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Abstract 

The goal of this research is to explore the cultural and ecological restoration of an aquatic 

perennial, wapato (Sagittaria latifolia Willd. : Alismataceae) in the Salmon River Delta, 

Salmon Ann, British Columbia. Wapato has been extirpated from this area, a traditional 

Secwepemc (Shuswap) gathering site, within the past 80 years. This research explores 

some of the repercussions of this loss as well as methods for this plant's restoration. 

I conducted a series of interviews that provided information on landscape and ecological 

characteristics of this area from the 1920s when Secwepemc elder Mary Thomas was a 

child. The Salmon River Delta has experienced significant changes over the past century 

that have resulted in a decline of some native plant species and an increase in exotic ones, 

as evidenced by interviews and literature research. 

I also experimentally investigated the effects of animal herbivory and water depth on 

Sagittaria latifolia growth in the Salmon River Delta. My results show that herbivory 

significantly (P = 0.00) limited S. lat(folia growth in this study; plants showed prolific 

growth when planted in a wire exclosure. Water depth had a smaller but still significant (P 

= 0.016) effect on S. latifolia growth for plants inside the exclosure. I surveyed wapato 

populations to assess the current distribution of S. latifolia in the region and a traditionally 

harvested congener, S. cuneata. I located 16 patches of S. latifolia and S. cuneata 
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at 10 sites in the southern interior of British Columbia. I found no new populations 

of Sagittaria and failed to locate Sagittaria at four sites that have documented 

populations. 

Research objectives facilitated the development of a model of cultural refugia, as a 

parallel concept to that of ecological refugia. Just as ecological refugia are havens from 

disturbance for various species and can serve to retain "resource populations" to promote 

conservation and resource protection, I propose that cultural refugia can take on a similar 

role. These refugia can serve as centres for the maintenance and expansion of traditional 

ecological knowledge. Restoration, within a cultural context, can facilitate this expansion 

thereby augmenting the knowledge system associated with a cultural refugium. 

Dr. G.A. Allen, Co-Supervisor (Department of Biology) 

Dr. W. Wickwire, epartmental Member (Department of History and School of 
Environmental Studies) 

Dr. Dana 
University) 

rtment of Archaeology, Simon Fraser 
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I sit at my window and I look out and I have memories of that delta. I have memories of 
that wetland and how it used to be 

(Secwepemc elder Dr. Mary Thomas 2001, referring to the 
Salmon River Delta at Salmon Arm, British Columbia) 

1.0 Introduction 

When Meriwether Lewis and William Clark made their famous journey across North 

America in 1804-1806, wapato (Sagittaria latifolia Willd. or S. cuneata Sheldon 1) was in 

such abundance that they named what is now the Lower Columbia Valley, Wap-pa-too 

Valley, after this prolific aquatic perennial (Clark, in Bergon 1989) (Figure 1.1). Wapato 

tubers have been a part of the diet of aboriginal peoples throughout the plant's North 

American range (Figure 1.2). For this study, I recorded a history of wapato use in the 

Salmon Arm Delta of Shuswap Lake, British Columbia by the Secwepemc (Shuswap) 

First Nations in the early 1900s to the present, noting its decline and eventual 

extermination in the Salmon River Delta (see Figure 1.3). This led me to a search for the 

reasons behind this change. 

For the Secwepemc and other aboriginal people in the Pacific Northwest, wapato was 

formerly managed to promote its growth, producing a reliable and abundant food source 

and item for trade (Suttles 1955; SCES in prep. 1; Mary Thomas pers. comm. to Ann 

Garibaldi 2001 ). Recent activities such as channelization, dyking and filling have altered 

1 Wapato is used in this section to refer to either S. latifolia or S. cuneata. These two 
species were frequently not distinguished in historical reports. I use the term wapato to 
denote either species and the full binomial when species name is certain. 

- --- ----------------------
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Figure 1.1 Sagittaria latifolia grown in a nursery in Victoria, British Columbia. 
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Figure 1.2 Sagittaria latifolia tuber grown in a nursery in Victoria, British Columbia. 
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the riverine and lacustrine wetland systems that support wapato (McPhee et al. 1996; 

Thomas et al. in prep.), which appears to be causing both a decline in its range and a 

decrease in traditional use (Mary Thomas pers. comm. to Ann Garibaldi 2001 ; Thomas 

2002). In this study I examined both social and ecological mechanisms for the restoration 

ofthis species in the Salmon River Delta (an interior wetland) in Salmon Arm, British 

Columbia. 

Restoration research appears to be moving toward the inclusion of both social and 

biological aspects of restoration. Indeed, the Society for Ecological Restoration sees 

restoration as a means to promote biodiversity and to reestablish a relationship between 

nature and culture (SER 2003). This thesis is an interdisciplinary effort, seeking to 

integrate information on autecology2, ethnobotany, herbivory studies, and human-plant 

landscape interactions to understand the ecological and cultural needs for the restoration 

of Sagittaria spp. in an interior British Columbia wetland. I first situate my research in a 

model I developed of 'cultural refugia', providing a framework for the multiple aspects of 

my research (see Chapter 2). 

1.1 Research Goal 

To achieve my research goal, I used two approaches. First, I performed a cultural study to 

supplement existing information on Secwepemc wetland plant use and management, 

particularly of wapato. Second, I explored the effects of animal herbivory and water 

depth on Sagittaria latifolia growth in the Salmon River Delta. Finally, to augment the 

2 Autecology is the study of a single species in relation to its ecosystem. 

- - - ---- - ---------------



limited information on Sagittaria spp. distribution in interior British Columbia, I 

surveyed the distribution of Sagittaria latifolia and S. cuneata in the region surrounding 

the city of Salmon Arm. 

At first glance these two approaches may seem disjointed, related only through the plant 

focused on in each. However, these approaches do not exist in isolation. Each informs 

and influences the other in a complex web of processes and interrelationships. 

Ethnobotanical researchers frequently encounter situations in which the socio-cultural 

factors and ecological factors of a research question are intertwined (see Ford 1994; 

Loewen 1998; Peacock 1998; Chambers 2001 ; Lantz 2001 ; Becker and Ghimire 2003; 

Watson et al. 2003). 

I have approached my research by linking ethnobotanical interviews and ecological 

studies that converge around the Salmon Arm Indian Reserve No. 33 land that 

encompasses the Salmon River Delta (hereafter, the Delta) at Shuswap Lake, British 

Columbia (Figure 1.3). The Delta is a traditional gathering site for the Secwepemc 

Interior Salish from the Salmon Arm area. This area formerly contained extensive 

patches of wapato and other culturally significant species. As such, it provides a unique 

5 

3 The Salmon Arm Indian Reserve No. 3 (= Switsemalph No. 3) is adjacent to the town of 
Salmon Arm and is one of three reserves in the Neskonlith Indian Band. This reserve is 
located on the west shore of Salmon Arm, Shuswap Lake and has also been referred to as 
the Neskonlith Reserve No. 3. The official title from The Department oflndian Affairs is 
Switsemalph No. 3. The Neskonlith Reserve No. 1 and Neskonlith Reserve No. 2 are 
located close to Chase, roughly 30 miles west of Salmon Arm. Members of the 
Neskonlith Indian Band may sometimes refer to the Salmon Arm Indian Reserve No. 3 as 
the Neskonlith Indian Reserve No. 3. Mary Thomas has most commonly referred to this 
reserve as the Salmon Arm Indian Reserve (No. 3) when speaking about it to me. 



opportunity to explore social and ecological requirements for restoration. This work has 

resulted in a model of cultural refugia that contextualizes the idea of multidisciplinary 

restoration. 

Figure 1.3 Aerial photo, August 31 , 1998, of Salmon River Delta at Shuswap Lake, 
Salmon Arm, British Columbia. The red box outlines the site of the herbivory and 
water depth study. 

6 



1.1.1 Overview of Eth no botanical Research Methods 

Cultural Research Methods 

For this study, I conducted a series of five semi-structured interviews4 with Secwepemc 

elder Mary Thomas of the Neskonlith Indian Band, Salmon Arm Indian Reserve No. 3, 

on Secwepemc wetland management, as well as the traditional cooking methods and 

harvesting regimes for wapato. I formerly interviewed Mary on five occasions: 

• February 15, 2001. Victoria, B.C. with Nancy Turner 

• February 25, 2001. Victoria, B.C. 

• April 16, 2001. Salmon Arm, B.C. 

• July 4, 2001. Driving from Salmon Arm to Three Valley Gap, B.C. 

• June 22, 2003 . Telephone interview. 

7 

To supplement the interviews, and to place wapato plant knowledge in a larger context, I 

reviewed literature pertaining to Secwepemc seasonal plant use and management as well 

as knowledge of Sagittaria spp. use throughout British Columbia and neighbouring 

territories. A summary of this work and a detailed description of the methods I employed 

are provided in Chapter 4. 

4 The research methodology for this project was approved by the University of Victoria's 
Human Research Ethics Committee, Project No. 333-00. 
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Ecological Research Methods 

To ascertain the present distribution of Sagittaria spp. in the vicinity of Salmon Arm, I 

examined herbarium specimens for habitat information and site locations. I then visited 

areas where records existed in August of 2001 to record site characteristics. In addition, I 

collected data on the effects of water depth and herbivory on Sagittaria latifolia growth 

through experimental work at the Delta. In the fall of 2001 , I planted wapato tubers in an 

experiment designed to test the effects of water depth and herbivory on plant growth. I 

then collected results from this research in the fall of 2002 (see Chapter 5: Ecological 

Considerations). 



2.0 Cultural Refugia and Restoration 

2.1 Introduction 

Biological refugia are havens from disturbance for various species and can serve as 

"resource populations" (Josh and Gadgil 1991; Gadgil et al. 1998) to promote 

conservation and resource protection. I propose that cultural refugia can play a similar 

role serving as locations for the expansion of traditional ecological knowledge5 and 

landscape memory. Through the exploration of social and ecological systems, I began to 

think of cultural refugia as more than a metaphor to reflect a cultural mirroring of an 

ecological process. 

In this chapter I describe a model of cultural refugia, defining a cultural refugium in 

terms of ethnobotanical knowledge and showing its relevance to restoration. Using this 

model I address a cultural response to both social and landscape-based disturbance and 

then discuss mechanisms for restoring cultural practices as they relate to ecological 

restoration. 

2.2 The Model 

Just as there is a biosphere - the region of the earth's crust and atmosphere occupied by 

living organisms - there is an ethnosphere, the wealth of human diversity, the limitless 

potential of the human imagination given form through spiritual desires and cultural 

5 Throughout this thesis I use the following definition of traditional ecological 
knowledge: a cumulative body of knowledge, practice and belief, evolving by adaptive 
processes and handed down through generations by cultural transmission, about the 
relationship of living beings (including humans) with one another and with their 
environment (Eerkes 1999: 8). 

9 
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adaptation (Davis 2001 : inside cover). The exploration of this concept has many 

implications for those interested in both natural and social spheres of study. On a broad 

level it is an application of a biological concept modified to describe cultural systems. 

Examined further, it becomes a tool to understand the complex web of human-ecosystem 

connections. The ethnosphere is born out of the biosphere it inhabits. Conversely the 

ethnosphere modifies, manages, and therefore influences the biosphere. Disturbances that 

occur in either ' sphere' therefore have repercussive effects on the other. 

Research from such disciplines as ecological anthropology and cultural geography have 

explored biological concepts in relation to social systems ( see Dove 2001) and the 

relationships between these two systems (see Butzer 1978; Cavalli-Sforza 1983). These 

studies include cultural and ecological evolution (see Corluy 1985; de Winter1985; 

Fracchia and Lewontin 1999), cultural adaptability and the interaction between "human 

and nonhuman components of the human ecosystem" (see Butzer 1982:281; Ortner 1983) 

as well as cultural knowledge transmission (see Cavalli-Sforza and Feldman 1981 ; 

Laland et al. 1995). These studies help to inform the research guiding cultural and 

ecological restoration by assessing mechanisms and relationships through which these 

two systems have developed which may be crucial for understanding how they can be 

restored. 

Many people have begun to see these links as not just interesting metaphors, but concrete 

parallels between social and ecological systems (Berkes and Folke 1998; Seixas 2002; 

Garibaldi and Turner 2002; Turner et al. 2003). As an example, Turner et al. (2003) 
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discuss the concept of cultural edges. These sites mirror ecological edges - the 

boundaries or areas of transition from one ecosystem to another - as areas with 

potentially high species diversity and cultural richness. The transition zones increase the 

resilience6 and flexibility of the ecosystems they border and the peoples occupying or 

accessing those sites. As Turner et al. states "indigenous peoples whose living territories 

traverse ecological edges have a correspondingly increased access to culturally important 

resources and therefore have a greater capacity for flexibility" (Turner et al. 2003). This 

leads to increased resilience (both culturally and ecologically). This example and others 

demonstrate that ecological mechanisms that build resilience in the face of change can be 

useful for studying social models for change. 

As noted previously, from an ecological standpoint refugia are sites that serve as 

protected areas or nodes that allow for the persistence and growth of species (Haff er 

1969) and possibly expansion of their range should the surrounding areas become 

habitable. Current literature discussing biological refugia centres on a wide range of 

disturbances in diverse habitats. The studies incorporate alterations in wetland systems 

(Palmer et al. 1995; Chapman et al. 1996; Lancaster 2000), oil spills damage (Cairns and 

Elliot 1987), glacial movement (Abbot et al. 2000), hurricanes (Elmqvist et al. 1994) and 

agroforestry impacts (Dix et al. 1997). Size and scale also vary with these disturbances, 

ranging from one-season floods to several thousand year-long glaciation. Despite 

6 Resilience, in terms of ecological systems, is a measure of the persistence of systems 
and of their ability to absorb change and disturbance and still maintain the same 
relationships between populations or state variables (Holling 1973). 



12 

differences however, the studies all discuss the presence of sites that act as refuges and as 

havens from disturbance. 

References to refugia in a cultural sense have been primarily concerned with ecological 

protection of habitat through social actions (see Gadgil et al. 1998; Debal and Malhotra 

2001 ; Colding and Folke 2001; Colding et al. 2003). While these refugia provide 

significant contributions to the sustainability of ecological resources through cultural 

practices, the studies do not address the sustainability of the cultural practices themselves. 

Setting aside areas for permanent habitat protection is undertaken worldwide ( Colding 

and F olke 2001 ). These areas may take the form of national parks or nature preserves that 

are established and managed through government, or of systems which are put in place 

by local resource users (Colding et al. 2003). The latter are often enforced through 

religious edicts, such as the sacred groves of India (Joshi and Gadgil 1991; Gadgil et al. 

1998) that simultaneously act as religious sites and biological reserves. 

Communities and cultures have developed methods for maintaining resilience in the face 

of changes and shifts in both the ethnosphere and biosphere (Kroeber 1998). The 

magnitude of such disturbances, however, has increased considerably in the past century. 

Previously used mechanisms for absorbing and responding to those changes may not be 

sufficient. For example, factors and events including epidemics, establishment of 

residential schools, colonial settlement, agriculture and broad-scale development have 

heavily affected the traditional social structure of the First Nations people of British 

Columbia. The transmission and practice of ethnobotanical knowledge, among many 



other cultural elements, have been forced to adjust to these large scale cultural and 

environmental changes. 

One mechanism for absorbing and managing those changes is through what I term 

cultural refugia - individuals or groups that serve as a source of traditional/local 

knowledge during times of cultural disturbance. The model I present has three 

components: 1) Potential Cause 2) Potential Consequence and 3) Potential Outcome 

(Figure 2.1 ). I will begin by describing this model in a general sense and then showing 

how it applies to my research project. 

Potential Cause 

13 

Disturbance events such as glaciation, floods and urban development can result in habitat 

fragmentation. These disturbances can lead to habitat loss and species extinction as 

explained in the island biogeography model (MacArthur and Wilson 1967). Although 

equations derived from the island biogeography model for predicting percent of species 

loss do not translate into predictive models for assessing percent loss of cultural 

knowledge per se, we can gain understandings of processes involved in cultural loss 

through examining related processes in ecosystems (see Cavalli-Sforza and Feldman 

1981; Laland et al. 1995). Both cultural and ecological processes shape a community's 

response to the transmission of ethnobotanical knowledge. The repercussions are 

complex. Examples include the following: the cessation of indigenous ecological 

management; replacement of traditional economy with industrial style wage economy; 

introduction of non-native foods and crops through interaction with neighbouring settlers; 
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Figure 2.1 Illustration of potential impacts from social and ecological disturbances that affect the transmission of traditional 
knowledge with potential to expand this knowledge via cultural refugia. 
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industrial development on traditional lands; and, the prolific growth of introduced species 

which out-compete native ones. 

Using the cessation of indigenous land management as an example, we can see that a 

complex web of changes accompanies this type of "disturbance" ( or the cessation of 

disturbance). Kat Anderson, an ethnoecologist at the University of California Davis, has 

observed that Native Californian peoples in the past traditionally encouraged the growth 

of the edible corm of blue dick [Dichelostemma capitatum (Benth. ) Wood]. The 

management and harvesting techniques Native Californian peoples employed with blue 

dick populations produced "predictable ecological outcomes" thereby encouraging a 

reliable food source (Anderson 1997:162). Others have also suggested that indigenous 

people actively and deliberately managed ecosystems to enhance resource availability 

and the cultural practices associated with them (Loewen 1998; Peacock 1998; Peacock 

and Turner 2000). Research has shown that selective harvesting, replanting propagules, 

pruning, weeding and burning have been applied intentionally to enhance plant resource 

productivity. Peacock and Turner (2000) suggested a range of scales, from landscape to 

species populations, at which land and resource management has been enacted by Plateau 

peoples. Plant growth patterns may change if traditional management ceases. 

Potential Result 

The effects of the cultural disturbances described above parallel those of a genetic 

bottleneck, a term that refers to a phenomenon resulting from a population decline 

(Hunter 1996). If a population undergoes a disturbance that drastically reduces population 

- - - --- - - ------------
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size a "bottleneck" may be formed. This restricts genetic variability by decreasing the 

availability of certain alleles and ultimately reducing genetically determined 

characteristics (Hunter 1996). Culturally, a similar phenomenon happens (see Laland et 

al. 1995). When cultural knowledge is diminished, a 'cultural bottleneck' is formed, thus 

reducing knowledge transmission. What remains are a few individuals who sometimes 

play the role of "safeguards" of the culture. 

For instance, when the disease epidemics reached southern British Columbia's 

indigenous populations along the Strait of Georgia in 1782, many communities 

experienced major losses (Harris 1997). Most affected were the elderly - the knowledge 

holders - and the young - the future knowledge holders. The remaining individuals 

shared the burden of disseminating cultural knowledge in an atmosphere of trauma and 

despair. When social struggles are accompanied with the loss and degradation of 

traditionally important areas, the ability of people to share and transmit knowledge 

environmental knowledge may be severely compromised. This is evidently what 

happened from the extirpation of wapato from the Salmon River Delta; the altering of 

landscapes occurred simultaneous with large cultural change. Mary Thomas and many 

others of her generation were sent to residential schools as young children, the same time 

agriculture and industrial develop~ent increased. 

Characteristics of Cultural Refugia 

These 'cultural bottlenecks ', in essence the cultural refugia that remain after loss and 

disturbance, vary across communities and regions but they seem to have similar 
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characteristics. First, they retain some limited amount of accumulated knowledge that has 

been passed down and fine-tuned through many generations, and can therefore be viewed 

on a temporal scale. The individuals that comprise the cultural refugia are the present 

holders of cultural knowledge that is generations-old. Second, sites of cultural refugia 

vary in size. They may range from a single individual to a large group or community. 

Third, cultural refugia are a source of knowledge expansion. Before a bottleneck is 

formed, cultural knowledge is held by a larger number of individuals. Cultural practices 

dictate who has this knowledge. For example, specific plant knowledge may be reserved 

only for healers; conversely, food plant knowledge may be shared freely within a 

community. Regardless of the type of plant knowledge, social practices dictated the 

dissemination of this knowledge and these norms may be severely disrupted during times 

of disturbance. Following a disturbance, an individual, family group or large group of 

people able and willing to maintain and adapt cultural practices keep these practices 

viable. Their collective knowledge can serve as a source for expanding a knowledge base. 

This can occur through applied practice (e.g., harvesting or managing traditional sites), 

sharing of knowledge (e.g., enabling children to participate in root digging), 

remembering and speaking a language, or telling oral traditions (e.g. , origin stories of 

different species). 

Finally, ' refugia' like the traditional knowledge they perpetuate, are generally adaptable, 

engendering resilience in changing environs (e.g., extending traditional cultivation 

practices to new crops). The level of resiliency an individual or group displays may 
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depend in part on the predisposition and guidance of the previous knowledge holders. For 

example, the willingness of an individual or group to explore new mechanisms for 

communicating and teaching traditional knowledge (e.g., collaborating with researchers, 

developing school curriculum) may in part be a reflection of the guidance from their 

teachers. There are essentially limitless ways in which cultures adapt to new and 

changing circumstances while still retaining their essential features, provided there is 

cultural memory to mediate these changes. 

Potential Future 

The individuals who maintain cultural refugia are key to expanding traditional knowledge 

within a fiµnily , community, or linguistic group. An abatement of the disturbance that 

caused the bottleneck in the first place may directly facilitate an expansion of knowledge, 

including ethnobotanical knowledge. The scale of the disturbance may determine if this is 

realistic or even possible. For example, the effects of epidemics, participation in a wage 

economy, and large-scale development on traditional gathering sites may not be 

reversible. However, small-scale changes and reversals may be feasible. Some examples 

include the removal of a dam that changed hydrologic regimes and therefore species 

composition, the re-enactment of traditional management practices through cultural 

revitalization projects, and the collaboration with professional ethnobotanists in 

threatened areas. These may facilitate increased use and learning of ethnobotanical 

knowledge. 

Before the creation of the bottleneck, the need to explore new methods for transmitting 
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cultural knowledge may have been less. Existing social mechanisms may have provided 

enough resilience to absorb most changes. However large-scale disturbances, such as the 

smallpox epidemic or loss of access to traditional land, may require creative methods to 

continue to enable communication of traditional ethnobotanical knowledge. Current 

examples of this include the formation of youth/elder camps and the development of 

community cultural revitalization projects such as native plant gardens, ethnobotanical 

gardens, or ecocultural centres. Furthermore, the lifting of prior cultural restrictions 

around ownership of plant knowledge may facilitate knowledge sharing. Yet, another 

method for 'moving beyond the bottleneck' is through restoration. 

Restoration and Cultural Refugia 

There is increasing attention paid to the role of humans in landscape restoration (see 

Higgs 1993, 1994, 2003; Whittey 1997; Naveh 1998; Geist and Galatowitsch 1999; 

Gobster and Hull 1999). Many researchers seek to develop methodologies that address 

the relationship between humans and ecosystems in the area of restoration (Nabhan 1991 ; 

Naveh 1998; Jordan 1999; Beckwith 2002). 

The use of ecosystems by First Nations peoples is of particular interest to researchers and 

others (see Anderson 1993a, 1993b, 1996, in press 2004; Plowman et al. 1971 ; Schultes 

1976; Schultes and Hoffman 1992; Davis 1986; Nabhan 1997; Collier 1998; Phillips 

1998; Sewid-Smith 1998; Kimmerer 2000; Luna 2000; Meurk and Swaffield 2000; 

Peacock and Turner 2000; Robertson et al. 2000). The results of this work are shaping the 

design and goals ofrestoration projects. According to Kat Anderson (in press 2004), this 
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facilitates the reproduction of 

the forces that shaped the model [reference] community. Analysis of former 
indigenous cultural practices and potential impacts will provide a baseline of 
historical ecological information about the diversity, dynamics, and functioning 
of different plant communities under former indigenous disturbance regimes. 

Individuals and groups familiar with traditional landscape use and management can 

provide the best information on reference landscape conditions, such as physical structure 

and composition, at the time before a major disturbance. If we seek to restore not only 

landscape conditions but cultural connections to those landscapes, ethnographic work is 

paramount in the process. Through restoration the "refugia" may now have an 

opportunity to extend and facilitate the reestablishment of traditional practices. For 

example, elders of the Western Mono tribe of California were taken to traditional 

gathering grounds and asked to describe what the site looked like when they were young 

(Anderson in press 2004). Their recollections have aided restorationists in the 

identification ofreference conditions, which in tum influence a project's objectives. 

Restoration of this type provides a venue for knowledgeable people to share information 

that might otherwise remain suppressed. It allows the people that serve in the role of 

cultural refugia to help inform restoration, and ultimately, the resumption of some 

cultural practices. Though, these "restored" traditional activities may be modified or 

limited due to their retention in a limited number of individuals, as more people begin to 

practice these activities a culture's ability to absorb and persist following a disturbance is 

increased. 
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2.3 Case Study of Wapato and Cultural Refugia 

Wapato serves as a case study to examine the changing roles of plants and traditional 

plant knowledge in a given place and among a particular group of people (Figure 2.2). 

The cultural role of wapato has shifted dramatically in the Pacific Northwest over the past 

two centuries. Though this food is little used now, wapato is documented for nine First 

Nations groups in British Columbia and neighbouring areas. There is a re-emerging 

interest in this plant as a formerly important and alternative food source as well as for 

restoration purposes. 

Potential Cause 

Several factors have compromised the use of wapato by the people of the Salmon Arm 

Indian Reserve No.3. Some of these are discussed in greater detail in Section 3.2. They 

include: 

1) The introduction of the table potato (Solanum tuberosum L.). The exact source of 

the introduction of the table potato in the Pacific Northwest is a matter of debate. 

Anthropologist Wayne Suttles (1987) argues that the most likely origin is the fur 

trading companies. Regardless of the source of introduction, potato gardens were 

planted at different trading posts and "the company may have encouraged the 

Natives to take up cultivation in order to have another source of supply in 

emergencies" (Suttles 1987:139). The 'new potato' may have been easily 

incorporated into the diet of the First Peoples in British Columbia because of its 

similar taste to wapato or other native root vegetables, its cash value, and its ease 
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of cultivation and harvesting. Potato growing probably spread to the Salmon Arm 

area via nearby Fort Kamloops, where it was planted when the trading post, later 

to called Fort Kamloops, was established in 1812 (Coffey et al. 1990). In any 

case, it is clear that potatoes have been cultivated in Salmon Arm since at least 

1877 (Cole and Lockner 1989) and probably much earlier. 

2) The establishment of Indian reserves and parceling of land (SNTC 1989). Under 

Governor George Douglas' instruction, Chief Commissioner of Lands, Colonel 

R. C. Moody began to establish reserves in British Columbia in 1861. This marked 

the beginning of organized restriction of people from their traditional territories. 

The Neskonlith Reserves were first established in the early 1860s and from the 

beginning missionaries like Father LeJeune and colonial officials attempted to 

convert the Neskonlith and other First Nations to an agricultural lifestyle (Coffey 

et al. 1990). 

This new land management system affected many First Nations peoples, 

including ultimately Mary Thomas (hereafter Mary) and her family. Mary 

remembers an incident from her childhood when her family had gone to one of 

their traditional camping sites along Shuswap Lake that they used for hunting, 

fishing and gathering plants. When her father pulled the boat up to shore, a man 

came out and told them he had purchased the land and they couldn't use it 

anymore. Her parents knew this man - he owned the local general store and often 
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sold mittens and gloves made by Mary ' s mother. Mary recalls that as they pulled 

away she saw her father cry for the first time. 

3) Urbanization, development and associated activities. Landscape changes that 

affected wetland habitat may have been the most direct cause of the cessation of 

wapato harvesting among the Secwepemc. With the decline and possible 

extirpation of wapato from its original wetland habitat, harvesting was no longer 

possible. Many of the events that caused habitat changes are outlined in the Site 

History (Section 3.2). 

Other factors leading to a decrease in the use of wapato may be as yet unrecognized, 

having taken place with no record of its occurrence. As discussed further in Chapters 3 

and 4, both social and ecological influences may have affected ethnobotanical knowledge 

transmission of wapato. 

Potential Result 

The results of the disturbances described above are key in the case of wapato use. Mary 

may be the only known Secwepemc elder who remembers extensive wapato harvesting. 

In this case, the cultural refugium is restricted to a single person. Mary is dedicated to 

passing on her knowledge, particularly about plants. As she explained to a group of 

students at the University of Victoria, "because you young people are so important to me. 

You are our future . And I'd go through Hell just as long as I know its helping" (Thomas 

2002:19). 
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As a child, Mary learned about plants through watching and participating with her 

grandparents, particularly her paternal grandmother, "Macreet" (Marguerite Parrish) from 

the Salmon Arm Indian Reserve No. 3, and other elders. Now in her mid-80s, she works 

with her community members, such as her son Louis Thomas, and university-based 

researchers (Loewen 1998; Peacock 1998; Bannister 2000; SCES in prep. 1), to pass on 

this knowledge to her children, grandchildren and others. Mary ' s sharing of knowledge 

and experiences of wapato harvesting exemplify the strength, persistence and flexibility 

she plays in this role of cultural refugium. 

Potential Future 

Through her participation in the University of Victoria' s and the Secwepemc Cultural 

Education Society ' s "Secwepemc Ethnobotany Project" and the upcoming publication, 

Plants of the Secwepemc People (SCES in prep. 1.) Mary helped identify wapato as a key 

traditional Secwepemc food source. Through Mary ' s participation and support of my 

thesis research I have been able to collect information on limiting factors for its 

reestablishment. She provided the use of her land [land apportioned to her family and 

passed on to her] for field experiments and shared valuable information that informed my 

research design. Now, through this research, wapato is currently growing in the Salmon 

River Delta and is available for others. Recently, Mary spoke with other Secwepemc 

elders in the Salmon Arm, Chase and Enderby area about wapato. She could find no one 

who knew of its use as a traditional food. This underscores the significance ( and fragility) 

of ' cultural refugia'. 
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In the end, perception or loss of cultural knowledge defies any model that attempts to 

outline a simple disturbance-result equation. There are many factors, both social and 

ecological, that make each situation applied to this model unique. Through this notion of 

cultural refugia I seek to understand some of the cultural mechanisms that may help 

maintain resilience during change in terms of ethnobotanical knowledge and practices. Its 

true test resides in its resonance with other individuals. 



3.0 Background: The Secwepemc People and Their Lands 

3.1 Introduction 
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To understand better the role that cultural refugia can fulfill in restoration, a deeper 

examination of the people and the ecosystem they inhabit is necessary. This chapter 

contextualizes my research with the Secwepemc on the Salmon Arm Indian Reserve No. 

3 in the Salmon Arm Delta. First, I provide an overview of the history of the Secwepemc 

people and the landscape they inhabit, particularly in relation to traditional seasonal 

rounds and plant use and management. Secondly, I outline general Salmon River Delta 

site history, with a particular focus on potential impediments to wapato growth. 

3.2 The Secwepemc 

The traditional territory of the Secwepemc people of the Interior Plateau of British 

Columbia spans nine biogeoclimatic zones7 (Pojar and Meidinger 1991) (Figure 3.1). 

Differences of over 1500 mm in mean annual precipitation and 12 °C in mean annual 

temperature over this area produce a varied patchwork of vegetation and resources. The 

peoples of the Interior Plateau, including the Secwepemc, have taken advantage of this 

rich supply ofresources, utilizing at least 135 species of plants for food, beverages or 

flavoring (Hunn et al. 1998, SCES in prep. 1.). Root vegetables, including wapato, 

7 These nine zones are: Alpine Tundra, Sub-Boreal Pine-Spruce, Sub-Boreal Spruce, 
Engelmann Spruce - Subalpine Fir, Montane Spruce, Bunchgrass, Ponderosa Pine, 
Interior Douglas-Fir, Interior Cedar-Hemlock 
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comprise over 30 of these species (Hunn et al. 1998, SCES in prep. 1.). The Secwepemc 

language, Secwepemc-tsin, is in the Salish language family. It is separated into two main 

dialects : eastern Shuswap and western Shuswap, with the separation occurring at 

Kamloops (Kuipers 1983, 1989; Ignace 1998). Early anthropologist James Teit assessed 

the Secwepemc at 25 bands in his 1909 monograph. Currently, the Secwepemc comprise 

17 bands (see Figure 3.1) located mainly along the Thompson and Fraser rivers and their 

tributaries. 

Animal Use 

Prior to European settlement ( 1880s ), the Secwepemc relied heavily on hunting, fishing 

and gathering for a large portion of their subsistence needs. Year-round hunting oflarge 

game animals such as elk ( Cervus elaphus L. ), mule deer ( Odocoileus hemionus 

Rafinesque), caribou (Rangifer tarandus L.), black bear (Ursus americanus Pallas), 

beaver (Castor canadensis Kahl.) and moose (Alces alces L.)8, was not only a significant 

source of protein, but was more ritually significant and esteemed than fishing (Teit 1909; 

Ignace 1998). Snaring of smaller animals (rabbits, grouse, porcupines, gophers, 

groundhogs and waterfowl/ supplemented the meat supply from large game (Ignace 

1998). During the fur trade (1808-1858), the Secwepemc combined this activity with 

trapping for trade purposes (Palmer 1975a). 

8 Elk, caribou and many runs of salmon have dwindled from their formerly high numbers 
of the late nineteenth and twentieth centuries (Ignace 1998; Palmer 1975a). 
9 Species identification and therefore scientific names of these small mammals is not 
possible without additional information. 
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Productive runs of salmon, including Chinook (Oncorhynchus tshawytscha Walbaum), 

sockeye (Oncorhynchus nerka Walbaum ex Artedi), coho (Oncorhynchus kisutch 

Walbaum) and pink (Oncorhynchus gorbuscha Walbaum), determined the establishment 

of villages along the waterways. Anthropologist Marianne Ignace notes that the peoples 

inhabiting the Fraser-Chilcotin Canyon maintained a fairly permanent residency due to 

the bountiful fishing grounds adjacent to their camps (Ignace 1998). Other fish such as 

rainbow trout (Oncorhynchus mykiss Walbaum), ling cod(= burbot, Lota Iota L.), 

grayling (Thymallus arcticus Pallas) and sucker fish (Catostomus spp.) were harvested as 

well (Ignace 1998). The Secwepemc complimented meat and fish with considerable 

stores of root vegetables, greens, berries and other plant foods. 

Plant Use 

It has been argued that the traditional dietary contributions of plant material for some 

peoples of the Interior Plateau was more than 50 percent (Hunn 1981). This is in contrast 

to other hypotheses that fish ( or meat) comprised the vast majority of dietary needs 

(Hewes 1973; Palmer 1975a). In 1975, anthropologist Gary Palmer remarked that, 

the contribution of plant foods to the Shuswap caloric requirements was probably 
much less than the portion supplied by deer and elk, but the plants may have 
provided indispensable vitamins which, if true, would have made scarcity of plant 
foods just as critical as scarcity of venison and salmon (Palmer 1975a: 217). 

Hunn (1981) argues that Palmer's study, along with most ethnographic studies prior to 

1981, focused primarily on salmon and did little research into quantifying the nutritional 

contribution of different plant foods . However, current studies have highlighted the 



significant role of plant resources in many aboriginal diets. Research intensification of 

plant foods supports the concept that aboriginal peoples cultivated or harvested 

sufficiently large volumes of foods needed to provide a significant portion of their diet 

(e.g. , Anderson 1993a, 1993b for Coastal California; Darby 1996 for Columbia River 

drainage; Peacock 1998; and Peacock and Turner 2000 for Interior Plateau ofB.C.). 

Regardless of the percent contribution of traditional plant foods, their nutritional value 

has provided crucial vitamins and minerals supplementing fish and meat to aboriginal 

peoples of interior British Columbia (Kuhnlein and Turner 1991 ). 

Among the Secwepemc, women were primarily responsible for plant gathering. 
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However, this division of labor was not strictly adhered to - some women hunt large 

game and men may have assisted in such activities as berry picking (Ignace 1998). Plant 

gathering was a part of the annual seasonal rounds and which were organized to 

maximize resource use and seasonal advantages, enabling efficient gathering of foods at 

their prime. The timing and duration of seasonal rounds varied from place to place, 

depending on key availability of different food resources. Using phenological cues to 

mark the onset of different activities, people could accurately gauge events such as the 

ripeness of berries, the return of the salmon and the reallocation of plant energy to leaves, 

flowers or roots (Lantz and Turner In press 2003). Knowledge of natural systems and 

species interactions was paramount to survival. In fact the Secwepemc calendar is 

demarcated by the timing of harvesting and fishing activities. 
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The ecological gradient in the mountains allowed communities living along waterway_s to 

access resources from multiple habitats without traveling far from settlements (Palmer 

1975a). Proprietary rights to gathering sites were held in common (Boas 1891 ; Teit 1909; 

Palmer 1975a; Mary Thomas pers. comm. 2002) and all Secwepemc had access to them. 

However, individual bands acknowledged common root-digging and berry picking 

grounds which were managed by tribal chiefs (Teit 1909). As will be discussed later, this 

social structure of resource management was also practiced with wapato and water 

parsnip roots (Sium suave Walt.) 10 harvesting in wetlands (Mary Thomas pers. comm. 

2002). 

Digging sticks facilitated the harvesting of roots, including wapato (Figure 3.2). Root 

digging activities were the domain of women in traditional Secwepemc society and they 

became quite skilled at efficient techniques for harvesting. Young girls would practice 

root-digging during their ritual isolation, so that when they matured they might be experts 

(Teit 1909). 

Physical properties and abundance of individual plants dictated the type of storage and 

cooking methods employed. Berries were dried individually or mashed and spread out on 

planks to dry in the sun, forming "cakes" which could be eaten without further 

preparation or 

10 Water parsnip closely resembles the extremely poisonous water hemlock (Cicuta 
douglasii (DC.) Coult. & Rose). These two plants are often found growing together and 
positive species identification is extremely important. 



Figure 3.2 Traditional Secwepemc cattail (Typha spp.) basket, made by Mary Thomas, 
with digging stick which might be used for gathering wapato. 
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rehydrated throughout the winter (Turner 1997). Common berries harvested by the 

Secwepemc include: Saskatoons (speqpeq 7uw 'i or speqpeq) (Amelanchier alnifolia 

Nutt.), thimbleberries (st'iqwem) (Rubus parviflorus Nutt.), soapberries (sxusem) 

(Shepherdia canadensis (L.) Nutt.), choke cherries (tkwl6se7) (Prunus virginiana L.) and 

highbush cranberries (t'nis) (Viburnum opulus (L.) (SCES in prep. 1). The cambium and 

inner bark, of plants was most frequently eaten fresh, though occasionally dried as cakes 

and stored. Roots and other underground plant parts were processed and stored in a 

number of ways. Some were first cooked in underground pits ( earth ovens) for many 

hours, which in some cases facilitated the break-down of complex carbohydrates (such as 
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inulin), rendering food edible to humans, before being stored in caches.11 Other plants 

were stored raw, as they did not require the intensive cooking time of an earth oven. 

Wapato, for instance, was boiled or steamed and was not usually stored for long periods 

of time. Other plants such as black tree lichen (Bryoriafremontii Tuck.) and cow-parsnip 

(H eracleum lanatum Michx. ), supplemented main staples of meat, fish and tubers. 

As well as foods, plants provided materials of many types such as wood for fuel and 

construction, bark for basketry, fibrous stems, bark and roots for mats, and materials for 

dyes, glues and cleansing agents. Plants have also been the main source of medicine 

(Turner 1997). 

Secwepemc Ethnobotany: An Overview of Research 

Early non-aboriginal visitors to the area detailed many aspects of Secwepemc life, 

including plant use, such as George Dawson (1891), Franz Boas (1891), and James Teit 

(1909). Their field accounts mark the beginning of "ethnobotanical" investigations 

among the Secwepemc. Intent on gathering large volumes of cultural data, these 

researchers catalogued root foods and berries deemed ubiquitous and high in value, thus 

offering a starting point for future investigations into traditional plant use and 

ethnobotanical relationships. 

11 Roots that were commonly pit-cooked include: balsamroot (tsets 'elq) (Balsamorhiza 
sagittata (Pursh) Nutt., glacier lily bulbs (scwicw) (Erythronium grandiflorum Pursh), 
bitterroot (Lewisia rediviva Pursh) and nodding onion (qwlewe) (Allium cernuum Roth.) 
(SCES in prep. 1) 
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During his geological surveys in southern interior British Columbia (1877-1890), George 

Dawson recorded information on Secwepemc life including a list of traditionally used 

food plants. Though Dawson's ethnographic work was not performed systematically, his 

"almost constant association with these [Secwepemc] people naturally afforded numerous 

opportunities of acquiring information respecting them" (Dawson 1891: 3 ). He was also a 

naturalist and had much interest in ecology. He described the harvesting and preparation 

of both roots and berries. He did not mention wapato, however. Dawson (1891) noted 

that the prominence of root vegetables had decreased by 1891 with an increase in flour 

use and the cultivation of the potato. 

On August 6th
, 1877, Dawson visited the Salmon River Delta. His description of the 

area' s vegetation underscores the productivity of the Delta. His notes also demonstrate 

the marked contrast in the area between 1877 and the present. 

Skirted round the great bay into which Salmon R. flows [Salmon Arm} & which is 
low & swampy along shore, everywhere, but may, with the lower part of the 
Salmon R valley, which seems quite fl.at, contain a Considerable area of land 
eventually arable, - now thickly timbered. If cleared would need no irrigation. 
Some of the benches would probably answer for agriculture, & the low 
undulating country about White Lake Creek [White Creek}. Examined & sounded 
the entrance of Salmon River, & find it too shallow even at this stage of the water, 
for anything large to go up, being about 4' on the bar, but deeper within. The 
river itself is also narrow & tortuous & does not look as if it could be navigated 
under any circumstances, though the Indians say Slack water extends to within a 
few miles of the waggon (sic) road. They do not go up because of the great 
quantity of logged timber &c. (Cole and Lockner 1989: 367). 

Franz Boas, the first to document detailed ethnographic information for the Secwepemc, 

noted in his 1891 report that very few Secwepemc still followed traditional customs and 
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practices having been "Christianized" by missionaries 12. This observation may have 

influenced the extent to which Boas recorded, or was able to record, plant knowledge by 

the Secwepemc. Boas ' documentation of plant use was rather brief, limited primarily to 

general descriptions of the preparation of roots and other vegetables (e.g. , pit-cooking), 

social organization of berry picking, use oftule [Schoenaplectus (Reichenb.) Palla.] and 

cattail (Typha spp.) mats and employment of cottonwood (Populus spp.) and redcedar 

(Thuja plicata Donn ex. D. Don) canoes. Boas commonly documented information on 

plants as part of his ethnographic observations; he had an interest in plants, and often 

corresponded with botanists C.F. Newcombe and John Davidson. Boas made no mention 

of wapato, nor did he focus on wetland plants specifically. In fact, ethnobotanical focus 

on wetland ecosystems is a relatively new phenomenon occurring in the past few decades 

(Fowler 1990; Morris and Raymond 1993). 

With the encouragement of Boas, James Teit (1909) further continued ethnographic work 

with the Secwepemc as part of the Jesup North Pacific expedition. His detailed account 

of Secwepemc life, drawn primarily from a few key male informants (particularly one 

named Sixwi 'lexken), included the most substantial listing of traditional plant knowledge 

to date. Though Teit did not mention wapato, he did list 18 commonly gathered roots 

including water parsnip (a wetland plant associated with wapato ). 

12 Gary Palmer (1975b) later qualified this statement by noting that even in 1975 many 
Secwepemc people still followed traditional practices. Therefore they could not have 
"almost entirely disappeared" at described by Boas. 



Anthropologist Gary Palmer (1975b) followed Boas and Teit in 1975. He worked with 

Isaac and Adeline Willard of Chase in addition to sources by Boas (1891), Teit (1909), 

and Dawson (1891 ). Palmer was introduced to the Willards by Randy Bouchard and 

Dorothy Kennedy of the B.C. Indian Language Program, who also undertook 

ethnobotanical research in the Chase area, especially with Adeline' s sister, Aimee 

August. Nancy Turner helped identify Palmer' s plant collections. The result, Shuswap 

Indian Ethnobotany, documents 144 plants known and/or used by the Secwepemc. His 

work was the first to provide a comprehensive listing of Secwepemc ethnobotany. 

Though quite extensive, his list did not include wapato. It did however include water 

parsnip. Palmer also published a paper on the cultural ecology of the Shuswap (1975a). 

This report provides substantial information on the changes to Secwepemc lifestyle 

throughout the 20th century, thereby providing possible reasons for a decline in wapato 

use during that time. 
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From 1990 to the present, ethnobotanist Nancy Turner (from the University of Victoria) 

and anthropologist/ linguist Marianne Boelscher Ignace (from Simon Fraser University), 

together with colleagues and student researchers, have conducted ongoing research 

projects with many Secwepemc individuals from over a dozen Secwepemc communities 

detailing traditional plant use and their associated management. Their work has resulted 

in Plants of the Secwepemc People (SCES in prep. 1.) and a compendium volume 

Secwepemc People and Plants: Research Papers in Shuswap Ethnobotany (SCES in 

prep. 2). The latter was a collaborative effort of 10 major researchers and documented 

many wetland plants and their use. It is the most detailed and comprehensive, systematic 
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inventory of Secwepemc plant knowledge to date. More than 42 elders were interviewed 

over a 15-year period, including work by Marianne Ignace in the 1980s. It was during 

this research that wapato use by the Secwepemc was first documented through interviews 

with Mary Thomas. At the present, interest in participating in and conducting 

ethnobotanical research is rising among the Secwepemc. Much of this work is managed 

or performed by the Secwepemc themselves (Murphy et al. 1999; Louis Thomas pers. 

comm. 2002). 

3.3 Salmon River Delta Site Use History 

By combining scientific literature and regional histories with oral interviews conducted 

with elder Mary Thomas, one learns much about the history of the Delta. My interviews 

with Mary Thomas, for example, have drawn my attention to the effects of industrial 

development on the wetlands. Without this there would be little information about the 

former existence and loss of wapato. Today knowledge of its former abundance exists 

only in Mary ' s memory. See Table 3.1 for a summary of the site history. 

The town of Salmon Arm lies at the eastern edge of the Interior Plateau of southern 

British Columbia and is part of the Thompson-Okanagan Plateau Ecoregion 

(Environment Canada 2003b ). A strong precipitation gradient occurs with elevation 

within this ecoregion: the major valleys receive roughly 250 mm of precipitation, the 

alpine and subalpine areas receive 1000 mm and the plateau regions receive 400-600 mm 

(Environment Canada 2003b ). The Salmon River, which flows into Shuswap Lake at 

Salmon Arm, is considered a tributary of the Thompson River. This watershed is part of 
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the Fraser Basin and is located between the Fraser River and Columbia River watersheds. 

The Salmon River has supported rich populations of various types of salmon for which 

the river was named (Doe 1971). As a resident of Salmon Arm remarked," ... [a] long 

time ago, the salmon stocks were so great that [it seemed like] you could actually walk 

across the river on their backs" (SRWR 1995). Similarly, Mary remembers substantial 

runs of salmon from her childhood in the 1920s. This history, embedded in the collective 

memory of the Salmon River watershed residents, speaks to the former productivity of 

the river. Mary Thomas herself remembers from the days of her childhood the vast 

Salmon River salmon populations. The Salmon Arm Indian Reserve No. 3, where Mary 

grew up, is located on the northern tip of the Salmon River watershed (Figure 3.3). 

For the Secwepemc people who have lived in this area for thousands of years (Peacock 

1998), the riparian habitats provided by the major rivers and their tributaries served as 

important sites for fishing, dwelling, hunting, plant gathering and transportation (Palmer 

1975a; Ignace 1998). The Salmon River Delta has been, and continues to be, an 

important site within this watershed for the people who live there. The Secwepemc 

people of the Salmon Arm Reserve No. 3 gathered water parsnip, wapato, cattail leaves 

(Typha latifolia L.), and Indian hemp (Apocynum cannabinum L.), collected waterfowl 

eggs, hunted ducks and fished for salmon and lingcod in and adjacent to the delta (Mary 

Thomas pers. comm. to Nancy Turner and Ann Garibaldi 2-15-01). Mary Thomas was 

born in 1918 and harvested these plants, including wapato, with her family as a child. As 

recently as the early 1900s, these activities still took place - the plants still grew in the 

delta (Mary Thomas pers. comm. to Ann Garibaldi 2-25-01). 
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Some key landscape changes and events, leading ultimately to the incorporation of the 

City of Salmon Arm, have undoubtedly impacted the Salmon River Delta and its 

surrounding landscapes. These changes subsequently affected the Secwepemc who 

inhabit the area. In 1793, Alexander MacKenzie of the Northwest Company encountered 

the northern Secwepemc near Alexandria (Coffey et al. 1990), although this is a 

considerable distance from Neskonlith territory. This marked the beginning of European 

contact with Secwepemc, and subsequent fur trading. Anthropologist Gary Palmer 

(1975a) lists 1811 as the beginning of trade relations with the Shuswap by David Stuart 

of the Pacific Fur Company. Additionally, with the establishment of fur trading post at 

Kamloops (in 1812) and elsewhere in the early 1800s, there was increased pressure on 

First Nations hunters to trap and hunt for fur pelts. Gardens were established at these 

posts to supply potatoes, turnips, carrots and livestock to residents. Horses and cattle 

required hay fields and hay crops (Suttles 1987; Demerritt 1996). These introductions led 

to major changes in lifestyle for the Secwepemc at the early part of the 19th century. 

By 1858 when gold prospectors and miners arrived in Secwepemc territory (Coffey et al. 

1990), they encountered a people who had already adapted to a much-reduced supply of 

available pelts and native food for personal use, and were already relying heavily on the 

imported crops and goods of the European traders. The number of prospectors in the 

region increased until 1865 when attention turned to other sources for gold. However, the 

focus of the European newcomers on the area that would become Salmon Arm continued, 

when in 1866 the first boat to "ply the waters of the Shuswap" was built by the Hudson's 

Bay Company (Doe 1971). This marked the beginning of intensive use of these 



42 

waterways as vital sources of transportation for the European newcomers, and for the 

developing commerce between them and the Secwepemc ( the use of these waterways as 

avenues for transportation had been long recognized by indigenous people). Ernest Doe 

noted, "In 1882 there was a settlement of these natives extending along the higher ridges 

from Sandy Point to the mouth of Salmon River" ( 1971: 4 ), and the adaptations to 

European presence was clear: 

The Indians wandered through the country from Shuswap to the Okanagan, 
trapping and hunting, living on game, fish and berries. Even in 1887, Indians with 
their squaws, long muzzle-loading rifles, their canoes piled high with furs, made 
their way to the Hudson's Bay Co. outposts. (Doe 1971 :4) 

Europeans introduced many changes to the region, especially after the opening of the 

transcontinental railway in 1885-1886 (Turner 2003). With this, settlers arrived in large 

numbers to procure land for ranching and farming (British Columbia, Government 1875; 

Coffey et al. 1990). Not surprisingly wapato harvesting and consumption changed as the 

table potato replaced it as a major carbohydrate source (Suttles 1987). The implications 

of this will be discussed in Chapter 4. 

Another impact on Secwepemc lifestyle was the establishment of the land reserves in 

1861 following the appointment of George Douglas as the governor of mainland British 

Columbia in 1858 (Duff 1969). The appointment of Joseph Trutch as the Chief 

Commissioner of Lands in 1871 led to a granting of fertile land suitable for agriculture to 

the settlers and a reduction in the size of the reserves originally established by Douglas in 

the 1860s (SNTC 1989). With the passing of the Indian Act in 1876 the Secwepemc, as 

well as other First Nations, became wards of the state, and lost access to traditional 
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gathering and hunting grounds. This compromised the ability of the Secwepemc to access 

lands formerly used during seasonal rounds as well as their ability to manage plant and 

animal species used during those rounds. 

A further impediment to traditional land access was the establishment of the town of 

Salmon Arm. This development was encouraged by the opening of the Canadian Pacific 

Railway in 1885. "At that time [1888] the town site was completely covered with dense 

brush with only the right-of-way for the railway cut through" (Doe 1971 : 12). This quote 

refers to the area adjacent to the Salmon Arm Delta and along the foreshore of Shuswap 

Lake. The construction of the railroad bisected the Salmon River Delta and obstructed the 

migration of salmon in the Salmon River (Palmer 1975a). Although wapato still grew in 

the delta after this period, as testified to by Mary, large-scale changes to its habitat were 

beginning. By 1890 there were about 200 settlers living in the Salmon Arm area (Doe 

1971 ). By the time of the cities incorporation in 1905, it was part of a boom in 

development in the region (Doe 1971). 

In 1916 the McKenna-McBride Royal Commission recommended the reallocation of 

approximately 47,000 acres of what many indigenous peoples feel was high quality 

Reserve land for 80,000 acres of lower quality land (SNTC 1989). Anthropologist James 

Teit observed the difficulty the Secwepemc had in continuing their traditional practices, 

due to the restriction of movement resulting from reserve establishment (1909). European 

items supplemented traditional foods. Mary Thomas explained that by the time she was 4 

or 5 years old (1922-1923) traditional foods were not harvested in the same quantities 
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they once were. This might indicate that wapato harvesting, among other root vegetables, 

were being replaced with crop plants such as the potato. 

The 1930s saw an introduction oflogging (Andre Arsenault pers. comm. 2003), fruit tree 

planting, irrigation, and other types of farming (including extensive potato farming) (Doe 

1971) (Figure 3.4). Mary Thomas ' parents participated in this shift to European style 

agriculture. Mary recalls, " ... by the time I was little, they were already planting potatoes, 

they adopted the European way of putting in plants, carrots and com and stuff like that" 

(Mary Thomas pers. comm. to Nancy Turner 1994). Mary's father (Jack Allen) farmed 

land on the Salmon Arm Indian Reserve No.3 . In addition, he worked for early European 

settlers clearing land for hay and according to Mary "he earned next to nothing" for his 

labor. He used some of his wages to purchase staples such as flour, sugar, tea and coffee 

to supplement food that Mary ' s family hunted and gathered. The lifestyle and diet 

changes taking place during this period affected both the amount of time spent harvesting 

traditional foods, such as wapato, and the ecosystems in which traditional food plants 

grew. 

Water issues, primarily a result of increased use for irrigation and need for potable city 

water, were becoming apparent in the 1930s and 1940s. All of these development 

activities affected the functionality and flow of the Salmon River and consequently the 

original ecosystem that was present in pre-industrialized times, the ecosystem that 

supported wapato growth. 



Figure 3.4 Potato harvesters on Calhouns' Ranch, Tappen, British Columbia ca. 1913-1915. Photo by Francis King Duncan, used with 
permission from the R.J. Haney Heritage Park, Salmon Arm, British Columbia. 

~ 
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The delta where the Salmon River flows into Shuswap Lake is a highly functioning 

wetland ecosystem that still today provides important nesting and feeding habitat for a 

number of migrating waterfowl (Hayes et al. in McPhee et al. 1996). The high 

productivity of this site has been clear to a number of people, particularly farmers. The 

area referred to as the Salmon River Estuary(= Salmon River Delta) is classified 

primarily as Class 2 in the agricultural land capability classification. This identifies it as 

an area with potential for a wide range of crops ( on a scale of 1 to 7, where the Provincial 

Agricultural Land Commission considers class 1 to have no significant limitations for 

agriculture and the widest crop range and class 7 to be unsuitable for agriculture) 

(Provincial Agricultural Land Commission 2003). This notably productive area, which 

formerly supported extensive patches of wapato, water parsnip, cattails, and other native 

wetland vegetation, " ... is the largest area of contiguous high capability agriculture land 

in the watershed. The area contains the highest suitability lands for a very significant list 

of soil bound crops" (McPhee et al. 1996: 31 ). 

The desirability of the area for farming continues to put increased pressure on its use and 

therefore its functioning and habitat capabilities. Irrigation, pesticides, and the soil 

changes that accompany farming in the delta and along the riparian zone of the Salmon 

River, affect the water and nutrient cycling of the delta and its ability to support stands of 

natural vegetation. 

During the past decade, there has been considerable impact on both the ecosystem and 

the people of Salmon Arm. A recent study (McPhee et al. 1996) has identified two main 



47 

issues relating to the sustainability of health and functioning of the Salmon River 

watershed: timber harvesting and water supply. Although timber harvesting impacts river 

systems (Toews and Moore 1982), I focus here on issues of water supply as these relate 

directly to the functioning of the Salmon River Delta. According to a watershed report 

compiled in 1996: 

The water supply in the Salmon River cannot sustain fish populations and meet 
agricultural needs at certain times of the year. Although this issue is being 
addressed, there is no provincial regulation of groundwater withdrawal and more 
and more wells are being dug near the river, helping to keep water levels low 
(McPhee et al. 1996: 1) 

The impacts on the watershed are ongoing. 

Meander cutoffs and ditches have also been excavated to drain wetlands and 
reduce the area occupied by the Salmon River ... These impacts are significant in 
terms of channel stability, water storage, bio-diversity and ecological stability for 
the affected and surrounding areas (Miles in McPhee et al. 1996). 

It is clear from this report that decreasing water levels have an influence not only on 

vegetation, but on fish, waterfowl and other animals that use the wetlands. Water levels 

have certainly changed in the past century (Bob Harding pers. comm. 2002), but the 

current state of water in the Salmon River watershed is complex. As agriculture has 

expanded, irrigation for new farms has increased the demand for water. The resultant 

water changes have affected salmon spawning and in turn the wetland plants and wildlife. 

In 1991, 58% of farms within the watershed supported livestock, and in 1981 this figure 

was as high as 74.5% (McPhee et al. 1996). As of 2003, cattle grazing occurs on a limited 

basis in the delta area -approximately 15 cattle grazed in the area around my field site 



from May to September. The owner of these cattle, Ed Blackburn, leases the land from 

Mary Thomas. 
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Much research has been conducted on the impacts of livestock grazing in wetlands (see 

Hilliard 1971 ; Brown 1986; Schultz 1987; Hoff 1993). When grazing is carried out 

improperly or too intensively, cattle can cause heavy soil compaction, changes to plant 

community structure, and promote the growth of weedy exotic plant species by keeping 

the land in a disturbed state. 

Clearly the pressure from low water levels, cattle grazing, and agriculture has been at 

least partially responsible for the loss of native vegetation including wapato, but other 

factors have also played a role. Introduced plants and animals often trigger a series of 

environmental changes that are difficult to arrest. For example, the common carp 

(Cyprinus carpio L. ), an exotic fish species from Europe, now present in large numbers 

in the Salmon River Delta, can bring about large changes in the ecosystem (Smith et al. 

2001 ). Exotic species often thrive in disturbed environments and can displace native 

ones. Intentionally introduced from Europe and Asia in the 1800s to North America as a 

food species, carp reproduce rapidly and feed on both plant and animal matter. Though 

insects, crustaceans and small mollusks make up the bulk of their diet, they uproot tender 

seedlings and eat aquatic shoots. Further, water turbidity increases as a result of carp 

feeding patterns, which decreases light penetration and consequently plant growth 

(Weller 1990). These changes allow establishment of exotic species that thrive in 



disturbed areas. Under these circumstances, wapato growth and the growth of other 

native aquatic species are compromised. 
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Reed canary grass (Phalaris arundinacea L.) is native both to North America and 

Europe. It has been planted for animal forage and erosion control in many wet meadow 

areas (Hutchison 2001 ). The concerns of wetland conservationists about the impacts of 

the species are the consequence of the introduction of the Eurasian ecotype of reed canary 

grass. Unfortunately the exotic ecotype is very difficult to distinguish from the North 

American one. The Eurasian ecotype of this species is extremely aggressive in wetland 

areas and if allowed to establish will form thick stands that eventually eliminate native 

seeds from the seed bank (Apfelbaum and Sams 1987). In the Salmon River Delta, a 

thick stand of reed canary grass dominates the area (Figure 3.5). The growth is 

encouraged by cattle grazing, which spreads the seed and keeps the ground disturbed. 

Finally, long-term residents like Mary Thomas have observed changes in the river flow at 

its mouth in both location and velocity. To accommodate the flow of the Salmon River 

during the construction of the Canadian Pacific Railway, a railway bridge was erected to 

keep the river channeled roughly 1 km upriver from the outlet into Shuswap Lake. In 

addition, Mary Thomas and Ed Blackbum, two residents who grew up in the area, speak 

of at least one other, possibly unsanctioned, time when the mouth of the river was 

intentionally diverted (see section 4.4). 
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This brief overview of the use history of the Salmon River Delta demonstrates the many 

ways in which the function and structure of the landscape are shaped. Changes are 

brought about in both direct and indirect ways and produce results that may be 

immediately clear or may develop slowly over years. The impacts of seemingly 

innocuous events (e.g., the introduction of carp) may require expensive, time-consuming 

actions to rectify. The intricate web of actions that decrease populations of macrophytes, 

like wapato, are extremely difficult to identify yet understanding of them is vital if we are 

to address restoration needs. 



51 

Figure 3.5 Mary Thomas showing the cover ofreed canary grass (Phalaris arundinacea) 
in the Salmon River Delta, Salmon Arm, British Columbia in April 2001. 



52 

Table 3.1 Events that have influenced Secwepemc use of Sagittaria in the Salmon River 
Delta. 

Time Period Activity Effect on the Secwepemc Reference 
and/or growth of wapato 
in the Salmon River Delta 

Pre-European Secwepemc People lived Traditional fishing, (10)(12) 
Contact along major rivers and hunting, and gathering 

tributaries of the Interior taking place 
Plateau 

1793 Alexander Mackenzie of Beginning of European (9) 
the North West Company contact 
met western Secwepemc 
people on the Fraser River 
near Alexandria 

1811 David Stuart of the Pacific Beginning of the fur trade (7) 
Fur Company established - marked the beginning of 
trade relations with the a major shift in lifestyle for 
Secwepemc the Secwepemc 

1812 The fur trading post later Effects of changing (1 )(9) 
to be called Fort economy began to be felt 
Kamloops was among the Secwepemc -
established, other fur fewer available mammals 
trading posts followed; meant a shift in subsistence 
First introduction of table activities and a push 
potato (Solanum towards a cash economy; 
tuberosum) and other crop Gardens and livestock were 
plants, grown at forts brought in at the posts 

1858 Fraser River Gold Rush; Increased diseases; (7)(9) 
Gold miners began prospecting and mining 
prospecting in Secwepemc activities prevented 
territory traditional activities such 

as salmon harvesting 

1861 Establishment of land Beginning of reduced (1)(5) 
reserves following the Secwepemc access to 
appointment of George traditional lands 
Douglas as the Governor 
of mainland British 
Columbia 

1866 Hudson' s Bay Co. built Beginning of intensive, (6) 
the first boat to ply the industrialized use of 
rivers of the Shuswap Shuswap Lake 
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1871 Joseph Trutch reduced the Further reduction of (1)(8)(9) 
size of land reserves Secwepemc access to 
established by George traditional lands 
Douglas 

1876 Passage of the Indian Act Indians became wards of (16) 
the state and lost access to 
some traditional hunting 
and gathering grounds 

1850-1900 Widespread growing of Continued movement away (1)(2)(4) 
table potato and other from traditional 
crops carbohydrate sources 

(primarily root foods) such 
as wapato. 

1885 The Canadian Pacific Increased movement of (6)(7)(17) 
Railway is constructed goods into area - the 
along Shuswap Lake at railroad bisected the 
Salmon Arm Salmon River Delta and 

obstructed the migration of 
salmon in the Salmon 
River 

1905 The city of Salmon Arm Marked a move toward (6) 
was incorporated increased industrial 

development in the area 
surrounding the Salmon 
River Delta 

1916 McKenna-McBride Royal Another major reduction in (8) 
Commission reallocated lands available for 
approximately 47,000 traditional harvesting and 
acres of high quality management practices 
Reserve land for 80,000 
acres of lower quality land 

ca. 1870- Major clearing of land for Increasing replacement of (1)(13)(18) 
1930 agriculture; native flora and fauna by 

Diversification of crops, introduced species, 
fruit trees, com and other including crops and weedy 
types of farming; species 
Irrigation begins 

ca. 1880- Intensity of cattle grazing Soil compaction; effect on (13)(18) 
present mcreases npanan zones 

ca. 1930 Intensive logging begins Sediment discharge; soil (13)(14) 
disturbance and 
compaction; changes in 
hydrology; 
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1870-present Introduction of exotic Carp increase turbidity of (11) 
flora and fauna water and uproot seedlings 

of aquatic plants such as S. 
latifolia 

1980s- Salmon River mouth Interrupts natural flow of (13)(15) 
present diversion nver 

(1 ) British Columbia, Government. 1875; (2) Dawson 1891; (3) Teit 1909; (4) Suttles 
1955; (5) Duff 1969; (6) Doe 1971 ; (7) Palmer 1975a ; (8) SNTC 1989; (9) Coffey et al. 
1990; (10) Peacock 1998; (11 ) Chow-Fraser 1999; (12) George Nicholas pers. comm. 
2000; (13) Mary Thomas, pers. comm. 2001 ; (14) Andre Arsenault, pers. comm. 2003 ; 
(15) Ed Blackburn, pers. comm. 2003 ; (16) Indian Affairs and Northern Development 
2003; (17) Turner 2003 ; (18) Turner and Brown, in press 
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4.0 Cultural Considerations 

Those who, for one reason or another, did not go to residential school, or were 

fortunate enough to have learned their language and traditional ways during the 

times they were at home, have provided the cultural continuity and the language 

base from which the present cultural and language reclamation has emerged. 

(SCES in prep. 1.) 

4.1 Introduction 

In the spring of 2001 I visited Mary Thomas at her home in Salmon Arm. She recalled 

the importance of wapato for her family and other Secwepemc people: 

Well ... we used to just crave for fresh edibles. It was just something we looked 
forward to. And it wasn't just my grandmother. There was a lot of little old ladies 
at the time. The neighbours. They'd go down and pack lunch and we'd go down 
with them as children. And when they'd pop the wapato out of the mud we would 
grab them and throw them in the baskets .. . . And then of course we always had to 
help. And it was like a real picnic. Anything we did was picnic with our 
grandparents. I have so many happy memories of them. And it was so plentiful. I 
don 't think they could put a dent in it. You know, by digging. It was just all over, 
right around the bay [ of Shuswap Lake], past the wharf in town. It was all 
wapato and water parsnip along with the bulrush. It was just like a real big 
picnic. And they'd come home with great big huge baskets full of both root edibles 
(Mary Thomas pers. comm. to Nancy Turner and Ann Garibaldi 2-15- 01). 

Until the mid- l 990s the use and management of wapato by the Secwepemc was 

undocumented. It was generally assumed that the northern limit of wapato use by 

Aboriginal Peoples in British Columbia was that of the Nlaka'pmx (Thompson) at 

Spuzzum who obtained the plants primarily through trade with the Halkomelem of the 

Fraser River Valley (Turner 1978; Turner et al. 1990). While trying to ascertain the 

identity of a "marble-like" swamp tuber based on a description by Mary Thomas, Dawn 
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Loewen suggested the tubers of Sagittaria spp. as the wetland food described by Mary 

that she had helped gather as a child (SCES in prep. 1.). Later, Mary Thomas verified this 

identification from wapato tubers supplied by Melissa Darby to Nancy Turner. It soon 

became clear that the Secwepemc harvested and managed the wetland sites where this 

plant grew. They did not obtain it solely through trade. Based on the recollections of 

Mary Thomas, wapato was evidently not the staple food for the Secwepemc that it was 

for their neighbours to the west, in the Fraser River Valley, or to the south, along the 

Columbia River. However, wapato tubers, along with water parsnip roots, played an 

important role as one of the first fresh edibles of spring (Mary Thomas pers. comm. to 

Nancy Turner and Ann Garibaldi 2- 15-01). 

As noted in the previous chapter, disruptions to the health of the Salmon River Delta 

came quickly in the early part of the 20th century. In Mary Thomas' lifetime (she was 

born in 1918) the wetland has transformed greatly. Factors such as increased pressure 

from cattle grazing, sedimentation and pollution from logging and upstream farms, 

introduction of exotic species, and a decrease in water levels due in part to increased 

irrigation have all taken their toll on the functioning of the ecosystem. One such 

consequence is the shrinking of wapato populations in some areas and a complete loss of 

it in others. 



4.1.1 Review of the Global Food Use of Sagittaria spp. 

Sagittaria spp. tubers are recognized worldwide as a valued source of carbohydrates 

(Hedrick 1972). Five species have been, or are currently, cultivated and/or harvested in 

many areas: S. sagittifolia L., S. latifolia Willd., S. macrophylla Zuccarini, S. trifolia L. 

and S. cuneata Sheld. Documentation exits for these species used as food for both 

humans and animals from Japan (see Yamazawa et al. 1986), China (see Mabberley 

1997), North America (see Gillmore 1977; Suttles 1955; Core 1967; Hussey 1974; 

Galloway 1982; Johnston 1987; Bergon 1989; Kuhnlein and Turner 1991; Turner 1995 

Darby 1996) and Mexico (see Wilken 1970; Zepeda and Lot 1999). 

4.1.2 Review of the Ethnobotany of Sagittaria spp. in British Columbia and 

Neighbouring Areas (Figure 4.1) 
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Although tubers of both Sagittaria latifolia and S. cuneata have been harvested by First 

Nations people in British Columbia, S. latifolia has been more frequently reported as a 

food source. However, it is likely that either tuber was used in regions where they both 

occur (Kuhnlein and Turner 1991 ). 

Although wapato harvesting in British Columbia has been documented for both the Coast 

and Interior Salish peoples, the more detailed accounts exist for the Coast Salish (see 

Suttles 1955; Turner and Bell 1971; Turner 1995, 1997; Turner et al. 1990; SCES in prep. 

1, 2). These tubers were among the four most important underground starch sources for 

the Halkomelem First Nation, particularly the Katzie. According to Wayne Suttles: 
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Figure 4.1 Documented use ofwapato (Sagittaria spp.) by indigenous groups of British Columbia and surrounding areas (adapted 
from Turner 1997). Lines represent approximate boundaries of traditional territories. 
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Four starchy bulbs or roots were important enough that the best beds were held 
as family or individual property - camas among the Northern Straits tribes, brake 
ferns at Musqueam, wapato at Katzie and perhaps elsewhere on the Fraser, and 
wild carrots at Nooksack (Suttles 1990:459, emphasis added). 

The Katzie harvested large patches ofwapato in October and November and stored them 

unwashed and raw for later use. Cached tubers could last for many months (Suttles 1955). 

Through his work with the Katzie First Nation, Terry Spurgeon has found that tubers may 

also have been left in the ground and collected as needed (Terry Spurgeon pers. comm. 

2001). Harvesting sites were claimed for the season by clearing tracts of "other 

vegetation" up to 100 meters long, leaving the wapato to grow and harvested more easily 

(Suttles 1955). The claiming family would camp by that tract ofland for a month or more 

to harvest tubers. The site would return to common property when the cleared vegetation 

had grown back the following year (Suttles 1955). 

The Katzie (Halkomelem) traded wapato with other Halkomelem groups (e.g., Cowichan 

of Vancouver Island), as well as with the Nlaka'pmx, the Squamish, and the Straits Salish 

of Vancouver Island (Suttles 1955; Turner 1995). Tuber harvesting by the Upriver 

Halkomelem (Sto:lo) has been documented at Pitt Meadows, Sumas Lake, and Kawkawa 

Lake near Hope (Compton and Gerdts 2001; Spurgeon 2001). Additional harvesting sites 

are likely to exist. The Halkomelem names for Sagittaria latifolia (and possibly S. 

cuneata) were also adopted for the introduced Solanum tuberosum ( table potato) 

(Galloway 1982; Compton and Gerdts 2001), indicating the incorporation and later 

substitution ofthis new starch source (Suttles 1987). 
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Katzie territory was a major focus of wapato use and exchange for communities in British 

Columbia and neighbouring territories. Though its distribution on Vancouver Island is 

limited, wapato use has been documented among the Coast Salish peoples on the Island 

(Turner and Bell 1971 ; Arvid Charlie pers. comm. to Nancy Turner 1999; Brayshaw 

2000). It is possible that trading occurred between Coast Salish Peoples on mainland 

British Columbia and Vancouver Island. Robert Sam, former chief of the Songhees 

(Lekwungen) Nation, of southeaster Vancouver Island, remembers seeing people 

gathering it as a child in the early 1940s, though he hasn't eaten it since that time (Robert 

Sam pers. comm. 2002). There is no known use of wapato on Vancouver Island today. 

Bordering the Halkomelem groups to the north are the Squamish. One of the Squamish 

names for wapato is thought to be borrowed from the Mainland Halkomelem Coast 

Salish (Dominic Charlie in Bouchard and Turner 1976), indicating a trade relationship 

between the two groups. Details of Squamish wapato use are not clearly understood, nor 

are the specifics of its trading, including the volume traded (Bouchard and Turner 1976). 

The Lower Nlaka' pmx gathered wapato in both the fall and spring in Upper Fraser River 

Valley around Hope (this is in Halkomelem territory) (Turner et al. 1990). They would 

also obtain them through trade with their Halkomelem neighbours near Chilliwack 

(Turner et al. 1990). Though wapato was a valued food of the Lower Nlaka' pmx, the 

Upper Nlaka' pmx apparently did not eat the tubers (Turner et al. 1990). Elder Annie 

York of Spuzzum (1904-1991 ) remembers wapato growing around Frozen Lake and 

Merritt. However, she noted that the Nlaka' pmx people around Merritt would not eat it; 
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rather they used it in love charms or witchcraft (Turner et al. 1990). She also considered 

wapato to be related to Nuphar lute a (L.) Sm. polysepala (Engl em.) E. 0. Beal (Yell ow 

pond-lily), Polygonum amphibium L. (Water knotweed), and possibly Caltha leptosepala 

D.C. (White-flowered Marsh-marigold), as well as other smaller aquatic plants (Turner et 

al. 1990). 

Early ethnologists in the first half of the 20th century have documented wapato use and 

cultivation in Washington State. Herman Haeberlin (ethnologist) noted that wapato was 

an important and cultivated starch source for the people living on the Tulalip Reservation 

in 1916-17 in the Puget Sound region (primarily Snohomish and Snoqualmi Peoples) 

(Haeberlin and Gunther 1930). George Gibbs reported potato cultivation among the 

"sound Indians" in the 191 Os. According to Gunther, " this is the only reference of any 

kind of cultivation. In 1854 the Sound Indians are supposed to have raised 11 ,000 bushels 

of potatoes. The species is not stated. These may have been ordinary potatoes, Indian 

potatoes or wapato " (Haeberlin and Gunther 1930: 21 citing Gibbs). 

As noted in the Lewis and Clark journals, wapato was a highly valued vegetable food 

used extensively by the people of the Lower Columbia River Valley (Bergon 1989; 

McIntosh 2003). Archaeologist Melissa Darby produced an ethnohistoric review 

documenting the history and use of wapato by the people living along the Lower 

Columbia River (see Darby 1996). She notes that it was harvested in both the spring and 

the fall, and frequently traded (Darby 1996). The table potato, brought by European 

travelers, supplanted wapato along the coast. She includes one account that notes that in 
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1795 Captain Charles Bishop had his crew plant table potatoes (among other vegetables) 

in preparation for their winter stay at the mouth of the Columbia (Darby 1996). 

Directly east of Secwepemc territory two indigenous groups are also known to have eaten 

wapato: the Ktunaxa from southeastern British Columbia and Montana (Hart et al. 1981 ; 

Pete McCoy pers. comm. 2001 ) and the Blackfoot in Alberta and northern Montana. 

Most Blackfoot ethnobotanical sources do not list Sagittaria spp. as a traditional food 

plant. However, botanist, Alex Johnston included it in Plants and the Blackfoot (1982, 

1987). He concluded this from second hand sources (Hellson and Gadd 1974). 

Unfortunately he failed to specify which particular bands or areas were the source of this 

information. 

4.1.3 Transfer of Wapato Knowledge in the Pacific Northwest 

The pattern of documented wapato use of First Peoples in the Pacific Northwest may be 

partially explained through an examination of knowledge transfer among groups and an 

analysis of linguistic relationships. ·contact through trading was a key way that groups 

exchanged both economic and social goods and information. They traded plant and 

animal material, technology and vocabulary (Turner and Loewen 1998). Trade networks 

were often well organized and extensive, and these may reveal much about the 

relationships of the people that participated in them (Turner and Loewen 1998). 

Unfortunately, knowledge of past wapato dispersal along trade routes is limited. Though 

its dispersal from the Pacific Coast to inland areas has been documented (Suttles 1987; 



French 1965; Turner and Loewen 1998), the extent and intensity of this trading is 

unknown . 

.. . along the margins of the lower Columbia River and its tributaries was found 
Sagittaria latifolia Willd., wapato (Alismataceae). The tuberous root stalks were 
cherished by local Indians and some whites; Plateau Indians received them 
through trade (French 1965: 380). 
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French does not detail which indigenous people in the Plateau traded for wapato tubers or 

how far into the Plateau wapato trading occurred. He was probably not referring to 

Plateau people in British Columbia, as his work was in Oregon. 

Wapato trading was extensive not only along the lower Columbia River (Bergon 1989; 

Darby 1996; McIntosh 2003), but it was also heavily used and traded in and from the 

lower Fraser River Valley. Trade routes indicate another major movement of plant and 

plant products from this valley into the Plateau Region of British Columbia (Turner and 

Loewen 1998). Though no documentation exists for the direct trading ofwapato between 

the groups along the lower Fraser River Valley and the Secwepemc, linguistic patterns 

illuminate a possibly interesting connection. 

By examining the term "wapato" from British Columbia linguistic records we see that the 

Katzie, Stol:lo (Chillawack dialect), Squamish, Nlaka'pmxcin and Secwepemctsin words 

for wapato are all cognates, indicating a relationship between the users of this plant 

(Table 4.1). Two possible directions of plant knowledge seem obvious: east from the 

Fraser River Valley into the interior Plateau, or west from the interior Plateau to the 

coast. Based on current documentation of the extensive use of wapato by the Katzie and 
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Sto:lo and lesser use of the wapato by the Secwepemc, it might be assumed that the 

origins ofthis cognate for wapato are from the Fraser River Valley. However, only in the 

Secwepemc language is the word analyzable: (lit. "yellow/jaundiced eye," from 

kwel/kwal- "yellow/green"; -us "face/eye") (SCES in prep. 1.) and it has been suggested 

that analyzability is one way to determine linguistic origin. According to Hess in Turner 

et al. (1998:391): 

In general, unanalyzability is taken as an indication of a term that is either very 
ancient, and has, over the years, lost its original meaning to most speakers of a 
language, or one that is borrowed from another language, where its original 
meaning may be still perceived (Hess, n.d.). 

Table 4.1 Select First Nations names for Sagittaria latifolia or S. cuneata in the Pacific 
Northwest (adapted from Spurgeon 2001). 

First Nations Name Source 
Group 
Chinookans wapato Le Jeune in Spurgeon 2001 
Samish, Klallam and sqawc Suttles 1987 
Northern Puget Sound 
(L ushootseed) 
Halq'emeylem (a language scous or skous * Duff 1952; Suttles 1955 
family) 
Katzie (part of xwaq 'w6l?s Suttles 1955 
Halq'emeylem language 
family) 
Sto:lo (Chilliwack dialect) xwoqw'o:ls Galloway 1982 
(part ofHalq'emeylem 
language family) 
Squamish xwuxwukw 'ults ** Bouchard and Turner 1976 

(unpub.) 
Nlaka'pmx a 'walq 'wul 's Turner et al. 1990 
Secwepemc Ckwalkwalus, SCES in prep. 1 

ckwalkwalul 's, or 
tseckwelkwelul 's 

Ktunaxa ?awisi Hart et al. 1981 

* Refers to Halq'emeylem name for wapato used by visitors 
** Noted to be borrowed from the Mainland Halq'emeylem Coast Salish by Dominic 
Charlie [Bouchard and Turner 1976 (unpub.)]. 
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The fact that the Secwepemctsin name for wapato is analyzable provides no conclusive 

evidence that the term originated in Secwepemc territory, however it does underscore the 

need for additional research to determine the dispersion of wapato through British 

Columbia. 

Additionally, some evidence points to trading of wapato as far west as Vancouver Island 

from coastal and interior British Columbia. The phytogeographical distribution patterns 

of the plant may be related to cultural trading of populations of S. latifolia on Vancouver 

Island. Many of these populations are comprised of male plants only (Brayshaw 2000, 

Christopher Brayshaw pers. comm. to Ann Garibaldi 2001) leaving vegetation 

reproduction, from rhizomes and tubers, as the only means for propagation. Some 

speculate that these populations may have originated through transplanting of tubers 

either by humans or animals (Christopher Brayshaw pers. comm. to Ann Garibaldi 2001). 

Since the trading of wapato tubers by the Katzie of the Fraser River Delta is quite well 

documented, it is likely that some of these tubers were introduced through trade. 

Furthermore, Halkomelem elder Simon Charlie recently mentioned another possible 

connection between coastal and Plateau peoples. He said that the Cowichan of Vancouver 

Island had trading ties as far inland as Kamloops (Simon Charlie pers. comm. to Nancy 

Turner 2003). This cursory linguistic exploration provides an interesting point of 

departure to further explore wapato diffusion in the Pacific Northwest through such 

mechanisms as genetic and archeological studies. 



4.2 Study of Contemporary Secwepemc Cultural Knowledge of Sagittaria spp. 

4.2.1 Introduction 
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Literature reviews of ethnographic and ethnohistoric material provide much information 

crucial to understanding a community's relationship to landscape. However, the story is 

only partially told if contemporary knowledge from people living on that landscape is not 

included. Their knowledge is a manifestation of the events and interactions that went 

before them and represents a glimpse into one direction the future may take. 

4.2.2 Methods 

During the five formal interviews I conducted with Mary I chose to use a semi-structured 

approach to interviewing. This balanced my research needs of understanding Secwepemc 

wetland management of wapato with the desire to afford Mary a better opportunity to 

describe her life and relationships to wetland systems. In addition, I had many informal 

discussions with Mary while in Salmon Arm undertaking my ecological studies. I spent 

time with her family and have developed friendships with her and other community 

members. Interview questions were continuously modified and updated based on 

previous interviews. I posed some of the following questions and allowed Mary to share 

what she felt was relevant. 

Sample questions 

Question for my first interview 

1. What do you remember about wapato? 
2. Can you tell me about eating wapato? (How was it cooked, etc.) 
3. How did you obtain wapato? 
4. What were conditions like in wetlands when you were young versus now? 



5. Describe for me other important wetland plants and animals 
• 

• 
• 
• 
• 
• 
• 
• 

When (what time of year) would you come down to the wetlands to gather 
wapato? 
How long would you stay? 
Would you come back to the site to gather other plants/animals as well? 
Would you always go back to the same spot to collect wapato? 
Was wapato ever traded? With whom? 
What is the traditional name for potato? 
When was the last time you remember wapato being harvested? 
How much wapato would you gather at one time? (try to obtain information 
about basket size, amount of time spent harvesting, etc.) 
How many families would harvest at one spot? 
Were there rights or titles to certain gathering sites? 
What season was each of those harvested in? 
What do you consider the primary traditional resources of wetlands? 
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• 
• 
• 
• 
• 

• 

Did anyone believe that wapato or wetland areas needed to be harvested to 
stay healthy? What would happen if you didn't harvest from them anymore? 
Did certain families have "control" or rights to certain wetlands? 

Follow up interview questions 

Wapato questions: 
1. When (what time of year) would you come down to the wetlands to gather 

wapato? 
2. How long would you stay? 
3. Would you come back to the site to gather other plants/animals as well? 
4. Would you always go back to the same spot to collect wapato? 
5. Who would the Neskonlith trade wapato with? 
6. What is the Secwepemc name for potato? 
7. Can you show me on a map where you would dig for wapato and other wetland 

plants? 

Wapato Management: 
8. Was it with BOTH your grandmother and mother that you would gather wapato 

with? Was that typical of most families? 
9. Can you tell me about how much wapato would you gather at one time? (try to 

obtain information about basket size, amount of time spent harvesting, etc.) 
10. How many families would harvest at one spot? 
11 . Were there rights or titles to certain gathering sites? 
12. Did you grandmother use her digging stick to collect wapato? How big was the 

stick? 
13. What would happen the wetlands if you didn' t harvest plants from them anymore? 
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Wetland questions: 
14. Ask Mary to list out wetland plants (this may help to see what she feels is a 

"wetland plant") 
15. What other plants and animals aside from wapato would you gather at wetlands? 
16. What season was each of those harvested in? 
17. What do you consider the primary traditional resources of wetlands? 
18. Can you tell me the story about the tule boat? 

Wetland Management: 
19. Did your grandmother (or mother) believe that wapato or wetland areas needed to 

be harvested to stay healthy? What did she think would happen if you didn't 
harvest from them anymore? 

20. Did certain families have "control" or rights to certain wetlands? 
21 . Was any wetland burning performed? Did any other groups burn similar wetland 

habitats? 

General Site questions: 
22. What is the history of the reserve land? 
23. How was her family affected by the reserve system (i.e. did they move or change 

gathering sites, etc?) 
24. Mary you mentioned that houses were built along the rivers. Did you have to 

worry about flooding during the high water season? 

I taped indoor interviews on a cassette tape and transcribed them in Victoria. During field 

interviews I took notes and photos that were then later detailed. I often asked Mary 

similar questions during follow up interviews to see if additional information would be 

shared. This proved effective. Yet, most of the time I simply listened to Mary. I wanted to 

give her an opportunity to discuss the issues that she thought were relevant and allow her 

to provide input for the direction of our discussions. 

In addition to interviews with Mary, I reviewed many other sources from previous 

research with the Secwepemc and neighbouring groups (Compton and Gerdts 2001 ; Duff 

1952; French 1965; Gunther 1945; Haeberlin and Gunther 1930; Hellson and Gadd 1974; 

Johnston 1987; Palmer 1975a, 1975b; Suttles 1955; Bouchard and Turner 1975 (unpub.); 



Turner 1997; Turner et al. 1990). These helped provide a context and history of plant­

people relationships. 

4.2.3 Background of Mary Thomas 
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Throughout her lifetime Mary Thomas has actively been a part of the Salmon River Delta 

at Shuswap Lake. Mary saw her parents take part in the growing wage economy in 

interior British Columbia in the 1920s and she frequently participated in activities such as 

plant food gathering and basketry with both her father ' s and mother' s parents. As such, 

Mary ' s understanding of the landscape spans a period when Secwepemc people were 

experiencing "a drastic change in lifestyle." The following account is an overview of 

Mary ' s life as it relates to the Delta on Shuswap Lake. It is intended to contextualize 

Mary ' s knowledge of wapato and other wetland plants as well as Secwepemc plant 

harvesting activities. It is not meant to be comprehensive life history. 

Mary was born in 1918 on the Salmon Arm Indian Reserve No. 3. Mary ' s parents, Daniel 

and Christine Allen, moved before Mary was born to this reserve where her father 

worked as a laborer clearing land for settlers. Mary ' s family had two homes. One was 

located at the Delta of the Salmon River and Shuswap Lake; the other was roughly 5 km 

upriver from the Delta on higher ground. Mary has indicated that more than one home 

was used to allow people to move away from wetlands during heavy mosquito season; 

they would then participate in other subsistence activities during that time. 
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Mary grew up on a small family farm where her parents raised pigs, geese and horses and 

grew vegetables such as com, beans and peas. Because Mary's parents were quite busy 

working, farming, hunting and processing food (primarily her mother's job), Mary spent 

much of her early childhood with her grandparents, particularly her father's parents, 

Marguerite Allen and "Grandpa Allen". 

My mother and father were very busy trying to adopt a new lifestyle by fencing, 
clearing land, fencing it in, tilling it, and planting new kinds of food. So our 
grandparents were the ones took over in raising us (Mary Thomas in The Wisdom 
of Dr. Mary Thomas 2003). 

The Allen's lived near Mary's parents on the Salmon Arm Indian Reserve No. 3. Her 

mother's "parents", Margaret Dick Andrew and Dick Andrew, lived on the Neskonlith 

Reserve No. 1 near the town of Chase, 30 km west of Salmon Arm. Mary's mother was 

orphaned at a very young age and was raised by her aunt and uncle. They became 

surrogate parents to Mary's mother, Christine Allen, and were like grandparents to Mary. 

Both of her grandmothers shared much plant knowledge with Mary. She would gather 

yellow glacier lily bulbs (Erythronium grandiflorum Pursh), among other root vegetables, 

with her grandmother Margaret Andrew on the Neskonlith Flats outside of Chase. 

However, Mary doesn't remember wapato growing around that area and only harvested it 

with her grandmother Marguerite along Shuswap Lake. Mary learned a great deal about 

Secwepemc plant use from her grandmother Marguerite. When Mary speaks of wetland 

plants and their use, she often gathered this knowledge from her grandmother Marguerite. 
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Mary' s connection to present-day Salmon Arm and the Delta was truncated when she 

went to the Kamloops Residential School at 6 1/2 years old, leaving her to return to the 

Salmon Arm Indian Reserve No.3 only in the summers. During these summer breaks she 

also visited relatives, such as her mother ' s parents, on the Neskonlith Reserve No. 1 She 

attended resid~ntial school until she was 16 (in 1934) when she was forced to leave 

despite her interest in continuing her studies. When Mary left residential school, she 

returned to the Salmon Arm area and began work for a farmer helping out with various 

jobs on the farm. Residential school was a painful experience for Mary and one that she 

spoke very little about with me. However, she did mention that although she was 

forbidden to speak Secwepemctsin for many years, she is still fluent in it today. 

Mary married, and with her first husband purchased a piece of land about 1 km upriver 

from the Delta (part of the Salmon Arm Indian Reserve No. 3) when he returned from 

active duty during World War II. Mary ' s father owned land on the reserve adjacent to 

their site, including land that encompassed the Delta. In fact, in the 1920s her father 

cleared the property where she currently lives for her uncle, though she has since 

purchased it from a family member. This property has remained in Mary's family since 

the time of purchase. 

Mary left the reservation in the 1950s and lived in outside communities for 38 years, 

raising 9 children as a single parent. She has explained that she left the reserve to protect 

her children from the trauma, anger and abuse she saw on the reserve following World 

War II. 
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While living off of the reserve, Mary spent many years working various jobs, primarily 

housekeeping, to support her family and was not heavily involved in teaching traditional 

Secwepemc activities. However, a turning point came in Mary's life in the 1970s when 

she began work with Ursula Surtees at the Kelowna Museum. She was hired to help 

develop a school kit on native culture for provincial schools. "We would put 

questionnaires together, and I'd go to the reserves, all the way from Williams Lake to 

Radium, and interview the elders." Mary describes this process and what it meant to her: 

I became really interested, and I began to see things from a different perspective. 
Slowly I began the change. That terrible feeling I had in my heart began to slowly 
disappear. And down the road, after a few years, I began to look at the situation 
that I ran away from, the reservation. That gave me double the strength to try and 
be a role model for my people (Mary Thomas in The Wisdom of Dr. Mary Thomas 
2003). 

As her children became adults many of them returned the Salmon Arm Indian Reserve 

No. 3. Mary visited them on the reserve as well as other relatives on Neskonlith Reserve 

No. 1 and Neskonlith Reserve No. 2 while living of the reserve. She was able 

continuously visit the sites of her childhood during that time. 

Mary moved back to the reservation, specifically the area surrounding the Delta, three 

years ago and is quite active speaking about the changes she has seen in the area during 

her lifetime. The land her family has lived and worked over the past century is still being 

used for agriculture, though only in a limited capacity. Mary has rented 13 some of her 

land to Ed Blackbum, a rancher who lives adjacent to the Delta just off the reservation, 

13 Mary is able to rent or lease her land to both Native and non-Native people. However, 
since it is reserve land she is not permitted to sell it to non-Native people. 



for 30 years. He clears Mary' s land for hay and pastures his cattle (approximately 15 

head of cattle) in the Delta. In return she receives half of the earnings from hay sales. 
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As an adult she has become a tireless teacher of and advocate for Secwepemc knowledge 

and cultural practices for the past 30 years, since she began working at the Kelowna 

Museum. Much of her time is spent drawing awareness to the current state of the Salmon 

River Watershed. In fact, together with her son Louis, she helped create the Salmon River 

Watershed Roundtable, a non-profit organization dedicated to promoting a healthy 

watershed. She is recognized both nationally and internationally for her work. She has 

recently received honorary doctorates from the University of Victoria and University 

College of the Caribou and the first Aboriginal person in North America to receive the 

Indigenous Conservationist of the Year award from the Seacology Foundation. She has 

also received the prestigious Aboriginal Achievement Award in the category of the 

environment. Presently, she is in the final stages of securing funds for The Shuswap 

Centre that is to be located on the property where her first husband bought land just 

upriver from the Salmon Arm Delta. This reserve land has remained in Mary and her 

family ' s ownership since that time and she has donated it for The Shuswap Centre. 

4.2.4 Findings 

Wapato 

Management and Use 

Whenever Mary spoke of wapato, she often included water parsnip, and cattail. Wapato 

and water parsnip roots were harvested together in the spring; cattail leaves were 

gathered in late summer for weaving. As I spoke with Mary about my surveys of 
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potential wapato patches around Salmon Arm and Kamloops, she suggested I look for 

water parsnip because, "where you find one you usually find the other". This turned out 

to be a useful identifier of potential wapato sites, as water parsnip is a bit taller than 

wapato and therefore easier to see. Many wapato patches I surveyed were adjacent to 

sites containing water parsnip. 

Mary described wapato populations during her childhood, before she went to residential 

school, as quite abundant. As Mary explained it, along with water parsnip they, "grew 

right clear around the bay. They multiplied like crazy. Just about anywhere we camped 

[ on sandy beaches] it grew" (Mary Thomas pers. comm. to Ann Garibaldi 11-13-01 ). 

During the spring harvest, a. lot of "little old ladies" along with neighbours collected these 

plants. The women would "pop" wapato out of the mud and the children would collect 

them in baskets. Mary ' s grandmother would wade out into the water about halfway up 

her shins. She would then tie up her skirt with a piece of string and place some of the 

loosened tubers in the "cloth container". Mary mentioned that women would use a 

digging stick to dislodge some of the tubers - it was about a foot long with a small cross 

bar at the top, sometimes made of deer antler though it could also be made out of wood if 

deer antler wasn' t available (Figure 3.2). Wapato tubers could also be loosened by 

wading into the water and dislodging them with their feet. The tubers would then float up 

to the surface and be collected. Not all tubers are buoyant at the same time (Darby 1996). 

Buoyancy facilitates tuber dispersal and establishment of new populations (Wooten 

1971). 
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Water parsnip was a favorite treat of for many children. The long clusters of succulent 

roots could be rinsed off and eaten right away, unlike wapato tubers which had to be 

cooked first. People collected large baskets of both roots. Mary remembers, "it was so 

plentiful. I don' t think they could put a dent in it, you know by digging"(Mary Thomas 

pers. comm. to Nancy Turner and Ann Garibaldi 2-15-01). Large baskets (much larger 

than 2' X 1' X 1' at the upper rim) were filled for each root. Mary doesn' t remember 

anyone "putting away wapato [for storage]"; the tubers were considered a seasonal 

vegetable. Both wapato and water parsnip were the first fresh vegetables for the season -

the first crunchy foods after the winter season. 

The wapato tubers were harvested in different spots every year as, "there was so plenty of 

them all over." After the fourth year they would come back to the first spot to harvest 

there again. There were no leaves on the plants when the tubers were harvested; people 

just remembered where the plants were. Tubers from one small site could easily feed two 

to three families during the spring season. 

Cooking 

Wapato was eaten over a period of at least two to three weeks " ... and then they begin to 

sprout and once they begin to sprout the root gets kind of watery" (Mary Thomas pers. 

comm. to Ann Garibaldi 2-25-01). Many families would travel to beaches along Shuswap 

Lake during this two to three week period and harvest wapato and water parsnip on the 

beach. Wapato grew at Canoe ( roughly 10 kilometers north of Salmon Arm) and all along 

the lakeshore when Mary was young, before she went to residential school. There is a 

small patch of S. cuneata still growing there today. She and her family would camp on 
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the sandy beach, and gather wapato and freshwater clams to make chowder. They added 

dumplings to a boiling pot of the tubers and clams. Mary explained that all of the sandy 

beaches where they formerly camped are now filled in or developed. 

Tubers were cooked by a steaming or roasting method in hot ashes. For steaming, they 

were placed in a kettle or over boiling water for five to ten minutes. For roasting (the 

more common cooking method), they were buried loose in the hot ashes with a fire on 

top and cooked for 1/2 to 1 hour. They were then taken out of the hot ashes and peeled 

before eating. 

Other Wetland Plants in the Vicinity 

Discussions with Mary about wapato almost always led to other culturally important 

wetland plants. Some of these grew adjacent to wapato in the Salmon River Delta (eg., 

Typha latifolia; cattail) and some further upriver (eg., Viburnum opulus L., highbush 

cranberry). In late July, Mary's grandmother Marguerite would collect cattail leaves for 

weaving. She would take leaves from shoots that did not have flowers - the "younger" 

ones. Mary doesn' t recall the wetland plants decreasing from year to year as a result of 

this activity. This indicates sustainable harvest levels for these wetland plants. 

Mint (Mentha arvensis LJ also used to grow at the mouth of the Salmon River in places 

that are now covered by reed canary grass (Phalaris arundinacea L.). Mary remembers 



her father collected fine meadow hay 14 along with red top (Agrostis gigantea Roth) and 

clover15 for animal feed (horses)16
. These plants have been slowly replaced by the reed 

canary grass. Meadow hay also grew mixed with mint, and was used as bedding: 
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You laid down and you could just smell that mint and I remember my 
grandmother used to just love stuffing a great big bed made out of flower heads. 
She'd stuff it with meadow hay and there's a lot of mint in it and your bed just 
smelled like mint. It was really good, healthy (Mary Thomas pers. comm. to 
Nancy Turner and Ann Garibaldi 2-15-01). 

Mary explained how skunk cabbage (Lysichiton americanus Hulten and St. John) and 

"rope hemp making" (Indian hemp - Apocynum cannabinum L.) used to grow along river 

bottoms in the area, including the area at the mouth of the Salmon River. Small patches 

oflndian hemp still grow there. In the delta area Mary used to help her family collect 

bundles oflndian hemp stems to begin the process of turning the tough fibre from the 

outer part of the stalks into rope. Skunk cabbage roots [rhizomes] were washed, cooked 

and pounded into flour. According to Mary, this was a key source of flour before the 

availability of wheat flour. 

Cow parsnip (Heracleum lanatum Michx.) and highbush cranberry grew upriver from the 

Salmon River Delta. Cow parsnip stalks were eaten in early spring, around the middle of 

May before the plant flowered (later it is too old, tough and strong tasting). The younger 

stalks were peeled and eaten on the spot. "And when you peel it you can eat it right away. 

And it's crunchy. I guess when you crave for something fresh- those were a treat" (Mary 

14 This has also been referred to a "slough grass". Possibly "slough sedge", Carex 
obnupta Bailey. This may have likely been a mix of species. 
15 Possibly white sweet-clover (Melilotus alba Medikus) or red clover (Trifolium 
{ratense L. ). 

6 Mary's father worked on a local farm and subsequently ran a small family farm. 
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Thomas pers. comm. to Ann Garibaldi 2-25-01). Later, the hollow flowering and fruiting 

stalks of cow parsnip (also Angelica spp.) were sometimes home to a small moth larva 

that was used as bait for fishing. These hollow stalks, angelica and cow parsnip, could 

also be used to aid breathing while one was submerged underwater. This was particularly 

handy while hiding from enemies (Mary Thomas pers. comm. to Ann Garibaldi 2-25-01). 

Highbush cranberry used to grow in profusion in the moist thickets along ·the river. Mary 

explained that there is now very little of it left in the Salmon River Delta. There has been 

heavy invasion of climbing nightshade (Solanum dulcamara L. ), an exotic species, in the 

highbush cranberry patches. 

Mary also spoke of coltsfoot (Petasites P. Mill. spp.). It used to grow in the wetland areas 

adjacent to the delta and was used for menstrual pads. To prepare them for this purpose 

the leaves were dried and then the larger veins pulled away. The main, soft part of the 

leaf was crushed and worked over with the hands until it formed a soft matted wad, 

which could be wrapped in a cloth for use. Mary explained that the former gathering site 

for coltsfoot .leaves is now home to a large housing development. The sloughs where it 

once grew have been drained or filled in and the land in this area no longer supports 

coltsfoot. 

Impact to Wetlands 

Mary spoke often about the changes she witnessed in the wetlands due to decreasing 

water levels, pollution, the introduction of new species and the loss of native ones. The 

wapato and water parsnip disappeared before the cattails, but the cattails were decreasing 

long before Mary moved back to Salmon Arm in 1999. 
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Mary mentioned different types of land use, such as ranching, that have had an impact on 

landscape conditions . 

... the cattle trampling on the roots and just deteriorated And now there isn't one 
bulrush [Typha latifolia] plant down at that delta. That, a long time ago my 
mother was saying that you can eat the root at a certain time of the year of the 
bulrush. It was [a] survival type of food And I asked her 'do you ever have to eat 
that? 'And she said 'no because there was a lot of the wapato and water parsnip 
down there. ' Today there isn't one plant left (Mary Thomas pers. comm. to Nancy 
Turner and Ann Garibaldi 2-15-01). 

Today there are growing housing developments along Shuswap Lake. This has resulted in 

a replacement of less desirable cattail zones with beaches constructed from trucked-in 

sand and gravel. Mary's elders taught her that cattails and some other wetland plants 

filter pollutants from the water. With a decline in cattail patches "there is going to be a lot 

of pollution heading into the lake" (Mary Thomas pers. comm. to Nancy Turner and Ann 

Garibaldi 2-15-01 ). For this reason Mary has stated that she is hesitant to eat any plants, 

including restored wapato, taken from the vicinity of the lake. 

Mary laments the loss of red-winged blackbirds, bluebirds and western grebes today as 

compared to her childhood. Although the newly established annual grebe festival in 

Salmon Arm is helping to restore this species, their habitat is heavily modified. Currently 

they have to nest among the stems of reed canary grass because there is very little cattail 

marsh left. 

While I was driving from Salmon Arm to the Wap Valley with Mary in July of 2001 , she 

pointed out many landscape features and shared her recollections of events important to 
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her and the Secwepemc community. All along Shuswap Lake to Sicamous was the 

territory of the Neskonlith Secwepemc. The lake served as the traditional "highway" for 

Mary's people. When I asked Mary where the people built their homes, she explained 

that "although it looks today as if the houses were built away from the river, that is not 

really true" (Mary Thomas pers. comm. to Ann Garibaldi 7-04-01). The water levels were 

higher when Mary was young and people lived along the rivers as they were formerly 

situated. 

When I asked Mary about the decrease in water levels of both Shuswap Lake and the 

Salmon River she responded by first talking about the hillsides, and logging. 

Why isn't there much water coming? [My mother] said you know there's a big 
difference in the evergreens and the leafy trees ... she said you take the leafy trees, 
in the spring sap goes up the tree and creates the leaves. And its' collecting solar 
energy - the wind, the rain, the sun. In the fall the sap will go back down in the 
ground and the other plants it feeds the creeks, the leaves drop and create 
compost. But now, she said, they are chopping them all out (Mary Thomas pers. 
comm. to Nancy Turner and Ann Garibaldi 2-15-01 ). 

She explained the decre.ase in forested areas, especially the removal of birch and other 

leafy species, has led to not only more water running off the mountains, but in fewer trees 

to store and cycle the water. Mary remembers from her time before residential schools 

many more creeks coming down off the mountain than are there today. She would go up 

Mt. Ida on horseback to collect high quality birch bark that was both flexible and durable 

for basketry. She has recently noticed one hotspring that they used to visit before she 

went to residential school has now dried up. 
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Mary attributes lower water levels, in part, to increased irrigation. Most of the sloughs 

along the Salmon River have either been filled in, drained, or have dried up. The last 

really high water that Mary remembers was in 1948 during a high flood. The water in the 

delta came up almost to the railroad tracks that year. 

Mary believes the two primary reasons the original plants don't grow in the wetlands are 

due to cattle ( and horses) and pollution. Cattle and horses trample the soil and the plants 

that live there, preventing new growth - "they cut deep with their hooves" (Mary Thomas 

pers. comm. to Nancy Turner and Ann Garibaldi 2-15-01). Pollution comes from many 

sources, for example, from boat engines, highway runoff, and trains. She remembers as a 

child, one summer, the sloughs were filled in with oil to control the mosquitoes. 

Mosquitoes were never a problem for the Secwepemc people originally because during 

thick mosquito season the people moved from the low wetland area to drier, breezier sites 

further upslope. 

One other major disturbance Mary described was the changing river mouth. 

People up here [by the wharf in Salmon Arm] were saying they were getting 
flooded out because the river wasn't flowing down fast enough, it was backing up. 
So what they did was changed the mouth of the river towards the mud flat. And a 
few years later the wharf people were saying that the river is pushing silt into . 
their channel. So without my permission they cut another channel and cut my 
meadow in half. .. and that's where it is today. And I told them it's over my dead 
body before you guys ever touch that mouth of the river again (Mary Thomas 
pers. comm. to Nancy Turner and Ann Garibaldi 2-15-01). 

Mary's knowledge of this area provides information on traditional Secwepemc use and 

management of wapato. It also sheds light on changes to the wetland area in general. 



This information can be used to narrow the focus on present potential limitations to its 

growth, thereby aiding ecological experimentation for restoration purposes. 

4.2.5 Discussion 
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Originally I had intended to research Secwepemc traditional wetland management using 

wapato as a focal species for restoration. While I have learned much valuable information 

about wapato use and harvesting methods, much of my time with Mary was spent 

discussing landscape changes and the repercussive impacts of those changes on 

traditional lifeways, including wapato use. The story that has emerged from my research 

is one of transformation and adaptation - both social and ecological. Landscape 

modifications certainly force a shift in cultural activities. Historically these modifications 

have tended to be of a lower intensity, the result of cultural management and/or localized 

natural processes. However, the past century has brought about radical shifts in both 

landscape and cultural systems, limiting the ability for adaptation. 

Currently there seems to be a movement towards re-enforcing cultural practices. As 

Secwepemc leader and cultural specialist Ron Ignace states, "we [Secwepemc] set out to 

build our own place where we could teach according to our ways, so that we could 

sensitize ourselves to the teachings of our ancestors and begin the journey of taking 

control over ourselves and our lives, to begin defining our own destiny" (Murphy et al. 

1999: preface). This goal is seen in the stories that Mary has shared and the activities of 

Secwepemc community. Restoration facilitates the already existing desire of 



communities to reconnect in a spiritual and physical way with their traditional territory 

and their traditional lifeways. 
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5.0 Ecological Considerations 

5.1 Introduction 

The literature and ethnobotanical interviews presented above underscore the cultural 

significance of the restoration of wapato. Biological literature on Sagittaria latifolia, 

particularly in northern portions of its range, is sparse. Much of the data on S. latifol ia 

provides little information on growth responses to fluctuations in wetland conditions. 

Given the increasing interest in S. latifolia for restoration purposes (Marburger 1993), 

there is a need for additional research into its autecology. In this chapter, I provide an 

overview of research to date on S._ latifolia that pertains to herbivory and water level 

requirements. This provides a background for the discussion of my experiments on the 

effects of herbivory and water depth on wapato growth in the Salmon River Delta of 

Salmon Arm, British Columbia. 

5.1.1 Selection of Sagittaria latifolia versus S. cuneata in Restoration 
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Though both Sagittaria latifolia and S. cuneata occur in southern British Columbia, it is 

not known which species of Sagittaria formerly grew in the Salmon River Delta. It could 

have been either, or both. Furthermore, even if the species was known, local races may 

differ genetically as well as in response to environmental conditions. Without knowledge 

and possession of the genetic source from a specific area, growth response is somewhat 

unpredictable. The decision to use S. latifolia for field experiments was based primarily 

on its wider availability, as tubers of S. cuneata are not available commercially. I was 

not able to locate any nurseries in the Pacific Northwest that sell S. cuneata. I purchased 



S. latifolia tubers from Streamside Native Plants in Courtenay, British Columbia. The 

original genetic stock is from Washington State. 

85 

The decision to plant S. /atifolia tubers for field research does not answer the question, 

what species of tubers were harvested by the Secwepemc? Many ethnographic reports 

documenting traditional wapato gathering in British Columbia list the species as S. 

latifolia rather than S. cuneata (Duff 1952; Suttles 1955; Bouchard and Turner unpub. 

(1976); Gilmore 1977; Galloway 1982; Spurgeon 2001; Hart et al. 1981.). Yet, reports 

differ in their methodological detail, and.how or even whether plant species was verified 

is not always clear. Sagittaria spp. distribution studies, including examinations of 

herbaria, provide some insights which species was likely to have been harvested. 

In coastal British Columbia S. latifolia is more common than S. cuneata (Brayshaw 

2000), though both species occur in coastal wetlands. I have observed that the former 

produces larger tubers, which may have been more desirable for the Katzie and other 

coastal communities S. /atifolia to cultivate. Though S. latifolia is still growing in parts of 

traditional Katzie territory, there is no way to b_e sure that both species were not harvested 

opportunistically and simply not distinguished in reports. 

For the interior Secwepemc community of Salmon Arm, the question becomes even more 

complex. The Plants of the Secwepemc People (SCES in prep. 1.) lists wapato as either 

Sagittaria latifolia or S. cuneata. With no original plants growing in the delta and 

without further evidence, conclusive identification is impossible. Both species grow in 



86 

interior British Columbia but in contrast to the coast, S. cuneata is more common 

(Brayshaw 2000). This suggests that S. cuneata is the species traditionally harvested by 

the Secwepemc. Though size and vigor of both the plant and tubers that Mary Thomas 

describes best fits S. latifolia, I have observed some variability in tuber size and biomass 

production across the two species. The three sites closest to where the Salmon River 

Delta Sagittaria spp. grew all contained S. cuneata. Again however, with the exception of 

the Canoe site, no specimens of S. cuneata fit the description of the size and vigor of the 

plants Mary Thomas remembered. Two possible reasons are evident: 1) S. cuneata 

currently growing outside of Salmon A~ are stressed and not able to exhibit more robust 

growth; or 2) the original plants growing in the Salmon River Delta were, at least in part, 

S. latifolia. This debate remains unsolved, yet its relevance to the experimental study 

should be underscored throughout this thesis. 

5.1.2 Biology of Sagittaria latif olia 

Taxonomy 

Sagittaria is a member of the Alismataceae, or water-plantain family . Haynes and 

Hellquist (2000) list 34 species of Sagittaria in North America, two of which occur in 

British Columbia: S. latifolia Willd. and S. cuneata Sheldon. Two varieties have been 

described for S. latifolia in North America (Kartesz 1994) based primarily on the 

pubescence on the vegetative part of the plant: var. latifolia and var. pubescens (Muhl. ex 

Nutt) J.G. Sm. (Haynes and Hellquist 2000). The pubescent variety of S. latifolia is 

restricted to the southeastern portion of the United States (Wooten 1971). Therefore only 



S. latifolia var. latifolia occurs in British Columbia (Douglas et al. 2001). Haynes and 

Hellquist (2000) do not recognize these varieties in their treatment of S. latifolia. 

Morphology 

Sagittaria latifolia is a perennial emergent wetland plant with thick tuber-bearing 

rhizomes. The stems range from 20 to 90 cm tall (Douglas et al. 2001 ; Pojar and 

MacKinnon 1994 ). 
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Plants contain rosettes of glabrous, sagittate (arrow-shaped) leaves ranging from 5-40 cm 

long and 2-25 cm wide (Gleason and Cronquist 1991). Leaves from the lower nodes tend 

to be linear or lanceolate and smaller in size than the sagittate leaves. Tubers are spherical 

to ovoid and creamy-white in colour (Figure 1.1 ). I have observed tubers ranging from 5 

to 9 cm in diameter and from 4 to 6 cm in length. One common name for this plant, duck 

potato, refers to the starchy tubers that are highly prized by wildlife, including ducks, 

geese and swans (Martin et al. 1951 ; Darby 1996). 

The inflorescence grows on a central leafless stalk with 2-15 whorls of three male and 

female flowers, each with three white petals and three green sepals. The flowering stalk 

generally is taller than the leaf stalks. Occasionally the lowest whorl of flowers produces 

a lateral stem instead of a flower (Muenchow and Delesalle 1992). This branch also 

produces a central stalk with whorls of flowers. In monoecious (bisexual) forms of the 

plant, the female whorls appear at' the base of the inflorescence, below the male whorls. 

In dioecious forms , the male and female flowers are found on separate plants. The fruits 
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are achenes (single-seeded, non-fleshy fruits) . Each plant may yield up to 20,000 viable 

achenes (NRCS 2000). 

Distribution and Habitat 

Sagittaria latifolia is found in southern Canada, south through the United States, and into 

Mexico, Central America (Guatemala) and South America (Columbia, Ecuador and 

Venezuela) (Haynes and Hellquist 2000) (Figure 5.1, Figure 5.2). Brayshaw (2000) 

considers S. latifolia uncommon in British Columbia. It is found along the coast as well 

as the interior (Figure 5.3, Figure 5.4) .. 

Habitat 

Because it prefers wet, silty unconsolidated soils, Sagittaria latifolia is generally found in 

the slow moving waters of ponds, sloughs, marshes, and stream edges (Guard 1995; 

Fortner and White 1998). It is found in both brackish coastal and inland freshwater sites 

and can tolerate a pH range of 5.9-8.8 (Marburger 1993). Along the Mississippi River, 

the plant prefers sandy-loam soils rather than clay-silt with a finer particle size (Clark and 

Clay 1985). Achene production of S. latifolia in an Illinoian lake was much lower on 

hard-packed clay than on soft, black silt (Low and Bellrose 1944). 

Sagittaria latifolia can be found growing in varying depths of water, but approximately 

30 cm of standing water has been suggested for optimal growth (Whittey et al. 1990). 
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Figure 5.1 North American range of Sagittaria latifolia Willd. The shading and dots both 
indicate plant range and location (adapted from Haynes and Hellquist 2000). 

Figure 5.2 North American range of Sagittaria cuneata Sheldon. The shading and dots 
both indicate plant range and location (from Haynes and Hellquist 2000). 
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Figure 5.3 Distribution for Sagittaria latifolia in British Columbia (from Brayshaw 
2000). The circle denotes the general area of traditional Secwepemc territory. 
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Figure 5.4 Distribution for Sagittaria cuneata in British Columbia (from Brayshaw 
2000). The circle denotes the general area of traditional Secwepemc territory. 
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Wooten (1973) found that soil types are highly correlated with ecotypic variation of three 

species of Sagittaria: S. graminea Michx. var. graminea, S. platyphylla (Engelmann) 

J.G. Smith, and S. cristata Engelmann. Although S. latifolia was not included in this 

study it would not be unreasonable to hypothesize that ecotypic variation based on 

edaphic factors might also occur for this species. 

Life History 

Out of adaptive necessity, plants have developed a multitude of ways to grow and 

reproduce in a variety of environments. MacArthur and Wilson (1967) developed one 

commonly used way of classifying plants, describing them as ,-selected or K-selected on 

the basis of their resource allocation patterns and life history traits. Plants that are 

strongly r-selected are short-lived and allocate most of their energy into reproduction; 

those that are K-selected are longer-lived and have greater competitive ability. Most 

plants fall somewhere along a continuum between these extremes. S. latifolia produces up 

to 40 tubers and 20,000 achenes per plant (NRCS 2000). Through this "flooding" of the 

system with tubers and seeds it is able to establish itself and reproduce. S. latifolia 

therefore falls more on the r-selected side of an r-K life history continuum. 

Monoecious and Dioecious Conditions 

The two varieties of Sagittaria latifolia exhibit different sexual conditions: bisexual 

(monoecious) and unisexual (dioecious) reproduction. S. latifolia var. latifolia exhibits 

both monoecious and dioecious conditions throughout its range. S. latifolia var. 

pubescens produces only monoecious inflorescences (Wooten 1971). 
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Researchers have used variation in sexual expression in many species of Sagittaria as an 

opportunity to explore the evolution of plant reproduction and environmental factors, 

such as insect herbivory, that influence it (see Muenchow 1985, 1998; Delesalle and 

Muenchow 1992; Muenchow and Delesalle 1992, 1994; Sarkissian et al. 2001). 

Propagation 

Because S. latifolia exhibits monoecious and dioecious conditions across North America 

and reproduces both sexually and asexually, a variable pattern of propagation emerges. 

Primary reproductive methods may vary by both region and site; however, clonal or 

vegetative reproduction appears to be quite a common and successful means for 

propagation. For example, seedlings are rarely found in undisturbed, mature communities 

of S. lancifolia, with primary reproductive means being vegetative (A. Baldwin pers. 

comm. in Schussler and Longstreth 1996). It is not unreasonable to assume that S. 

latifolia may act in a similar way. Wooten (1971) and Delesalle and Muenchow (1992) 

found that dioecious populations are associated predominantly with vegetative 

reproduction. A reliance on vegetative reproduction and subsequent resource allocation to 

tuber production could increase available food source for some herbivores . Feeding 

patterns and behaviors might be affected by amount of tuber and achene production. 

Plants are able to spread by producing long rhizomes. Internodes are found along the 

rhizomes at roughly equal distances. S. latifolia (and S. cuneata) send up vertical growth 

at intervals up to six internodes away from the parent plant, and reaching a distance of 
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40-60 cm (Lieu 1979). Large patches of S. latifolia (hundreds of ramets17
) may be 

produced from a single genet18 and single gender patches have been found to be several 

meters wide (Muenchow and Delesalle 1992). Plant growth can be quite dense. For 

example, Low and Bellrose (1944) measured 25 plants per square meter in an Illinoian 

lake, producing on average16 fruiting stems and 30 seed heads per stem. 

Germination 

Seed germination literature for S. latifolia is inconclusive and sometimes contradictory 

(Marburger 1993). It appears that many environmental factors influence germination 

success rates, including water depth (see Vescio 1979; Keddy and Ellis 1985; Keddy and 

Copstabel 1986), soil particle size (see Keddy and Constabel 1986), salinity and 

scarification (Kaul 1978). 

Kaul (1985) lists scarification as the only requirement for germination. Keddy and 

Constabel (1986) found that the ten shoreline species they examined (including S. 

latifolia) prefer finer particle size for seedling recruitment and sheltered (less disturbed) 

bays. They also noted that S. latifolia is sensitive to drying and responded better to a wet 

treatment. Kaul (1985) also documented that seedlings thrive on exposed mudflats. 

It also appears that seed banks for S. latifolia do not have much longevity, due in part to 

predation (Leck 1996). The extent to which herbivory affects seed germination and 

production in S. latifolia is unknown and possibly varies depending on ecotype. 

17 A ramet is an individual stem of a clone 
18 A genet is an plant derived from an individual (genetic) seed source 
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5.1.3 Possible Factors Limiting Sagittaria latifolia in Interior British Columbia 

At the Salmon River Delta, pressure has been placed on the aquatic system from exotic 

species such as carp, cattle, introduced reed canary grass, and Eurasian water-milfoil. 

While each of these factors certainly affects plant viability, it is most likely a complex of 

factors that initially limited and then hindered the growth of Sagittaria spp. in the Salmon 

River Delta. 

Two primary factors that appear to limit Sagittaria latifolia growth are water level 

requirements and pressure from herbivory (Marburger 1993). The impacts from these 

factors may be amplified when both are present or occurring in a system. While working 

with populations of Sagittaria lancifolia L., Grace and Ford (1996) discovered that the 

combined effects of herbivory, salt water, and flooding resulted in reduced plant growth 

or even plant death. However, each factor alone did not result in long-term impacts. 

Therefore a review of the literature on water level and herbivory effects on S. latifol ia 

and a study of the interactions between the two may inform the restoration needs in the 

Salmon River Delta. Table 5.1 summarizes these factors . 
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Table 5.1 Potential factors limiting Sagittaria growth. 

Condition Effect 
Increase in water depth • In two studies along the Mississippi River, Sagittaria 

spp. was not found growing in standing water deeper 
than 30 cm (5) and 50 -60 cm (6). 

• Plants in Lake Ontario were able to tolerate water 
levels up to 40 cm only when both herbivory and 
turbidity were reduced (12). 

• Increasing water depth has resulted in higher mean 
and maximum leaf height, though total above-ground 
biomass was not affected (13). 

• Achene production increased with deeper water 
depths (up to 50 cm) in an Illinois River Valley study 
(1). 

Decrease in water depth • The average water depth of S. latifolia along the 
Upper Mississippi River was 26.4 cm; shallower 
water depth contained less productive stands of S. 
latifolia (6). 

• Lower water levels may encourage invasion of exotic 
species that crowd out alismatids (7). 

Seasonally dry conditions • Low mean water levels have reduced achene 
production along the Upper Mississippi River (6). 

• Seasonal Dry conditions caused Sagittaria spp . 
flower production to be reduced or cease altogether 
(7). 

Stable water levels • Stable water levels during the year have been shown 
to slightly increase achene production in S. latifolia 
(1 ). 

Increase in above-ground • There is a positive correlation between an increase in 
biomass above-ground biomass and an increase in below-

ground biomass (6). 
Wave action • Wave action has been noted to limit Sagittaria spp . 

(5). However, in another study, the above-ground 
standing crop of S. latifolia and S. rigida were greater 
in open-water sites despite increased wave action, 
currents and wind ( 6). 

Siltation • A dramatic increase in siltation may decrease water 
depth and affect oxygenation of aquatic plant roots 
such as Saf;ittaria spp. (6). 

Turbid water • Turbid water has been shown to lower both seed 
production and plant productivity of Sagittaria spp., 
particularly in the early growing season (6)(1). 

Cattle grazing • Few studies have explored the direct effects of cattle 
grazing on Sagittaria spp., however, cattle increase 
soil compaction (8) and encourage invasion of 
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invasive species such as Phalaris arundinacea (reed 
canary grass) that may crowd out aquatic 
macrophytes ( 4 ). Cattle have also been observed 
eating Sazittaria son. in Oregon (14). 

Waterfowl grazing • Waterfowl eat both the seeds and tubers of S. latifol ia 
(14)(3)(10). 

Small mammal grazing • Nutria (and presumably other small rodents) feed on 
new shoots (11) of S. latifolia. 

• Muskrats (2)(9) and porcupine (3) eat Sagittaria spp . 
tubers. They have removed about 75% of standing 
above-ground standing crop of Sagittaria spp. in the 
Mississippi River (9) 

• Porcupines also eat leafy portions of Sagittaria spp . 
(3). 

Carp activity • Carp increase turbidity of water (12)(15)(16) which 
negatively affect the growth of aquatic macrophytes 
such as S. latifolia (12)(15)(16). 

• Carp also scour the lake bottoms and can dislodge 
young seedlings (16). 

(1) Low and Bellrose 1944; (2) Lynch et al. 1947; (3) Martin et al. 1951 ; (4) Chabreck 
1968; (5) Eckblad et al. 1977; (6) Clark and Clay 1985; (7) Kaul 1985; (8) Brown 1986; 
(9) van der Valk 1989; (10) Gruenhagen and Fredrickson 1990; (11) Evers et al. 1998; 
(12) Chow-Fraser 1999; (13) Howard and Mendelssohn 1995; (14) Melissa Darby pers. 
comm. to Ann Garibaldi 2001 , 2003; (15) Smith et al. 2001 ; (16) Tyler Smith pers. 
comm. to Ann Garibaldi 2002 
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5.1.3.1 Water Level Requirements and Limitations 

The limited information available on optimal growth requirements and plant management 

for Sagittaria latifolia primarily comes from North America from the Great Lakes region 

south to Florida. The Louisiana Delta is a tidally-influenced wetland ecosystem that 

contains large populations of S. latifolia and its congeners. Studies have documented 

interactions between species of Sagittaria and: hydrologic influences (see Johnson et al. 

1985; Howard and Mendelssohn 1995); waterfowl (see Chabreck et al. 1983); and 

invasive herbivores such as nutria (Myocastor coypus Molina) (see Chabreck et al. 1983). 

Other studies have focused on the Great Lakes region and the effects of different 

restoration treatments on aquatic macrophytes, including S. latifolia (see Chow-Fraser et 

al. 1998; Chow-Fraser 1999). Still others have examined the influences of edaphic factors 

and hydrology (in mid-west United States freshwater systems) on multiple wetland plants 

(see Clark and Clay 1985; Keddy and Constabel 1986; Fortner and White 1988). As with 

any study, caution should be exercised when applying information ex situ. However, 

these sources may illuminate factors that impose ecological constraints on S. latifolia that 

relate to my study. 

Reports differ slightly on optimal water levels for Sagittaria latifolia. This is probably 

because it can tolerate (and has therefore been found in) a broad range of water depths. In 

fact, in British Columbia as in other places, it grows in both tidally influenced water 

along coasts and seasonally fluctuating freshwater in land areas (Brayshaw 2000). In the 

Upper Mississippi River, Clark and Clay (1985) found that S. latifolia grew at an average 

water depth of 26.4 cm and was not found in water deeper than 60 cm. 
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Plant distribution patterns in aquatic settings are, in part, a result of water level 

differentials. Distribution of several species of Sagittaria in the Upper Mississippi River 

was related to a water depth gradient (Clark and Clay 1985). Eckblad et al. (1977) also 

noted that Sagittaria spp. was limited by wave action and water depth in this region of 

the Mississippi River. 

Clark and Clay (1985) found a direct correlation between peak above-ground biomass 

and water depth. They measured Sagittaria latifolia growing in an average of 26.4 cm of 

water. Plants growing in shallower water developed lower above-ground biomass. There 

was an additional positive correlation between above-ground biomass and below-ground 

biomass, with a smaller tuber crop being reported from shallower areas. This might 

indicate that S. latifolia planted at optimal water depths with a high above ground 

biomass might also have high below-ground biomass, resulting in enhanced tuber 

production. 

Morphological expression in Sagittaria resulting from fluctuations in water depth has 

also been studied. In coastal Louisiana, Howard and Mendelssohn (1995) recorded higher 

mean and maximum leaf heights of Sagittaria lancifolia with a 15 cm increase in water 

depth. Despite this increase in leaf area, total above-ground biomass was not affected. 

Wooten (1986) also recorded an increase in petiole length, as well as a decrease in leaf 

width and length, in six species of Sagittaria (not including S. latifolia) following higher 

water levels. An increase in plant height resulting from an increase in water depth has 

been observed for other macrophytes as well (Grace 1989; Squires and van der Valk 
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1992), and may occur in S. latifo/ia (see Brayshaw 2000). How an increase in water depth 

might affect below-ground biomass of S. latifolia is not clear. However, it is possible that 

plants grown in a water depth that produces optimum above-ground biomass may also 

have optimum below-ground biomass. Further study is needed to quantify this. 

Decreasing water levels also impact plant growth. Increased sedimentation rates have 

been noted in the Salmon River along with a dramatic loss in streamside vegetation 

(McPhee et al. 1996). High rates of siltation may decrease water depth and this in turn 

affects Sagittaria latifo/ia growth. Along both the Mississippi River and the Illinois 

River, siltation resulting from erosion had a negative effect on biomass and decreased 

reproductive capabilities (both tubers and flowers) by decreasing water levels and 

possibly affecting the oxygenation of Sagittaria spp. roots (Low and Bellrose 1944; Clark 

and Clay 1985). Both low inean water levels (Clark and Clay 1985) and seasonally dry 

conditions (Kaul 1985) have been found to reduce achene production or cause flower 

production to cease altogether. Conversely stable water levels and increasing water 

depths up to 50 cm may encourage achene production (Low and Bellrose 1944). In the 

past century, there have been severe changes in water use affecting the peak flow of the 

Salmon River and the availability of water during droughts. This corresponds to the time 

period over which Sagittaria spp. has ceased to grow in the delta. 
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Water Level and Invasive Species 

Plant responses to cumulative environmental factors may be different than to individual 

factors. Often is the combined effect of different factors that are observed in plant 

growth. In Lake Ontario, Chow-Fraser (1999) recorded adverse effects of high water 

levels on Sagittaria latifolia, yet found plants were able to tolerate higher water levels 

( 40 cm) when placed in an exclosure with a silt-screen, effectively reducing both 

herbivory and turbidity levels. This indicates that high water levels alone may not be 

responsible for decreased growth. 

Though Sagittaria latifolia allocates more of its resources to reproduction than it does to 

competition through the production of tubers, its growth pattern provides an advantage 

over common invasive plants such as Phalaris arundinacea and Typha spp.: it is tolerant 

of deeper water levels. It has been suggested that aggressive planting of such species as S. 

latifolia may help control invasive Typha spp. and Lythrum salicaria L. (purple 

loosestrife). Conversely, a study in Nebraska demonstrated that a decrease in water level 

encouraged the invasion of exotic species that crowd out the alismatids (Kaul 1985). In 

the Great Lakes region, Tyler Smith (botanist with the Royal Botanical Gardens in 

Ontario) observed that large patches of Typha spp. out compete S. latifol ia and reduce the 

latter to small areas within the wetland (Tyler Smith pers. comm. to Ann Garibaldi 2002). 
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5.1.3.2 Herbivory Effects on Sagittaria latifolia 

Herbivory can have various consequences for plant fitness (see McNaughton 1983; Paige 

and Whitham 1987; Visser 1989). The possibilities are summarized as follows (adapted 

from McNaughton 1983): 

1) Herbivores are detrimental to plants; 

2) Plants are able to handle low levels of herbivory resulting in no net loss of fitness; 

and 

3) Plants can overcompensate for moderate levels ofherbivory and this can cause a 

net increase in plant fitness 

Not always viewed to be harmful, plant-herbivore interactions may help a plant 

reproduce, reallocate, or in some cases even increase growth (Paige and Whitham 1987) 

though this is an ongoing controversy ( see Forum on Grazing Theory and Rangeland 

Management, Ecological Applications 3(1) 1993). Yet, while grazing has been suggested 

to encourage plant production in some cases, most studies have shown that high grazing 

pressure reduces overall plant population biomass (Visser 1989). With differing and 

sometimes even conflicting views on grazing effects, interactions must really be 

examined site by site and species by species. 

Though cattle grazing may mimic herbivory of large native game animals such as bison, 

wetlands often face increasingly intense grazing pressure (Hoff 1993) due in part to the 

fencing or forced localization of cattle (Brown 1986). Combined with other factors such 

as breaking of above-ground portions of plants and compacting the soil, these herbivores 



may help push a plant population beyond a threshold at which it can persist. In the 

Salmon River Delta, the increased presence of cattle, the introduction of carp and the 

continued feeding of native herbivores on stressed populations of Sagittaria spp. may 

have contributed to its extirpation. 
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In addition to cattle, predators of Sagittaria latifolia include waterfowl (Evers et al. 

1998),-muskrat (Ondatra zibethicus L.) (Clark and Kroeker 1993), nutria (Evers et al. 

1998) and carp (Smith et al. 2001); the effects of these will be discussed in detail in the 

following sections. 

Cattle 

The effect of cattle on a wide range of terrestrial prairie plants and some wetland species 

is well documented (see Hilliard 1971; Brown 1986; Schultz 1987; Hoff 1993). Cattle 

affect vegetation in two primary ways: trampling and consumption (Hilliard 1971; Hoff 

1993). Intensity of impacts also varies with compounding factors such as seasonal timing, 

duration and intensity of browsing (McNaughton 1983). Secondary effects are many, and 

may include soil compaction (Brown 1986), changes to water quality, and encouragement 

of invasive species (Chabreck 1968) such as Phalaris arundinacea (reed canary grass). 

Plant damage often results from injury to meristematic tissue (Schultz 1987). Sagittaria 

latifolia has a basal meristem (as do grasses) that offers some protection from grazing 

damage by allowing vulnerable regenerative tissue to remain slightly more protected in 

the soil. However, the soft substrate of aquatic systems provides little fortification against 

trampling. 
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Generally, selective grazing has negative effects on particular species (Ellison 1960; 

Chabreck 1968), presenting a problem if species sought for restoration are the same ones 

preferred by cattle. Cattle have been observed selectively grazing in patches of Sagittaria 

latifolia in Oregon (Melissa Darby pers. comm. to Ann Garibaldi 2003). However, in my 

field site there were neither enough replicates nor enough grazing pressure to 

conclusively determine the effects of cattle grazing on S. latifolia in the Salmon River 

Delta. 

Waterfowl and Small Mammals 

Waterfowl eat both seeds and tubers of Sagittaria latifolia (Martin et al. 1951 ; 

Gruenhagen and Fredrickson 1990), and nutria (and presumably other small rodents) feed 

primarily on new shoots (Evers et al. 1998). As well, Sagittaria spp. tubers are a 

preferred food of muskrats, whose effects on wetland vegetation are well documented 

(Lynch et al. 1947; van der Valk 1989). Porcupines also eat the tubers as well as leafy 

portions of Sagittaria spp. (Martin et al. 1951). Muskrats, porcupines and river otters all 

occur in the Salmon River Watershed (McPhee et al. 1996). I saw river otters in the Delta 

during site visits. 

Muskrat foraging affects the dynamics of marsh structure and development (Clark and 

Kroeker 1993). Muskrats contribute to tuber dispersion and stand diversity in marshes 

and consequently to avian diversity as well. Though muskrat are not always harmful, 

their density has reached such high levels in some marshes that they "eat-out" the marsh 

vegetation, denuding the area of virtually.any above ground vegetation (Lynch et al. 
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1947). In a Lake Ontario wetland, welded wire fencing had to be erected, after plastic 

fencing was chewed through, to keep marsh vegetation from being grazed. Muskrats ' 

along the Mississippi River have "removed about 75% of the aboveground standing crop 

of [Sagittaria spp.] in areas 4-5 min diameter around lodges" (WR Clark pers. comm. in 

Van der Valk 1989:277), though this represented a small portion of the total standing 

crop in the marsh. 

Again, herbivory effects can be cumulative. Evers et al. (1998) found that waterfowl and 

nutria both reduce biomass equally; however the effects of the two herbivores appear to 

be additive, with sites grazed by both groups having a significantly higher rate of clearing 

and changing of plant species composition. Nutria is not documented in the Salmon 

River Watershed. However, both waterfowl and other small rodents occur there. 

Although waterfowl grazing is common in natural stands of Sagittaria latifolia. (i.e. 

"duck potato"), ducks and other waterfowl may pose a challenge in reestablishment of a 

population. Following a failure of planting bare tubers, Melissa Darby (pers. comm. to 

Ann Garibaldi 2001) found that ducks removed almost all of the tubers that were tied in 

cotton bags and weighed down with a rock. 

Common Carp (Cyprinus carpio) 

One of the largest challenges to macrophyte reintroduction in wetlands is the common 

carp. Carp were intentionally introduced to North America from Europe and Asia (the 

first carp were introduced to Ontario in 1880) in the 1800's, to add to mill ponds " 

because of their prolific nature, as well as their domestic and economic value" (MacKay 
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in Environment Canada 2000). However, social perception of the species quickly 

changed as the fish escaped to nearby waters and increased in numbers (Environment 

Canada 2000). In less than 50 years the view of carp shifted from desired species to 

nuisance; unfortunately, by this time vast numbers of carp were already established - and 

they were spreading. Though the exact date of their introduction to Shuswap Lake is not 

known, carp are present there and have been for many decades, since Ed Blackburn did 

not remember a time when they were not present. The ecological repercussions of this 

introduction are increasingly apparent through a reduction in aquatic macrophytes and an 

increase in turbidity. 

As observed during wetland restoration in the Great Lakes area of Ontario, Typha 

latifolia is more resistant than other wetland macrophytes to the activities of carp. Plants 

that spread clonally from under the soil are the only ones able to establish themselves if 

carp are present as they scour the lake and river bottoms, generally precluding seedling 

establishment. Although Sagittaria latifolia spreads by tubers, over time it cannot out­

compete T. latifolia and only survives in small patches (Tyler Smith pers. comm. to Ann 

Garibaldi 2002). Furthermore Smith et al. (2001) attributed an increase in emergent 

vegetation to three factors : water levels, carp exclusion and planting programs. Further, 

they noted that carp could hinder plant growth even if water levels are optimal. 

When Clark and Clay (1985) observed a negative correlation between increasing water 

depth and productivity of S. latifolia, they suggested that the effect might be due to light 

penetration during shoot emergence rather than to water depth and biomass during the 
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growing season. Carp (and other factors such as motor boats) certainly affect turbidity. 

Turbidity negatively affects young shoots but has a smaller effect on plants once they 

have emerged above water (Low and Bellrose 1944). 

Carp also affect Sagittaria growth by lowering recruitment from the seedbank and 

damaging young shoots (Tyler Smith pers. comm. 2002). These effects allow exotic 

species that thrive in disturbed areas to establish themselves, displacing native ones. The 

dominant native fish species that might feed on carp cannot get established because they 

often require submerged vegetation to spawn. This vegetation is churned up by the carp 

(Chow-Fraser 1999), triggering a series ofreactions that are difficult to arrest. 

5.2 Selected Distribution of Sagittaria latifolia and S. cuneata in Interior British 
Columbia 

5.2.1 Introduction 

In the summer of 2001 , I reviewed herbarium specimens and records of Sagittaria 

latifolia and S. cuneata from the Royal British Columbia Museum and the University of 

British Columbia Herbarium to research site characteristics and establish exact locations 

of Sagittaria in a small region of interior B.C. (Figure 5.5). This region was selected 

based on its proximity and presumed similarity to my field site at Salmon Arm. I then 

visited over 36 sites, both those with previously documented populations of Sagittaria 

and new ones with similar characteristics to known patches. Measured site characteristics 

included: water depth, percent cover of Sagittaria in relation to associated species, 

presence/absence of flowers (and sex), signs ofherbivory and soil characteristics 



.. 
• 1• 

11 Hope 

Shu swap Lake 

Okanogan 
Lake 

British Columbia 

Washington 
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(Appendix 2). New sites were visited to obtain a more thorough baseline for distribution 

of Sagittaria in the region around Salmon Arm as well as to ascertain any similarities and 

differences among sites that contain wapato and those that do not. Sites were initially 

visited in July 2001 but no Sagittaria was found. This date was apparently too early 

based on phenological patterns (Adolph Ceska pers. comm. 2001) so I revisited sites in 

August. At that time plants were easily identifiable and in some cases were even 

flowering. 

5.2.2 Findings 

I located 16 patches of wapato at 10 sites in the southern Interior of British Columbia 

(Table 5.2). I found no new populations of wapato and failed to locate wapato at five sites 

that have documented populations. However, herbarium records (primarily older records) 

vary in the detail they provide about sites, which thereby increases the likelihood of 

sampling the wrong specific location. A larger survey would be required to draw 

conclusions about the overall change to wapato populations in interior British Columbia. 

The water depths at these sites ranged from 0 cm to 47 cm, with half of the sites having 

no standing water. All but one patch was identified as Sagittaria cuneata based primarily 

on cross-section stem shape. Petioles of S. latifolia tend to be angular (triangular) in 

cross-section and petioles of S. cuneata tend to be rounded in cross-section (Brayshaw 

2000). The most supported diagnostic characteristic, length of achene beak, was used to 

distinguish the two species whenever fruits were present. 
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T bl 5 2 s·t a e . 1 es VlSl e m a[!tttana spp_ survey m m enor . ·t d. 2001 S t fl lS o um ia. 

Water depth Existing 
Site Name 

Presence of Number of (standing 
Inflorescence herbarium 

wapato plants water) at site record 
(cm)* 

!Adams Lake 1 Yes < 10 70 Not flowering Yes 
!Adams Lake 2 No NIA NIA NIA Yes 
!Black Lake 1 No NIA NIA NIA No 
Black Lake 2 No NIA NIA NIA No 
Bog Lake No NIA NIA NIA No 
Canoe 1 Yes 10-50 0 Monoecious Yes 
Canoe2 Yes 10-50 0 Monoecious Yes 
Chapperon Lake No NIA NIA NIA Yes 
Douglas Lake 1 10 Dioecious 

Yes 10-50 (male) Yes 
Douglas Lake 2 Yes < 10 36 Not flowering Yes 
Glimpse Lake 1 Yes > 50 31 Monoecious Yes 
Glimpse Lake 2 Yes > 50 33.5 Monoecious Yes 
Glimpse Lake 3 Yes >50 40 Not flowering Yes 
Goose Lake No NIA NIA NIA Yes 
John Frank Lake No NIA NIA NIA No 
Kawkawa Lake 1 25 Dioecious 

Yes 10-50 (male) Yes 
Kawkawa Lake 2 Yes 10-50 47 Not flowering Yes 
Mara Lake Yes 10-50 0 Not flowering Yes 
Napier Lake Ranch No NIA NIA NIA No 
Nicola Lake 1 No NIA NIA NIA Yes 
Nicola Lake 2 No NIA NIA NIA Yes 
No Name Lake No NIA NIA NIA No 
!Paul Lake 1 Yes < 10 0 Not flowering Yes 
!Paul Lake 2 Yes < 10 36.5 Monoecious Yes 
IPennaska Lake No NIA NIA NIA Yes 
Rush Lake No NIA NIA NIA No 
Salmon Lake No NIA NIA NIA No 
Salmon Arm Wharf .75 Dioecious 

Yes < 10 (female) Yes 
Shumway Lake No NIA NIA NIA Yes 
Swan Lake 1 No NIA NIA NIA No 
Swan Lake 2 No NIA NIA NIA No 
Swan Lake 3 No NIA NIA NIA No 
Taooen (Sunnvbrae) Yes 10-50 0-19 Not flowering Yes 
Tranquille/Kamloops Monoecious 
Lake Yes > 50 0 Yes 
[ulip Lake No NIA NIA No 
* Water depth only measured when Sagittaria was present. 
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Voucher specimens from five sites were collected: Sucker Creek, Tappen (Sunnybrae), 

Glimpse Lake, Tranquille and Canoe. All of these are housed at the University of 

Victoria Herbarium. 

5.2.3 Discussion 

Few generalizations about sites can be drawn from this survey. It was primarily 

descriptive in nature, marking presence/absence and qualitative descriptors of Sagittaria 

spp. populations. Though I failed to locate wapato at four sites where it had been 

previously documented, it is unclear if I sampled in the exact location where the voucher 

specimen was collected. It was not uncommon to have limited data for locating 

populations. Though it is difficult to make conclusive remarks about the health of 

Sagittaria populations at these sites, the majority of sites had small numbers of plants. 

None of the populations were large enough to support harvesting tubers in the quantities 

that Mary Thomas has described. The type of harvesting that Mary described easily 

supported three or four families (at least 20 people) for several weeks. I was hesitant to 

· take more than one or two plants for voucher specimens from most sites. 

Based on notes from herbarium records, I did not notice any major changes to the size or 

health of the populations I visited. Many herbarium records did not indicate the number 

of plants so trends are difficult to interpret. However, there has been a significant 

decrease in population size and health in the lower Fraser River Valley (Spurgeon 2001) 

and I failed to locate any patches in the region around Salmon Arm that would 



sustainably support tuber harvesting. These factors suggest a change in species 

composition of certain wetlands over the past century. 

5.3 Replanting Study of S. latifolia in Salmon Arm, British Columbia 
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The literature indicates that S. latifolia growth varies with water depth and herbivory. To 

better understand how these factors would impact growth of S. latifolia in the Salmon 

River Delta, I designed a series of treatments to restrict local herbivores at a series of 

water depths. 

5.3.1 Study Site 

The field site is located at the delta where the Salmon River flows into Shuswap Lake, 

approximately 6 km southwest of Salmon Arm, British Columbia in the Interior Douglas­

fir Biogeoclimatic Zone. This land, on the Salmon Arm Indian Reserve No. 3, is owned 

by Mary Thomas. A pond located on the Salmon River delta provided an opportunity for 

replanting S. latifolia in an area where wapato formerly grew, according to Mary's 

recollections (Chapter 4). The pond site is approximately 100 m long and 75 m wide. 

Three primary factors influenced the selection ofthis site: 1) Sagittaria spp. was 

abundant at this site within the past 80 years; 2) An existing cattle exclosure, erected by 

Ducks Unlimited, runs through the pond enabling easy establishment of a control group 

( cattle have access to approximately one third of the pond while the remaining two thirds 

are closed to cattle). The fence was erected 10 to 15 years ago (Ed Blackburn pers. 

comm. 2002). The exact year of construction could not be obtained through Ducks 

Unlimited; and 3) This site has traditional significance to the Neskonlith Indian Band on 



the Salmon Arm Indian Reserve No. 3, and to Mary Thomas in particular. It was an 

important gathering site for aquatic plant foods and waterfowl for many Secwepemc 

families. 
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The current rancher, Mr. Blackburn, has been leasing the land for cattle grazing since 

1972. Before this, other people had cattle and horses grazing in the area. Approximately 

15 head of cattle graze in the delta from May through late September and early October 

however, if necessary they are removed for a few weeks in June during high water. They 

are supplementally fed hay and minerals. Horses have also used the area in the past and 

continue to do so in small numbers . 

5.3.2 Methods 

Nine transects were placed in the pond, with three transects per treatment (Figure 5.6). 

The three treatments are: 1) the control (no herbivores excluded); 2) complete exclosure 

(all herbivores that could not pass through wire mesh 2.5 cm by 2.5 cm were excluded); 

and 3) cattle excluded. Based on the literature review the following depths were selected 

for tuber planting: 0 cm, 10 cm, and 20 cm and 40 cm. These depths were measured at 

the time of planting (September 2001 ). Water levels in the pond were generally higher 

than 20 cm at time of planting except in one localized area, inside the cattle exclosure, 

where the water levels reached 40+ cm. In addition to the transects, 6 plots were 

established in this area to measure the effects of 40 cm water depth or deeper (Table 5.3). 
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Figure 5.6 Experimental layout at 2001 field site for study of Sagittaria latifolia response 
to herbivory and water depth in the Salmon River Delta, British Columbia, 
illustrating location of transects and treatment plots. 
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Table 5.3 Number of sample plots for 2001 water depth and herbivory study of 
Sagittaria latifolia in the Salmon River Delta, British Columbia. 

Number of Number plots Number of plots with Total 
plots with no with cattle herbivore exclosures number of 
exclosures excluded (Treatment 3) ex closures 
(Treatment 1) (Treatment 2) 

Depth 1 3 3 3 9 
(0cm) 
Depth 2 3 3 3 9 
(10 cm) 
Depth 3 3 3 3 9 
(20 cm) 
Depth 4 0 3 3 6 
(40 cm) 
TOTAL 9 12 12 33 

Five tubers were planted in each plot (Figure 5.7). A total of 165 tubers were planted at 

33 sites (135 tubers in plots along transects; 30 tubers in plots at the 40+ cm depth). The 

fresh wet weight of the tubers was determined and length and width of each were 

measured prior to planting. Tubers ranged from 9.3-20.8 g. They were selected 

haphazardly from a bucket and planted approximately 15 centimeters below the surface 

of the substrate. 

In September of 2002, one year after planting, the following characteristics for each plant 

in each plot were measured: plant height, number of leaves, length and width of leaves, 

number of flowers produced, sex of flowers, number of flowers producing seed, any signs 

of foraging, and plant mortality. The data form is shown in Appendix 1. 
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5.3.3 Data Analysis and Results 

Biomass was estimated by calculating leaf area (cm 2) and analyzed by plot (i.e. summing 

biomass of all five plants in each plot). Leaf area was used to represent biomass rather 

than above-ground dry weight because it is a non-destructive method to compare 

biomass, leaving plants undamaged in the ground for restoration purposes. Data were 

compiled and a bar graph of the ( untransformed) mean sum of the leaf area by plot 

clearly demonstrated a marked difference in total biomass by treatment (Figure 5.8). The 

mean sum of the leaf area for Treatment 2 ( complete exclosure) was 634. 82 cm2 (SE = 

145.59 cm2
) while that of both Treatments 1 (control) and 3 (cattle excluded) was 6.71 

cm2 (SE= 4.31 cm2
) and 5.79 cm2 (SE= 2.79 cm2

) respectively (Table 5.4). 

Out of 45 tubers in the control (Treatment 1) only 5 plants grew (Figure 5.9). Figure 5.9 

shows a plot from Treatment 1. Out of 60 tubers planted in Treatment 2 ( complete 

exclosure) (Figure 5.10) and Treatment 3 (cattle excluded), 49 plants and 6 plants grew 

respectively (Table 5.5, Table 5.6). Figure 5.10 show a plot from Treatment 2. Some 

plants had leaves chewed by herbivores (Figure 5.11). On other the entire petiole was 

sometimes chewed by herbivores; the leaf blades could be seen floating in the water and 

decaying. Water depth did not have a significant impact on these two treatments; this 

may simply be due to the limited amount of data available (i.e. few plants grew). 
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Figure 5.8. Bar graph of 2001 estimated mean sums of above ground biomass 
(untransformed) of Sagittaria latifolia by herbivory treatment with standard error 
bars. 
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Table 5.4 Estimated above biomass (untransformed) of Sagittaria latifolia by herbivory 
treatment. 

Mean sum of Standard Standard Median 
leaf area Error deviation (cm2

) 

(cm2
) (cm 2) (cm2

) 

Treatment 1 
(control) 6.71 4.31 12.92 0.00 

Treatment 2 
(complete 634.82 145.59 504.35 617.59 
exclosure) 

Treatment 3 
(cattle 5.79 2.79 9.67 0.00 

excluded) 
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Figure 5.9 Sagittaria latifolia in the Salmon River Delta, Salmon Arm, British Columbia 
one year after planting. Tubers were planted in a plot restricted from cattle, but 
otherwise not protected (Treatment 3). September 2002. 

Figure 5.10 Sagittaria latifolia in the Salmon River Delta, Salmon Arm, British 
Columbia one year after planting. Tubers were planted in a plot protected from 
herbivores by a 3.25 cm X 3.25cm wire mesh (Treatment 2). September 2002. 



Table 5.5 Raw data from 2001 herbivory and water depth analysis of Sagittaria latifolia in the Salmon River Delta, British Columbia. 

Treatment 1 (Control) 

Transect Plot No. Planting Total calculated leaf area ( cm2
) Sign of plant foraging Sum.of 

No. (1-3) water leaf area 
depths for plot 
(cm) (cm2

) 

Plant 1 Plant 2 Plant 3 Plant 4 Plant 5 Plant 1 Plant 2 Plant 3 Plant 4 Plant 5 

1 1 0 .00 .00 .00 .00 .00 no no no no no .00 
1 2 10 .00 .00 .00 .00 .00 no no no no no .00 
1 3 20 .00 1.65 .00 .00 .00 yes no no no no 1.65 
2 1 0 1.85 .00 .00 .00 .00 yes no no no no 1.85 
2 2 10 .00 .00 .00 .00 .00 no no no no no .00 
2 3 20 36.17 .00 .00 .00 .00 yes no no no no 36.17 
3 1 0 3.80 16.80 .00 .00 .00 yes yes no no no 20.60 
3 2 10 .00 .00 .00 .00 .00 no no no no no .00 
3 3 20 .00 .00 .00 .00 .00 no no no no no .00 

--'° 



Treatment 2 (Complete exclosure of vertebrate predators) 

Transect Plot No. Planting Total calculated leaf area ( cm·) Sign of plant foraging Sum of 
No. (1-3) water leaf area 

depths for plot 
(cm) (cm2

) 

Plant 1 Plant 2 Plant 3 Plant 4 Plant 5 Plant 1 Plant 2 Plant 3 Plant 4 Plant 5 

4 1 0 490.37 156.03 131.37 162.80 151.23 no no no yes no 1091.80 
4 2 10 107.74 3.44 52.54 44.28 2.70 no no no no yes 210.70 
4 3 20 195.81 76.77 96.04 225.75 64.39 no no no yes yes 658.76 
4 4 40 .00 12.96 .00 30.66 .00 no no no no no 43.62 
6 1 0 571.57 244.50 217.84 436.70 225.86 yes yes no no no 1696.47 
6 2 10 203.33 74.11 241.75 172.58 529.98 yes no yes yes yes 1221.75 
6 3 20 89.09 15.78 155.54 .00 50.16 yes yes yes no yes 310.57 
6 4 40 .00 .00 21.26 10.05 59.85 no no yes yes yes 91.16 
8 1 0 458.88 .00 193.49 .00 145.36 no no no no no 797.73 
8 2 10 206.61 .00 107.96 .00 363.38 no no no no yes 677.95 
8 3 20 35.87 303.94 208.85 15.75 12.00 yes no no no no 576.41 
8 4 40 57.18 90.24 67.52 .00 26.00 no yes yes no yes 240.94 

...... 
~ 



Treatment 3 (Cattle exclosure) 

Transect Plot No. Planting Total calculated leaf area ( cm2
) Sign of plant foraging Sum of 

No. (1-3) water leaf area 
depths for plot 
(cm) (cm2

) 

Plant 1 Plant 2 Plant 3 Plant 4 Plant 5 Plant 1 Plant 2 Plant 3 Plant 4 Plant 5 

5 1 0 15.75 .00 .00 .00 .00 yes no no no no 15.75 
5 2 10 3.01 .00 13.72 12.2 1 .00 no no yes yes no 28.94 
5 3 20 .00 .00 .00 .00 .00 no no no no no .00 
5 4 40 .00 .00 8.03 .00 .00 no no no no no 8.03 
7 1 0 .00 .00 .00 .00 .00 no no no no no .00 
7 2 10 .00 .00 .00 .00 .00 no no no no no .00 
7 3 20 .00 16.73 .00 .00 .00 no yes no no no 16.73 
7 4 40 .00 .00 .00 .00 .00 no no no no no .00 
9 1 0 .00 .00 .00 .00 .00 no no no no no .00 
9 2 10 .00 .00 .00 .00 .00 no no no no no .00 
9 3 20 .00 .00 .00 .00 .00 no no no no no .00 
9 4 40 .00 .00 .00 .00 .00 no no no no no .00 

...... 
N ...... 



Figure 5.11 Herbivory of Sagittaria latifolia leaf in Salmon Arm Delta, British 
Columbia. Red lines show rough outline of leaf shape before herbivory. 
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Table 5.6 Summary of2001 herbivory and water depth study of Sagittaria latifolia 
growth statistics by treatment. 

Number of Number of Number of Mean sum 
tubers planted plants that grew plants that of site leaf 

flowered area cm2 

Treatment 1 45 5 0 6.71 
control 

Treatment 2 60 49 10 634.82 
com lete exclosure 

Treatment 3 60 6 0 5.79 
cattle excluded 
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All data analysis was done using SPSS version 10.0 for Macintosh. Residuals were tested 

for normality using the Shapiro-Wilk test and the results were found to be significant (P = 

0.010), therefore the residuals were not normally distributed. Cube root transformation 

used to reduce departure from normality (P = 0.080), again using the Shapiro-Wilk test 

An Analysis of Variance (ANOVA) was performed on the cube root of the biomass to 

explore the effects ofherbivory and of water depth (Table 5.7). An examination of the 

tests of between-subject effects suggests that both water depth and herbivory treatment 

are significant factors (P = 0.016 and P = 0.00 respectively), although the interaction 

between the two is not significant (P = 0.06). 

Table 5.7 ANOVA results of2001 total leaf area (cm2
) of Sagittaria latifolia based on 

water depth and herbivory treatment (n = 33). 

Variable Sum of Squares df Mean F p 
Square 

Water depth 27.766 3 9.255 4.270 .016 
Herbivory treatment 395.643 2 197.822 91.271 .000 

Water depth* herbivory 27.516 5 5.503 2.539 .058 
treatment 

R Squared= .901 (Adjusted R Squared= .856) 

In a post-hoc Tukey Test of the ANOV A (Table 5. 8), Treatment 2 differed significantly 

(P = 0.00) from both Treatment 1 (control) and Treatment 3 (cattle excluded). Plants 

growing in exclosures produced significantly higher biomass than either of the other two 

treatments. All of the tubers growing in exclosures grew into full plants and 10 of these 

plants produced flowers . 
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Table 5.8 Post-hoc Tukey Test of leaf area ( cube root transformed) of Sagittaria latifolia 
in 2001 for all treatments (n=33). 

Treatments Treatments Mean Std. p 
Difference Error 

1.00 2.00 -6.9738 .8169 .000 

3.00 9.500E-02 .8169 .993 

2.00 1.00 6.9738 .8169 .000 

3.00 7.0688 .7563 .000 

3.00 1.00 -9.4997E-02 .8169 .993 

2.00 -7.0688 .7563 .000 

Post-hoc Tukey tests comparing biomass at different depths were not significant, 

although depth was significant in the model. This is because there is a large difference 

between Treatment 2 and the other treatments, and the effect of water depth is obscured. 

Thus, the effect of water depth on biomass for Treatment 2 ( complete exclosure) by itself 

was explored using an ANOV A. Using the residuals of the leaf area from the ANOVA, 

the Shapiro-Wilk test for samples in Treatment 2 demonstrated no deviation from 

normality (F = 0.552), therefore no transformation was necessary. The ANOVA 

reported a significance level for water depth of P = 0.036. The only statistically 

significant difference between water depths occurred between the O cm and 40 cm depths 

(P = 0.026) (Table 5.9). 

Table 5.9. Post-hoc Tukey Test results of 2001 ofleaf area of Sagittaria latifolia for 
Treatment 2 (complete exclosure) by discontinuous water depths (n = 12). 

Water depth Water depths Mean difference Std. Error p 

0cm 10 cm 491.8667 291.4722 .389 
20cm 680.0867 291.4722 .169 
40cm 1070.0933 291.4722 .026 
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The following graph (Figure 5.12) shows the range in means for the total biomass at the 

four different water depths for Treatment 2 ( complete exclosure ). It is clear that a 

significant difference exists between the means of biomass at depth 1 (0 cm) versus depth 

4 ( 40 cm). Though it appears as if a negative correlation (though not necessarily a linear 

relationship) exists between water depth and biomass production, sample size is too small 

to determine this. 
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Figure 5.12 Total leaf area ( cm2
) of Sagittaria latifolia by water depth at time of planting 

for Treatment 2 (complete exclosure) (n = 12). Error bars represent ± 1 standard 
deviation. Water levels may fluctuate over 4 m annually in Shuswap Lake 
(Environment Canada 2003a). 
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Overall, analysis of data rejects the null hypothesis that herbivory and water depth do not 

effect total leaf area. A significant difference was noted between planting depths of O cm 

and 40 cm in Treatment 2 ( complete exclosure ). Further, a significant difference was 

observed between tubers planted in a complete exclosure (Treatment 2) and those planted 

outside of it (both Treatment 1 and Treatment 3). 

5.3.4 Discussion 

The planting experiment showed that herbivory and water depth both affect plant total 

leaf area for Sagittaria latifolia in the Salmon River Delta. However, the experiment only 

gave an approximate indication of which herbivore species were causing damage. 

Herbivore damage on the cattle-excluded side was not statistically different from that on 

the open grazing side. Although cattle have been known to graze on, and even seek out, 

S. latifolia in Oregon (Melissa Darby pers. comm. to Ann Garibaldi 2001 ), damage in this 

experiment was not heavier on the open grazing side, indicating that in this case cattle are 

not the primary reason why S. latifol ia was not growing in the Delta. In fact, the cattle 

had no demonstrable effect on plant growth at this site. Herbivores that are evidently 

most damaging to the plants (such as muskrat, waterfowl, and carp) exist on both sides of 

the fence. Damage to the plants could have been caused by any of these. 

There was a significant difference between plants grown in exclosures and those grown 

out of exclosures. This strongly indicates that herbivory and associated mechanical 

damage from animal movement, limit or preclude S. latifolia plant growth in the Delta. 

This also reinforces the conclusion that turbidity ( caused by such factors as carp 

grubbing) does not in itself hinder tubers of S. latifolia from growing in the pond. 
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It is unclear which of the remaining herbivores cause most damage or if it is a 

combination of all of them - or other animals - that most harm the plants. In September 

2002, four river otters were observed climbing on top of exclosures and swimming in the 

pond during the four days of data collection. Unidentified ducks and geese have also been 

seen in the pond. The delta is situated in a known major flyway for migratory birds 

(McPhee et al. 1996). Muskrats have also been seen in the pond by Ed Blackburn (pers. 

comm. to Ann Garibaldi 2002) and carp have been observed as well. 

Water depth was only one factor influencing plants growing in exclosures. Few plants 

grew well outside the exclosures, so this variable could not be tested with the other 

treatments. A difference was measured among all planting depths, but the difference was 

statistically significant only between plants planted at 0 cm and 40 cm - the largest 

difference in water depths. With only four planting depths it is impossible to determine 

the exact relationship between water depth and biomass production, although a trend is 

evident. A negative correlation between water depth and plant vigor of S. latifolia and its 

congeners has also been observed in other areas (Wooten 1986; Giroux and Bedard 1987; 

Howard and Medelssohn 1995; Smith et al. 2001), though the implication of a linear 

relationship may not be correct. 

5.4 Suggestions for Future Work: 

Herbivory and Water Depth Research 
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This study addressed growth for only one year. Longer-term studies would augment my 

thesis research and further facilitate the restoration of Sagittaria latifolia in the Salmon 

River Delta. Though the exclosures established during my fieldwork were left in the 

pond, they will remain there under the discretion of Mary Thomas and her family. 

Suggestions for future work include: 

1. Further exploration of how specific herbivores impact S. latifolia growth. This study 

addressed plant-herbivore interactions on a broad scale. Furthermore, because of practical 

limitations, it was not possible to ascertain the growth stage in which plants experienced 

detrimental impacts. One possibility for further experimentation would be to set up 

exclosures that protect tubers and young shoots, but allow leaves and stems to grow 

through the exclosure. This would allow for better determination of the timing of 

herbivore impact (i.e. if herbivore damage occurs more heavily at the time of shoot 

emergence of S. latifolia or later on in its growth cycle). 

2. Performance of a multi-year study. Through rhizomatous growth Sagittaria latifolia 

can establish itself outside of the exclosures. Observations of the growth success or 

failure once the plants have grown outside of the exclosure could help predict the utility 

of different treatments for restoration. 

3. Examination of the relationship between increasing water depth, above-ground 

biomass and below-ground biomass. Research has shown that while an increase in water 

depth does correlate positively with an increase in petiole length this does not necessarily 



translate into increased above ground biomass. Furthermore, how these factors in turn 

affect below ground biomass production needs further exploration. 
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4. Exploration of competitive interactions between S. latifolia and other aquatic species. 

Systematically removing different associate species and measuring the effects on such 

characteristics as above-ground and below-ground biomass, would elicit a better 

understanding of the autecology of S. latifolia in the Salmon River Delta and increase 

restoration success. 

General Wapato Research 

Research that would supplement an understanding of the overall ecology of Sagittaria 

latifolia includes: 

1. Controlled laboratory experiments to quantify above-ground and below-ground 

biomass production following simulated herbivory treatments. 

2. Further study of the effect of water depth and fluctuations in water depth on plant 

biomass production to determine the level at which plant growth is severely 

compromised or aborted. 

3. Explore the relationship between and the factors affecting achene and tuber 

production. 

4. Document seedling recruitment of S. latifolia under differing water levels and 

herbivory treatments. 



5. Study the responses to herbivory and water depth of different varieties and 

ecotypes of S. latifolia. 
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6.0 Conclusions 

Ethnobotany has been defined as "all studies ( concerning plants) which describe local 

peoples' interaction with the natural environment (Martin 1995: xx)." The studies that 

fall under the umbrella of ethnobotany are as broad as the definition itself. As Richard 

Ford, an archeaobotanist from the University of Michigan, states: "ethnobotany lacks a 

unifying theory, but it does have a common discourse" (1994:29). This discourse 

encompasses the exploration of the relationships between people and plants and joins me 

to the many ethnobotanical researchers who have navigated through the sea of 

interdisciplinary research. While the exploration of the relationships between people and 

plants may be the commonality among ethnobotanical research endeavors, the forms this 

exploration takes are extremely diverse. 

The form of ethnobotanical research my work addressed was the restoration of a 

culturally important wetland food species. This work demonstrated that despite massive 

disturbances to both the culture and species, restoration might still be possible. Cultural 

refugia in this work may provide the key to both cultural and ecological restoration. 

I sought to understand Sagittaria restoration in the Salmon River Delta and the 

mechanisms that best facilitate that goal. Based on my research, it is clear that wapato is 

able to grow in the Salmon River Delta, provided certain herbivores are restricted. The 

reasons for the decline of Sagittaria and its eventual extirpation are complex. Studies of 

the functionality of this wetland and the biological repercussions of low functionality are 

vital for a successful comprehensive restoration of this delta. A suite of environmental 
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and social factors , particularly over the past decade, contributed to broad-scale changes in 

the Salmon River watershed. Restoration projects must be designed with both of these 

factors in mind. 

The role that cultural studies, such as ethnobotanical or ethnographic research, may play 

in restoration is broad. Local people may inform the species composition of an area at a 

specified point in time. This may be particularly true for aboriginal people whose history 

and knowledge of a site predates that of European settlers. Local people may also change 

the course of a project or even become active stewards of the restored site. The 

mechanisms for their participation are varied and their involvement is crucial. By acting 

as joint designers, researchers and implementers, restorationists acknowledge the 

understanding local people have had to manage the area, sometime for millennia. 

I believe the answer to understanding long-term restoration lies at the interface between 

social and ecological systems. Studying the links between ecological requirements and 

social forces provide the most accurate way to achieve success. This was true in my 

research. To set the foundation for system-wide restoration in the Salmon River Delta it 

was necessary to both engage community members, explore the historical context for 

wapato extirpation and begin to study key limiting growth factors . 

One experience from my thesis research epitomizes the significance of this research in 

terms of restoration. After I had designed my sampling design and planted 135 wapato 

tubers in the Salmon River Delta in the fall of 2001 , I visited Mary Thomas at her home 
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overlooking the Delta. She was delighted when I asked if she would like to have my extra 

wapato tubers. We discussed the importance of wetlands and their health to the 

Secwepemc and all people of Salmon Arm. It was again clear to me that this plant was 

part of a valuable and significant habitat for Mary. 

It was two weeks before we talked again. I had returned to Victoria and phoned Mary. 

She told me that she had talked with other Secwepemc elders about wapato and none 

knew of its traditional use. She was looking forward to growing some in her greenhouse. 

Furthermore, one of her daughters had planted some of the tubers in the wetland behind 

her house (where my field site is located). It was another two weeks before I was able to 

establish the exact location where her daughter had planted out the wapato. 

In that two-week period I began to accept that these tubers might have been planted in my 

field site, which could have rendered my experimental data unusable. Since my design 

was measuring the number of tubers that grew and their associate aboveground biomass, 

unidentified additional tubers planted in the same area might have influenced data 

collection. It was also during that time that I appreciated the true significance of what she 

had done. Restoration, true ecological-cultural restoration, is not solely a result of my 

research on herbivory or my ethnographic research; it is both facilitated and enabled with 

local stewardship of the area. This stewardship is evidenced in the renewed interest in 

and participation in the process of growing this plant in its former habitat. This traditional 

territory remains Secwepemc land. Mary ' s daughter reminded me of that. 
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Appendix 1. Data form for Sagittaria latifolia replanting study in Salmon Arm 
British Columbia 2002. 

Ann Garibaldi Trudi Smith Date Transect No. Site No. -----

Photo Photo Plant No. No. of leaves Height of tallest Foraging sign 
Roll No. Frame No. lf (cm) (y/n) 

Plant No. Leaf No. Width (cm) Height (cm) 

(write plant numbers on map) 

Other Comments (signs of distress, foraging notes, plant mortality, etc. ): 
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Appendix 2. Site data for 2001 Sagittaria spp. survey in interior British Columbia 

ISite Name Latitude Lon2:itude Altitude (m) 
IA.dams Lake 1 50 56 46 119 39 26 406 
IA.dams Lake 2 50 59 14 119 43 37 412 
Black Lakel 50 29 29 210 07 56 1168 
Black Lake 2 50 29 23 120 06 49 1162 
!Bog Lake 50 29 32 120 06 37 1177 
Canoe 1 50 45 18 119 13 32 364 
ICanoe 2 50 45 20 119 13 12 347 
IChapperon Lake 50 13 08 120 03 29 902 
Douglas Lake 1 50 08 23 120 16 47 795 
Douglas Lake 2 50 09 29 120 13 41 797 
Glimpse Lake 1 50 14 48 1201716 1173 
Glimpse Lake 2 50 14 41 120 17 04 1177 
Glimpse Lake 3 50 14 39 120 16 48 1177 
Goose Lake 50 18 40 119 17 04 494 
John Frank Lake 50 28 15 120 08 06 1141 
Kawkawa Lake 49 23.129 121 24.786 58 
Kawkawa Lake 49 23.123 121 24.849 58 
Mara Lake 50 45 30 119 01 56 338 
Napier Lake Ranch 50 26 05 120 18 12 733 
Nicola Lake 1 50 09.692 120 37.292 625 
Nicola Lake 2 50 09.430 120 37.757 617 
No Name Lake 50 29 29 120 09 52 1109 
Paul Lake 1 50 44 42 120 06 19 771 
Paul Lake 2 50 44 42 120 06 24 780 
Pennaska Lake 50 43 43 120 01 23 825 
!Rush Lake 50 15 07 120 02 29 951 
Salmon Lake 50 15 48 120 01 12 930 
Salmon Arm Wharf 50 42 46 119 16 10 338 
Shumway Lake 50 30 42 120 15 46 707 
Swan Lake 1 50 50 13 118 59 18 360 
Swan Lake 2 50 18 56 119 14 59 404 
Swan Lake 3 50 17 57 119 15 18 413 
Tappen (Sunnvbrae) 50 46 55 119 19 01 334 
rrranquille/Kamloops Lake 50 43 18 120 30 37 341 
rrulip Lake 50 29 29 120 90 36 1126 
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