tl’chés is the Lekwungen name for the Chatham Islands — an archipelago 

located southeast of Victoria, British Columbia (B.C.). Tl’chés has always been 

traditional territory of the Lekwungen peoples, and today it is reserve land of the 

Songhees First Nation. However, in the early 1950’s, Lekwungen peoples left the 

archipelago due to a decline in potable water. Since the Songhees’ departure over 60 

years ago, the landscape has degraded drastically (Gomes 2012, 2013; Higgs, 2003). The 

introduction of non-native plants, and the cessation of the Songhees’ management 

practices—such a prescribed burning and cultivation of native plants—have resulted in 

threats to the ecological, cultural resilience, and diversity of this managed Lekwungen 

landscape. However, there are non-native plants, for example, plum and apple trees, that 

are of great significance to the Songhees (Darcy Mathews, personal communication, 

2018). According to Sellemah/Joan Morris, a sʔéləxʷ (elder) of the Songhees Nation, who 

was raised at Tl’chés by her great grandparents Tom and Alice James, the fruit trees 

remain a cherished connection to history (Darcy Mathews, personal communication, 

2017). Therefore, there will be collaboration with the Songhees, to determine which non-

native plants are culturally significant to them. 

In this ARP, I offer a restoration prescription for one traditional coastal root 

garden on the northeast coast of “Little Chatham” Island (refer to Figure 1). Designated 

Coastal Root Garden 1, this small but productive garden has two culturally significant 

species, springbank clover (Trifolium wormskioldii) and Pacific silverweed (Potentilla 

anserina spp. pacifica). There may be other coastal gardens at Tl’chés—inventory for 

such gardens is outside the scope of this research—and I focus on this one garden 

because it has been identified by my Songhees Nation partners as an urgent concern for 

restoration.  

Coastal root gardens have been overlooked by colonialists in coastal B.C., and it 

is only recent research by ethnobotanists Nancy Turner and Douglas Deur—under the 

guidance of Kwakwaka'wakw elder Kwaxistala/Clan Chief Adam Dick—that we know 
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about some of these gardens today (Deur, 2002a). Despite the wealth of knowledge that 

experts like Kwaxistala from farther up the coast have, little Lekwungen community 

knowledge of the Tl’chés coastal root gardens exists today. As such, I will be drawing 

upon ethnographic/community knowledge concerning coastal root gardens from 

Kingcome Inlet and Nimpkish River. Although little specific knowledge of local coastal 

gardens exists, springbank clover was used extensively by Lekwungen peoples. For 

example, the nearby Clover Point in Victoria is named after historically managed gardens 

of this plant (Turner and Turner, 2008).  Wayne Suttles, an anthropologist, recalls the 

W̱SÁNEĆ peoples aerating and cultivating springbank clover with digging sticks (Turner 

and Hebda, 2012). However, these coastal root gardens are the centre of intensive 

practice of resource management, centering on the enhancement and production of these 

plots (Deur, 2002a). A coastal root garden is a plot that was actively managed by 

transplanting, weeding, and selective harvesting were all integral to the management of 

these gardens (Deur 2002a, 2005; Turner and Kuhnlein, 1982). Soils were actively and 

intentionally modified to enhance root output and quality (Deur, 2002a). Additionally, 

mounds or low terrace-like structures were constructed to determine boundaries and 

expand the cultivable portion of the coastal shoreline, thereby altering the shoreline 

gradient (Deur, 2002a). The gradient was altered by using digging sticks to push and 

move soil (Deur, 2005). This movement of soil resulted in the addition of height to 

existing gardens or pushing mounded soil out laterally (Deur, 2005). The shoreline was 

modified by piling rocks along the boundaries of the root gardens (Deur, 2002a). The 

movement of rocks, soil, and debris resulted in a level planting surface, with low rock 

walls surrounding gardens to retain soils (Deur, 2005). The extent of these modifications 

(soil mounds or retaining walls) depended on the pre-existing tidal flat gradient (Deur, 

2005). Soil mounding and rockwork construction expanded the amount of cultivatable 

area for Pacific silverweed and springbank clover (Deur, 2005).  

These gardens were typically placed in seasonally flooded wetland environments 

and soils characterized by high fertility (Deur, 2002a). Furthermore, soils were enhanced 

and tilled to break up the sod and keep the soil aerated and porous (Deur 2002a, 2005). 

Specialized digging sticks were made of yew wood (Taxus brevifolia) and were a 

common tool used for digging soils (Pukonen, 2001). Not only did this keep the soil 
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aerated and porous but mixed in the most recent deposits of estuarine or alluvial debris, 

which helped fertilize the soil (Deur, 2005).  

However, the coastal root garden at Tl’chés, is different than the estuarine root 

gardens described by Deur, as it is not in an estuary and may represent a different 

category of coastal root gardens. The two significant plants in the root garden are: Pacific 

silverweed and springbank clover. These plants were of incredible significance to First 

Nations along the coast of B.C., including the Lekwungen peoples. Their roots and 

rhizomes were a primary source of dietary carbohydrates prior to the introduction of the 

potato (Deur, 2002a). Furthermore, these rhizomes were of tremendous importance 

within Northwest Coast First Nations economic and ceremonial life (Deur, 2002a). While 

Pacific silverweed represents a traditional food to the Songhees, a significant decline in 

springbank clover seems to be occurring (Darcy Mathews, personal communication, 

2018). Therefore, the goal of this project will focus on restoring springbank clover as it is 

identified as a culturally significant species, by the Songhees (Darcy Mathews, personal 

communication, 2018). The Songhees does not want to introduce springbank clover from 

outside sources (i.e. nursery plantings), therefore, it is critical that restoration efforts are 

conducted now, to ensure the survival of in situ springbank clover on Tl’chés. 

Unfortunately, invasive species have been introduced to Tl’chés, such as 

Himalayan blackberry (Rubus armeniacus; syn R. discolor), agronomic grasses (cheat 

grass (Bromus tectorum), velvet grass (Holcus lanatus), and sweet vernal grass 

(Anthoxanthum odoratum), and common hawthorn (Crataegus monogyna) (Refer to 

Table 3) (Gomes, 2013). Invasive plants, if left untreated, will displace native species or 

change the ecological processes that shape an ecosystem (Polster et al., 2006). Nicholas 

(2017), in a restoration prescription for a wetland immediately adjacent to my study area, 

echoed this same concern for invasive plants such as Himalyan blackberry, English holly 

(Ilex aquifolium), lamb’s quarters, brass buttons (Cotula cornopifolia), and agronomic 

grass species, which he documented encroaching into a culturally sensitive place. 

However, non-edible or non-medicinal native plants were also be traditionally perceived 

as “weeds,” and they also pose a risk to root gardens (Darcy Mathews, personal 

communication, 2018). Many native plants, such as grasses and sedges, for example, 
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were traditionally weeded out as these plants competed with Pacific silverweed and 

springbank clover (Deur, 2002b). 

In addition to the root garden being at risk, Songhees’ cultural practices are at risk 

(Nicholas, 2017). These root gardens were historically created and maintained by the 

Coast Salish residents of the islands and the roots were carefully tended and cultivated to 

enhance the quality and productivity (Pukonen, 2001). A declining supply of drinking 

water culminated in the 1950’s and early 1960’s with Lekwungen families having to 

move away from Tl’chés. The cause of the change in the ground water availability is 

currently unknown, but it resulted in families relocating to the urban reserve in 

Esquimalt, and therefore unable to care for traditional gardens as they once had (Darcy 

Mathews, personal communication, 2018). However, coastal gardens may have also been 

less intensively managed, due to the introduction of western-style gardening and plants 

such as potatoes, carrots, and fruit trees (Suttles, 2005). Despite this imposed lack of 

access to Tl’chés and the traditional foods there, the Songhees Nation want to continue 

this relationship. 

A key part of returning to these coastal root gardens is addressing the ecological 

and ecocultural restoration issue. Ecological restoration is defined as the process of 

assisting the recovery of an ecosystem that has been degraded, damaged, or destroyed 

(SER, 2019). Ecocultural restoration is a term used to describe the process of restoring 

not only an ecosystem but also a cultural knowledge, skills, and practices that have 

played a role in shaping that system for generations (Senos et al., 2006). For the eco-

cultural restoration component, it is imperative to involve the community with restoration 

efforts as it allows the community to reconnect with the land. 

My master's applied research project is a collaboration with the University of 

Victoria School of Environmental Studies and the Songhees First Nation. The primary 

research question is: how to best restore the springbank clover population on Tl’chés? 1 

The goal of this report is to provide recommendations for future management of 

springbank clover in the coastal root garden. The objectives of my project are to:  

                                                
1I would like to note that “best” considers restoration principles and best practices, but this work is also done in a 
culturally significant and sensitive place, traditionally managed by Lekwungen peoples on reserve land.  
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1. Provide an inventory of culturally significant plant species at the coastal root 

garden (which I designate Garden 1) that the Songhees Nation wants to promote. 

2. Provide an inventory and map of invasive species in Garden 1, which will aid in 

guiding restoration practices, by determining the priority for removal. 

3. Provide a detailed restoration plan for Garden 1 that is informed by traditional 

management practices and is sensitive to Songhees values and priorities. 

In effect, what I am offering is a restoration plan that employs the present-day 

principles of restorative design but conducted in a place, and with an indigenous 

community, that requires the co-application of traditional management techniques.  

1.1 ARP Organization 

The first introductory chapter situates and contextualizes the reader with why the 

coastal root garden at Tl’chés needs restoration actions. 

Chapter 2 (Location of Tl’chés) introduces readers to the location of Tl’chés and 

the coastal root garden site. This chapter provides background as to the historical 

conditions, current conditions, ecosystem stressors and desired future conditions. This 

chapter highlights historical evidence regarding past locations of springbank clover, 

highlighting the loss of springbank clover over a small period of time. 

Chapter 3 (Novel Ecosystems, Cultural Keystone Places and Cultural 

Landscapes) further describes how the Songhees identity and way of life are tied to 

Tl’chés. This chapter then discusses the importance of novel ecosystems and describes 

how the coastal root garden is considered a novel ecosystem. 

Chapter 4 (Focal Plant Species and First Nations Significance of Coastal Root 

Gardens) discusses the defining plant characteristics of Pacific silverweed and 

springbank clover and the cultural significance these plants within First Nations culture. 

Chapter 5 (Traditional Ecological Knowledge and Wisdom and Restoration) 

provides the reader with a definition of Traditional Ecological Knowledge and Wisdom 

(TEKW) and how TEKW can inform restoration. 
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Chapter 6 (Field Restoration Methods) describes the field methods undertaken in 

the spring and fall field season with Chapter 7 (Results) highlighting the results from the 

field seasons and subsequent laboratory analysis. 

Chapter 8 (Ecocultural Restoration Prescription for the Coastal Root Garden) 

describes future actions needed to implement restoration. 
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Chapter 2. Location of Tl'chés and the Coastal Root Garden 

Tl'chés is a derivation of the Lekwungen Straits Salish word for "island", and it is 

a small archipelago comprised of the Chatham Islands, and adjacent islets, near the City 

of Victoria, on the southern-most tip of Vancouver Island (Cuerrier et al., 2015). 

Uninhabited today, Tl'chés and adjacent islands (Figure 1) represent approximately two-

thirds of Lekwungen reserve lands (Cuerrier et al., 2015) and are the only non-urban 

reserve land they own. 

 
Figure 1. Image of Tl'chés (Chatham Islands) in relation to Victoria with study site 
(modified from Google Earth, 2018). 

Tl'chés is a low-lying archipelago, with a complex coastline of small rocky 

headlands, small shingle beaches, salt marshes, clam beds and other coastal features. Less 

common, but very distinct, are the peaty areas along low-energy and sheltered parts of the 

coast, where springbank clover and Pacific silverweed grow. Garden 1 is located at 

48°26.190¢N, 123°15.354¢W, and is situated next to a small lagoon with bedrock bounded 

on two sides with peaty substrate and a mixed silt-cobble shoreline. The coastal root 

garden is protected and sheltered from prevailing winter southwesterly winds as it is on 

the inside of a narrow passage between the north end of Little Chatham and Vantreight 

Island. Salt water enters the coastal root garden, during high winter tides and through salt 
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spray. Winter storms would also cause tidal flushing of the lagoon located beside Garden 

1 which would affect the inputs of nutrients.  

 
Figure 2. Garden 1 site map (modified from Google Earth, 2018). 

2.2 Historical Conditions, Current Conditions, Ecosystem Stressors and Desired 

Future Conditions 

Historical conditions, current conditions, ecosystem stressors and desired future 

conditions provide an understanding of how the landscape has changed since the 

departure of the Songhees, absence of traditional management, and in the introduction of 

invasive species. It is also imperative to know the desired future conditions the Songhees 

would like to obtain in order to determine the restoration objectives. 

The Chatham Islands (including Tl'chés) are located within the Coastal Douglas-

fir moist maritime (CDFmm) zone, based on the biogeoclimatic ecosystem classification 

(BEC) (Green and Klinka, 1994). The CDFmm is restricted to low elevations and the 

climate typically has warm, dry summers and mild, wet winters (Nuszdorfer, Klinka, and 

Demarchi, 1991).  
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Before colonialist pressures, the Lekwungen people were inextricably tied to their 

landscape, however, with the establishment of the Colony of Vancouver Island, with its 

capital at Fort Victoria, the Lekwungen people became Fort Victoria’s largest trading 

partner, trading primarily for food (Lutz, 2008).  

The age and historical conditions of the Tl'chés coastal root garden are not known. 

With the departure of the Songhees to their main reserve in Esquimalt, Tl'chés is now 

uninhabited and untended. Due to the loss of permanent residents, since 1950, Tl'chés has 

become increasingly vulnerable to invasive exotic plant species and habitat degradation 

(Gomes, 2013). Without human influence on the landscape, invasive species are 

threatening culturally significant plants, such as springbank clover. Elder Sellemah/Joan 

Morris has no knowledge of her great grandparents Tom and Alice James tending the 

coastal root garden, although they did have vegetable gardens around their house and 

harvested other native plants such as blue camas (Darcy Mathews, personal 

communication, 2019). Therefore, the garden may have been left untended as early as 

1840. This coincided with the building of Fort Victoria, where foods such as potatoes 

were easier to cultivate and could be exchanged for other goods (Gomes, 2013; Lutz, 

2008).  

 Historically, springbank clover was found at additional locations on Tl'chés. For 

example, in 1980, University of Victoria ethnobotanist Dr. Nancy Turner observed a 

small but very dense patch of springbank clover (Figure 2) growing along the landward 

margin of a swale on the northwest side of West Chatham Island (refer to Figure 3). Dr. 

Nancy Turner and Dr. Darcy Mathews revisited the site in May 2018 and the springbank 

clover was no longer present (Darcy Mathews, personal communication, 2019). Dr. 

Turner believes the springbank clover may have been outcompeted by Pacific silverweed, 

sedges, and invasive forbs. 
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Figure 3. Springbank clover that was present at the historical location (refer to map in 
Figure 2) Photo credit: Nancy Turner, 1999. 

 
Figure 4. Historical location of springbank clover as documented by Dr. Nancy Turner 
(modified from Google Earth, 2018). 

An additional pressure, climate change, will have an effect on this ecosystem due 

to increased storm surges, sea level rise, and warmer, drier summers which increases 

stress to native plant communities and exacerbates the impact of invasive plants (Fahey et 
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al., 2018) (refer to section 4.4 for greater detail on sea level rise and increased storminess 

as a result of climate change). Plants respond to many aspects of climate including means 

(e.g., total precipitation, temperature), timing (e.g., temperature regimes during life-

history stages), and variability (e.g., magnitude and duration of climate extremes) (Dukes 

et al., 2008). Climate change will affect plants by indirectly altering ecosystem processes 

and invasive plant species have the ability to tolerate new climates better than the native 

species (Dukes et al., 2008). Additionally, invasive plants may be better adapted to 

climate change than native species, as many invasive species have traits that facilitate 

long-range dispersal, thereby allowing them to establish populations, and compete with 

the native species that are less well adapted to the new climate (Dukes et al., 2008).  

Songhees Nation desired future conditions involve restoring springbank clover to 

a more abundant population and creating an eco-cultural experience for the Songhees 

Nation youth to connect with the land. Elder Sellemah/Joan Morris want to have the 

youth on the land as the “people’s health depends upon their connection to the land, 

supporting healthier and more sustainable ways of life” (Gomes, 2012: pg. 96). It is 

essential to engage the youth so that youth can learn the knowledge, skills, language, and 

cultural practices of their ancestors (Turner and Wilson, 2005). My role is to provide the 

culturally-informed restoration framework for community engagement and funding to 

enact the eco-restoration prescription.  
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Chapter 3. Novel Ecosystems, Cultural Keystone Places and 

Cultural Landscapes 

“Eech'aul'ih'ol”, my name is Sellemah. For the first ten years of my life 

was raised in Chatham Island. I was raised by my great-grandparents and grandparents. 

We were very self-sustaining in Chatham Island. We had our own fruit trees, vegetable 

garden... We had fish, sea urchins, crabs, and just about every type of seafood that you 

can think of. I would very much like to see the youth involved as well as the elders, who 

grew up in Tl’chés, come together to do this project to promote our sustainability on the 

land that used to be. We have grown so accustomed to fast foods... with the worldwide 

shortage of food, water, everything ... we need to get back to our roots. “Hych’ka”! (Joan 

Morris pers. comm. 2011) (Gomes, 2012: pg. 98). 

3.1 Tl’chés as a Cultural Keystone Place and Cultural Landscape 

As defined by Cuerrier at al. (2015), a Cultural Keystone Place (CKP) is a place 

that is critical to people's lifeways and identity. These places have an exceptional role in 

people's cultural identity, food production, land and resource management, language, 

stories, history, and social and ceremonial practices. CKPs have evolved under both the 

influences of natural processes and sustainable human practices, which have maintained 

biodiversity and productivity (Gomes, 2012).  Tl'chés is cited in the pivotal Currier et al. 

(2015) paper as one of the archetypal cultural keystone places; a place that remains 

foundational to Lekwungen well-being, identity, history, language, and traditional foods 

and lifeways. 

Cultural landscapes are regions that express a long and intimate relationship 

between peoples and their natural environments, reflecting specific techniques of 

sustainable land use, a specific relationship with nature, a spiritual relation with nature, 

and techniques of sustainable land- use (Cuerrier et al., 2015; Gomes, 2012). For 

millennia, Tl'chés has been vital to the livelihoods and cultural expression of the 

Songhees (Cuerrier, 2015). Tl'chés is considered a CKP and cultural landscape containing 

burial cairns, village shell midden, and other archaeological elements (Cuerrier et al., 
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2015). However, the native plant biocultural diversity is threatened, by invasive species 

(Cuerrier et al., 2015). The coastal root garden, on Tl'chés, is an integral aspect to the 

CKP concept. While there is little present-day community knowledge about this coastal 

root garden, the community recognizes it wants to relearn and reengage with this plant 

stewardship, and as such the garden is a priority for eco-cultural restoration. Furthermore, 

as Sellemah reminds us, this is a way to “get our youth back to the land.” 

3.2 Tl’ches as a Novel Ecosystem and the Coastal Root Garden as a CKP 

Tl'chés is a novel ecosystem (Gomes, 2013). Novel ecosystems are systems that 

differ in composition and/or function from present and past systems as a consequence of 

changing species distributions, environmental alteration through climate and land use 

change and shifting values about nature and ecosystems (Hobbs et al., 2013). These 

systems can arise from cessation in past management practices or due to a change in 

mostly unmanaged systems (Hobbs et al., 2013). These new systems are now termed 

"novel" and have been considered primarily in relation to invasive species or climate 

change (Hobbs et al., 2013). As many ecosystems are rapidly being transferred into new, 

non-historical configurations, it is necessary to note that novel ecosystems cannot be 

restored to historical conditions (Higgs, 2017: pg. 9). Future restoration actions, for the 

Tl'chés coastal root garden, would depend on taking guidance from and working closely 

with Songhees elders and leadership. Conducting present-day restoration is an 

opportunity for the reintroduction of historical practices such as breaking up and turning 

the soil with yew wood digging sticks, transplanting, and weeding. A Songhees-informed 

approach to restoration would promote the recovery, both culturally and ecologically, of 

the coastal root garden, and some of the knowledge and practices that brought it into 

being deep in the past. 

Novel ecosystems are significant, especially on islands, where high rates of 

species introductions and invasions can make novelty the norm (Meyer et al., 2014). 

Therefore, the novel ecosystems paradigm may provide a decisions framework that can 

guide the effective use of restoration resources, by emphasizing a focus on maintaining 

ecosystem function, in areas to where a historic baseline is not possible (Meyer et al., 
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2014). For the coastal root garden, I use the novel ecosystems framework as a guide to 

restoration goal setting by:  

1. Evaluating existing historic and current information on the distribution of native 

and invasive species; 

2. Identifying historic baselines for habitats of interest; 

3. Deciding whether ecosystems are native, hybrid, or completely dominated by 

invasive species; and  

4. Determining management activities. 
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Chapter 4. Focal Plant Species and First Nations 

Significance of Coastal Root Gardens 

In this chapter I present and discuss the biological characteristics of Pacific 

silverweed and springbank clover, the First Nations cultural significance of these two 

species, coastal root garden maintenance, and coastal root gardens as contested spaces 

and impacts. These plants were valued traditionally to First Nations and continue to be of 

cultural significance today.  

4.1 Biological Characteristics of Pacific Silverweed and Springbank Clover. 

The purpose of Table 1 is to familiarize readers with the biological characteristics 

of these plants. This table is significant as it distinguishes the different characteristics 

between Pacific silverweed and springbank clover and is a useful for field work in the 

coastal root garden, as it aids in identification of these two species. 

Table 1. Comparison of the two focal plant species, Pacific silverweed and springbank 

clover.  

Characteristics Pacific Silverweed Springbank Clover 

Family  Rose (Rosaceae) Pea (Fabaceae) 

Leaves Basal, compound, pinnate and 
are woolly and silver beneath. 

Leaves are compound, 3-
foliate and leaflets are 

approximately 3 cm long, 
pointed at the tip and are 

finely toothed. 
Flowers Yellow with oval petals which 

grow from a stolon. 
Range from red to purple, are 
often tipped with white, and 

grow in dense heads of 2 – 60 
flowers. 

Roots/Rhizomes Light to dark brown in colour 
with longitudinal brownish 

striations. Roots can grow up 
to 7 mm or more in diameter. 

Rhizomes are whitish in 
colour, seldom exceed 2 mm 
in diameter, and range from 

10 – 20 cm in length. 
Habitat Found in wet spots (marsh 

edges, streamside’s), sandy 
spots (beaches and dunes), 

Found growing in areas that 
are moist to wet, open 

habitats and is often found 
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usually near the sea, but not 
restricted to maritime habitats. 

growing together with Pacific 
silverweed. 

Elevation Middle to low elevations 
(minimum: 0 m, average: 890 

m, maximum 1630 m). 

Middle to low elevations 
(minimum: 0 m, average: 1 

m, maximum: 5 m). 
pH Range Require neutral to slightly 

acidic soils (5.0-8.0).  
6.2 – 7 

Soil Requirements Requires rich nutrients and 
xeric, subhygric, or hydric 

moisture regime. 

Medium moisture regime 
(mesic, subhygric, or 

subhydric) and medium 
textured soils with rich 

nutrients.  
Salinity Tolerance Moderately tolerant. Salinity 

range of 0 – 20 ppt. 
0 – 35.0* 

* Table information was gathered from Pojar and MacKinnon, 2004; Turner and 
Kuhnlein, 1982; GOERT, 2018; B.C. Ministry of Environment, Lands, and Parks, 1998; 
U.S. Environmental Protection Agency, 1999; Cockett et al., 2013; Odum, 1988. 
**The salinity tolerance for springbank clover is lacking in the literature. It is known that 
springbank clover tolerates high salt to brackish marshes. Therefore, as an 
approximation, I provide the average salinity range in these two environments. 
 

 
Figure 5. Line drawing of springbank clover (left) and Pacific silverweed (right) 
(Douglas et al., 1999). 

4.2 First Nations Cultural Significance of Pacific Silverweed and Springbank Clover 

Prior to European contact many scholars believed that First Nations did not 

cultivate plants (Deur, 2002a). First Nations were depicted by early explorers to be "a 

wholly non-planting and non-breeding culture who did not rely heavily on plant foods" 



17  

(Deur, 2002a: pg. 140). As such, this preconceived notion of early explorers, resulted in 

the vegetation management of coastal root gardens to be largely overlooked (Deur, 

2002a). Coastal root gardens were culturally significant and were a significant food 

source as the roots of Pacific silverweed and the rhizomes of springbank clover are high 

in nutrients such as iron, copper, zinc, and manganese (Deur, 2005; Kuhnlein et al., 

1982). Root production was vital among Northwest Coast elites as a means of meeting 

ceremonial obligations, which was vital for their maintenance of social and economic 

standing (Deur, 2005: pg. 301). Along the entire coast, roots were standard items of 

exchange at potlatches and roots were consumed as a part of winter ceremonial dances 

(Deur, 2005: pg. 301). The roots could also be used for barter and trade, for high-prestige 

ceremonial items, which would assert and insure the owner's social, economic, and 

political standing (Deur, 2005). However, besides a trading commodity, ceremonial feasts 

were entirely devoted to the consumption of these roots; each feast having its own 

intricate etiquette surrounding the act of root preparation and consumption (Deur, 2005). 

However, there was also cultural complexity, surrounding the cultivated patches of roots. 

Each cultivated patch of these roots was subject to a form of ownership (Deur, 2002b). 

Therefore, not only were these plants a food source, but there were also complex social 

and cultural management practices. 

4.3 Coastal Root Garden Maintenance, Rhizome Cultivation, and Restoration 

Significance  

This section is meaningful as it helps guide future restoration efforts for the 

coastal root garden on Tl'chés. As mentioned previously there is a knowledge gap, within 

the Songhees community, of how to maintain these gardens. While the knowledge 

presented in this section is borrowed from Kwaxistalla, in Kingcome Inlet, the same 

techniques apply the coastal root garden at Tl'chés. 

First Nations traditional management of coastal root gardens is complex. First 

Nations actively transplanted, weeded, and selectively harvested the roots and rhizomes 

of Pacific silverweed and springbank clover (Deur, 2002a). Soils were actively and 

intentionally modified to enhance root output (Deur, 2002a). Furthermore, mounds or low 

terrace-like structures were constructed within individually own root plots, to distinguish 
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boundaries and expand the cultivable portions of the estuarine shoreline (refer to Figure 

6) (Deur, 2002a). Competing plants, such as grasses, sedges, and rushes, were weeded 

out of coastal root plots, leaving only the Pacific silverweed and springbank clover (Deur, 

2005). Both Pacific silverweed and springbank clover respond positively to turning of the 

soil and by weeding out competing plants, this allowed for the expansion of beds of 

edible roots into areas formerly containing competing plants (Deur, 2005; Turner and 

Kuhnlein, 1982). Abandoned gardens, without this active weeding, were invaded by 

native and later invasive species, pushing the Pacific silverweed and springbank clover 

into much smaller ranges (Deur, 2005). In addition to weeding, vegetative transplanting, 

replanting, and selective harvesting was commonly used to enhance the output of garden 

plots (Deur, 2005). Pacific silverweed root and springbank clover rhizome fragments 

were typically replanted at the time of harvest (Deur, 2005).  

 
Figure 6. Schematic drawing showing the effect of building up the soil in a coastal root 
garden to create a broader expanse of suitable habitat for edible roots (Turner et al., 
2013). 
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Anecdotal accounts from ethnobotanist Dr. Nancy Turner (see Section 2.2), and 

Songhees community members such as Cheryl Bryce, suggest that the springbank clover 

population has likely been declining on Tl'chés for at least 100 years (Darcy Mathews, 

personal communication, 2018). The Songhees are worried about the decline in 

springbank clover, due to its cultural importance, and want to keep the   of the population 

viable (Darcy Mathews, personal communication, 2018). Therefore, ensuring local 

springbank clover does not become locally extirpated at Tl’chés —and non Tl’chés clover 

is not introduced— is a priority for this restorative design. In fact, the intention is to 

dramatically increase the productivity of this plant, along with springbank clover, to the 

extent that the plants can again be harvested in quantity. As part of the restorative design 

I have suggested starting a springbank clover propagation garden, near the coastal root 

garden, on Tl'chés. 

4.4 Colonial and Present-day Impacts to Traditional Food Systems and Coastal Root 

Gardens 

Eighty percent of all biodiversity on the planet thrives in the twenty-two percent 

of global territories that are home to indigenous peoples (Corntassel and Bryce, 2012). 

Increasingly, researchers recognize that the same forces that threaten biodiversity also 

threaten indigenous peoples' longstanding relationships with their homelands (Corntassel 

and Bryce, 2012). Ongoing environmental destruction jeopardizes the sustainable 

relationships indigenous nations have practices for thousands of years (Corntassel and 

Bryce, 2012). Due to colonial encroachment onto First Nations homelands, being 

indigenous today means engaging in a struggle to reclaim relationship with the land and 

regenerate the destructive forces of colonization (Corntassel and Bryce, 2012). 

Unfortunately, coastal root gardens provide an example of how colonial forces have 

impacted a vital ecosystem.  

Estuaries are one of the world's most biologically productive ecosystems (Robb, 

2014). However, estuarine habitats are being lost, due to anthropogenic threats, such as 

the conversion of land for agriculture, forestry, climate change or residential and 

industrial development has caused habitat loss and fragmentation (Robb, 2014). While 

the coastal root garden on Tl'chés is not in an estuary, many root gardens on coastal B.C. 
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are located within estuaries. The coastal root garden is considered an intertidal site and is 

subject to the same human-caused impacts and climate change risks as estuaries. Since 

the coastal root garden has an exposed shoreline, it could be at greater risk from increased 

storminess, as it is less sheltered than an estuary. 

 Climate change poses a significant threat to estuarine habitats. The human 

population has been inputting greenhouse gases into the atmosphere at unprecedented 

levels resulting in rapid global warming climate trends (Cruz et al., 2018). Sea level rise, 

as a result of climate change, is of particular concern to coastal communities (Cruz et al., 

2018). In response to climatic warming, eustatic sea level has been predicted to rise by 

approximately 50 cm in the next century, and storm surges are expected to increase 

(Kirwan and Murray, 2007; Malik and Abdalla, 2016). Estuaries and coastal root gardens 

are particularly vulnerable to climate change since they are highly exposed and acutely 

sensitive to changes in temperature, pH, saline intrusion, wetland inundation, and 

storminess (Peirson et al., 2015). Increased sea level rise typically results in increased 

inundation and sediment delivery to the plant community, increasing the rate of accretion 

(Kirwan and Murray, 2007). However, the effects of climate change on estuaries, will 

also extend to coastal root gardens. Furthermore, these threats are expected to increase as 

coastal populations continue to expand (Robb, 2014). Degradation of coastal root gardens 

can be documented back to the late 1800’s when colonial settlers introduced the 

cultivation of potatoes (Deur et al., 2013). Restricting First Nations from tending their 

coastal root gardens resulted in a decline of knowledge and degradation of this ecosystem 

(Turner and Turner, 2008). First Nations traditional harvesting places were frequently 

claimed and occupied by colonial peoples (Deur et al., 2013). This resulted in 

degradation and changes due to livestock, agricultural production, and urban 

development, which in turn undermined First Nations economic, social, and ceremonial 

institutions dependent upon access to traditional foods and places (Deur et al., 2013).   
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Chapter 5. Traditional Ecological Knowledge and Restoration 

“Ecological restoration promotes a means of sustaining the diversity of life on 

Earth and re-establishing an ecologically healthy relationship between nature and 

culture” – SER mission statement. 

5.1 Traditional Ecological Knowledge and Wisdom and Ecocultural Restoration 

Traditional Ecological Knowledge and Wisdom (TEKW) refers to having 

intimate knowledge of an area along with the communication and exchange of this 

knowledge through generations by cultural transmission, about the relationships of living 

being with one another and with their environment (Turner et al., 2000; Gomes, 2012). 

TEWK has a fundamental importance in the management of local resources and in 

conserving biodiversity (Turner et al., 2000).  

According to (Salmόn, 2000; Turner and Garibaldi, 2004; Senos et al., 2006; 

Gomes, 2012), TEKW can contribute to restoration practices by offering:  

1. A kincentric worldview: First Nations view both themselves and nature as part of 

an extended ecological family that shares ancestry and origins. First Nations 

kincentric worldview allowed them to develop an understanding of agricultural 

techniques (harvesting, cultivation, transplanting, vegetative propagation, and 

weeding) enhancing the understanding of the human-nature relationship; 

2. Identification of reference systems for restoration based on pre-contact conditions 

informed by TEKW practices and land use: the memories of elders and other 

members within the community can give insight into traditional management 

practices allowing for successful restoration efforts. For example, Secwepemc 

elder, Mary Thomas, remembers harvesting wapato (Sagittaria latifolia) as a child, 

and her memories allowed for successful restoration and conservation efforts; 

3. Succession and disturbance understanding: due to First Nations relationship with 

nature, TEKW can provide insight into disturbance regimes, or long-term 

ecological cycles that may have been missed by Western science. For example, 

traditional use of fire on the landscape; 
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4. Insights for scale definition for the most appropriate scale for restoration: TEKW 

provides an operation framework that addresses the integration of various 

ecological and social scales, situated within temporal scales.   

The coastal root garden promotes ecocultural restoration and can also be 

considered an ethnobotanical garden as it contains culturally valuable plants (Pukonen, 

2001). Ethnobotanical gardens fill a specific and vital niche as they are a promising way 

to help preserve and share cultural knowledge about plants (Turner and Wilson, 2005). 

Therefore, the coastal root garden at Tl'chés, can support education, conservation, food 

preparation, and ceremonial practices.  
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Chapter 6. Preliminary Field Restoration Methods 

In this chapter I present the preliminary field methods completed in the 2018 

spring field season and the field and laboratory analysis methodology for the 2018 winter 

field season. In the spring field season, I began by conducting a preliminary plant 

inventory, by which I was collected GPS information on invasive species in the coastal 

root garden. The second preliminary inventory method was a roaming transect conducted 

with Kristen and James Miskelly. During the spring field season my main goal was to 

accomplish determining the invasive and native species present to provide an accurate 

plant composition with in the coastal root garden. In the winter field season, my goal was 

to excavate plots with in the coastal root garden to determine where springbank clover is 

growing or may have grown historically. Once these plots were excavated, soil was 

collected and analyzed at B.C. Ministry of Environment Laboratory, where parameters 

such as pH, percent carbon and nitrogen, percent phosphorus, exchangeable cations and 

cation exchange capacity, and metals were analyzed. My goal with this analysis and 

parameters is to determine why springbank clover may or may not be growing in an area 

and to add to baseline data for the coastal root garden. 

6.1 Preliminary Inventory Methodology 

1. Preliminary inventory methods: mapping invasive species from May 7 – 18, 2018, 

using a Garmin handheld GPS.  

2. Roaming inventory methodology: Plant inventory technique was conducted by 

performing a "roaming transect". A roaming transect has a group of people, starting 

at a single point, and then fanning out around the area. For the purpose of this 

restoration project a roaming transect is more accurate than a traditional transect, 

as it allows for a more accurate representation of the plant species present (Kristen 

and James Miskelly, personal communication, 2018)2 (refer to Figure 8). 

                                                
2 Kristen and James Miskelly manage Saanich Native Plants in Saanich, B.C. Both Kristen and James are locally-
known and respected naturalists and they were instrumental in guiding me with the roaming transect and plant 
identification. They were both able to assist me in plant identification and further helped me, in the writing process, by 
answering any questions I had about invasive species removal.  
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6.2 Pacific Silverweed and Springbank Clover Rhizome Density Analysis and Soil 

Analysis Methodology 

Between November 8 – 9, 2018, I conducted additional field work at the coastal 

root garden on Tl'chés. Within Coastal Garden 1, four plots were chosen using a 

judgmental sampling method. Plots were chosen based on the plant community growing, 

as I want to know why springbank clover is not growing throughout the coastal root 

garden. Plots were chosen in 4 locations (Figure 7): 

1. Where springbank clover is growing well. 

2. Where only Pacific silverweed is growing. 

3. Where there is no springbank clover or Pacific silverweed (peat deposits). 

4. Transition zone between peat deposits and no springbank clover or Pacific 

silverweed was growing. 

Each of the plots measured 0.5 m2 and 17 cm deep Plot 1, 13 cm deep in Plot 2, 

12 cm deep in Plot 3, and 15 cm deep in Plot 4. In each plot the ProCheck Sensor was 

used to measure soil moisture, temperature, and bulk electrical conductivity, before 

excavation. Soil compaction testing was also conducted after the ProCheck Sensor 

measurements. Soil compaction was determined by using a Dickey-John Soil 

Compaction Tester. Soil compaction is necessary, for understanding past cultural 

practices, as soil that is not compacted would indicate previous human management, such 

as soil tilling. Plots were excavated by using a shovel to break the plant layer. This layer 

was then removed and placed on a tarp beside the plot. Once the surface plant layer had 

been removed soil classification was conducted for Plots 1 – 4. The soil in each plot was 

dug until bedrock was reached and soil was placed on the tarp beside the excavation plot. 

Plots 1 – 4 were excavated in order to determine the soil types present, with the help of a 

Munsell Chart, and to determine the quantity of Pacific silverweed and springbank clover 

roots growing in each plot. Only Plot 1 – 2 had Pacific silverweed and springbank clover 

roots. Soil samples were then collected and sent to the B.C. Ministry of Environment Lab 

in Victoria to analyze for nutrients. Once each plot had been excavated, and soil samples 

collected, roots of the Pacific silverweed and rhizomes of the springbank clover were 

collected and weighed for each plot. Roots and rhizomes were weighed on an Ohaus 
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Scout scale, with an accuracy of 0.1 g, were free of soil, and the weight recorded was wet 

weight. Root weight is significant as it allows me to determine the biomass of both 

species present within the coastal root garden. Root weight can also allow me to 

understand the past cultural practices and how intensively these species were harvested.  

 
Figure 7. Location of sample plots within coastal root garden (modified from Google 
Earth, 2018). 
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Figure 8. Plot 2 before excavation. Photo taken during fieldwork in November 2018 (50-
cm photo scale bar). 

 
Figure 9. Excavation of Plot 3 (measuring 0.5 m2) within the coastal root garden on 
Tl'chés. Photo by Darcy Mathews, 2018. 
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Figure 10. Roots of Pacific silverweed (top) and rhizomes of springbank clover (bottom) 
after excavation of Plot 2. Photo taken during fieldwork in November 2018. 

6.3 Soil Analysis Laboratory Methods 

An analysis of soil attributes from Garden 1 at Tl’ches is both an assessment of, 

and a potential baseline for growing conditions necessary for springbank clover and 

Pacific silverweed. The methods of soil analysis are summarized in Table 2, below. 
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Table 2. Summary of laboratory analysis methods by Ministry of Environment, in 
Victoria, B.C. 

Analysis Type Method Significance 

pH Soil samples were oven dried and 
once dried samples were ground 
and sieved (< 2 mm). pH is 
analyzed at a ratio of 1:2 with 
calcium chloride (CaCl2). The 
samples and solvent are mixed, 
and the pH is tested using a 
manual meter. Conductivity is 
measured at a ratio of 1:2 with 
laboratory grade water. The 
samples and solvent are mixed, 
and conductivity is tested from the 
resulting supernatant using a 
manual meter. 

Soil pH influences the 
availability of essential 
nutrients. 

Percent Carbon 
and Nitrogen 

Determined by grinding the < 2 
mm fraction of soil, to < 0.01 mm 
and is then analyzed for carbon 
and nitrogen via a combustion 
instrument with IR detection. 

Influences plant growing 
conditions.  

Available 
Phosphorus 

Analyzed with a Bray P1 solution, 
which contains ammonium 
fluoride and hydrochloric acid. 
The resulting extracts are analyzed 
using a colourimetric analyzer 
with UV detection. 

Determines the 
phosphorus available for 
plants in the growing 
season.  

Exchangeable 
Cations 

Analyzed by extracting the soil 
with a 0.1M solution of BaCl2. 
The resulting extract was analyzed 
for a variety of cations, including 
Ca, Mg, K, and Na via ICO-OES 
which are used to calculate CEC. 

Determines cations that 
are exchangeable for 
plants. 

Metals Analysis of metals involved 
digesting the soils with nitric acid 
in a microwave digestion unit, 
with the resulting digestates 
analyzed via ICP-OES. 

Metals are needed by 
plants in small quantities. 
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Chapter 7. Results from Preliminary Field Season in Spring 

2018 and Winter Field Season in Fall 2018. 

The results section is structured showing analysis from the spring and winter field 

season. This includes the plant inventory, conducted on May 15, 2018, and field results 

from the winter field season (November 8 – 9, 2018). Lastly, at the end of Chapter 7, the 

results from the field seasons are discussed. These results are crucial for future restoration 

goals as it allows for baseline data collection and better understanding of the ideal soil 

conditions for springbank clover.  

7.1 Spring Field Results – Plant Inventory 

Invasive species waypoints were collected using a handheld Garmin GPS, there is 

an accuracy of +/- 3 m. The GPS accuracy could have implications for locating invasive 

species in future restoration projects. Refer to Figure 11 below. 

 

Figure 11. Map of invasive species from field work completed on May 9, 2018. 

In the diagram below (Figure 8) depicts the roaming transect conducted with 

Kristen and James Miskelly from Saanich Native Plants. The outline of the root garden in 
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yellow indicates the boundary of the survey and the red arrows are indicate the 

approximate direction of travel. 

 
Figure 12. Aerial view of Garden 1 with an overlay of the roaming transect that was 
conducted in the coastal root garden on May 15, 2018. Kristen and James Miskelly, from 
Saanich Native Plants, and I conducted the roaming transect. Photo credit: Darcy 
Mathews, 2017. 

The inventory of native and invasive plant species (Table 3) depicts the results 

from the roaming transect and provides an inventory of plant species present at the 

coastal root garden. This table is useful for informing future restoration efforts, as it is 

necessary to determine the species that are present at the study site. 

 
 
 
 
 
 
 
 
 
 
 



31  

Table 3. Inventory of native and invasive plant species in the coastal root garden at 
Tl'chés. Inventory was conducted on May 15, 2018. 

Common Name  Scientific Name Invasive/Native 

                                                Grasses and Rushes 

Quackgrass Agropyron repens Invasive 

Creeping bent grass Agrostis stolonifera Invasive 

Sweet vernal grass Anthoxanthum odoratum Invasive 

Dune wildrye Elymus mollis Native 

Salt grass Distichlis spicata Native 

Velvet grass Holcus lanatus Invasive 

Meadow barley Hordeum brachyantherum Native 

Baltic rush Juncus balticus Native 

Sea arrow grass Triglochin maratima Native 

Rattail fescue Vulpia myuros Invasive 

Forbs 

Spanish clover Acmispon americanus Native 

Hooker's onion Allium acuminatum Native 

Chaffweed Centunculus minimus Native 

Lamb's quarters Chenopodium album Invasive 

Saltmarsh dodders Cuscuta maritima Native 

Tall annual 
willowherb 

Epilobium brachycarpum Native 

Purple willow herb Epilobium ciliatum Native 

Cleavers Galium aparine Native 

Entire-leaved 
gumweed 

Grindelia stricta Native 

Beach pea Lathrus japonicus Native 

Orange trumpet 
honeysuckle 

Lonicera ciliosa Native 

Pacific water parsley Oenanthe sarmentosa Native 

Scouler's 
popcornflower 

Plagiobothrys scouleri Native 
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Slender plantain Plantago elongata Native 

Seaside Plantain Plantago maritima Native 

Pacific silverweed Potentilla anserina spp. 
pacifica 

Native 

Cotton-batting 
cudweed 

Pseudonaphalium 
stramineum 

Native 

Sea asparagus Salicornia pacifica Native 

Lance-leaved 
stonecrop 

Sedum lanceolatum Native 

Beach sand-spurry Spergularia macrotheca Native 

Dandelion Taraxacum officinale Invasive 

Seaside arrow-grass Triglochin maritima Native 

Few-flowered clover Trifolium oliganthum Native 

Springbank clover Trifolium wormskioldii Native 

Himalayan 
blackberry 

Rubus armeniacus Invasive 

Dock Rumex conglomeratus Invasive 

Trees and Shrubs 

Arbutus Arbutus menziesii Native 

Scotch broom Cytisus scoparius Invasive 

Black twinberry Lonicera involucrata Native 

Pacific crab apple Malus fusca Native 

Shore pine Pinus contorta Native 

Douglas-fir Pseudotsuga menziesii Native 

Scouler's willow Salix scouleriana Native 

 

7.1 Winter Field Results – ProCheck  

During the winter field season, the ProCheck was used to measure volumetric 

water content, temperature, and bulk electrical conductivity of Plots 1 – 4 before 

excavation. 
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Table 4. ProCheck soil measurements of volumetric water content, temperature, and bulk 
electrical conductivity for Plots 1 – 4 for field dates November 8 – 9, 2018. 

Measurement Value - Plot 1 Value - Plot 2 Value - Plot 3 Value - Plot 4 

Volumetric water 
content (m3/m3) 

0.306 0.409 0.449 0.290 

Temperature (°C) 7.7 13.6 7.5 10.7 

Bulk Electrical 
Conductivity (ds/m) 

0.44 0.13 0.91 0.85 

*For all of the plots soil compaction was found to be negligible and soils were not 
compacted. 

7.2 Lab Results – B.C. Ministry of Environment Lab  

Two soil samples were collected from each of the four plots. These samples were 

analyzed by the B.C. Ministry of Environment Lab for pH, electrical conductivity, total 

carbon and nitrogen, available phosphorous, exchangeable cations, and metals. The 

results are represented in tables 5 – 8. 
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Table 5. Lab results for pH, electrical conductivity, total carbon and nitrogen and available phosphorus of soils samples from field 
dates November 8 – 9, 2018. 

 
 
 
 
 
 

     

Plot pH Electrical Conductivity 
(mS/cm) 

Total C (%) Total N (%) Available Phosphorous 
(mg/kg) 

 

 
Sample 1 Sample 2 Sample 1 Sample 2 Sample 1 Sample 2 Sample 1 Sample 2 Sample 1 Sample 2   

Plot 1 - 
Springbank 

Clover Patch  

5.62 5.62 1.8 1.6 17 17 1.5 1.5 140 170  

Plot 2 - Root 
Garden Soil - 

Pacific 
silverweed no 

clover 

5.32 5.30 2 2.9 18 18 1.5 1.5 120 130  

Plot 3 - Root 
Garden Sample - 
Boundary of root 
garden and water 

5.24 5.28 22 26 9.3 12 0.8 0.99 270 230  

Plot 4 - Root 
Garden Soil 

Sample - 
Transition zone 
between no peat 
deposits and peat 

deposits 

5.55 5.53 3.5 5.4 9.7 11 0.82 0.95 130 130  
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Table 6. Results of exchangeable cations and cation exchange capacity in soil samples from field dates November 8 – 9, 2018. 
Plot Exchangeable 

Cation Al 
(cmol+/kg) 

Exchangeable 
Cation Ca 
(cmol+/kg) 

Exchangeable 
Cation Fe 
(cmol+/kg) 

Exchangeable 
Cation K 

(cmol+/kg) 

Exchangeable 
Cation Mg 
(cmol+/kg) 

Exchangeable 
Cation Mn 
(cmol+/kg) 

Exchangeable 
Cation Na 
(cmol+/kg) 

CEC (cmol+/kg) 

 
Sample 

1 
Sample 

2 
Sample 

1 
Sample 

2 
Sample 

1 
Sample 

2 
Sample 

1 
Sample 

2 
Sample 

1 
Sample 

2 
Sample 

1 
Sample 

2 
Sample 

1 
Sample 

2 
Sample 

1 
Sample 

2 

Plot 1 - 
Springbank 

Clover Patch  

0.059 0.067 14 14 0.0024 0.0023 1.4 1.4 15 15 0.036 0.037 16 16 46 47 

Plot 2 - Root 
Garden Soil 

- Pacific 
silverweed 
no clover 

0.015 0.022 18 19 0.0017 0.0012 1.2 1.2 21 23 0.048 0.055 5.7 7.2 46 50 

Plot 3 - Root 
Garden 

Sample - 
Boundary of 
root garden 
and water 

0.033 0.026 7.9 8.9 < 0.001 < 0.001 2.2 2.4 17 19 0.021 0.02 53 61 79 91 

Plot 4 - Root 
Garden Soil 

Sample - 
Transition 

zone 
between no 

peat deposits 
and peat 
deposits 

0.031 0.022 5.7 6.9 < 0.001 0.0012 1.3 1.5 8 9.9 0.029 0.046 13 17 28 36 
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 Table 7. Laboratory analysis of metals in soil samples from field dates November 8 – 9, 2018. 

 

 

 

Plot Al (mg/kg) B (mg/kg) Ca (%) Cu (mg/kg) Fe (mg/kg) K (%) Mg (%) Mn (mg/kg) Mo (mg/kg) Na (mg/kg) 

 
Sample 

1 
Sample 

2 
Sample 

1 
Sample 

2 
Sample 

1 
Sample 

2 
Sample 

1 
Sample 

2 
Sample 

1 
Sample 

2 
Sample 

1 
Sample 

2 
Sample 

1 
Sample 

2 
Sample 

1 
Sample 

2 
Sample 

1 
Sample 

2 
Sample 

1 
Sample 

2 

Plot 1 -
Springbank 

Clover 
Patch  

3100 3400 56 59 0.91 0.92 34 36 30000 32000 0.27 0.30 0.65 0.71 1000 1100 4.7 4.7 4100 4300 

Plot 2- 
Root 

Garden 
Soil - 

Pacific 
silverweed 
no clover 

2800 2800 55 55 1 0.98 36 34 28000 26000 0.31 0.30 0.85 0.85 1200 1100 5.3 4.2 2000 2300 

Plot 3 - 
Root 

Garden 
Sample - 
Boundary 

of root 
garden and 

water 

33000 32000 54 61 0.81 0.83 23 25 20000 19000 0.39 0.41 0.81 0.79 310 320 1.9 1.8 12000 14000 

Plot 4 -
Root 

Garden 
Soil 

Sample - 
Transition 

zone 
between no 

peat 
deposits 
and peat 
deposits 

29000 28000 44 52 0.84 0.81 22 26 22000 23000 0.37 0.36 0.74 0.73 570 590 2.2 2.9 3900 5300 
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Table 8. Laboratory analysis of metals continued from field dates November 8 – 9, 2018. 
 

 

Plot P (%) S (%) Zn (mg/kg) 

 
Sample 1 Sample 2 Sample 1 Sample 2 Sample 1 Sample 2 

Plot 1 – Springbank Clover 
Patch  

0.52 0.56 0.30 0.30 83 84 

Plot 2 – Root Garden Soil - 
Pacific silverweed no 

clover 

0.36 0.35 0.28 0.29 76 71 

Plot 3 – Root Garden 
Sample - Boundary of root 

garden and water 

0.27 0.28 0.30 0.35 47 45 

Plot 4 – Root Garden Soil 
Sample - Transition zone 
between no peat deposits 

and peat deposits 

0.20 0.25 0.18 0.25 56 57 
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7.3 Discussion of Results for the Winter 2018 Field Season 

 In this section results are discussed from the winter field season. Parameters such 

as soil moisture (volumetric water content), compaction, soil temperature, and bulk 

electrical conductivity were collected. The lab results of the soil samples and the 

parameters measured are also discussed in this section. These results are significant as it 

allows for me to make interpretations into the ideal growing conditions for springbank 

clover. 

7.3.1 Soil Moisture (volumetric water content) and Compaction 

From November 8 – 9, 2018 further field work was conducted at the coastal root 

garden. A ProCheck Soil Sensor was used to determine the moisture, temperature, and 

bulk electrical conductivity of the four study plots (refer to Table 4). Volumetric water 

content is the volume of liquid water per volume of soil (Bilskie, 2001). Attributes such 

as plant growth, soil temperature, chemical transport, and ground water recharge are all 

dependent on water in the soil (Bilskie, 2001).  Volumetric water content was measured 

in Plot 1 – 4 as seen in Table 4.  The values for Plot 2 and 3 were relatively similar, 

however, Plot 1 and 4 varied and had a lower value. This lower value could be a result of 

difference in soil texture and structure between the chosen plots. For example, Plot 3 is 

located at the boundary of the root garden, where there were obvious peat deposits when I 

excavated that plot. Peat can hold large volumes of water, which would indicate why the 

volumetric water content value was high for Plot 3. Volumetric water content has 

implications for restoring the springbank clover as there needs to be enough water for the 

plant to survive. When the plots were excavated, only Plot 1 – 2 had springbank clover 

rhizomes present indicating that the volumetric water content could be within the ideal 

range for springbank clover. 

Compaction was also measured, beside each plot, however the value was 

negligible. This is significant as it indicates that the coastal root garden could have been 

historically tilled. 
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 7.3.2 Soil Temperature 

Soil temperature affects plant growth indirectly by affecting water and nutrient 

uptake and root growth (Government of Alberta, 2019). Decreases in temperature results 

in a decrease in water and nutrient uptake (Government of Alberta, 2019). Plant growth 

starts at a minimum temperature and as temperature increases, the rate of plant growth 

increases until optimum temperature is reached (Government of Alberta, 2019). 

Furthermore, soil temperature also has an effect on soil moisture, as higher soil 

temperature will indicate less water available (Government of Alberta, 2019). Since I 

collected my data during a winter field season, soil temperature may not be as pertinent 

compared to a spring or summer field season when the plants are beginning to grow, and 

soil temperature would have a greater effect on the soil moisture. The temperature is 

highest in Plot 2 and Plot 4 (Table 4), however, did not seem to have a substantial impact 

on soil moisture. 

 7.3.3 Bulk Electrical Conductivity 

Bulk electrical conductivity describes the ability of a material to conduct an 

electrical current (Grisso et al., 2009). The electrical conductivity of soils varies 

depending on the amount of moisture held by the soil particles and the particles size and 

structure (Grisso et al., 2009). Plot 3 – 4 had a high value of bulk electrical conductivity 

indicating the soils have a higher clay value in comparison to Plot 1 – 2 (Table 4).  

 7.3.4 pH  

Soil samples were collected from November 8 – 9, 2018 and were sent to B.C. 

Ministry of Environment Lab in Victoria B.C. The lab provided values for pH, carbon 

(%) and nitrogen (%), available phosphorous, analysis of exchangeable cations (Al, Ca, 

Fe, K, Mg, Mn, and Na) and the cation exchange capacity (CEC) and metals (Al, B, Ca, 

Cu, Fe, K, Mg, Mn, Mo, Na, P, S, and Zn) for each plot. Two samples from each plot 

were sent to the B.C. Ministry of Environment Lab for analysis. The results for pH 

random from 5.28 – 5.62 (Table 5). Based on literature research (refer to Table 1) Pacific 

silverweed can tolerate a pH range of 5.0 – 8.0 and springbank clover can tolerate a pH 
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range of 6.2 – 7. While the pH analysis values are lower for springbank clover, this could 

indicate that springbank clover may not be sensitive to pH changes. An additional factor 

could be from sending the soil samples to the lab for pH analysis. Typically, pH is 

measured in the field, as pH can be influenced by factors such as temperature and 

moisture, thereby changing the pH of collected samples. 

 7.3.5 Cation Exchange Capacity and Electrical Conductivity 

Cation exchange capacity (CEC) and exchangeable cations are positively charged 

ions that are attracted to the surface of clay particles and CEC is the quality of 

exchangeable cations present in clay (Young et al., 2012). Therefore, the higher the CEC 

value, the more clay or organic matter present in the soil, and the less chance of leaching 

(Cornell University Cooperative Extension, 2007). The CEC values of the study plots are 

high, except for Plot 4 - Root Garden Soil Sample – transition zone between no peat 

deposits and peat deposits (Table 6). Therefore, due to this low value, it is possible that 

nutrients could be leaching from this site. The highest CEC value is in Plot 3 – Root 

Garden Sample – boundary of root garden and water. The CEC values are high for this 

site due to the proximity to the ocean. Winter storms would cause water to spray and 

deposit sodium. 

Exchangeable cations analyzed were aluminum (Al3+), calcium (Ca2+), iron 

(Fe2+), potassium (K+), magnesium (Mg2+), manganese (Mn2+), and sodium (Na+). The 

nutrients essential for plant growth are calcium, iron, potassium, and magnesium. 

Potassium is an essential nutrient and is required in relatively large amounts by plants 

(Krzic et al., 2010). Sodium is not considered to be an essential nutrient, however, the 

concentration in soil can be an indicator of salinity and can have a negative impact on soil 

structure (Krzic et al., 2010). Aluminum and manganese are nutrients required for plant 

growth, however, can serve as indicators of acidic soil (Mackenzie et al., 2004). As soils 

become more acidic cations are replaced by aluminum and manganese producing a high 

CEC value (Mackenzie et al., 2004). While the values for aluminum and manganese were 

not incredibly high, the sodium value was the highest for Plot 3 – Root Garden Sample – 

boundary of root garden and water. The high value of sodium is most likely due to winter 
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storm wave action which would deposit excess sodium at the front of the coastal root 

garden.  

 7.3.6 Total % Carbon and % Nitrogen 

The % C for the plots ranges from 9.3 – 18 with Plot 3 – Root Garden Sample – 

Boundary of root garden and water having the lowest value for carbon. The site with the 

highest % C is Plot 2 – Root Garden Soil Sample – Pacific silverweed no clover (Table 

5).   

However, % N is higher within Plots 1 – 2, and this could be a result of 

springbank clover being a nitrogen fixer. Springbank clover rhizomes were present in 

Plot 1 – 2 but not Plots 3 – 4, indicating why the % N value would be low. 

When comparing the % C values to % N values, the % N values are very low and 

range from 0.80 – 1.5. However, despite the low % N values, springbank clover does not 

require high % C or % N (B.C. Ministry of Environment, Lands, and Parks, 1998).  

 7.3.7 Available Phosphorous 

Phosphorous (P) is one of the most essential limiting nutrients for all plants and 

without phosphorous plants are unable to grow (Agriculture and Agri-Food Canada, 

2016; Ziadi et al., 2013). Available phosphorous is described as the fraction of total 

phosphorous that is readily available for absorption by plant roots (Ziadi et al., 2013). 

Phosphorus is highest in Plot 3 – Root Garden Sample – Boundary of root garden and 

water. Sphagnum moss, present in peat, plays a role in nutrient cycling as they intercept 

nutrients from litter before the nutrients return to the rooting zone, which would indicate 

why phosphorus is highest in these samples (Chapin et al., 1987). However, the higher 

phosphorus concentrations, could be a result of clay present in the soil. In comparison 

with the other plots, Plot 3 (Table 5) had the highest amount of clay particles, causing the 

phosphorus to be bound up in clay particles. 
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 7.3.8 Metals 

The metal analysis, as with all the above analysis, will offer a baseline for the 

ideal growing conditions of springbank clover in the coastal root garden. In the coastal 

root garden springbank clover rhizomes were only found in Plots 1 – 2 (Table 7 – 8). 

Both aluminum and sodium are present in higher concentrations in Plots 3 – 4 in 

comparison to Plots 1 – 2. While metals manganese, molybdenum, copper, and zinc were 

higher in Plots 1 – 2 in comparison to Plots 3 – 4. Therefore, the varying concentration in 

metals, could provide information into thresholds for springbank clover. However, more 

research will need to be conducted, in order to fully conclude adequate growing 

conditions for springbank clover. 
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Chapter 8. Ecocultural Restoration Prescription for the 
Coastal Root Garden 

 The purpose of this chapter is to outline future ecocultural restoration plans for 

the coastal root garden, provide future goals and objectives, and a budget for proposed 

restoration. 

8.1 Future Ecocultural Restoration Actions  

The purpose of this section is to outline the steps that I need to take to restore the 

coastal root garden.  

Step 1: Community Engagement 

In addition to restoring the coastal root garden, I want to interview Cheryl Bryce 

(Songhees Lands Manager) to determine the long-term goals for the coastal root garden, 

for the Songhees community. Furthermore, I would like to engage the Songhees 

community by involving youth in restoration. Songhees community inclusion facilitates a 

strengthening of ties among people and between people and place (Higgs, 2003).   

Step 2: Funding 

In order to implement the restoration plan, it will be necessary to apply for 

funding. Funding will be applied for in 2019, to carry out restoration work in the 

summer/fall. Potential sources of funding include Natural Sciences and Engineering 

Sources of Canada (NSERC), Social Sciences and Humanities Research Council of 

Canada (SSHRC), Crown-Indigenous Relations Canada (CIRNAC), Indigenous Services 

Canada (ISC), Environment Canada Eco-Action Community Funding Program, and the 

North American Partnership for Environmental Community Action. Table 11 provides a 

restoration budget. 

Step 3: Removal of Invasive Species 

The third step, in restoration of the coastal root garden, will be to remove the 

invasive species such as the invasive grasses and the Himalayan blackberry. Mechanical 

control of Himalayan blackberry, dock, and lamb’s quarters can consist of mowing or 
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persistent cultivation (tilling) or cutting in combination with mowing (Invasive Species 

Council of B.C., 2014; DiTomaso et al., 2013). Once the plant has been cut, all plant 

material must be collected on tarps and disposed of (Invasive Species Council of B.C., 

2014). Himalayan blackberry can be removed during any season; however, the plant is 

weakest when flowering and seeding, or when stressed (GOERT, 2018). Therefore, it is 

best to remove the plant once it has flowered (GOERT, 2018).  

Best management practices for invasive grasses involve removal of the grasses as 

well as the accumulate litter layer, while minimizing soil disturbance (GOERT, 2018). 

Physical control, for invasive grasses, consists of manual removal but hand pulling or 

careful hoeing in spring or early summer before the seed sets (GOERT, 2018). An 

additional method for invasive grasses involves smothering (James Miskelly, personal 

communication, 2019). Grasses such as cheat grass, rattail fescue, quack grass, and sweet 

vernal can be smothered, however, it is best to smother these grasses in the winter when 

native plants are not growing (James Miskelly, personal communication, 2019). Removal 

of invasive species is imperative as invasive plants can modify the structure and function 

of the coastal root garden (Garono et al., 2006). However, the aggressive nature of these 

plant species, typically results in vast expanses of monotypic stands of vegetation 

(Garono et al., 2006). However, once invasive species have been removed, a springbank 

clover propagation garden will be constructed, to aid in protecting the genetics of this 

species. 

Step 4: Community and Youth Involvement 

Elder Sellemah/Joan Morris has mentioned the importance of the youth getting 

back to the land. Therefore, a major step in this restoration plan, is to involve the 

community and youth. My goal is to provide workshops for the youth at the coastal root 

garden with the intent that the youth will be able to lead the restoration. Table 10 

provides traditional cultivation methods and how these methods can be used for 

community engagement. 
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Table 9. Best management practices for invasive species in the coastal root garden on Tl'chés (adapted from GOERT, 2018; James 
Miskelly, personal communication, 2019). 
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Table 10. Traditional and current methods of promoting Pacific silverweed and 
springbank clover growth. Table is being built upon from Turner et al., 2013 and the 
knowledge of Deur 2005, 2002a and Turner and Kuhnlein, 1982. 

 

Traditional Cultivation 
Methods 

Current Cultivation 
Methods 

Community 
Engagement 

Weeding: manual pulling or 
digging out of “weedy” plant 

species. Native competing 
species did not respond well 

to digging. 

Use of tools such as 
shovels, garden shears, 

loppers, or manual pulling 
of “weedy” plant species. 

Youth can assist/lead 
work parties on invasive 
species removal. Some of 
the invasive species can 

be removed by hand. 
However, blackberry, 

will need to be removed 
with the use of loppers. 

Habitat creation, extension, 
or alteration: creating new 
drainage, light, or nutrient 
regimes through terracing. 

Can use shovels or digging 
sticks. However, soil is 

quite shallow, so need to 
carefully move soil. 

 

As a cultural engagement 
for the community, to 
enhance the learning 

experience, a workshop 
can be completed ahead 

of time, where 
community members can 
make their own digging 

sticks out of wood. 
Tilling soil: aerates soil; 

keeps soil porous; enhances 
moisture penetration; helps 
recycle nutrients; promotes 
growth. Digging sticks were 

used. 
 

Can till the soil by using a 
shovel or digging sticks for 

small plots. For larger 
areas, can use small 

machinery. 
 

 

As part of cultural 
revitalization, for the 
community, using the 

digging sticks will allow 
for ecocultural 
restoration and 

revitalization of ancestral 
knowledge. 

Transplanting: manually 
moving roots from one 

location to another. 
 

Can manually remove 
roots within the coastal 

root garden. 

Roots would often 
fragment from digging, 

which promoted growth. 
Since springbank clover 

is at risk of being 
extirpated, it would be 
beneficial to establish a 

propagation bed.    
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Table 11.  Coastal root garden restoration budget.  

Year 2020 – 2021 
Category Detail  Rate/Hour 

Travel Boat operator and fuel to 
travel from Oak Bay 

Marina to Tl'chés: 10 days 

$100/day 

Salaries and Wages Songhees Cultural 
Worker/Monitor: 10 days 

$100/day 

Salaries and Wages Restoration practitioner 
(project management, 
monitoring and report 
development): 10 days 

$150/day 

Salaries and Wages Volunteer labour (invasive 
species removal and 

cultural restoration of the 
coastal root garden) 

In-kind 

 Equipment Costs  
Safety gear Safety glasses 20 @ $11.00 
Safety gear Gloves 1 @ 100.00/per pack of 28 

gloves 
Safety gear Sunscreen 10 @ 10.00 
Safety gear First aid kit 1 @ 43.00 

Tools Shovels 10 @ $13.00 
Tools Garden trowel 10 @ $10.00 
Tools Hard rakes 10 @ $20.00 
Tools Loppers 10 @ $25.00 
Tools Hand pruners 10 @ $20.00 
Tools Tarps (heavy duty) 3 @ $37.00 
Tools Burn barrel 1 @ 150.00 

Consumables Water jugs (5 gallon) 5 @ $14.00 
Consumables Daily food budget 10 days @ $40.00 
Contingency Contingency fund 

(unforeseeable); 10% of 
project cost 

 

   
Total Cost: 6,867.00 (12% tax added to total cost). 

8.2 Goals and Objectives 

Goal 1: Restore the coastal root garden to pre-1840s abandonment conditions. 
• Objective 1.1 – Remove > 95% invasive species along the perimeter and within the 

coastal root garden by 30 April 2020. 
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o Action 1.1.1 – Manually remove the Himalayan blackberry, invasive grasses, 

and Lamb’s quarters from the coastal root garden. Manual removal can involve 

the use of digging sticks, shovels, garden shears, or loppers. 

o Action 1.2.1 – Follow up invasive species removal or any missing or newly 

sprouted species before commencing springbank clover restoration. 

Goal 2: Restore springbank clover population in the coastal root garden. 
• Objective 2.1 – Begin restoration of the coastal root garden in November 2020. 

• Action 2.1.1 – In order to promote the growth of springbank clover, restoration 

plots will be chosen in abundant springbank clover areas. The use of traditional 

digging sticks will be used to till and break up the soil. 

• Objective 2.2 – Establish a springbank clover propagation garden adjacent to the 

coastal root garden by 30 November 2020. 

• Action 2.1.2 – As the soils in the coastal root garden are being tilled, clover 

rhizomes can be collected, and transplanted to the propagation garden. 

Goal 3: Re-introduce Songhees traditional resource and environmental management 
techniques  

• Objective 3.1 – Encourage Songhees community members to tend and restore 

the coastal root garden starting in November 2020. 

o Action 3.1.1 – Manage the coastal root garden by removing unwanted 

plants, digging the soil, and transplanting springbank clover rhizomes 

to propagation garden. 

Goal 4: Reconnect Songhees youth and community members to the coastal garden 
through restoration activities, maintenance, and educational workshops. 

• Objective 4.1. – Provide workshops, at the coastal root garden, that detail how 

to restore springbank clover. Involve other members of the academic 

community such as Dr. Nancy Turner, Fiona Hamersley-Chambers, Isabelle 

Maurice-Hammond, and Kristen and James Miskelly. 

o Action 4.1.1 – Provide the learning experience allowing the youth to 

create their own digging sticks. 
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o Action 4.1.2 – Show the youth how to dig the soils, identify Pacific 

silverweed and springbank clover roots, and how to properly remove 

invasive species. 

o Action 4.1.3 – Pair youth and community groups with academic 

community members to learn skills such as plant identification and to 

fill in my knowledge gaps. 
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Chapter 9. Summary and Conclusions 

Tl’chés is an archipelago located southeast of Victoria and has always been the 

traditional territory of the Lekwungen people. However, with the departure of the 

Lekwungen people, the landscape has changed drastically due to the introduction of non-

native plant species and the cessation of traditional management practices. The focus of 

this ARP is on determining the best methods to restore springbank clover as its range on 

Tl’chés has been diminishing. Therefore, restoration efforts need to happen now, in order 

to ensure the conservation of this species. This restoration prescription will blend 

together traditional management and methods with present-day restoration methods to 

restore springbank clover at the coastal root garden.  

Coastal root gardens are an example of traditional indigenous resource 

management that enhanced the production of Pacific silverweed and springbank clover. A 

coastal root garden was actively maintained at Tl’chés by transplanting, digging, 

weeding, and selective harvesting.  However, historical conditions of the coastal root 

garden on Tl’chés are not well known. Additionally, Tl’chés has seen a loss in the 

springbank clover population and it is now localized to the coastal root garden. The 

Songhees are concerned about the loss of springbank clover as it is a culturally significant 

plant. 

Tl’chés is an exemplar of a CKP, an archipelago critically significant to 

Lekwungen lifeways and identity. Tl’chés has an exceptional role in the Songhees 

cultural identity, food production, land and resource management, language, stories, 

history, and social and ceremonial practices. Furthermore, Tl’chés is defined as a novel 

ecosystem, particularly the coastal root garden. The coastal root garden is a novel 

ecosystem because it differs in composition and/or function from present and past 

systems.  

It is imperative that future restoration efforts include community engagement, 

applying for funding, removal of invasive species, and community and youth 

involvement. Future restoration plans include, enacting this restoration prescription, and 

gathering further information on soil requirements of springbank clover. I would like to 
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implement this restoration prescription, not only at the coastal root garden, but where 

springbank clover has historically been documented as it will aid in determining why 

springbank clover is disappearing locally (Figure 4).  
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