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AEST'R.ACT

Successful mitigation of human-wildlife conflicts requires an approach that

incorporates both the ecological aspects of wildlife and the social considerations of the

affected stakeholders and these must be considered in an integrated fashion at multiple

temporal and spatial scales. In this dissertation, I examine the relationship between

farmers around Riding Mountain National Park (RMNP) in southwestern Manitoba and

the regional elk (Cervus elaphus) population, in order to better understand and resolve

these long-standing conflicts more effectively. Local perspectives were documented

throughout this study, initially through 40 community nieetings in 2000 and 2001 prior to

formal data collection, then through a mail-out survey in2002, and later through

participatory mapping exercises from 2003 to 2006. A longitudinal analysis of historical

information regarding elk-agriculture conflicts using the interviews and government letter

files indicated that diverse types of conflicts have occurred annually for the lasl l2T

years. Issues related to bovine tuberculosis (TB) in elk in the last l5 years have been

some of the most intense conflicts ever occurring, but these are based on previous

conflicts and they have further undermined the already strained relationship between

farmers and RMNP. The most important factor associated with high concern regarding

bovine TB was the frequency that farmers observed elk on their land. To examine the

biophysical aspects of elk interactions with agriculture, 212 wild elk were captured from

2002-2005 using a net-gun fired frorn a helicopter and given a GPS satellite collar (n:25)

or VHF transmitter (n:187). Overlap in space use between elk and cattle was high in

summer and low in winter based on both the collar data and local knowledge, though

farmers identified higher levels of overlap throughout the year. During the spring elk
1l



calving period, the home ranges of 73o/o of the parturient elk remained entirely within

protected areas, while 6Yo were exclusively on farmland, and 2lYo included both. The

propottion of the elk population calving on farmland continues to increase from near zero

in the 1970s. Hay yard barrier fences are the most effective and widely accepted

management tool in use to mitigate elk-agriculture conflict, but modifications to the

process of allocating and monitoring fences are needed. Indeed, all aspects of the

management of elk-agriculture interactions require greater levels of communication and

collaboration between government agencies and local stakeholders. I also advocate

taking an adaptive, science-based approach to managing human-wildlife conflicts that

focuses on both the social and natural sciences as mutually contributing to our

understanding of the problems and generating meaningful solutions. This is one of few.

studies that makes use of local knowledge and conventional ecological data together, and

demonstrates the contributions of both in better understanding the temporospatial aspects

of wildlife-human conflicts and their socioeconomic and conservation implications.
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CT{APTER. 1
Drs sBntATroN trNtnooucrroN :

RnCToNÂI- PRoBLE,MS NE,ED INTEGRÂTE,D SoLUTIoNS

"The world we have made as a result of the level of thinking we have done thus far creates

problems that we cannot solve at the same level of thinking at which we have created

them. We shall require a substantially new manner of thinking ìf humankind is to survive."

*Albert Einstein



Introduction

Human life ultimately relies on ecosystem services provided by the biosphere,

including agricultural production, recreational opportunities, and spiritual connections

with the land (Egri 1997, Jol^nston et a\.2007). Producing sufficient food resources

while maintaining biodiversity and ecosystem functions is one of the greatest challenges

currently facing the world population (Ehrlich eÍ al. 1993). Agricultural lands currently

occupy more than one third (37%) of the earth's land surface and this area continues to

expand (Food and Agriculture Organization of the United Nations 2002). Conversion of

native prairie and forested habitats to agricultural fields has resulted in dramatic changes

to the landscape including forest fragmentation , reduction in the size of native habitat

patches, increased isolation of the remaining 'pristine' patches and an overall reduction in

forest cover (Merriam 1988, Wiens 1994, Jaeger 2000). Livestock grazinghas also

significantly altered native habitats and introduced non-native species (Yance 1976.

Herkert 1994). Because of these large-scale changes, much of the agricultural areas of

the world exist as a mosaic of native habitat patches within a matrix of agricultural fields.

Protected areas have been set aside to be devoted primarily or exclusively to preserve

natural ecosystems in the face of human development. According to the classifìcation

system used by the World Conservation Union, national parks are the most restricted of

these protected areas (Synge 2004). Historically, national parks were largely managed as

islands of natural habitat, in isolation from the surrounding landscape. A paradigm of

command and control, often referred to as 'fortress conservation', has prevailed within

protected areas management whereby the parks have been managed with a strong

authoritarian approach that excluded local use, often employing armed guards and



complex regulations (Brockington 2003). In North America, human populations have

normally not been allowed to live permanently within nationalpark boundaries in large

numbers, but at the same time human use has been strongly encouraged (Hough 1988).

Parks and protected areas are faced with many challenges but perhaps the most signifrcant

are the internal challenges of both mitigating and facilitating human use while addressing

the complex interdependent relationship that parks have with the surrounding landscape

and people.

Iù/hile protected areas play a critical role in maintaining wildlife habitat and ensuring

populations of wildlife remain viable (Janzen 1983), few are large enough to be self-

contained (Miller and Harris 1977). The movement of wildlife across jurisdictional

boundaries and out of parks can create management challenges since no one agency has

full or continued jurisdiction over them (Forbes and Theberge i996). Fufthermore,

wildlife that move beyond park boundaries can create significant impacts for people

living along the edge. Cross-boundary issues will continue to become more pronounced

as landscape alteration increases, as protected areas become more isolated, and as the

scale of environmental pressures such as global climate change and human development

continue to increase (Schonewald-Cox 19923).

Cross-boundary issues around protected areas are particularly important to farmers

because of the complex range of benefits and costs associated with wildlife that leave

protected areas and use agricultural lands. Local people may acquire benef,rts through

hunting and tourism opportunities but the wildlife may cause signifrcant impacts to crops

and livestock, damage to infrastructure, and even risks to human health and safety

(Conover 1998,2001, Aguirre and Starkey 1994).



trVhile agricultural landscapes have fundamentally changed the earth, farming

communities have also been dynamic. There are still millions of farmers throughout

North America, although this number continues to decline because of an ongoin* *ru,

crisis and an associated depopulation of rural areas (Reich 1988). Progress in farming

technology - the so called "green revolution" - has increased the capacities of many

nations to feed itself. This progress has been associated with dramatic changes in farming

in Canada in the last century, with farm sizes increasing sharply, while net income

declines and farmers are working more on outside employement to subsidize the farm

(Todd and Brierly 1982, Statistics Canada 2002). The effects of unprecedented climate

change and global population growth will have dramatic, though poorly understood,

effects on farming communities.

Although there have been some important successes, the overall record of

accomplishment of humankind in contemporary wildlife management and agricultural

policy has been generally very poor. As the scale and scope of global human impacts

becomes increasingly evident, scientists and managers are recognizing the complex

interrelationships among these impacts that further obscure our understanding of an

already complicated world.

Some individuals have suggested that a more interdisciplinary approach to addressing

these 'wicked' problems is needed, that adequately reflects both the complexity and the

interactions between the environmental and social components tuttel and Webber 1973,Daily

and Ehrlich 1999). While many, or even most, scientists and resource managers seem to

acklowledge the value and importance of an interdisciplinary approach, few have

embraced it (Pickett et al. 1999). Diverse practical and philosophical barriers to



interdisciplinary research and management have been identifred (Campbell2005), but

most of these barriers ultimately are def,ined by the process by which knowledge is

produced, legitimized, and applied. As such, interdisciplinary research that supports

resource management will require an approach that attends to these practical issues but

also addresses the power dynamics and social constraints that exist.

Scope of the Thesis

The intent of this thesis is to examine the biophysical and social factors that influence

elk-agriculture interactions in the Greater Riding Mountain Ecosystem using two parallel

approaches, documenting local farmer knowledge and expert-based scientific research.

Elk-agriculture conflicts are a result of complex interactions among numerous factors.

Both environmental factors and farm management practices are influencing elk use of

agricultural areas. This project focuses on the biophysical factors and farm management

practices that influence the use of agricultural lands by elk. The relative contribution of

biophysical and farm management practices in influencing overall 'vulnerability to elk-

agriculture interactions is examined by comparing farms that have high elk interaction

with tlrose having little or no interactions (sensu Mech 2000, Kaneene 2002). Social

aspects of elk-agriculture interactions focus on characteñzing local farmer knowledge,

and identifuing factors that influence concerns and priorities of farmers mitigating these

conflicts.

lVhile the social and biophysical approaches to understanding elk-agriculture

interactions are each valuable in their own right, using them together provides new

opportunities to produce a richer, more holistic description of the factors that influence



farm use by elk. The biophysical and social aspects are then linked spatially to

characterize and map risk, which includes the likelihood of elk using agricultural areas,

the perceived risk associated with it, and a description of the types of impacts that occur.

This research provides an opportunity to explore the challenges of linking local farmer

knowledge with an expert-based scientific management paradigm. Together, this

information provides valuable insights into the nature of the problems and will ultimately

facilitate the development of more effective management solutions.

This research is based on the premise that both local farmer knowledge and expert-

based science provide a way of understanding the environment, which is embedded

within a specifrc cultural context. Both forms of knowledge are useful, important, and

they may even be complementary. This thesis ultimately will attempt to incorporate two

knowledge systems. The process provides an opportunity for farm operators to

participate in research and allows them to generate their own solutions to wildlife

problems . This is important because, currently, much of the information regarding elk-

agriculture interactions has been collected by scientifrc 'experts', is expressed in a

technical language, has limited accessibility, and reflects the priorities of scientists and

managers, not farmers.

Thesis Objectives

The primary objective of this thesis was to develop an approach to characterizing and

resolving human-wildlife conflicts in a manner that effectively incorporates both the

ecological aspects of wildlife with the attitudes, knowledge, and actions of the affected



stakeholders, in order to ensure equity between the conservation of native animals and

their habitats and the socioeconomic needs of local people.

Interactions between farmers living around Riding Mountain NationalPark and the

regional elk population have involved some of the most intense conflicts in the region

since farming began in the region in the 1880s, related initially to crop damage. The

impetus for this research comes from recent conflicts associated with the perceived

transmission of bovine tuberculosis from wild elk to cattle. The presence of bovine TB in

cattle and wildlife has been well established through on-going testing. However,

despitethe absence of compelling evidence that transmission is occurring from elk to

cattle and the disease, it has been widely assumed that this is the primary route of

transmission. Although the mechanism of transfer between potential hosts remains

unclear, the presence of bovine TB in cattle herds has resulted in important direct and

indirect social and economic impacts to farmers. The presence of bovine TB in the elk

herd has seriously strained the relationship between local farmers and RMNP and may

ultimately influence wildlife conservation actions of the farmers and their relationship

with the national park.

Practical outcomes from the thesis contribute to understanding the relationship

between elk and agriculture around RMNP in order to support farmer decision making at

the local level and federal and provincial interagency management of TB within the

regional ecosystem and the national arena. Recommendations from these results are

intended to of direct value to farmers and government agencies in addressing these

important conflicts. The applied case studies that address these practical problems also

illustrate the interdependence between parks and local communities and provide further



support for the need for better communication and cooperation. The primary theoretical

contributions of the dissertation are to develop rigorous and ethical ways of using

ecological and social methods in an integrated approach to understanding the nature of

risk and the resolution of human-wildlife conflicts.



Specific objectives of the study were to:

I. Characterize the biophysical aspects of the dsks associated with elk-agriculture

interactions

o What is the relationship between elk use of areas outside of RMNP and forest cover?

o What crop types and combinations attract elk to agricultural areas?

o How do hay management practices at the farm level influence elk-agriculture

interactions?

II. Characterize the social aspects of the risks associated with elk-agriculture

interactions

o What are the primary concerns of farmer's regarding elk-agriculture interactions?

c How are farmers' subjective risk perceptions regarding elk-agriculture interactions

influenced by demographic and farm characteristics?

o What are the most acceptable management practices to reduce elk-agriculture contact?

III. Characterize and explain the differences that underlie objective descrþtions and

subiective perceptions of the dsks associated with elk-agriculture interactions

¡ To what degree are the objective descriptions and the subjective perceptions of risk

similar and how are they different?

. To what degree are farmer knowledge and expert-based knowledge complementary?

o What are the main institutional and social barriers to incorporating farmer knowledge

into the existing expert-based paradigm?

o What differences exist between the attitudes and management approaches of farmers

and management agencies?



Overview of Research Approach

My overall approach toward this project focused on working collaboratively with the

local communities and management agencies during the entire process, from idea

generation through to the final reports and recommendations. Throughout the six-year

course of this study, information regarding the purpose and methodologies used were

shared openly with community members, including non-participants in the study.

In order to devclop a research methodology that reflected community concerns and to

establish on-going communication with local stakeholders and governmcnt agencies, I

aftended 36 community meetings in 2000 and 2001 before collecting any data, including

Riding Mountain Biosphere Reserve, Riding Mountain Regional Liaison Committee, Riding

Mountain National Park Ecological Integrity Study Group, local Rural Municipality offices,

local and regional hunting clubs, Riding Mountain National Park Visitor Centre, regional

meetings of the Manitoba Agriculture and Food staff, and the Manitoba Wildlife Federation

Annual Conventions. In addition, I participated in seven town hall rneetings throughout the

study area between January and April 2002, where comments of over 500 local agricultural

producers were documented. This provided an opporfunity to listen to local people and to

hear their concerns and research priorities from their own perspective. Important research

themes were initially identified through these interactions and many other informal

discussions with local people and management agency staff.

Commr"rnity meetings provided me with opportunities to share details regarding my

research methodology and make the development of the research protocol an iterative process

that included local knowledge from the beginning. Once the data collection began in2002,

and throughout the project, meetings continued with local groups to listen to their
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pcrspectives, including the bovine TB Stakeholders Advisory Committee, which was

established in 2003, and local First Nations. In total, I made I 66 presentations regarding this

project. Efforts were also made to incorporate other learning opportunities for tourists,

teachers, and students into the study and provide meaningful opportunities for engaging

Canadians in the study.

The data collected for this study were obtained using four primary approaches that

included two separate but complementary ecological studies (VHF and GPS collared elk)

and two unique but complementary social science studies (a regional mail survey and

participatory mapping interviews). In addition, existing independent datasets collected by

government agencies were also used, including aerial survey data, hunter killed wildlife

locations, and Manitoba Crop Insurance Corporation damage claims.

This project was conducted under the authorization of University of Manitoba Animal

CareUtllization Protocol No. F01-037, Manitoba Conservation Wildlife Scientific

Permit No. WSP 02001, Riding Mountain National Park ResearclVCollecting Permit No.

RMNP-000327, and Riding Mountain National Park Environmental Assessment

Screening Report No. #RMNP 000321. The aspects of community participation through

a mail survey and interviews have been approved under the authorization of the Joint-

Faculty Human Subject Research Ethics Board Protocol #J2002:043 at the University of

Manitoba.
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Thesis Structure

The thesis is arranged so that each chapter is in the form of a publishable manuscript.

First, I set up the conceptual framework of the research related to wildlife-agriculture

conflict risk analysis (Chapter Two). I then critically evaluate the role and use of local

ecological knowledge (LEK) in the ecological literature (Chapter Three) and explore the

historical aspects of elk-agriculture conflicts tluoughout the history of farming around

Riding Mountain National Park (Chapter Four). I examine the drivers of farmer concern

related to the presence of bovine TB (Chapter Five) and the complex interactions of

habitat attributes with farmer attitudes and actions that influence movements and ultirnate

survival of elk and other large mammals moving through agriculture-dominated

landscapes (Chapter Six), elk-cattle interactions (Chapter Seven), and natality site

selection by parturient cow elk (Chapter Eight). The barrier-fencing program is then

evaluated as part of the bovine tuberculosis management program, and arguably the most

successful of any program in the region to mitigate elk-agriculture conflicts in the last 127

years (Chapter Nine). In the concluding chapter (Chapter Ten), I outline how the analysis

and outreach aspects of the overall study provide insights into the practical, moral, and

theoretical aspects of using local ecological knowledge with conventional ecology.

Within the context of understanding the risks associated with elk-agriculture interaction

and mitigating the resulting conflicts, I provide practical recommendations for farmers

and government agencies to address the existing conflicts.

t2



Study Area

The study area includes Riding Mountain Biosphere Reserve (RMBR), which is

composed of Riding Mountain National Park (RMNP) as the core area and surrounding

rural municipalities (RM's) as the zone of co-operation (http://www.unesco.org,2002). lt

represents a broad transition zone between the Canadian prairie ecosystem and the Boreal

Plains (Caners and Kenkel 1998). RMNP is2,974 km2, extending approximately I l5 km

from east to west and 60 km from north to south. It is elevated up to 475 metres above

the suruounding agricultural landscape due to the Manitoba Escarpment. The park

represents a core area of relatively undisturbed wilderness surrounded by lowland

agriculture. Much of the region is dominated by glacial topography and is poorly drained.

The prairie ecosystems were influenced heavily over thousands of years by large

herbivores, particularly bison (Blson bison) (Bradley and Wallis 1996).

Aboriginal Peoples have inhabited the region for at least 6,000 years, including

Assiniboine, Cree and Ojibwa societies. More recently, the Ojibway and Nakota Peoples

have used the area extensively for subsistence harvesting. Several First Nation

communities are now in the region including Waywayseecappo, Keeseekowin, Valley

River, and Rolling River First Nations.

In the early 1800's RMNP was used extensively as a source for timber in the

construction of railways and farm buildings. Land in the region was opened to European

settlement in the 1880's (Lehr 1996) and by 1885, settlement in the Grandview and

Dauphin region was underway. In 1895, the Dominion Government set aside what is now

RMNP as a forest reserve as an attempt to limit the production of lumber to a more

sustainable level. By 1904, rnuch of the available land outside of the protected area had
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been purchased. The majority of existing forest cover in the region remained intact until

after the Second World War, when the introduction of the bulldozer significantly

increased the rate of forest clearing. Since that time, extensive areas of upland forest

have been cleared, leaving behind small forest refugia along rivers and wetlands and on

unproductive land (Bird 1961, Stadel 1996).

Approximately 25,000 people currently live within the RMBR (Statistics Canada

2002), across 1,272,000 ha (http://www.unesco.org). The major agricultural products of

the region are cereal and oil crops, hay, and livestock. Farms are managed on an

individual basis and so typically are highly variable in their size, structure, number of

livestock raised and crops produced (Brook and Mclachlan 2006).

The termination of grain freight subsidies previously provided under the Western

Grain Transportation Act (WGTA) has resulted in a shift from grain to increased forage

production. Beef cattle production occurs throughout the study are on agricultural lands,

particularly on marginal land types. Cattle production in the Grandview area is well

above the provincial average, with up to 80% of farmed land in the region under pasture.

Cattle grazingwas permitted within RMNP until 1970, with between 1,375 head (1950's)

and 4,500 head (1919) of cattle present. Grazing by cattle opened up the vegetation in

many areas of the park by removing understory, and caused of deterioration of many

native fescue prairie sites in RMNP (Blood 1966). Road density inside RMNP and Duck

Mountain Provincial Park and Forest is low and the trails that are present in the

backcountry typically have low use, particularly in the winter months. In contrast, most

of the privately owned land in the study area has a high number of roads (Figure 3).
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Five major vegetation types comprise the study area: northern boreal forest, aspen

parkland, bur oak savannah, grassland, and eastern deciduous forest (Rowe 1972, Caners

and Kenkel 1998). Imporlant tree species include trembling aspen (Populus tremuloides),

balsam poplar (Populus balsamiJ'era), white btch (Betula papyri/era), white spruce

(Picea glauca), black spruce (Picea mariana) bur oak (Quercus macrocarpa), and balsam

fn (Abies balsamea). The vegetation reflects the region's transitional climatic position

between subhumid coniferous forest and semiarid cool steppe (Bird 1961). A range of

factors have influenced the structure and dynamics of natural vegetation in the region,

including post-clirnatic change, physiography, edaphic conditions, fire disturbance,

herbivory, and human activity.

Fire scar and stand age data indicate that large f,rres occurred in 1822,1853-1855,

1889-1891, and l9l8-1919 (Rowe 1955). Fires were most prevalent during European

settlement (1885-1889) and were often set purposely by settlers and loggers burning hay

meadows and clearing land (Tunstell 1940, Sentar 1992). Historically, wildf,res were

common in the prairie grasslands of southern Manitoba. These fires would occasionally

burn into the forested areas of RMNP (Trottier 1986). Fire suppression policies of the

federal and provincial governments, along with the increased efficiency of fi¡e fighting

and patrolling techniques and eqiupment, have greatly reduced the extent and frequency

of hres with the region (Bailey 1968, Hirscli 1991). This fire suppression has resulted in

inceased tree and shrub encroachment. In RMNP, the removal of cattle grazing, forestry,

and hay cutting, in conjunction with f,rre suppression, has led to a significant increase in

understory development in many areas. Haying, pasturing, and logging, which were
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permitted inside RMNP until the mid-1960's, have also influenced secondary plant

succession (Bailey 1968).

Large and meso-carnivores in the region include wolf (Canis lupus), coyote (C.

latrans), red fox (Vulpes vnlpes), black bear (Ursus americanus), and lynx (Lynx lynx).

Ungulates include elk, white-tailed deer (Odocoileus virginianus), moose, are present in

high numbers. Mule deer (O. hemiontts) are rare.
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CT{APTER2
CoNcnpTUAI FneupwoRK:

R¡TToN,ILE FoR AN INTE,RDISCPLINARY APPRO,A,CFI To HuvnN-
l7tlnupB CoNpucrs

"By stepping into rural areas, ecologists abandon their familiar and reassuring natural

world and enter a realm long shunned as too unnatural to merit serious academic

attention.... ." -Western and Wright 1994
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Introduction

Conflicts between humans and wildlife by their very nature involve complex

interactions between the ecology of the animals and their environment, as well as the

attitudes and actions of the affected people (Marker et al. 2003, Treves and Karanth

2003). Science-based approaches to these conflicts are diverse, with scientists, resource

managers, and stakeholders each contributing unique and sometimes conflicting

perspectives on what should constitute the appropriate strategy (Conover 2001). These

approaches fall along a gradient, from those that are highly analytical, to those that are

highly integrative (Holling I 998).

At its extreme, analytical science is largely experimental, reductionist, and

disciplinary, while integrative science at the other extreme is interdisciplinary, takes a

broad systems approach, and employs historical, comparative, and experirnental

approaches (Table 2- i; Holling 1998). Analyical studies are typified by those that

document the frequency and impacts of wildlife, particularly those that focus on a single

wildlife species (e.g. Conover and Kania 1995). These analytical studies provide accurate

and detailed information on the damage done, but few insights into the interactions with

the biophysical landscape or the related social perceptions, nor do they contribute to

helping elucidate the causes of the problem or derive workable solutions.

In contrast, integrative studies of human-wildlife conflicts are typified by their

incorporation of multiple aspects of the issue and they often involve multiple research

approaches and may include both the ecological and social sciences (e.g. Treves and

Karanth 2003). While there is much diversity in the approaches to scientific study of
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liuman-wildlife conflicts, in practice, most projects fall somewhere between these two

ends, but characterizing these extremes underscores the variety and options that exist.

These diverse approaches have tlre potential to be complementary and mutually

supporting and the only real limitation is the capacity for individuals that advocate these

different approaches to work effectively together.

The objective of this chapter is to examine different approaches to studying and

mitigating human-wildlife conflicts through a review of the literature, focusing on

integrative strategies that incorporate both the social and ecological sciences and build on

and incorporate the results from analytical studies. These will form the basis for the

remaining data chapters in the thesis.

Interdisciplinary Science-Based Approaches to Risk

Human-wildlife conflicts are influenced by complex environmental and social factors

that are generally not well understood, particularly in relation to each other. Much

research has examined either the environmental or the social variables separately, but few

have considered the two together. The complexity of these higher order interactions at a

wide range of temporal and spatial scales creates uncertainty in their timing and nature, as

well as uncertainty regarding human responses. Accordingly, interactions between

wildlife and humans can be effectively described in terms of risk. This approach

integrates the probabilities of interaction with the severity of the outcomes to produce a

more holistic understanding of the likelihood and nature of the impacts that occur (Noble

Tesh 2000).
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Risk is defined here as an exposure to uncertain and potentially unfavourable

consequences and the term hazard is used synonymously, following Smith et al. (2001).

This basic definition, by focusing on the link between uncertainty and adverse outcomes,

fits well with the colloquialuse and understanding of the term. Much of modern risk

analysis is based on the assumption that the probabilities and consequences of adverse

events are produced by physical and natural processes in ways that can be objectively

quantifred. For example, the risk of a cattle herd near RMNP becoming infected with

bovine tuberculosis might be modeled using data on contact rates between elk and cattle,

along with information on disease prevalence in the elk herd and other pertinent data, if

they exist. It is generally assumed that several different studies examining this risk

independently will derive similar or identical results. These are often referred to as

'objective risks', although it is now well established that the ways we study and document

risks are indeed subjective (Coleman 1993). Much of modern risk analyses have

traditionally focused largely on these objective risks, often referred to as 'real risk'

(Slovic 1987).

The'subjective'aspect of risk is often referred to as "perceived risk" since it

incorporates human values and unique perspectives (Slovic 1987, Coleman 1993).

Studies have shown that the subjective aspects of risk are indeed variable among different

individuals, but they are quantifiable and often predictable (Fischhoff et al. 1981, Smith e¡

a|.2000). Recent research into the psychology and sociology of risk supports the

assertion that most people consistently incorporate cultural criteria into their personal

evaluation of risks (Krimsky and Plough 1988). Responses to risk are mediated by social

influences transmitted by friends, family, fellow workers, and respected public officials
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(Slovic 1987). Individuals have been shown to be more tolerant of risks perceived as

voluntary, avoidable, controllable, familiar, and well understood (Slovic 1987, Rescher

1983). Moreover, education, race, societal status may all affect perceptions of risk (Smith

et a|.2001, Noble Tesh 2000). Thus, risk is spatially and temporally variable and so

cannot be generalized across communities. Management efforts that attempt to mitigate

the 'objective' aspects of risk but ignore the subjective elements may prove ineffective or

even counter-productive.

Conflicts over risk may result from 'experts' and lay people having different

definitions of the concept (Slovic 1987). In the case of wolves in North America, it has

been established by wolf experts that the risk of a human being attacked by a wild wolf is

exceptionally low, with only l9 documented cases of unprovoked wolf aggression toward

people in the last hundred years in North America (McNay 2002). Despite these

assurances from experts, humans have often expressed extreme levels of fear toward

wolves (e.g. Kellert et al. 1996, Ponech l99l). From a subjective perspective, these deep

anxieties of non-experts are linked to childhood stories, innate fears, and experiences of

observing predation on other wildlife and so are not easily changed by new information.

Therefore, in the case with wolves, understanding wolÊhuman conflicts in an area

requires information regarding the objective aspects of risk, including the size of the wolf

population, the number of documented interactions with humans and any injuries that

occur. Of equal importance are the subjective aspects, including human attitudes toward

wolves, the level of fear that they have of being attacked and the likelihood that local

people will kill or support the lethal control of wolves.
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Similarly, nuclear power provides an example of the differences between objective

and subjective risk because of the dramatic opposition that exists despite assurances from

experts that it is completely safe. Research has shown that people consider the benefits of

nuclear power to be low and the risks unacceptably high, while scientific experts have

dismissed these fears as irrational (Dupont 1981, Cohen 1983). However, from a

subjective perspective, the deep anxieties of non-experts are linked to negative media

coverage and a strong association between nuclear power and nuclear weapons. For

pastoralists in East Africa, objective descriptions of drought risk from meteorological data

were poorly correlated to the subjective perceptions of individuals and groups when

mapped using GIS (Smith er a|.2001).

If scientific research contradicts or is dismissive of local beliefs and perceptions of

risk, the results will likely be rejected by lay people as unreliable, erroneous, or

unrepresentative (Slovic 1987). Attempts to characterize, compare, and regulate risks

must be sensitive to this broader concept of risk. However, much of the risk literature

assumes that increased education regarding risk will inevitably lessen the divide between

objective and subjective risk (e.g. Powell 2000). However, beliefs are typically deeply

ingrained and perceptions of risk are often slow to change. So in the case of people

fearing wolf attacks, it is clear that simply providing additional information about the low

probability of wolf problems or other similar information will do very little to alter

existing fears. Indeed, providing information about the presence of wolves may may even

make people more anxious by stimulating conversations about areas of great concern.

Some individuals who are unaware that wolves are even present in their area may be

surprised and concerned to learn that there are indeed large numbers present.
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An important and often controversial outcome of human-wildlife conflicts is

disagreement among individuals or groups of stakeholders regarding the most appropriate

way to address these problems. This human-human conflict is directly or indirectly

caused by interactions with wildlife, but involve people with differing attitudes, goals,

values, wealth, and power (Madden 2004). These individuals may have a history of

conflict regarding other issues, with gaps in trust and communication.

In order to move beyond simple descriptive analysis to an understanding of the factors

that influence risk, it is useful to recognize that an individual's expression of risk reflects

the interactions of the biophysical characteristics of a hazard, and their cognitive

understanding of and ability to deal with it (Smith et a|.2000). Risk can then be

conceptualized as being comprised of four unique components: exposure, perception,

mitigation, and coping (Smith et a|.2001). Exposure is an objective, measurable

component related to space or time, but not to an individual person. In probabilistic

terms, exposure is the likelihood that ahazard occurs, for example the probability of a

farm being used by elk. Perception is a subjective component that is the specific belief of

an individual that he or she might experience a particular hazard and how severe its

effects might be, such as fears of a farmer concerned with his or her of cattle herd

becoming infected with bovine tuberculosis. The final two components of risk,

mitigation and coping, relate to the capacity to reduce the negative effects of ahazard.

An individual's ability to mitigate risk increases when objective risk exposure and

subjective risk perception are reduced through preemptive behaviors. Coping ability is

determined by the individual's ability to respond quickly to and recover from a negative

outcome.
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Despite the importance of diverse information in understanding human-wildlife

conflicts, most of the associated scientific research is limited to a single part of the

problem and most is based on a single discipline.

Alternatives to a Conventional Science-Based Approach

While science-based approaches to resolving environmental issues have been

embraced by most scientists and many resource managers in North America and beyond,

other ways of understanding and managing the world are also implemented widely.

Johannes (1998) has advocated a data-less precautionary approach to fisheries

management because the ecological and social complexity of these systems ensures that

no amount of scientifrc data will be sufficient to support management. At the same time,

other groups choose management decisions based on their own experiences and do not

require scientific data.

Farmers, Aboriginal hunters, and indeed many government agency resource managers

base their understanding of the environment and make most or all of their decisions using

their own experience-based knowledge (Berkes et al. 2000, Wilson 2003,Decker et al.

2006). They may incorporate science-based information as background information or as

part of the decision-making process, but much or all of the information is acquired

through personal experience, stories related by ancestors and colleagues, dreams, oL

ceremonies (McGregor 2000).

The holders of experience-based knowledge are sometimes sceptical of science and

frequently question the methods and findings of empirical studies (Neis 1992). For

example, hunters in northern Canada collected their own data on caribou kills in an
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attempt to refute claims by government scientists that caribou populations were lower

than local people believed (Anonymous 1980). Similarly, scientists often dismiss

experience-based knowledge as anecdotal, unsubstantiated, or inaccurate, particularly the

aspects deeply rooted in culture, such as knowledge acquired through dreams or visions

(Chambers 1980, Johannes 1993, Hobson 1993, Gilchrist eÍ a\.2005).

The rejection of the alternative paradigm by scientists or experienced based knowledge

users often occurs even when the two provide similar information. This divergence is

largely due to unique institutions governing the interactions between the groups (Wilson

2003). Institutional differences include formal laws, operational rules, social networks, or

fora for discussion and decision-making that are structured differently, thus blocking or

distorting communications that might otherwise be mutually understood. Linking

science-based and alternative approaches to addressing human-wildlife conflicts thus

requires a strategy that recognizes the differences between them, while building on the

similarities and complementarities, as well as attending to the associated po\¡/er dynamics

and issues of communication (Wilson 2003, Brook and Mclachlan 2005). ln other

words, science and experience-based knowledge are not necessarily mutually exclusive,

but much work is still needed if they are to be used together in a way that is acceptable to

all concerned.

Fluman Dimensions of Wildlife Conflicts

Human dimensions of wildlife conflicts refer to how people value wildlife, how they

want the conflicts to be managed, and how they affect or are affected by wildlife and the

management decisions implemented to mitigate conflicts (Decker et al.200l). Human
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dimensions research aims to understand human traints and identify means of

incorporating that understanding into plans and actions to address conflicts with wildlife.

The term'human dimensions' includes a diverse array of concepts and practices and can

include socio-economic values, group and individual behaviours, community

participation in decision-making, and communication regarding the risks and outcomes of

management.

Social psychology, the study of people's thoughts, feelings, and behaviours, has

identifred two theoretical approaches that are used extensively in human dimensions

research: cognitive approaches and motivational approaches (Decker et al.200l). A

cognitive approach considers concepts including attitudes, values, and norms that lead

from thought to action. A motivational approach examines why humans do what they do.

The theory of reasoned action (Fishbein and Manfredo,1992) and theory of planned

behavior (Azjen, 199) suggest that human responses to conflicts with wildlife are directed

by their attitudes, norms, and perceptions of control (Manfredo and Dyer 2004). An

attitude is defrned by Manfredo and Dyer (2004) as a favorable or unfavorable outlook

toward an action, an issue, or an event. Much research has examined how strongly

attidues are held because strongly held attitudes are normally difficult to change (Decker

er al.200l). Norms are standards of behaviour that specify what people should do (Blake

and Davis 1964). Perceived behavioral controlis an appraisal of whether a person

possesses the abilities to affect a behavior. Values are fundamental beliefs about desired

outcomes and theory suggests that these values develop very early in life, are resistant to

changes and are relatively few in number (Rokeach 1973, Gray 1993, Manfredo and Dyer

2004).
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A fundamental variable in understanding the nature and potentialoutcomes of human-

wildlife conflicts is how humans perceive themselves in relation to the environment along

a gradient from deference toward nature to domination of nature. Human-willdife

conflicts research often examines human tolerance for social encounters with wildlife in

order to determine three main properties of the interaction: (a) the range of tolerable

behaviour; (b) the intensity of the most acceptable or unacceptable extremes; and (c) the

amount of agreement that exists (Decker et al.200I).

A fundamental challenge in both theoretical and applied research is how to use human

dimensions research that focuses on the social aspects of human-wildlife conflicts, with

ecological research that focuses on the biophysical aspects of the conflicts. Research

examining human-elephant conflicts have developed approaches for using both social and

ecological data together to address the conflicts in a comprehensive manner (Hoare 2000,

Sitati et al. 2003). These approaches have focused on linking the perceptions and actions

of local people with the crop-raiding behaviour of elephants. However, there remain few

studies that explicitly incorporate both social and ecological empirical data.

Adaptive Management of FIum an-\üf/ildlife Conflicts

The concept of adaptive environmental assessment and management was proposed as

means to unify scientists, stakeholders, and resource managers toward a common goal of

mitigating risk (Walters 1986, Walters and Holling 1990). This adaptive approach is

science-based and involves the development of a priori hypotheses before implementing

a management action aimed at a specific result (Holling 1978). Given the complexity of

ecosystems and social systems, uncertainty regarding the outcome of any management
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intervention is typically high and the range of potential intended and unintended

outcomes is broad (Gunderson and Holling 2002). Thus, the perspectives of scientists,

managers, and stakeholders must all be included in order to begin predicting the range of

potential outcomes in the face of this uncertainty. Adaptive approaches also rely on

learning throughout the process by monitoring the effects of management initiatives and

carefully assessing the outcomes on an on-going basis. Perhaps the greatest problem with

adaptive management is that the "learning by doing" aspect has been adopted by virtually

every management plan produced in recent years, but without any clear definition of what

it means or how it will be implemented (Gregory ef a|.2006). Groups implementing

adaptive management also continue to struggle with how to fully comprehend and

incorporate the diversity and interconnectedness of ecological and social systems.

The Spatial Ecology of Human-Søildlife Conflicts

While the social aspects of human-wildlife conflicts form important context and

drivers for these interactions, the environmental conditions and the ecology of the animals

involved are also essential considerations. The ecological aspects of human-wildlife

conflicts have been examined in detail at the local scale, but only recently have efforts

been made to examine them at the broader landscape scale.

Landscape ecology is based on the notion that environmental patterns strongly

influence ecological processes (Turner and Gardner 1991). The habitats in which animals

live are spatially structured at a number of different scales and these patterns interact with

an animal's perception and behaviour. The concepts and principles of landscape ecology

(Burgess and Sharpe 198 i, Forman and Godron 1986) provide a framework for the
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quantitative analysis of landscape structure (O'Neill et al. 7997). Applying these

principles to interpret wildlife interactions with human dominated landscapes can provide

important insights into the risks associated with wildlife-human conflicts.

Habitat fragmentation is a process involving the breaking up of large blocks of habitat

into smaller, more isolated patches, with a new habitat becoming the matrix (Fahrig and

Merriam 1985). Although fragmentation has been cited as one of the most important

threats to species conservation (Andren 1994) its effects are poorly documented, despite

their theoretical and applied interest.

Landscapes are dynamic mosaics of natural and human-influenced patches that vary in

size, shape, and arrangement (Urban et al. 1987). The components of landscape pattern

can be described in several ways: (l) patch type diversity (number of different patch

types), (2) number of patches, (3) patch type distribution across the landscape, (4)

association and dispersion relationships between types, and (5) patch complexity, or size

and shape (Forman and Godron 1986). From these components, various indices and

models of landscape structure can be constructed and related to movements of wildlife. A

commonly used model for conceptualizing and representing the spatial elements of a

landscape in a categorical map pattern is the patch-corridor matrix model (Fonnan 1995).

This model recognizes three major landscape elements: patch, corridor, and matrix.

A patch represents a relatively discrete area of relatively homogenous environmental

conditions, where the patch boundary is distinguished by discontinuities in environmental

character states from its surroundings, as perceived by or relevant to the animal under

consideration (Weins 1976). Patches are spatially and temporally dynamic, varying with

each animal's perceptions (Weins 1976,1989). At any given scale, each patch has an
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internal structure that reflects patchiness at finer scales (Kotliar and Wiens 1990) so a

landscape is composed of a hierarchy of patch mosaics across a range of scales. From an

animal-centred perspective, the smallest scale at which an organism perceives and

responds to patch structure is its "grain" (Kotliar and Wiens 1990). "Extent" refers to the

coarsest scale of heterogeneity that an animal responds to (Kolasa and Rollo l99l). At

the level of the individual, extent is determined by the lifetime home range of the

individual (Kotliar and Wiens 1990) and varies among individuals and species. Patch

boundaries are artificially imposed and are only meaningful when referenced to a

particular scale (i.e. grain size and extent).

In human-dominated landscapes, it has been suggested that an animal's move through

the matrix across 'hostile' areas that represent sub-optimal habitats (Keymer er al. 2000)

and that patches of habitat ('stepping stones') are required to move (Andren 1994,

Collingham and Huntley 2000). Connectivity represents the critical features of landscape

structure that affect an animal moving among habitat patches (Taylor et al. 1993).

Landscape connectivity is a fundamental characteristic of the movements and dispersal of

animal populations (Faluig and Merriam 1985). It represents the degree to which the

landscape facilitates or impedes the movement of individuals among habitat patches and

is dependent on the spatial distribution of habitats across the landscape and on the scale at

which organisms interact with landscape pattem (Kotliar and Wiens 1990). However,

there are few empirical data that quantif, key parameters of landscape connectivity,

including habitat-specifrc movement patterns, rates, or capabilities of animals. Even less

data are available that compare movement behaviours among landscapes that differ in

structure, such as the amount or configuration of suitable habitats (Wiens 1997).



Spatially explicit models thus have been developed to simulate animal movement and

dispersalacross heterogeneous landscapes, including grid-based diffusion-like

algorithms, Geographic Information System (GIS) models of landscape resistance,

random walks, neutral landscape models, and individual-based local-rule models

(Johnson er al. 1992, Schippers et ¿tl. 1996, Brooker er al. 1999).

Tischendorf and Fahrig (2000) identifu two separate approaches to assessing

connectivity. "Structural connectivity" is measured without reference to any particular

animal species, whereas "functional connectivity" considers the behaviour of a particular

species and overall success in moving through the matrix. The composition of habitats on

a landscape, their spatial configuration, and the movement behaviour of the animal are

criticalcomponents of functional connectivity (Taylor er al. 1993). Gap tolerance is an

important characteristic of a species because it defines how far it will move across

unsuitable areas to reach suitable sites. However, in reality, gap tolerance is rarely known

with accuracy since animal movements are influenced by a range of factors including a

prior knowledge of the landscape, travelling companions, conspecific attraction, and

predator avoidance.

The Challenge of an Interdisciplinary Approach

The majority of scientific research is conducted within the established boundaries of

its specific discipline. When discussing research that crosses these disciplinary

boundaries, the terms 'multidisciplinary' and 'interdisciplinary' are used frequently.

Multidisciplinary studies involve separate theories, skills, and data in examinging a

research question, whereas interdisciplinary studies bering people and ideas together from
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several different disciplines using a common methodological approach (Golde and

Gallagher 1999). While this is a laudable goal, the primary challenge of this approach is

bringing together all of these unique languages, research methods, personal objectives,

and datasets and determining a means of making them work effectively.

The development of an integrative, interdisciplinary approach to human-wildlife

conflicts is thus fraught with practical and theoretical challenges. The value of

interdisciplinary research and the strong need for an integration of social and biological

sciences to address conflicts has been widely recognized (Wilson 1998, Pickett et al.

1999).It is also evidentthat complex issues such as resolving human-wildlife conflicts

requires an integration of approaches that together elucidate the biophysical and social

aspects (Wear 1999).Indeed, this need has been recognized in human ecology (Burch

1988) and the biological sciences (Golde and Gallagher 1999). However, this integration

is challenged by unique spatial and temporal scales of analysis, different data formats,

and the level of accuracy obtained by different disciplines and approaches (Nyhus el a/.

2002).

The overall approach of this dissertation is to address the challenges of

interdisciplinary research by integrating data from the ecological and social sciences,

using the resulting information as both complementary and as a means of triangulating

different methods (Madsen and Adriansen 2004). Inspiration for development of critical

realism as a methodology and implementing it for practical research comes from Pratt

( l ees).
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Table 2.1. Contrasting extremes in the cultures of science (after Holling 1998).

ATTRIBUTE AIVALYTICAL INTEGRATIVE

Philosophy narrow and targeted

disproof by experiment

parsimony by rule

broad and exploratory

multiple lines of converging evidence

requisite simplicity the goal

Perceived

Organization

biotic interactions

fixed environment

single scale

-biophysical interactions

-self-organization

-multiple scales with cross-scale

interactions

Causation -single and separable -multiple and only partially separable

Uncertainty -eliminate uncertainty -incorporates uncertainty

The danger -Exactly right answer

for the wrong question

-Exactly riglrt question but a useless

answer
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CÏ{APTER3
IÕqowTNG BY DoING:

THE ROLE, F'OR LOCAL KNOSüLEDGE, IN E,COLOCìICAL RESE,ARCH

"The best way to conserve the diversity of cultures and nature is through the

empowerment of the people whose local knowledge and experiences form the

foundattons that conserve much of the earth's remaining biological and ecological

diversity." -Posey 1999
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Chapter Summary

Local ecological knowledge (LEK) of those who earn livelihoods from natural resources has

long been recognized as providing far-reaching insights into ecological processes. I characterize

how LEK has been used in the ecological literature over the last 25 years by broadly examining

360 journals and by evaluating 12 prominent ecological journals in greater detail. Over this

period, only 0.01% of papers in the broad and0.42o/o of those in the more detailed evaluation

incorporated LEK. Despite this slow increase, LEK-based publications remain nearly absent

from the longstanding and relatively prestigious theoretical literature and are largely restricted to

more recent and less established applied and interdisciplinary journals. Most LEK studies used

interviews, but they generally failed to include community members effectively in the research

process. These shortcomings and the broader issues of power and influence in the sciences

should be addressed if local knowledge holders are expetected to continue participating in

ecological research.

Introduction

The use of experience-based knowledge by scientists represents an important emerging area of

ecological research (Huntington 2000, Kendrick et a|.2005, Brook and Mclachlan 2005, Bart

2006). Variously referred to as Indigenous Knowledge, Traditional Ecological Knowledge, or,

more generally, Local Ecological Knowledge (LEK), these rich insights are held by lay people

working in and making their livelihoods frorn natural environments.

The concept of documenting and using LEK is not new to the sciences. In the sixteenth

century, botanists from Holland and Portugal used Indigenous Knowledge to locate and classify
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plant species from Asia (Ellen and Harris 1999). Boas (1888) later conducted seminal

anthropological research to understand the complex relationship among Inuit, sea ice, and ringed

seals. Important in and of-itself, LEK can also be linked with more conventional empirical

research to provide a richer understanding of ecological processes (Bart 2006). As large-scale

anthropogenic and natural impacts on the environment become apparent, it is increasingly

recognized that conventional ecological research cannot always be conducted quickly enough and

over large enough areas to understand associated complex, long-term changes (Tesh 2000), and

that LEK may thus provide valuable insights for researchers, managers, and policymakers (Mauro

and Mclachlan accepted).

While researchers seek new approaches to understanding and managing complex

environmental problems, society increasingly questions the outcomes of conventional ecological

research, especially when the science conflicts with existing local knowledge, concerns, and

values (Tesh 2000). The documentation of local knowledge can provide important avenues for

discussion and building dialogue between scientists and the communities in which they work

(Turner et al. 2000), and grounding studies in the realities of non-experts throughout the research

process. Importantly, the application of local knowledge to environmental and resource

management-related problems has the potential to provide a voice and influence for resource-

dependent communities that might otherwise be excluded from decision-making (Brook and

Mclachlan 2005).

What is local ecological knowledge?

There is no universally accepted definition of LEK, nor does it appear that one is forthcoming

or even desirable (Brook et al. 2006). This is perhaps not surprising given the complexities of
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these knowledge systems, the diversity of environments and cultures that they reflect, and the

myriad ways that they are viewed, documented, and used (e.g. Berkes 1999, McGregor 2000).

Many different approaches and terms are used to describe these diverse knowledge systems

(Table 3.1), and for the purposes of this paper, I will use the most inclusive tern, Local

Ecological Knowledge (LEK).

Most descriptions of LEK emphasize the importance of practical skills and wisdom developed

through experience in and eaming livelihoods from the environment (Berkes 1999). LEK is

largely orally transmitted, is cumulative in nature, is typically local in scale, and builds on the

experiences of past and present generations through mentoring, storytelling, and cooperative

work (McGregor 2000). Researchers use many different approaches when characterizing

experience-based knowledge and often interact with knowledgeable individuals and Elders

residing in resource-dependent communities (Ferguson et al. 1998, Brook and Mclachlan 2006)

(Figure 3.1). These knowledge systems continually evolve, responding to changing

environmental and societal conditions (Davis and Wagner 2003). Indeed, LEK can readily

incorporate technology and scientific discoveries where appropriate, such that the distinctions

between LEK and conventional science often become blurred (Agrawal 1995). As such, LEK

provides a rich, spatially and temporally explicit, and long-term body of knowledge.

The application of local knowledge has many obvious advantages in understanding and

responding to ecological problenis (Bart 2006), yet its use remains sometimes controversial. lt

has been rejected by some scientists as 'anecdotal', 'imprecise', 'unsubstantiated', or 'inaccurate'

(Johannes 1993, Hobson 1993, Gilchrist er a|.2005). Some even question whether it has any

meaningfulplace in ecological research, labelling it as pseudo-science or even anti-science (e.g.

USNC/IUHPS 2001, Howard and Widdowson 1996, Widdowson and Howard 2002). In turn,
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these criticisms receive measured responses from those whom see it as a viable fìeld of inquiry

(e.g. Berkes and Henley 1997 , Stevenson 1997,Brook and Mclachlan 2005). In my experience,

most scientists and other experts seem open to the idea that LEK can contribute meaningfully to

their research area, but are often hesitant to begin incorporating local knowledge into their studies

because it normally requires a completely different approach than most other types of ecological

research. At the same time. many researchers remain unclear as to how local knowledge might

contribute to their area of study.

Perhaps the most challenging aspect of LEK for individuals trained in the ecological sciences

to absorb is the cultural context for and spiritual aspects of local knowledge, including creation

myths and cosmologies used to explain the origin of earth and its people and the codes of ritual

and behaviour that govern relationships with their environments (AFN and NAFA 1995). This

knowledge may be acquired through dreams, ceremonies, selËknowledge, and learning-by-doing;

especially for Indigenous and Aboriginal Peoples (McGregor 2000, Simpson 2001a). These

aspects may initially be viewed as irrelevant or inconvenient, since university-based science

education often stresses an objective approach that is dissociated from this cultural background.

Publishing Local Ecolo gical Knowledge Res e atcln

As LEK has become more widely known as a concept in recent decades, some have suggested

that the number of peer-reviewed publications that utilize local ecological knowledge is

increasing (e.g. Duerden and Kuhn 1998, McGregor 2000). Neither these changes, nor the body

of ecological literature as a whole has yet to be characterized or critically evaluated. My goal

here is to assess how and to what degree LEK is used by scientists in the peer-reviewed

ecological literature. Ecologists that are not constrained to publishing only in ecological journals
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will find a wide range of options in the anthropological journals (e.g. Current Anthropology,

American Anthropologist) or those that focus entirely on LEK research (e.g. Journal of

Ethnobiology). While these types ofjournals are viable options for researchers within those

helds, many ecologists prefer, or are required to, publish their work in ecology journals. Since

the publication list of an individual researcher is a critical part of an application for appointment,

promotion, and research grants, ecologists generally must publish within ecological journals or

their work risks being overlooked within their field. At the same time, within the ecological

literature, most researchers strive to publish in journals with the greatest impact and prestige.

Journals are often selected based on their impact factor score, which is calculated as the average

number of times that articles published in a specifrc journal in the two previous years were cited

in a particular year (Sutherland 1999). At the same time, a manuscript that incorporates both

LEK and conventional ecological data such as radio-collared wildlife data would be most

appropriately published in an ecological journal. Thus, for my analysis, I focused on the use of

LEK within the ecological literature. I also provide a case study from my own research that

incorporates LEK to illustrate what I consider important issues and appropriate approaches for

documenting and using LEK.

Temporal Trend in LEK use within the Ecological Literature

In order to assess patterns in the publication of experience-based local knowledge within the

ecological literature, I used a bibliometric analysis, which involves a systematic examination of

the number and type of publications within a discipline which are interpreted based on a coding

sclreme developed a priori (Prichard 1969). In total, all of the 360 environmental, conservation,

and ecology journals representing approximately 7.5 million papers within the Biological
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Abstracts digital database were searched in each year from 1980 to 2004 (Thomson Corporation

2006). Searches were based on key terms for LEK (Table 3.1) and other key words that could

identifu papers that employed local knowledge (ethnobotany, ethnoecology, interview, participant

observation). Boolean operators were used for terms that included more than one word and

searches included the title and abstract when it was available. The searches were run individually

for each of the 25 years examined using the same search approach to ensure that the results were

directly comparable among years.

Approaches to Utihzing LEK in Ecology

While the key term search provided a general trend in the publications that utilize LEK across

the ecological literature as a whole, I was also interested in examining a subset of these journals

in more detail to a) provide insights into the methods that were used and how the researchers

interacted with the communities they working in; and b) validate the observed temporal trend

observed in the broader analysis. This finer scale analysis examined 12 ecological journals in

much greater detail over the same 25-year period as the broader analysis. I then use these results

to critically examine the ways in which LEK is used within the ecological literature and provide

suggestions regarding how ecologists might address the challenges of designing, implementing,

and publishing studies that utilize local knowledge.

The journals within the ecological literature that largely cater to a North American readership

were stratified by journal impact factor and were categorized within each of tlree broad classes

(theoretical, interdisciplinary, and applied) according to their mission statements. Four journals

were randomly selected for each class: i) theoretical (i.e. Canadian Journal of Botany, Canadian

Journal of Zoology, Ecological Monographs, and Ecology), ii) interdisciplinary (i.e. Agriculture,
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Ecosystems and Environment (previously Agro-Ecosystems), Arctic, Ecology and Society

(previously Conservation Ecology), and Trends in Ecology and Evolution), and iii) applied (i.e.

Canadian Journal of Fisheries and Aquatic Sciences, Canadian Journal of Forest Research,

Conservation Biology, and Ecological Applications). Eight of these journals had been published

before i980 and four had been subsequently created, the laffer group including Trends in Ecology

and Evolution (1986-2004), Conservation Biology (1987-2004), Ecological Applications (1991-

2004), and Conservation Ecology/ Ecology and Society (1997 -2004). In total, 40,900 articles

were screened for the potential use of local knowledge and assessed in detail for these l2 journals

and the "methods", "results", "discussion", and "acknowledgement" sections were reviewed for

their explicit use of experience-based knowledge and whether the authors acknowledged the

participating communities. By going through each article individually, I could identify studies.

using,LEK that might not be captured in the broader key word search. Studies were recognized

as using LEK if there was any evidence of it being used in study design, as a source of data, or in

the interpretation of results. This detailed analysis allowed me to document the methods used to

study LEK in each paper (Table 3.2), as well as the subject of each study, the region it was

conducted, and the types of people that were included, using a common coding scheme.

Temporal Trends in LEK Usage

The number of published environment, conservation, and ecology articles using LEK has

increased over the last 25 years (Figure 3.2). Through the broader analysis, 421 LEK articles

were identified for this period, representing0.0lo/o of all papers published. I similarly identif,red

172 articles using LEK in the 12 ecological journals examined in detail, representing 0.42o/o of

52



papers published from 1980-2004. There is an important body of LEK research within the

ecological literature and this continues to grow each year.

Use of LEK varied greatly among the 12joumals examined in detail, being the highest (in

descending order of proportional use) in Ecology and Society, Arctic, Conservation Biology,

Ecological Applications, and Agriculture, Ecosystems and Environment and were rare or non-

existent in the other seven journals (Table 3.3). In each of the journals that incorporated LEK

studies, there also seemed to be an overall increase in the proportion of studies using LEK,

especially in Ecology and Society and Conservation Biology (Table 3.4). The former likely

reflects a change in the mandate, and indeed the name, of the online journal when Conservation

Ecology, published by the Ecological Society of America became Ecology and Society, published

by the Resilience Network.

The increase in LEK studies in Conservation Biology seems to reflect an increased recognition

that resource dependent communities have an important role in conserving biodiversity. ln

contrast, it seems that the most influential and longstanding journals had the fewest LEK papers

and indeed this has not substantially changed over the last 25 years. Although it might be argued

that LEK studies go beyond the rnandate of these journals, this creates a quandary for researchers

whose funding and career advancement is often predicated on publishing in established and high-

impact venues. I suggest that the nature of the research objectives should determine the content

of publication that joumals publish and that LEK studies, if properly formulated, should be

supported by all ecological journals.

My analysis was only able to consider the papers that were published in each journal and I did

not have any data on papers that were rejected. As a result, it was not possible to determine if

LEK papers have been submitted to the theoretical journals but not published. Most LEK
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research is applied in nature and I amunaware of any completelytheoretical ecological studies

employing LEK. This likely explains the observed distribution of LEK studies within the

different journals. One of the journals that published LEK papers regularly (Conservation

Biology) is ranked seventh in the top ten journals in ecology based on journal impact factors

(Bergstrom and Bergstrom 2006), and another is ranked very close to the top ten (Ecological

Applications).

Embracing Local Knowledge

Some of the key challenges for ecologists using LEK are pragmatic in nature, and reflect a

different research culture than many have been exposed to in the past, particularly adopting social

research techniques (Huntington 2000). Few ecologists are formally trained in the social

sciences, and interdisciplinary studies that combine or integrate both ecological and social

research are unlikely outcomes of interdisciplinary team-based research (Brook et a\.2006).

These skills are still not reflected in most university ecology programs (Berkes 2005) and will

likely only be promoted when the need and benefits became readily apparent. Critical needs for

LEK have already been identifred for areas such as major gaps in data for remote or inaccessible

environments such as the Arctic or marine systems, high priority issues such as climate change,

andlor when they are required by law. In Nunavut in northern Canada, for example, it is now

required that scientists actively involve community members in their research projects.

Most LEK is held by members resource-dependent communities that reflect a wide diversity

of cultures and world views, and few residents are formally trained in the sciences. The limited

ability of ecological research to capture this diversity is especially evident when addressing the

spiritual nature of LEK (Simpson 2001a). It is likely seen as either irrelevant or forbiddirig to
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researchers trained in the western and quantitative sciences, where the importance of objectivity

and value-neutral approaches remain ubiquitous. Moreover, many of these communities have

been subjected to many centuries of oppression, and thus the knowledge that attracts ecologists

cannot be viewed in isolation from this history (Simpson 2001b). Unfortunately, the required

background, openness, and sensitivity required to address these issues are underemphasized, if

reflected at all, in most university-level ecology programs.

Remuneration and Acknowledgement

\Mhile many studies (42%) acknowledged the communities and individuals that shared their

knowledge and some (6%) included them as co-authors, more than half of all studies (52%) did

not explicitly recognize the contribution of study participants within the publications (Figure 3.3).

It might be argued that publications in the peer-reviewed literature are of little interest to

communities so acknowledgment and co-authorship is in'elevant, but I recommend including

acknowledgement as an imporlant part of the process as it is reflective of the overall importance

researchers place on ethical research. Similarly, only 24o/o of studies indicated that any feedback

was obtained frorn the community. I recommend that each research proposal should include at

least one preliminary meeting with the community to establish dialogue and communicate the

study objectives and methods that will be used. Prior to publication of results, another set of

meetings to confirm the study findings is a critical step in ensuring the results are valid and that

participants find the outcomes acceptable.

Obtaining community input is a critical step in the research process before proceeding with

final reports and peer-reviewed submissions. I have found that while this does require some

additional time and financial cost to go back to the communities, it has been invaluable for
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leaving the localpeople with a feeling that their input was valued. This step also provides an

important validations step where all participants review their submissions, either individually or

as a group discussion and I have also received important novel insights from these meetings that

were invaluable in helping interpret the results. Some of my earlier attempts at more formal

interactions focused on giving PowerPoint presentations of the results, but I have found that less

formal and more interactive communication is more effective.

Most of the data in the papers that I examined were communicated in the voice of the

researchers, and only l2Yo of the empirical studies included direct quotes from study participants.

Incorporating quotes provides another meaningfi,rl way of acknowledging study participants as

well as important qualitative information that is lost when paraphrased or coded by the

researcher. In the papers reviewed that did use quotes; there was a median of 9 quotes in each.

While the length limitation of most ecologicaljournals might discourage extensive quotations,

their use does allow participants to speak directly to the research, especially when their cultural

origins contrast with those from the researchers.

Only one study that I reviewed explicitly indicated that participants were compensated for

their contribution. In my own research, I typically cover any costs that participants incur such as

travel, and meals are normally provided during or after the interviews are conducted. Choosing

whether to remunerate participants for their time or as an inducement to participate with cash and

gifts can be diff,rcult and is often limited by available funding. Indeed some fi.rnding agencies will

not allow research money to be used to pay study participants. In my experience, rtany

participants will refuse the offered gift, but most appreciate the respect that is implicit in the

offer.
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Communities as R.esearch Collaborators

There is a growing number of ecological publications that actively involve LEK and this is

providing important success stories that encourage other ecologists to embrace LEK. However,

the nature of local knowledge research that includes humans as research subjects requires a

careful consideration of the political implications of the entire research process. Indeed, some

communities and individuals liave become fi:ustrated with researchers documenting and applying

their knowledge inappropriately and some are reluctant to participate in LEK studies, especially if

there are no tangible benefits associated with the research outcomes (Nadasdy 1999). In order to

document LEK meaningfully, it requires a considerable investment by scientists working

collaboratively with communities, including repeat visits to discuss study design, data collection,

and to synthesize and share results (Brook et a|.2006). My analysis of the literature suggests that

few communities were meaningfully consulted with respect to the research. This, in turn, raises

questions about how appropriate the resulting depictions of LEK are and indeed, leads to

concerns regarding intellectual property rights and the ownership and control of the resulting data

(Brush 1993, Simpson 2001b).

My analysis also revealed that many LEK publications lack a detailed methodology (Figure

3.3). As a result, participants could not be characterued (occupation, gender, and age) for more

than one third of all studies examined. Only l lo/o of the empirical papers explicitly recognized or

discussed a spiritual component to the local knowledge in the study since they generally focused

on the more practical aspects of LEK. LEK studies involved a wide range of participants and

their livelihoods, but most relied on farmers and hunters (Figure 3.4).
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Fower and knowledge

Are there limitations to LEK? It is impossible to address this question without first

considering the power relationship between Science, scientists, and most resource-dependent

communities. Some ecologists have argued that documentation of LEK should be verified by

expert scientists using their ecological freld data (e.g. Gilchrist et a|.2005). I agree that if LEK

information is to be accepted by the scientific community, it needs to be collected and validated

using a rigorous approach. However, assuming that the scientific data are'truth' to be used to

test LEK is a poor approach in that it assumes the scientific data to be absent of biases or

limitations (Brook and Mclachlan 2005). At the same time, it creates a power imbalance

whereby the scientific data take a dominant role. I have suggested that perhaps it is more

appropriate to use LEK and scientific data to evaluate each other and assess the differences that

exist. Since the two ways of viewing the same world are based on unique perspectives,

differences between them that may initially appear to be errors in LEK or the scientific data may

actually represent issues of spatial or temporal scale. It is also valuable to include the klowledge

holders themselves in any analysis of the limitations oftheir LEK (Brook and Mclachlan 2005).

For example, one group of cattle farmers that I worked with felt that the area they were most

knowledgeable about was between 50-100 km2 in size, while Aboriginal hunters in another region

indicated their area of knowledge was between 8,000-13,000 km2.

Case Study: Farmer knowledge in Rural Canada

Despite the widespread distribution of millions of farmers throughout Canada, and indeed

much of North America, and their intimate relationship with their land, there have been a

surprisingly small number of studies that incorporate their ecological knowledge. More than25Yo
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of LEK studies that I examined relied on farmers (Figure 3.4), but only four were from Nofth

America and none of these were located in Canada. Farms in the US and Canada are currently

much larger than ever before and continue to grow and incorporate novel technology. These

advances significantly shape farmer relationships with their land and the nature of their

observations (Mauro and Mclachlan accepted). Replacement of small family farms with large-

scale industrial farms is changing, and perhaps eroding, decades of accumulated farmer

knowledge, this aggravated by the loss of farmers from the landscape (Mauro et a\.2005).

My on-going research in rural Manitoba, Canada represents one of few studies incorporating

farmer knowledge within North America. The accumulated experience of farmers observing elk

(Brook and Mclachlan 2006) and wolves (Stronen et a\.2007) on their land contributes

meaningfully to ecological research and natural resource management. My research partners

have çontributed rich observations of wildlife movements, behaviours, and reproductive

activities. At the same time, they have also shared their understanding of long-term

spatiotemporal dynamics across the landscape and in wildlife populations, spanning over 125

years. In contrast, the aerial ungulate surveys flown in the winter are the longest continuous

ecological monitoring program in the region, yet they only occur 75Yo of the time and only during

a period of three weeks in the winter over the last 45 years.

Farmers that I interviewed all had strong connections to the land, often spanning more than

four generations and were able to relate detailed observations of wildlife movements and

behaviour. Perhaps most importantly, farmers also discussed their attitudes, providing the rich

context from which these observations were obtained (Brook and Mclachlan 2003). Throughout,

I have maintailied that the research process is as important as the outcomes themselves and have
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emphasized the importance of maintaining trust-based relationships with the farming

communities I work in.

Future directions

There is an increasing number of ecologists actively employing LEK and working

collaboratively with communities, which helps accumulate a critical mass of evidence for and

support of the value of this knowledge (Kimmerer 2002, Berkes 2004). However, there remains a

further need for research that applies local knowledge to ecological problems (Bart 2006). There

is also an ongoing need for studies incorporating LEK to be systematically evaluated to ensure

that they are theoretically and ethically sound, and, further, that they have met the expectations of

local communities. More detailed documentation of the methods used is needed in published

LEK papers and more meaningful collaboration with communities, including acknowledgement

of their contribution in publications and compensation where appropriate.

Although the recently published LEK-based studies represent important frrst steps, they

typically fail to obtain input from the community on study design or feedback on results.

Experience-based knowledge needs to be treated differently from other data, such that the

knowledge remains the property of the participants in the research (Brook and Mclachlan 2005).

Finally, and perhaps most significantly, the spiritual and political aspects of local knowledge

were not included in most of the studies I examined. The most effective way to optimize the

LEK research process is to meaningfully involve resource-dependent communities throughout the

entire study in order to better and more explicitly reflect their Concerns and, ultimately, their true

expertise (Uriarte et al.2007). As suggested by Stevenson (1998), we need to begin thinking of

LEK not so much as a commodity but as a process to be developed and nurtured.
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Table 3.1. Terms used to describe experience-based local ecological knowledge.

Term Citation

Traditional Ecological Knowledge (TEK)

Indigenous I(nowledge (IK)/Indigenous Knowledge Systerns (IKS)

Local Ecological Knowledge (LEK)

Naturalized Knowledge (NK)

Marginalized Peoples' Knowledge (NPK)

Subaltern Knowledge (SK)

Rural Peoples' Knowledge (RPK)

Farmer Ituowledge (FK)

Folk Knowledge

Berkes et a|.2000

Berkes 1999

Davis and Wagner 2003

Benedict 1996

Kothari 1999

Kothari 1999

Kothari 1999

Obua and Muhanguzi 1998

Berkes 1999
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Focus Group Interviev,s

Table 3.2. Methods of documenting local knowledge.

Journal

Information is obtained fiom small $oups of participants, allowing for
meaningful interactive and exploratory discnssions over a short period, but may
allow dominant participants to influence others.

Study participants are given ajournal to record observations and personal
insights. The results are very detailed and may be more accurate than asking
participants to recall observations months after they occur, but require a great
commitment on the part of participants.

Questionnaires are sent and rehrrned by mail, providing a low cost approach thal
allows participants to complete the survey at their own pace, though it provides
little opportunity for dialogue, must be kept short, and often suffer from low
response.

The researcher spends months actively working with the participants as they
practice their ljvelihoods, providing insights that could not otherwise be
experienced, but this approach blurs the distinction between the researchers and
the researched and so has been criticized as being unethical.

Participants meet in person with the researcher. Although this approach rnay
provide rich and highly detailed information, it requires considerable time and
resources.

Interviews conducted over the telephone are typically shorter than in-person
interviews. They are convenient and cheap, especially in remote areas and for
large-scale research, but they are short and often have frequent reftlsals.

Participants walk through an area to observe and document the similarities and
differences ofsocioeconornic and biophysical features. This often requires
considerable time and cost but can elicit highly detailed and accurate responses.

Interviews are videotaped as a wrique source of qualitative data that includes the
body language and inflection ofeach participant. Footage can also be used to
communicate research results effectively in ways that are easily absorbed and
effectively convey the tone and intent ofthe participant.

Mail Survey

Pørticipant o bse rvation

Personal Interviews

Telephone Survey

Transect ll/alk

Video

68



Table 3.3. Overall use of experience-based local knowledge in twelve ecological joumals

covering a25 year span from 1980-2004.

"Formerly Agro-Ecosystenis (1974 to 1983)
t'Formerly Conscrvation Ecology ( I 997 to 2000)

Journal

Year
of

Orisin

Numbcr of
Articles

using
Local

Knowledse

o/" of
Total

Journal Impact
Factor

(after ISI 2005 and
Popescu 2003)

Theoretical
Canadian Journal of Zoolosv 929 I 0.0% 1.06

Canadian Journal of Botanv 929 2 0.0% 1.19

Ecolosical Monosraohs 931 0 0.0% 5.02

Ecology 920 0 0.0% 4.10

Mean I 927 0.8 0.00% 2.84

Interdiscinlinarv
Agriculture. Ecosystems and Environment" t974 48 0.9% 1.50

Trends In Ecology and Evolution l 986 2 0.1% 12.94

Ecolosv and Societvb r99'7 r8 8.6% t.12

Arctic I 948 4l 1 10/ 0.67

Mectn I 976 .1 /--1 4.33% ,t'rt

Applied
Canadian Journal of Fisheries and Aquatic Sciences t90 r J 0.t% 1.97

Canadian Journal of Forest Research 197 1 0 0.0% |.4s
Conservation Bioloev 1 987 35 5.1% 3.67

Ecolosical Aoplications 1991 23 r.2% 3.29

Mean r 963 I 5.3 1.60% 2.60
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Table 3.4. Use of local knowledge in twelve ecological journals in five year blocks

covering a25 year span from 1980-2004.

"Forrncrly Agro-Ecosystems ( I 974 to l9lì3)
bFormerly Conservation Ecology ( I 997 to 2000)

PERIOD
JOI-IRNAL I 980-r984 1985-1989 r990-1994 1995-1999 2000-2004

Tlteoretical
Canadian Journal of Zoolosv 0.0% 0.0% 0.0% 0.0% 0.t%
Canadian Journal of Botanv 0.0% 0.0% 0.0% 0.1% 0.1%
Ecoloeical Monographs 0.0% 0.0% 0.0% 0.0% 0.0%
Ecology 0.0% 0.0% 0.0% 0.0% 0.0%

Mean 0.00% 0.00% 0.00% 0.03% 0.059ó

Interdisciplinøry
Ag., Ecosystems and Env.u 0.20% 0.0% 0.4% t.7% 23%
Trends ln Ecology and Evolution 0.0% 0.0% 0.2o/o 0.2%
Ecolosv and Societv 0.0% 0.0% 0.0% 5.0% 10.1%
Arctic 0.0% 3.6% 9.1% 14.0% 8.6%

Mean 0.17% 0.20% 0.94% 2.30% 2.87%
Applied

Can J of Fish and Aouatic Sci. 0.ÙVr 0.0% 0.0% 0.0% 0.3%
Can J Forest Research 0.0% 0.0% 0.0% 0.0% 0.0%
Conservation Biolosv 1.8% 3.2% 3.1% t0.s%
Ecological Applications 0.0% 0.1Y. 2.4%

Mean 0.00% 0.09% 0.21% 0.39% t.33%
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