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Abstract. This paper discusses the characteristics and application of Traditional Eco- 
logical Knowledge and Wisdom (TEKW) of aboriginal peoples in British Columbia, Canada. 
Examples are provided from various groups, most notably, the Secwepemc (Shuswap) 
Interior Salish and Kwakwaka'wakw and Nuu-Chah-Nulth peoples of the Northwest Coast, 
covering a range of features comprising TEKW: knowledge of ecological principles, such 
as succession and interrelatedness of all components of the environment; use of ecological 
indicators; adaptive strategies for monitoring, enhancing, and sustainably harvesting re- 
sources; effective systems of knowledge acquisition and transfer; respectful and interactive 
attitudes and philosophies; close identification with ancestral lands; and beliefs that rec- 
ognize the power and spirituality of nature. These characteristics, taken in totality, have 
enabled many groups of aboriginal peoples to live sustainably within their local environ- 
ments for many thousands of years. In order for TEKW to be incorporated appropriately 
into current ecosystem-based management strategies, the complete context of TEKW, in- 
cluding its philosophical bases, must be recognized and respected. A case study of ecological 
and cultural knowledge of the traditional root vegetables yellow avalanche lily (Erythronium 
grandiflorum) and balsamroot (Balsamorhiza sagittata) illustrates ways in which these 
components can be integrated. 

Key words: Balsamorhiza sagittata; Balsamroot, British Columbia Plateau; Erythronium gran- 
diflorum; indigenous peoples; Nor-thwest Coast; sustainable resource use; Traditional Ecological 
Knowledge and Wisdom; traditional land management, yellow avalanche lily. 

INTRODUCTION 

We were born there and raised there and we under- 
stand the area. 

-(Stanley Sam, Nuu-Chah-Nulth Elder from Ahou- 
saht, and member of the Scientific Panel for Sustainable 
Forest Practices in Clayoquot Sound, British Colum- 
bia) 

Traditional ecological knowledge and wisdom 
(TEKW) of indigenous peoples has become a major 
focus of attention within the past decade (Freeman and 
Carbyn 1988, Johnson 1992, Berkes 1993, Doubleday 
1993, Inglis 1993, Williams and Baines 1993). TEKW 
is acknowledged as having fundamental importance in 
the management of local resources, in the husbanding 
of the world's biodiversity, and in providing locally 
valid models for sustainable living. It has received ma- 
jor recognition as being complementary to, equivalent 
with, and applicable to scientific knowledge (Colorado 

and Collins 1987, Colorado 1988, Schultes 1988, Posey 
1990, Gadgil et al. 1993, Hunn 1993, Corsiglia and 
Snively 1995, Salm6n 1996, Richards 1997). On the 
international front, the Brundtland Report, Our Com- 
mon Future, notes, ". . . the larger society . . . could 
learn a great deal from their [indigenous peoples'] tra- 
ditional skills in sustainably managing very complex 
ecological systems" (World Commission on Environ- 
ment and Development 1987:115). Recent international 
agreements following from the 1992 United Nations 
Conference on Environment and Development (UN- 
CED) meeting in Brazil, including the Convention on 
Biological Diversity, Agenda 21, and Guiding Princi- 
ples on Forests, specifically recognize the important 
knowledge of indigenous and other long-resident peo- 
ples. 

In this article, we examine characteristics of TEKW 
that pertain to the strategies for sustainable resource 
use of aboriginal peoples of British Columbia and 
neighboring areas. In particular, knowledge about 
plants and their cultural importance is exemplified as 
a major component and reflection of TEKW. Based on 
data from the Secwepemc (Shuswap) and other North- 
western peoples, we propose a model for analysis of 
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TEKW systems, provide examples of their various fea- 
tures, and make recommendations about potential ap- 
plications of TEKW. We contend that TEKW can en- 
hance resource management practices, including eco- 
logical restoration, that currently are directed largely 
by scientific knowledge and westernized worldviews. 
The emerging holistic or ecosystem-based management 
of forestry and fisheries will particularly benefit from 
its input. 

Indigenous peoples have resided in a particular lo- 
cality for a long period of time, depending on the re- 
sources of their homelands. Many have become mar- 
ginalized within nation states, although most have re- 
mained distinct linguistically and culturally, and con- 
tinue to define themselves in relation to their home 
environment. Their concept of guardianship over their 
lands requires careful management and conservation 
by the present generation for the benefit of future gen- 
erations: "We have to preserve and maintain our lands 
for the generations to come" (Mary Thomas, Secwe- 
pemc elder, personal communication to N. Turner, 
1996). Indigenous peoples also connect their continu- 
ing guardianship and use of their ancestral lands to 
inherent aboriginal rights to those places. The concept 
of "Mother Earth" thus takes on local, as well as glob- 
al, relevance. 

Indigenous peoples are uniquely positioned in their 
close and long-standing environmental relationships, 
yet the survival of many indigenous cultures is severely 
threatened by insensitive economic development, by 
coersive education systems, by assimilation into the 
modes of production and inexorable movement toward 
market economies of the dominant society, and by the 
escalating ecological destruction of peoples' home- 
lands and resources. Indeed, worldwide, the knowledge 
base for TEKW is threatened, and so are the possibil- 
ities for continued expression and reproduction of this 
knowledge and the mode of production that it engen- 
ders. 

Indigenous peoples are diverse, and cannot be treated 
as a single entity, in opposition to industrial or post- 
industrial society. Each indigenous people has its own 
unique economic, practical, spiritual, political, and his- 
torical relationships to its homeland. Within indigenous 
societies, too, knowledge is not homogeneous. For ex- 
ample, differential knowledge among women and men 
in areas of plant and animal resource management is 
common. The degree of assimilation with the dominant 
society has also varied, and along with it, retention of 
traditions regarding resource management techniques 
and knowledge systems. However, traditional knowl- 
edge among younger generations, in most indigenous 
groups, has inevitably diminished as assimilation and 
environmental change have escalated. 

The widely held anthropological distinction between 
food gatherers ("foragers") and food producers ("pas- 
toralists/agriculturalists/horticulturalists") has created 

an artifical gap in the classification of resource man- 
agement techniques between the former and the latter. 
As recent data on sustainable plant management among 
so-called gatherers from northwestern North America 
show (Blackburn and Anderson 1993, Anderson 1998, 
Loewen 1998, Peacock 1998, Peacock and Turner 
2000; N. J. Turner and S. Peacock, unpublished man- 
uscript), these peoples practiced a range of techniques 
of plant propagation, habitat management and enhance- 
ment, and soil fertilization that maximized the pro- 
ductivity of plant foods and materials. These manage- 
ment practices blur the division between foragers and 
horticulturalists, and challenge us to reexamine our 
own conceptual schemes regarding both hunter-gath- 
erers and the respective roles of men and women in 
the production and reproduction of TEKW. 

TRADITIONAL ECOLOGICAL KNOWLEDGE AND 

WISDOM OF INDIGENOUS PEOPLES OF 

NORTHWESTERN NORTH AMERICA 

Fig. 1 provides a framework from which to present 
TEKW. Its general characteristics, as reflected in tra- 
ditional cultures of our region, are categorized within 
three broad themes: practices and strategies for re- 
source use and sustainability; philosophy or world- 
view; and communication and exchange of knowledge 
and information. These themes are complex and not 
subject to simple characterization, but each is devel- 
oped as a general concept, and examples are provided 
from various cultural groups and experiences. In this 
paper, we focus not so much on which resources were 
(and are) used, as on the concepts surrounding their 
use: the attitudes about resources, the techniques and 
strategies applied to their use and the underlying ra- 
tionales, and the formulation of these as "traditions" 
in the context of resource management. TEKW is rec- 
ognized as holistic and not easily subject to fragmen- 
tation; the themes presented here are inextricably 
linked and interrelated. We close by discussing a case 
study of the use of avalanche lily and balsamroot. 

Information in this study is drawn from many sourc- 
es, including published ethnobotanical writings, eth- 
nographies, ethnohistorical writings (as cited in Turner 
1995a), and, most importantly, from accounts of ab- 
original elders. 

Practices and strategies for sustainable living 

Practices of aboriginal peoples to maintain and en- 
hance their lands, waters, and living resources are de- 
rived from generations of experimentation and obser- 
vation, leading to an understanding of complex eco- 
logical and physical principles. In fact, aboriginal prac- 
tices represent a dialectic relationship between those 
practices and peoples' belief systems. Management of 
plant resources is manifested in at least three levels: 
populations, as in harvesting and maintaining individ- 
ual stands or patches of a plant species; habitats, as 
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FIG. 1. Components of traditional ecological knowledge and wisdom of aboriginal peoples of northwestern North America. 

with the use of fire to create and maintain particular 
successional stages conducive to the productivity of a 
complex of plant species; and landscapes, in which a 
host of strategies, including seasonal rounds leading to 
variable harvesting regimes, conventions relating to 
ownership and authority over resources, and culturally 
mediated prescriptions for humans' relationships to 
plants and animals, influence landscape development 
(see Peacock and Turner 2000). 

Many of the techniques used by people to sustain 
the productivity of their plant resources are based on 
the fact that virtually all resource plant species in north- 
western North America are perennials. Therefore, for 
example, unless an entire tree is required for construc- 
tion or canoe making, individual plants are not gen- 
erally destroyed. Instead, required parts are harvested 
from living plants having the capacity to regenerate. 
Thus, the inner bark of western red-cedar and yellow 
cedar was (and still is) harvested in quantity by North- 
west Coast peoples for use in basketry, mats, cordage, 
and clothing (Turner 1998). However, seldom is bark 
of more than one-third of a tree's circumference re- 
moved, and the tree continues to live. Such living Cul- 
turally Modified Trees (CMTs) are a common sight in 
British Columbia's forests (Stryd 1997). They include 
not only cedars and birch trees used for their bark, but 

also trees with house planks split from them, various 
trees accessed for their edible cambium tissues, and 
trees and shrubs whose branches and boughs were taken 
for various purposes, from pit-cooking to use in the 
sweat house. Harvesting of bark for medicine is also 
done by cutting narrow strips from the trunk or by 
pruning branches (Turner and Hebda 1992). Even if, 
as in the case of harvesting root vegetables, an entire 
bulb or corm is removed, the harvesting is highly se- 
lective. Often, careful harvesting can lead to increased 
capacity for propagation. Even when large quantities 
of a plant product are harvested, the productivity of 
the plant populations can be maintained. Table 1 pro- 
vides examples of various strategies used to maintain 
productivity of plant resources. 

The efficacy and sustainability of these strategies is 
borne out in the quantities of resources that people 
consistently harvested over many, many generations. 
For example, root vegetables, such as spring beauty 
and avalanche lily for the Interior Salish St'at'imc and 
Nlaka'pamux, blue camas for the Straits and Halko- 
melem of southern Vancouver Island, and bitterroot for 
the Okanagan people, were harvested in immense quan- 
tities (Turner et al. 1990). Even a conservative ac- 
counting would have led to severe depletion of such 
resources unless they were in some way managed and 
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TABLE 1. Plant resources harvested and sustained by aboriginal peoples in northwestern North America. 

Sustainable 
Type of resource Species examples harvesting method References 

Fibrous tree bark western red-cedar, Thuja plicata; strip pulled off partial circumfer- Boas (1921), Stryd 
birch, Betula papyrifera ence of trunk; only outer birch (1997), Turner 

bark harvested (1998), Mary Thom- 
as, personal commu- 
nication to N. Turn- 
er, 1997 

Wooden planks western red-cedar planks split from standing trees Stewart (1984), Stryd 
(1997) 

Bark for medicinal red alder, Alnus rubra; cascara, narrow strip cut from four differ- Turner and Hebda 
use Rhamnus purshiana ent trees (1992) 

Roots for basketry red-cedar; Sitka spruce, Picea only a few roots taken from each Turner (1998) 
sitchensis tree 

Fibrous stems and cattail, Typha latifolia; tule, Scir- cut from perennial plants at end of Turner (1998) 
leaves for mats, pus acutus; stinging nettle, Urti- growing season; often only 
cordage or baskets ca dioica; Indian-hemp, Apocy- vegetative plants taken; plants 

num cannabinum; slough sedge, regenerate next season 
Carex obnupta 

Withes and branches saskatoon berry, Ainelanchier alni- pruned from growing trees or Turner (1998) 
for basketry, rope, folia; hazelnut, Corylus cornuta; bushes 
fish traps red-cedar; willow, Salix spp. 

Pitch for medicine, western hemlock, Tsuga hetero- collected from natural human- Turner et al. (1990), 
adhesives phylla; lodgepole pine, Pinus made wounds in trees, or pitch Turner (1998); 

contorta; Sitka spruce; subal- blisters; not permanently dam- Christine Joseph, 
pine fir, Abies lasiocarpa; and aging personal communi- 
other conifers cation to N. Turner, 

1999 
Medicinal plants and mountain valerian, Valeriana selectively harvested; often regen- Mary Thomas, person- 

roots sitchensis; Indian hellebore, Ve- erated from fragments left in al communication to 
ratrum viride the ground (like a pulled-up N. Turner, 1997 

dandelion in one's lawn) 
Edible berries, fruits salmonberry, Rubus spectabilis; picked from bushes or from Turner (1995, 1997, 

and nuts highbush cranberry, Viburnum branches broken off from main 1999) 
edule; salal, Gaultheria shallon; bushes; sometimes bushes 
hazelnut, Corylus cornuta; burned or pruned to renew their 
huckleberries, Vaccinium spp.; growth 
soapberries, Shepherdia cana- 
densis 

Green leaves, shoots cow-parsnip, Heracleumn lanatum; picked selectively in spring from Turner (1995, 1997), 
as vegetables fireweed, Epilobium angustifol- patches; plants perennial, and Kuhnlein and Turner 

ium; Indian celery, Lomnatium soon regenerate (e.g., like (1983) 
nudicaule asparagus) 

Seaweed red laver, Porphyra perforata picked from rocks when young; Turner (1995) 
plants allowed to regenerate 

Root vegetables blue camas, Camassia spp.; yel- harvested selectively by size; Turner (1995, 1997, 
low avalanche lily, Erythronium smaller "roots" and propagules 1999), Turner and 
grandiflorum; spring beauty, replanted; enhanced with tilling Kuhnlein (1982, 
Claytonia lanceolata; balsam- soil, sometimes weeding; burn- 1983) 
root, Balsamorhiza sagittata; ing said to enhance growth 
rice-root, Fritillaria spp.; 
springbank clover, Trifolium 
wormskjoldii; silverweed, Po- 
tentilla anserina ssp. pacifica 

Edible tree cambium western hemlock, Sitka spruce, patch of bark removed, but trees Stryd (1997), Turner 
black cottonwood, Populus bal- not girdled (1987, 1995, 1997) 
samifera ssp. trichocarpa; pines, 
Pinus spp. 

Edible mushrooms pine mushroom, Tricholoma mag- mature individuals cut at base; Turner et al. (1985), 
nivelare; cottonwood mush- soil carefully replaced to protect Turner (1997) 
room, T. populinumn those still growing 

enhanced. Conversations with contemporary elders 
such as Mary Thomas and Kwakwaka'wakw Heredi- 
tary Chief Adam Dick confirm that these strategies 
were refined and intentional (N. J. Turner and S. Pea- 
cock, unpublished manuscript; see also the case study 
reported here). 

Even when entire plants were removed, as in cutting 
trees, it was done in the context of ecological under- 
standing. The trees cut down for house construction 
around the village of Skangwaii, on Haida Gwaii, for 
example, provided habitat on their stumps for growing 
salal, trailing currant, red huckleberries, and blueber- 
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ries, and thus the area became a berry garden for the 
people of the village (Captain Gold, personal com- 
munication to N. Turner, 1996). Trees were almost al- 
ways harvested selectively, with standing forest cover 
being maintained. Mary Thomas was told long ago that 
her people usually waited until trees had died or were 
blown down in winter storms before they were taken 
for use in house construction (personal communication 
to N. Turner, 1995). 

Plant resource use was (and is) imbued with eco- 
logical knowledge and wisdom that take many forms. 
Contemporaneous life cycles of different species; sea- 
sonal signals such as position and size of snow patches 
on the mountains, or the arrival of the first snow in the 
fall; relative numbers of particular birds in a given 
location; flowering of certain plants; and productivity 
of certain berries: all of these provide indicators for 
people to know when to expect a salmon run, when the 
clams are ready to be dug, or when particular roots are 
ready for harvesting (Turner 1997b). Regeneration of 
individual plants also has been widely recognized. 
Pruning or burning of certain berry bushes, for ex- 
ample, was formerly a common practice, and resulted 
in long-term enhanced yields. Basketry materials, too, 
were and are managed and enhanced by focused cut- 
ting, pruning, and burning (Turner 1996). 

Ecological succession was and is also recognized by 
aboriginal peoples, as shown by their practice of land- 
scape burning and the resultant enhancement of suc- 
cessional species (Gottesfeld 1994, Turner 1999). They 
also had an intimate understanding of the prime habitats 
for various cultural species, the conditions under which 
they were most productive, and the best methods for 
processing and storing them for the optimal utilization. 
Similar strategies were applied to the monitoring, man- 
agement, and harvesting of salmon, shellfish, and 
game, where seasonal, age, and gender selection, and 
use of ecological indicators for population health was 
paramount. 

Monitoring and control of specific resources was of- 
ten undertaken by designated individuals, such as 
chiefs, and by families within a given territory. These 
people had the direct authority to manage specific fish 
stocks, plants, or shellfish beds, and if they noted pop- 
ulations in jeopardy, they could pronounce a harvesting 
moratorium until the situation improved (Richardson 
1982; Chief Adam Dick and Daisy Sewid-Smith, per- 
sonal communication to N. Turner, 1996). Surveying 
and observations were also carried out by hunters, as 
they traveled through the territory, and communicated 
the stage of plant growth (e.g., berry ripening, avail- 
ability of root plants) to their partners or wives. Like- 
wise, wives would exchange knowledge about animal 
resources with their husbands or other relatives as they 
gathered plants. 

Philosophy and worldview 
For traditionally schooled aboriginal people in many 

regions, the environment is seen as a whole; all the 

parts are interconnected in a seamless web of causes 
and effects, actions and outcomes, behaviors and con- 
sequences. People, animals, plants, natural objects, and 
supernatural entities are not separate and distinct. Rath- 
er, they are all linked to each other and to the places 
where they reside through cultural traditions and in- 
teractive, reciprocal relationships. Because of the in- 
tegration of the secular with the spiritual, of the past 
with the present, and of all parts of the living universe, 
people have a sense of spiritual and practical respect 
for their lands, waters, and all the environmental com- 
ponents that they recognize. The spirituality of these 
elements, and their power to influence the success and 
well-being of humans, has been an integral part of tra- 
ditional cultures. Ancient relationships tie all beings 
together in communities (Anderson 1996, Turner and 
Atleo 1998). 

Indeed, more than any other single concept, it is the 
notion of respect for all life-forms and the land itself 
that characterizes North American belief systems. Re- 
source management was carried out through a value 
system that enforced practices of sustainability, ex- 
pressed as respect for all life-forms, and sanctioned 
individuals who were wasteful or "stingy." Notions of 
resource management sustained through forms of 
knowledge have been an integral part of the entire be- 
lief system, which stipulates spiritual connections 
among humans, animals, plants, and nature in general. 
Therefore, specific practices of resource management 
have expressed the "respect" that humans must show 
for all living things. Lack of respect was seen as re- 
sulting in spiritual sanctions from nature itself. Thus, 
aboriginal elders recall being told never to "play with" 
(i.e., playfully waste) animals or plants, which were 
perceived as giving themselves up for the benefit of 
humans. As Secwepemc elder Ida Matthew recalls, "It 
was pitiful enough that we had to kill them. [My moth- 
er] instilled in us that we were not to waste the food, 
that we had to kill the poor animal. With any kinds of 
animal that we would hunt and eat, you have to respect 
them." (personal communication to M. B. Ignace). 

The essence of this attitude is revealed in part by 
the words of Charles Hill-Tout in his observations on 
the Lillooet First Salmon ceremony (Maud 1978:117): 

Nothing that the Indian of this region eats is regarded 
by him as mere food and nothing more. Not a single 
plant, animal, or fish, or other object upon which he 
feeds, is looked upon in this light, or as something 
he has secured for himself by his own wit and skill. 
He regards it rather as something which has been 
voluntarily and compassionately placed in his hands 
by the goodwill and consent of the "spirit" of the 
object itself, or by the intercession and magic of his 
culture-heroes; to be retained and used by him only 
upon the fulfilment of certain conditions . . . respect 
and reverent care in the killing or plucking of the 
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animal or plant and proper treatment of the parts he 
has no use for... 

Mary Thomas (personal communication to N. Turn- 
er, 1997) has vivid memories of her grandmother walk- 
ing along the banks of the Salmon River near her home 
after the sockeye had spawned, and pushing the dead 
salmon back into the river to float away in the current. 
This was undertaken with a combined sense of respect 
for the salmon and to nourish all the other life in the 
river. It was done all along the river by different people. 
The children, including Mary herself, were taught to 
do this and to respect the dead and dying salmon. 

Many other indications of this respectful and inter- 
active relationship between people and the resources 
they use are provided directly from elders' experiences 
and in the literature, for example, in the prescriptions 
for harvesting and using foods, materials, and medi- 
cines, in descriptions of the First Foods ceremonies, 
and in people's creation stories (Boas 1921, 1930, 
Charles Hill-Tout in Maud 1978:117, Turner 1997b, 
Sewid-Smith and Dick 1998, Turner and Atleo 1998). 
For example, the portrayal of the earth as having been 
created from a woman in the Nlaka'pamux story, "The 
Creation of the Earth by Old-One," and its variants 
(Teit 1912:321-322), supports the respectful and ap- 
preciative attitude towards the earth that is part of 
TEKW. The precarious relationship to the land and the 
need to respect it is also expressed by the Haida prov- 
erb: "The earth (land) is the same as the edge of a 
knife. When you are walking, watch your steps. If you 
don't watch your steps, you will fall off the earth" 
(from Boelscher 1989). 

As noted previously, the practical strategies that peo- 
ple developed for maintaining their resources are in- 
extricably linked with peoples' worldviews and phi- 
losophies. Thus, the care taken by a cedar-bark gatherer 
not to girdle the tree yielding the bark is drawn from 
the knowledge that the tree would die if all the bark 
were peeled off, and also reflects the recognition of the 
power and spirituality of the tree itself: 

Even when the young cedar-tree is quite smooth, they 
do not take all of the cedar-bark, for the people of 
the olden times said that if they should peel off all 
the cedar-bark . . . the young cedar would die, and 
then another cedar-tree near by would curse the bark- 
peeler so that he would also die. Therefore, the bark- 
peelers never take all of the bark off a young tree. 

-(Boas 1921:616-617; see also Schlick 1994) 

All kinds of skills and practices have their founda- 
tions in such beliefs. At least part of peoples' care in 
fostering and caring for their lands and resources re- 
lates directly to the notions of the spirituality and in- 
fluential powers in all things, including the earth, as 
exemplified in the Nlaka'pamux notion of "The Earth's 
Blanket": "[F]lowers, plants and grass especially the 
latter are the covering or blanket of the earth. If too 

much plucked or ruthlessly destroyed [the] earth [is] 
sorry and weeps[.] It rains or is angry & makes rain, 
fog & bad weather." (James Teit, ethnographer, un- 
published notes on Nlaka'pamux [or Thompson] plant 
knowledge, around 1900, cited from Turner et al. 1990: 
54). This general indigenous sense of respect for the 
Earth as "Mother" in our opinion does not contradict 
the fact that particular aboriginal peoples had particular 
guardianship relations, ideological bonds, and rights to 
their own ancestral lands. It is important to distinguish 
this relationship with particular aboriginal territories 
from the more widely mentioned guardianship of 
"Mother Earth" often invoked by contemporary en- 
vironmentalists. 

Communication and exchange of knowledge and 
wisdom 

Integral to the systems of TEKW are the processes 
by which knowledge is communicated and transmitted 
among people, and from one generation to the next. 
Knowledge transfer occurs in many ways, and through 
many culturally mediated venues, beginning with the 
instruction of children by parents and grandparents, and 
by children's participation in and observation of man- 
agement activities. Language is integral to the process 
of knowledge transfer, and one of the most serious and 
insidious obstacles to the perpetuation of TEKW in our 
region was the imposition of the Residential School 
system for indigenous children over the last century, 
in which their languages were forcibly suppressed and 
effectively eliminated. The widespread loss of spe- 
cialized vocabulary (such as names for plants, animals, 
and places) and discourse associated with peoples' re- 
lationships to the land and the various life-forms is a 
major tragedy; yet the concepts are at least partially 
retained to the present day. 

Although banned through federal Canadian legisla- 
tion for several decades, major cultural institutions 
such as potlatches, feasts, first foods ceremonies, and 
systems of designated authority have been, and con- 
tinue to be, vitally important in TEKW. For example, 
the Nuu-Chah-Nulth concept of HaaHuulhi, in which 
the recognized authority and responsibility over spe- 
cific lands and resources is designated through hered- 
itary prescription to individual chiefs, leads to intimate 
knowledge of specific places by individuals. They are 
instructed about these places and resources, and how 
to care for them, from the time that they are very young. 
They are taught the philosophies associated with the 
use of the land and specific practical strategies, such 
as maintaining and caring for salmon spawning beds 
and pools in a particular river (Scientific Panel for Sus- 
tainable Forest Practices in Clayoquot Sound, 1995a). 
Comparable systems of stewardship and proprietorship 
over lands and resources were in place throughout the 
region. 

Children's participation in harvesting and manage- 
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ment of traditional foods and materials is crucial; chil- 
dren gain practical knowledge and experience through 
observation and assisting their elders, parents, and 
grandparents. Mary Thomas and her siblings gathered 
up the avalanche lily and riceroot bulbs from the turf 
their grandmother turned over with her digging stick. 
Then, they watched as she examined the "roots" they 
had put into the basket, picking out the smaller ones 
and replacing them in the soil to grow for the future 
years. This is how they learned to manage the root 
resources. As a child, Chief Adam Dick learned similar 
skills and knowledge as he helped to harvest his 
family's riceroot patches at Kingcome Inlet (personal 
communication to N. Turner, 1997). 

Narratives, told over and over again to children and 
adults alike, were another highly important mode of 
communicating TEKW. Stories such as "Coyote Jug- 
gles His Eyes" and the "Star Husband Tales" are im- 
bued with lessons in ecology and proper ways of re- 
lating to others. A good example is the story told to 
Mary Thomas by her grandmother about trembling as- 
pen (Populus tremuloides). When all the trees were 
created, Trembling Aspen would not bow down and 
recognize Mother Nature, its creator. As a punishment 
for this lack of respect, Aspen was made to tremble 
and shake its leaves continuously, which it still does. 
This story emphasized to children that they must re- 
spect their parents and their Creator (Mary Thomas, 
personal communication to N. Turner, 1997). 

Many of the concepts, themes, and specific details 
of TEKW are widely held among different language 
and cultural groups in the region. Trading and other 
forms of intergroup communication have contributed 
to the commonalities of understanding (Turner and 
Loewen 1998). Comparisons of the names of plants 
and animals and associated terminology, as well as of 
narratives and ceremonies, can reveal some of the past 
ties and connections among peoples' knowledge sys- 
tems (Turner et al. 1998). 

CASE STUDY: AVALANCHE LILY AND BALSAMROOT 

The traditional management of wild root crops in 
south-central British Columbia is a good example of 
how the many facets of TEKW are woven together to 
provide ecologically sustainable, nutritious, and cul- 
turally valued food sources. From this knowledge, too, 
ecologists and restorationists can acquire important 
baseline data to help in restoring degraded habitats, in 
gaining a better understanding of humans' role in shap- 
ing the environment, and in providing other important 
information, e.g., requirements for prescribed burning 
regimes and knowledge of feeding habits of grizzly 
bear and other wildlife species. 

Although aboriginal peoples of the Interior Plateau 
are generally assumed to have derived most of their 
sustenance from salmon and game, plant foods have 
contributed to their diets in major ways, both quanti- 

tatively and qualitatively. Of the plant products eaten, 
roots and other underground parts were primary sourc- 
es of carbohydrates, dietary fiber, and essential vita- 
mins and minerals (Kuhnlein and Turner 1991, Hunn 
et al. 1998). 

Recent work on yellow avalanche lily (Erythronium 
grandiflorum) and balsamroot (Balsamorhiza sagitta- 
ta), particularly that of Loewen (1998) and Peacock 
(1998), has revealed complex relationships pertaining 
to plant ecology (harvesting practices, management, 
seasonality, species distribution, interspecific interac- 
tions); human health and nutrition (nutritional value, 
famine foods, medicine); technological innovations 
(processing and cooking, storage); and cultural aspects 
of plant use (social structure, education, language and 
classification, trade and exchange, narratives, and cer- 
emonial and religious practices). In this section, we 
summarize briefly some of these relationships as they 
pertain to these two species. There are countless other 
such examples. 

Avalanche lily (Erythronium grandiflorum Pursh) 

Yellow avalanche lily, or glacier lily (Fig. 2) is wide- 
ly distributed in south-central British Columbia, mostly 
in montane regions, but extending onto lower hillsides 
and valleys around Shuswap Lake. Its primary use 
among Plateau peoples is its edible bulbs, which for- 
merly were harvested in large quantities, evidently 
-100 kg per family per year for the Secwepemc around 

Chase (Palmer 1975). 
The bulbs were generally harvested at their fruiting 

stage, when the leaves start to turn yellowish. The exact 
timing of this stage varied according to elevation, so 
that people could start harvesting the bulbs in lowland 
areas in May and June, and extend their harvesting into 
the montane meadows through July and early August. 
Only the largest bulbs were selected; these were de- 
termined by choosing stems with multiple fruiting cap- 
sules, indicating the most mature plants, or possibly 
those genetically disposed toward large size. Mary 
Thomas (personal communication to N. Turner and D. 
Loewen, 1997) noted that the bulbs are only good at a 
certain stage in their development; if dug too early, 
they were too soft, and after their "ripe" stage, they 
became too watery and were no longer considered ed- 
ible. 

Harvesting the bulbs involved prying up a section 
of turf, discarding the upper layer containing compet- 
ing grasses and other species, then turning over the 
loamy soil, selecting the largest bulbs, and replanting 
the small ones. Because the seed capsules would have 
been mature, intentional or incidental scattering of 
seeds into the freshly tilled soil would have enhanced 
the propagation of the plants. As well, the small prop- 
agule attached to the lower part of the bulb was inten- 
tionally removed and replanted, or saved and later re- 
turned to the digging site, according to Mary Thomas. 
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FIG. 2. Left: Yellow avalanche lily, or yellow glacier lily, Erythroniumn grandiflorurm (Liliaceae). Right: Dried bulbs of 
E. grandiflorUmn. 

She also noted that people would leave the dug-over 
locality alone for three or four years after an intensive 
harvest, moving to another location in the interim. Af- 
ter this time, the younger bulbs would have matured 
and would be ready for further harvest. The continuous 
digging and tilling of the soil, weeding, and breaking 
up and spreading of clumped bulbs evidently optimized 
the productivity of the lilies, for the preferred har- 
vesting grounds are those that traditionally have been 
dug intensively. 

Sometimes people left the bulbs, once dug, to "wilt" 
out on the ground at the digging site. This was to make 
them easier to thread and dry, but also, according to 
some people, the process made them taste sweeter, ap- 
parently because more sugars were produced. The car- 
bohydrate content of the bulbs changes considerably 
with life cycle stage, as well as with processing (Loew- 
en 1998), and this undoubtedly influenced their taste, 
digestibility, and energy contributions. 

Several other root vegetables grow together with the 
avalanche lily, notably spring beauty (Claytonia lan- 
ceolata), riceroot (Fritillaria lanceolata), tiger lily 
(Lilium columbianumn), and nodding onion (Allium 
ceriuurn). Not surprisingly, peoples' seasonal move- 
ments over their territories were guided in large mea- 
sure by the presence and availability of these and other 
plant resources. The "roots" were dug concurrently, 
and some of the management practices pertaining to 
avalanche lily also influenced the use and productivity 
of the other species. In particular, all of these species 
are noted to have been enhanced in quality and pro- 
ductivity through controlled landscape burning (Turner 
1999). The roots were often stored and served together 
in special dishes with other ingredients such as dried 
saskatoon berries (Amelanchier alnifolia), deer fat, 

salmon eggs, and black tree lichen (Bryoriafremontii), 
to provide highly nutritious and well-balanced food 
combinations (Turner et al. 1990). Additionally, the 
bulbs were known to be valued as accessible, predict- 
able food in time of food shortage, when fish and game 
were not available (Turner and Davis 1993). 

Avalanche lily bulbs are also known to be eaten by 
grizzly bears and by various small rodents. People were 
very familiar with the foods of animals, and often used 
their observations to enhance their own diets. For ex- 
ample one St'at'imc elder from Mount Currie (A. Pe- 
ters, personal communication to N. Turner, 1984) re- 
called seeing grizzly bears digging avalanche lily up 
in the subalpine parklands, turning over the turf to leave 
the bulbs exposed to the sun and air for a few days 
before returning to consume them: 

You've got to go pretty well up the top of a mountain 
for it [k'dm'ts, Erythroniurn bulbs], the summit. In 
a certain time of the year they pick it.... The old- 
timers used to pick it and dry it for winter use. I 
know the grizzly bears they dig it out too. They use 
their big claws like that [raking motion], and they 
just leave it like that in the sun, you know. I guess 
they must taste good when they're dry. They don't 
eat it right away. I've watched them. A long time, 
I've watched the grizzly bear, digging it out. I've 
seen them k'am'ts laying like that.... 

It is quite likely that people first learned of the edibl- 
ity of these bulbs from observing the feeding habits of 
grizzlies, and possibly learned to "wilt" the bulbs from 
these animals as well. Sometimes, too, people availed 
themselves of the stored roots of small mammals from 
their underground storage caches, but they were always 
careful to leave some of the roots, or to leave a gift of 
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FIG. 3. Left: Balsamroot or spring sunflower, Balsamnorhiza sagittata (Asteraceae). Right: Harvested roots of B. sagittata, 
to be peeled and pit-cooked before being eaten. 

grain or other food for the rodents in return for their 
"gift." 

Balsamroot (Balsamorhiza sagittata (Pursh) Nutt) 

Balsamroot, or spring sunflower, is a member of the 
Asteraceae (Fig. 3) and produces multiple foods for 
Plateau peoples: taproots, young shoots, flower bud 
stalks, and achenes. The roots, little used at present, 
were formerly pit-cooked and eaten in quantity. This 
species is wide-ranging throughout the interior plateau, 
from the lower valley slopes into upland valleys such 
as Botanie Valley, near Lytton, in grasslands and open 
woodlands (Turner 1997a). Some people say that the 
lowland plants produce the best roots for eating (Turner 
et al. 1990). As with avalanche lily, however, the roots, 
which were usually dug in the spring before flowering, 
could be harvested progressively from the lowlands to 
farther up in the mountains as the season advanced. 

The ideal size of root to harvest was from plants 
with 6-12 leaves and taproots about the size of carrots. 
The largest roots, probably several decades old, in some 
cases, were called the "mother" roots, and they were 
never dug as food. They produced up to 40 or 50 leaves 
and 20-30 flowerheads. These mother roots could be 
as large as one's forearm, and could extend half a meter 
into the ground. In traditional harvesting regimes, they 
would serve as a source of seeds for food, and also for 
continuing propagation of the species. 

Once dug, the roots were cooked, dried, and stored. 
They were also used medicinally, being boiled to pro- 
duce a resin that was used as a poultice for burns, cuts, 
and other wounds. The powdered leaves of balsamroot 
were also used on wounds to reduce infections (Mary 
Thomas, personal communication to N. Turner, 1996). 
Balsamroot is considered to have many "relatives" 
such as arnica (Arnica spp.) and brown-eyed Susan 
(Gaillardia aristata). Ecologically, it is associated with 

other food plants such as prickly pear (Opuntia spp.), 
mariposa lily (Calochortus macrocarpus), desert pars- 
ley (Lomatium macrocarpum), and yellowbells (Frit- 
illaria pudica). 

Preparation of root crops for consumption 

Traditionally, both avalanche lily bulbs and balsam- 
roots were pit-cooked, before or after being dried. Pit 
cooking is a complex and highly effective method for 
cooking and flavoring large quantities of root vegeta- 
bles and other foods such as deer meat, fish, and shell- 
fish. Various pit-cooking recipes were used throughout 
the Northwest Coast and the Interior Plateau (cf. Turner 
1995b, 1997a, Turner et al. 1983, 1990). In cooking 
pits, vegetation such as Douglas-fir boughs (Pseudo- 
tsuga menziesii), branches of certain shrubs, or damp 
grass surrounded the food as it cooked. In experimental 
reconstruction, the pit temperature can reach 100?C af- 
ter a couple of hours, and relatively high temperatures 
are sustained for many hours. Some foods, including 
both avalanche lily bulbs and balsamroots, were left to 
cook for 24 hours or more. Chemical conversions have 
been demonstrated for pit-cooked foods, in which com- 
plex carbohydrates such as inulin (a complex sugar 
with fructose as basic units) are significantly reduced 
into simpler forms, producing more digestible and 
probably more palatable end products (Kuhnlein and 
Turner 1991, Loewen 1998, Peacock 1998). 

Pit-cooking practices extend well back in the ar- 
chaeological record, and are apparently indicative of 
intensification of root use as important foods >2000 
years ago (Pokotylo and Froese 1983, Peacock 1998). 
The use of root diggers also has ancient origins: handles 
of root-digging sticks dating to -2400 years ago have 
been found in the Plateau region near Kamloops and 
Chase. The antiquity of intensive root harvesting attests 
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to its ecological sustainability and to the success of the 
various practices applied in its promotion. 

Cultural and linguistic context 

Both avalanche lily and balsamroot, as well as other 
food resources, depended upon the harvesting, pro- 
cessing, and preparation of a number of other resourc- 
es: the woods used for making the digging sticks; the 
birch bark (Betula papyrifera), red-cedar root (Thuja 
plicata), and cherry bark (Prunus emarginata) for the 
baskets needed to transport the roots; the maple bark 
(Acer glabrum) used to string the bulbs or roots for 
drying; the Indian hemp (Apocynum cannabinum) fiber, 
silverberry (Elaeagnus commutata), or other fibers 
used for weaving storage bags; and the fuel and veg- 
etation used for cooking and flavoring them (Turner 
1996, 1997a, 1998). 

There are names for avalanche lily and balsamroot 
in all four Interior Salish languages in British Colum- 
bia, as well as in Tsilhqot'in, Carrier, and other neigh- 
boring languages. The names for avalanche lily are 
from two distinct linguistic lines, both apparently un- 
analyzable in these languages (Turner et al. 1990), in- 
dicating a probable long-term association of these peo- 
ples with the plant. For the versatile balsamroot there 
are, in some cases, separate and specific names for the 
various edible parts (see Turner et al. 1990). Concep- 
tually, these plants are often considered together in a 
broad, but generally unnamed, category of "edible 
roots," resources that share many commonalities in 
harvesting, management, processing, storage, and serv- 
ing, and play similar roles in traditional diets. 

Many places are named after these root plants around 
the southern Interior. For example, there is flat area in 
Botanic Valley (which is a famous root-harvesting val- 
ley in Nlaka'pamux territory) called k'em'k'em'ats-tit- 
siyem'cw after the avalanche lily that grows there abun- 
dantly. People were also sometimes named after these 
plants (Turner et al. 1990). 

Women were the major harvesters of root vegetables, 
using pointed wooden or antler digging sticks. Children 
also participated, learning the techniques and sizes to 
select from their mothers and grandmothers. Women 
were also the main processors and preparers of these 
foods, and were generally the ones to determine what 
quantities should be harvested, what types of process- 
ing and storage should be used, and how much might 
be available for trade. 

Both avalanche lily and balsamroot feature in many 
traditional narratives, particularly those involving griz- 
zly bears and avalanche lily (Teit 1898, 1912). Bal- 
samroot was associated with several rituals relating to 
its preparation (Teit 1900, Turner et al. 1990, Peacock, 
1998). For example, Nlaka'pamux women, while dig- 
ging or cooking the roots, had to abstain from sexual 
intercourse. A man was not to come near the cooking 
pit while the roots were being cooked. Women often 

painted their faces red, or painted a large black or red 
spot on each cheek, when they went to dig the roots. 
Prayers were offered to the balsamroot plant by young 
people when eating the first berries, roots, or other 
foods of the season: "I inform thee that I intend to eat 
thee. Mayest thou always help me to ascend so that I 
may always be able to reach the tops of mountains, 
and may I never be clumsy! I ask this from these, 
Sunflower-root. Thou are the greatest of all in mystery" 
(Teit 1900:349). There were also taboos against a be- 
reaved spouse eating balsamroot for a whole year after 
the bereavement (Teit 1900). 

Contemporary -status of traditional root vegetables 

It is ironic that contemporary elders like Mary 
Thomas have noticed a distinct deterioration in the 
quality and productivity of root vegetables such as av- 
alanche lily and balsamroot. Mary Thomas (personal 
communication to N. Turner, 1995) summarized her 
observations of the impacts of cattle on traditional Se- 
cwepemc root vegetables: 

Everything is deteriorating-the surface of the soil 
where we used to gather our food, there's about 4 to 
6 inches of thick, thick sod and all introduced 
[plants]. And on top of that the cattle walk on it, and 
it's packing it to the point where there's very little 
air goes into the ground, very little rain, and it's 
choking out all the natural foods [e.g., rice-root, av- 
alanche lily, spring beauty], and it's going deeper 
and deeper, and the deeper they go the smaller they're 
getting. 

She said that her grandmothers and mother would 
not even consider harvesting avalanche lily bulbs that 
were smaller than 2.5 cm across and 7-8 cm long. Now, 
because of the cattle and the dense turf, and because 
people are not digging these roots any more, it is almost 
impossible to find plants with bulbs of this size. She 
also observed that much of the prime digging mead- 
owlands for avalanche lily are being innundated by 
shrubs such as black hawthorn (Crataegus douglasii). 
This is because people are not burning the way they 
did formerly. Gradually, she believes, these meadows 
will be completely covered with bush. 

She recalled, from her childhood, seeing the horses 
run through the fields of balsamroot in the Neskonlith 
Meadows near Chase; their bellies were colored yellow 
by the pollen of the flower heads, so high and lush- 
growing were the plants. Now, because of the trampling 
of cattle and introduced weeds, the balsamroot plants 
are only about 30-40 cm high, and are almost impos- 
sible to dig. Obviously, if we want to try to restore 
such areas, these observations are invaluable. 

Summary of case studies 

These descriptions of the ecological and cultural as- 
pects of these two important root vegetables incorpo- 
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rate some of the complexities and interactive elements 
of TEKW for the Interior Salish peoples. Virtually all 
of the culturally important plants of British Columbia, 
as well as other areas of North America, are underlain 
by equally rich and significant traditional knowledge. 
If ecologists, resource managers, and restorationists are 
to truly understand these resources and the ecological 
and cultural systems that support them, they will need 
to recognize and rely more fully on TEKW of indig- 
enous peoples. 

CONCLUSIONS 

In looking for answers and solutions to ecological 
dilemmas that we face, such as loss of biodiversity and 
imperatives for restoration of degraded lands, it is im- 
portant to respect, recognize, and apply TEKW of in- 
digenous peoples, with their full participation and col- 
laboration. There are good models for integrating 
TEKW in ecosystem management decision making in 
ethical and effective ways (e.g., Osherenko 1988, Pin- 
kerton 1989, Scientific Panel for Sustainable Forest 
Practices in Clayoquot Sound 1995a, b), but more need 
to be developed. All of us, scientists and nonscientists 
alike, are looking for a more complete understanding 
of ecosystems, so that we can better care for them and 
alleviate some of the damage that we have done. TEKW 
provides answers, not only in terms of detailed obser- 
vations of particular localities and resources, but also 
in terms of philosophies and methods of acquiring and 
communicating knowledge that can enrich our lives and 
help us to achieve a better, more sustainable relation- 
ship with our environment. 
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