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ABSTRACT 

An attitude/opinion survey designed to describe reclamationists attitudes toward agronomic and native 
species use in high-elevation reclamation programs was administered to 116 potential respondents 
representing government regulators, suppliers and consultants and industry environmental and 
engineering personnel. 

Species suitability was considered to be very important by a large majority (98%) of respondents, but 
many were uncertain as to the utility of agronomic species in high-elevation reclamation programs. Most 
respondents indicated that the inclusion of grass species is necessary for successful reclamation of high-
elevation disturbances but were uncertain about the necessity of including legume species. 

In general, results were inconclusive with respect to the use of native species and their benefits to long-
term revegetation success within high-elevation mine reclamation programs. Native species 'islands' 
were considered useful as seed sources for plant successional development by most respondents. Attitudes 
toward the aesthetic benefits of native species were inconclusive. The use of native species as a method of 
reducing the visual contrast between disturbed and undisturbed areas was not favored strongly. Attitudes 
towards commercial production of native species favored both the expanded production of native species 
seed and native species seed or seedling development programs. 
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INTRODUCTION 

Agronomics are heterozygous herbaceous cultivars ('aliens' or 'exotics') that have a narrowed genetic base 
and are the result of breeding selection programs designed specifically for intensively managed 
agricultural systems (Brink 1980). Often, agronomic species are available as either common (wider 
genetic base) or as selected (narrower genetic base) varieties (Richardson 1980). 

Agronomic species, when used in revegetation, are supposed to function as facilitating mutualists 
(companion crops) that provide initial erosion control and condition the soil. However, agronomics may 
or may not facilitate the establishment of native species (Tomm and Takyi 1982, Densmore et al. 1989). 
Moreover, a large number of species trials at high-elevation have shown consistently that permanent 
establishment of vegetation cover with agronomic species in the alpine is uncertain and that the use of 
native species is necessary ( Hardy BBT Limited 1990). 

In contrast, natives are plants which have not been domesticated and are indigenous to a particular region. 
As defined, the term 'native species' relies on both geographical and temporal limits and can be viewed as 
a biogeopolitical construct (Wilson et al. 1992). The discussion surrounding the preferential use of native 
species over agronomics in revegetation programs has been the source of considerable polemics (Bengson 
1986, Berger 1993). Native species selections are thought to be optimal for revegetation of boreal 
(Mitchell 1987, Vaartnou 1992), alpine/subalpine (Thirgood and Ziemkiewicz 1978, Chambers et al. 
1988, Brown and Chambers 1990) and arctic areas (McKendrick et al. 1984, Johnson 1987 and Cargill 
and Chapin 1987). Native species may be the only species for revegetation of true alpine disturbances 
(Etra et al. 1984, Guillaume et al. 1986). 

From an ecosystem functioning perspective, native species are desirable because generally they are more 
tolerant of low fertility, soil acidity and short growing seasons than are introduced or agronomic species 
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(Chapin 1980, Sadasivaiah and Weijer 1982, Carlson 1986, Chambers et al. 1988). Native species 
adapted to low nutrient sites can ensure long-term stability on disturbances without nutrient 
supplementation (Hubbard and Bell 1977). 

In addition to their ecological advantages, native species have aesthetic value since they generally provide 
better visual integration or harmony with the surrounding undisturbed vegetation than do agronomic 
species (Sutton 1975, Brown et al. 1976, Evans 1984, Jones and McTavish 1986). 

Initially, relatively little thought was given to the use of native species (Bell and Meidinger 1977, Kenny 
and Cuany 1978), but positive changes in the last twenty years have enabled the development of a number 
of nurseries producing native species exclusively (Morrison 1987). In the United States, the Federal 
Surface Mining and Reclamation Act of 1977 (SMCRA PL 95-87 [30 USC 1201 - 91 STAT 445-532, 
Title V, Sec 515 paragraph 19]) specifically states that permanent vegetative cover of the same variety 
native to the area must be established on surface mine disturbances. The enactment of this law has been a 
major driving force behind native species research and commercial seed production in the United States 
(Armbrust 1985, Bengson 1986). Unfortunately, no such legislative requirement for native species use 
exists in Canada. 

RESEARCH OBJECTIVES 

The ethos of participants dictates the direction and, ultimately, the success of any revegetation program. 
Plant species selection for surface mine reclamation programs has been the subject of academic 
discussions, but little is known about attitudes of regulatory and operational personnel toward this issue. 
Therefore, characterizaton of the opinions or attitudes of reclamation practitioners toward the use of 
agronomic or native species is warranted. 

METHODS 

A questionnaire survey was chosen to study reclamationists' attitudes toward the use of agronomic and 
native species in high-elevation reclamation programs in Alberta and British Columbia, Canada. 

Sample Population Description 

The population under study was composed of six groups involved in some capacity with high-elevation 
coal mine reclamation program development or implementation at active or proposed coal mines near or 
above treeline in Alberta and British Columbia, Canada. Sub-populations were defined based upon 
professional group différences, occupation and role within the reclamation process as defined by Morrison 
(1987) and Ziemkiewicz (1987). With direct occupational involvement as the selection criterion, a 
population of 116 individuals was identified. Questionnaires were sent to the entire population. 

Survey Administration 

A dual survey mechanism (mail and telephone) was used to maximize survey response (Lovich and Pierce 
1986). Potential respondents were telephoned prior to mailing the questionnaire. All potential 
respondents who had not returned questionnaires after four weeks were contacted by telephone in order to 
ensure they had received a copy of the questionnaire. Several subsequent telephone conversations were 
needed to encourage a number of individuals to complete and return their questionnaires. 

Survey Instrument 

Each respondent completed a multi-part questionnaire. The funnel-filter approach (Sheskin 1985) was 
included in the design of Sections A and B of the questionnaire so that respondents were not required to 
complete sections for which they did not have a knowledge-base. The majority of the statements in each 
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section were close-ended because the questions or statements were mainly technical, and the potential 
responses of the respondents were well defined (Backstrom and Hursh-Cesar 1981). 

Section A of the questionnaire contained statements and a series of responses from which each respondent 
was required to list three in order of priority. The respondents were also given the option, where 
necessary, to specify an item (category) not listed. The section proceeded from general to more specific 
statements. 

Attitudes have two properties: (1) direction (positive or negative feelings or beliefs) (Olson and Zanna 
1993) and (2) magnitude (degree of favorableness or unfavorableness) (Himmelfarb 1992). Therefore, 
Section B of the questionnaire contained a series of statements where individuals were asked to respond to 
an attitudinal continuum between strongly disagree and strongly agree using the 5-point Likert rating 
'scale' (Bailey 1987). The scale was used to measure how strongly the respondents felt about a particular 
statement. A neutral alternative was included so that the respondents were not forced to make a choice. 
Section C of the questionnaire contained a series of demographic questions that allowed for sub-
population identification. 

Data Analysis 

The data collected from the survey were nominal in form and pre-coded, so they were input into a 
spreadsheet without modification. The data were validated (computer input errors) following input in 
order to ensure reliability (Stoddard 1982). Data analysis for Section A of the questionnaire involved 
simple frequency tables to identify response priorities and a series of Kruskal-Wallis tests to examine 
subpopulation differences in the ranking of responses (Blalock 1979). Data analysis in Section B involved 
the production of cross-tabulation matrix-form tables of the number and percentage of respondents who 
answered particular questions. The existence of relationships between variables was explored using chi-
square tests. 

Attitudinal responses to all of the statements in Section A were first subjected to a goodness-of-fit test to 
determine if there were inter-provincial differences in attitudes, and then, where appropriate, responses to 
statements were pooled according to professional groups and subjected to a two-way contingency table 
analysis (Norcliffe 1982). Goodness-of-fit tests were performed as a means of pooling responses from 
both jurisdictions since the entire population size was small. 

RESULTS AND DISCUSSION 

Survey Response 

Mean percent response rate for combined sub-populations was 86% and exceeds the 74% percent recorded 
byDillman (1978). 'Occupational sub-populations varied in size: government environmental (28), industry 
environmental (21), nursery stock/seed producers (9), environmental consultants (23), government 
engineers (7) and industry engineers (12). 

Sub-population response rates varied between 75 and 100%. Government engineers were the highest 
while industry engineers and nursery stock and seed suppliers were the lowest. Jurisdictional differences 
in response rates were also evident. Alberta industry environmental personnel and environmental 
consultant response rates were greater than their counterparts in British Columbia while government 
environmental response was greatest in British Columbia. 

Return rates were significant for industry environmental, nursery stock and seed suppliers and industry 
engineer sub-populations and highly significant for the government environmental, environmental 
consultant and government engineer sub-populations according to percentage response categories 
provided by Backstrom and Hursh-Cesar (1981). 
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General Reclamation Information Priorities 

General statements concerned with high-elevation surface mine reclamation were provided to determine 
the priorities and concerns of respondents. The non-parametric Kruskal-Wallis test was applied to 
compare sub-population rankings. 

Environmental Limitations: The most important limitations to high-elevation revegetation were ranked by 
respondents, with short growing season (25%), infertility of plant growth material (18%), slow soil 
development (16%) and cool growing season temperatures (15%) considered most important. Ranked 
responses by sub-population were not significantly different (Kruskal-Wallis H=0.29, X2=0.3, df=5, 
P=1.00). 

Respondents ranked short, cool growing seasons, infertility of growing media and slow soil development 
to be the main environmental limitations to high-elevation revegetation. The opinions thus expressed 
were consistent with much of the research of Brown et al. (1978) and Chambers et al. (1984). 

Plant Materials: The use of commercially available plants (seeds or seedlings) for reclamation was ranked 
by respondents, with vegetative cover for land-use objectives (23%), short-term erosion control (20%), soil 
development (17%) and long-term erosion control (15%) considered to be the most important. Response 
rankings by professional groups were not significantly different (Kruskal-Wallis H=O. 92, X2=0.9, df=5, 
p=0.97). 

The perceived benefits of native species in high-elevation reclamation programs were ranked by 
respondents, with ecosystem restoration (28%) and plant adaptation to local environment (29%) 
considered to be the most important. The ranked responses of the professional groups were not 
significantly different (Kruskal-Wallis H=1.48, X2=1.5, df=5, p=0.92). Only 94% of the respondents 
completed this portion of the questionnaire. 

The major limitations to the use of native plants in reclamation programs were ranked, with seed 
availability (30%), lack of information (18%), seed cost (17%), slow growth (10%), poor seedling 
establishment (8%) and inconsistent seed germination (8%) considered to be the most important 
determinants. Ranked responses by sub-population were not significantly different (Kruskal-Wallis 
H=0.08, X2=0.1, df=5, p=1.00). Again, only 94% of the respondents completed this portion of the 
questionnaire. 

In general, based on response rankings, respondents were informed sufficiently to make decisions 
regarding plant species selection. The role of commercially available plant species (land-use objectives, 
short- and long-term erosion control and soil development) and perceived native species benefits 
(ecosystem restoration and natural adaptation) are consistent with the report published by Hardy BBT 
Limited (1990). Respondents considered lack of information, seed cost and slow growth or seedling 
establishment to be the major limitations to the use of native species in high-elevation reclamation 
programs. The survey results describing the constraints on native species use are consistent with Brown 
and Chambers (1990). 

Respondent Attitudes 

Survey participants were asked to respond to a series of statements related to surface mine reclamation. 
Attitudinal responses were first checked with a goodness-of-fit test to determine if the responses from both 
Alberta and British Columbia could be pooled. Two statements could not be pooled. 

Respondents were asked to provide their opinion on several plant materials selection statements. The 
statements were grouped into four categories: (1) plant species selection, (2) native plant species, (3) 
aesthetics and native species, (4) commercial production of native species. 
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Plant Species Selection: Species suitability was considered to be very important by a large majority (98%) 
of respondents, and 60% of these same respondents considered EISs to be an effective source for species 
suitability information. Respondents were uncertain as to the utility of agronomic species in high-
elevation reclamation programs. Many respondents (40%) felt that agronomic species are suitable for 
purposes other than 'nurse' or 'companion' crops whereas 30% indicated that agronomics were suitable 
only as 'nurse' crops. The responses of professional groups were highly significant (X2=38.21, df=20, 
P=0.010), but a large number (27%) expressed no opinion. The attitudes of industry environmental 
professionals (70%) and nursery/seed producers (56%) were the most supportive of a less restrictive 
interpretation of agronomic species utility. 

Most respondents (76%) indicated that the inclusion of grass species is necessary for successful 
reclamation of high-elevation disturbances. However, respondents were uncertain as to the necessity of 
including legume species in high-elevation seed mixes. Only a small percentage of respondents from 
Alberta (36%) and British Columbia (12%) considered legume species to be essential to high-elevation 
reclamation. The attitudes of professionals varied by jurisdiction (X2=8.90, df=3, p=0.032). However, a 
large number of respondents (Alberta - 40%, British Columbia - 49%) expressed no opinion or were 
uncertain of the value of legume species in high-elevation seed mixes. 

Shrub species establishment was considered to be essential by 62% of the respondents although 26% 
expressed no opinion or were uncertain. 

Native Plant Species: Respondents were divided on the requirement of native species for long-term 
revegetation success at high elevations. Many respondents (41%) believed that native species will be 
necessary for long-term success whereas 42% were opposed The attitudes of professional groups were 
significantly different (X2=36.61, df=20, p=0.016) with the industry environmental group least supportive 
(10%) and environmental consultants most supportive (64%). Attitudes of government environmental 
(41% agreed, 41% disagreed) and nursery/seed producers (44% agreed, 45% disagreed) were divided 
almost equally. 

Half of the respondents (48%) indicated that native species suitability is not restricted to specific seeding 
practices although a high number (34%) expressed no opinion or were uncertain. A large majority (78%) 
agreed that native species establishment rates do not limit the value of native species in reclamation 
programs. 

Professional group attitudes toward productivity as a restriction on native species use in high-elevation 
reclamation programs was mixed, with 42% in agreement with productivity requirements being restrictive 
and 36% in disagreement. 

Professional group attitudes were also divided with respect to the use of native species transplant 
economics for large-scale projects. A number of respondents (32%) considered seedling transplants 
uneconomical whereas 22% considered the use: of transplants economically viable. However, the largest 
number of respondents (46%) expressed no opinion or were uncertain as to the economic viability of 
seedling transplants. 

Native species 'islands' were considered useful as seed sources for plant successional development by 
most respondents (Alberta 75%, British Columbia 80%) although differences between jurisdictions were 
significant (X2= 12.69, df=4, p=0.014). The primary difference between jurisdictions relates to the 
magnitude of agreement with more British Columbia respondents strongly favoring 'islands' as seed 
sources. 

In general, results were inconclusive with respect to the use of native species within high-elevation mine 
reclamation programs. The general attitude towards dependency on native species for long-term high-
elevation reclamation success was divided although environmental consultants were in favor. Most 
respondents believed native species use is not limited by restrictive establishment practices, slow 
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establishment and growth rates or regulatory productivity criteria. The results contrast with the anecdotal 
observations of Bengson (1986). 

Attitudes toward native species transplant economics were split although the large number of neutral 
responses may indicate of a lack of knowledge on the part of the respondents. However, the use of native 
species 'islands' was favored strongly and may be a perceived mechanism for circumventing 
uneconomical native species establishment. 

Aesthetics and Native Species: The attitudes of respondents toward the relationship between native species 
use and aesthetics was divided. Many respondents (40%) agreed that the use of native species reduces the 
visual contrast between reclaimed and 'natural' areas whereas 39% disagreed. Attitudes toward greater 
emphasis on aesthetics as a driving force for increased use of native species in mine reclamation were also 
divided. Many respondents (37%) agreed that more emphasis on aesthetics would result in greater native 
species use whereas 34% disagreed. For both statements, a large number, 21% and 29% respectively, 
expressed no opinion or were uncertain. 

Attitudes toward the aesthetic benefits of native species were inconclusive. The use of native species as a 
method of reducing the visual contrast between disturbed and undisturbed areas was not favored strongly. 
Moreover, attitudes toward increased emphasis on native species was divided. The aesthetics results are 
in contrast to the observations of Bell and Meidinger (1977) and Jones and McTavish (1986) who strongly 
favored the use of native species in reducing the visual contrast between reclaimed and undisturbed 
landscapes. The visual appearance of adapted species and ecotypes should be considered as part of the 
selection process (Brown et al. 1976). 

Commercial Production of Native Species: Attitudes towards commercial production of native species 
favored both the expanded production of native species seed and native species seed or seedling 
development programs. Most respondents (81%) agreed with the existence of a market for expanded 
native species seed production. However, significant differences (X2=33.43, df=20, p=0.034) were 
recorded between government engineers and industry engineers and environmental professionals. 
Government engineers expressed no opinion or were uncertain about expanded native species seed 
production. A majority (71%) felt that seed or seedling development plans are necessary for successful 
reclamation of high-elevation mine disturbances. 

The majority of respondents were supportive of increased research development and expanded native 
species seed or transplant production for high-elevation mine disturbances. The results on native species 
production are consistent with the Alberta reclamation research priority survey results of Smith (1989). 

CONCLUSION 

As expected, species suitability was considered to be very important by most respondents but many were 
uncertain as to the utility of agronomic and native species in high-elevation reclamation programs. The 
large number neutral responses by different professional groups to many of the statements suggests that 
reclamationists are in need of greater training and instruction on the issues surrounding species selection. 

The general ambivalence of the respondents toward native species suggests that the widespread use of 
native species is still, after several decades of polemics, far from resolution. The use of native species is 
still in need of both technical, e.g., seed collection and germination, establishment methods and socio-
political (aesthetics, land-use values) research. 
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