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Abstract

The introduction of non-native trees should be informed by various perspectives. In the case of forestry 

in high-latitude regions, managers face the challenge of finding cold-hardy species adequately adapted to 

harsh climatic environments. Lodgepole pine (Pinus contorta Dougl. Ex. Loud.) has been introduced to 

three regions at or above its natural northern latitudinal extent; Alaska, Iceland, and northern Sweden. 

Analysis of interviews in each region revealed the structure of common arguments, including underlying 

assumptions and perceptions of the natural world. Results of a mail-out-survey to the Alaskan public 

indicate that a considerable portion of the public is concerned about the possibility for adverse ecological 

effects on the native ecosystem. However, acceptance of non-native trees increased under certain 

circumstances; e.g. small-scale ornamental plantings, and when economic benefit is demonstrated. In 

comparisons of twenty-year growth data of lodgepole pine in Alaska with native white spruce (Picea 

glauca), lodgepole pine achieved greater height, diameter, and volume. The response of lodgepole pine in 

all three regions to scenarios of climate change was predicted using tree-ring analysis. Results indicate a 

negative response (reduced growth) in the Fairbanks area, a positive response (increased growth) in Delta 

and Glennallen, and a positive response at all but one Icelandic site and both Swedish sites. Overall, 

lodgepole pine appears relatively well-adapted to the present and modeled future environments of interior 

Alaska, Iceland, and northern Sweden.
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A T r e e ’s Point  o f  V iew

Have you ever stopped to listen 

to the whisper of the wind, 

as it travels through the branches 

with sounds of times unsinned?

As it plays in leaves of emerald; 

of aspen, willow, birch... 

glimmering in sunshine; 

like painted windows of a church?

And is tickled by the needles 

of the larches and the spruce, 

ruffling grouse’s feathers, 

and startling the moose?

Have you ever paused to hark 

the warbling of the breeze, 

and heard it telling stories 

as it dances through the trees?

Have you ever paid attention 

as it speaks of things unheard

by those who do not listen 

to noble woodland’s word?

Have you ever laid to rest 

under canopy of green, 

and dreamt of golden pleasures 

only known by hearts serene?

Have you ever naked stood 

underneath the rain spell-bound 

as it gives life to seed 

waiting underground?

Have you ever wondered why 

the trees have better things to do 

than to grumble, gripe, and argue 

the way that people do?

Have you ever thought of water, 

as more than morning dew?

Have you ever looked at life 

from a tree’s point of view?
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1. Introd uction

Non-native species are those that become established at significant distances from their former 

geographic ranges. The large-scale introduction of non-native species is an important aspect of global 

change (Vitousek et a l 1996), and any deliberate decision to do so should be informed by a variety of 

perspectives and disciplines that include the ecology of the species, the potential benefits and risks of its 

introduction in ecological, economic, and social contexts, and the likely future performance of the species 

in a changing climate.

In three high latitude regions - Alaska, Iceland, and northern Sweden - the introduction of non-native 

tree species has been carried out at different degrees for re- and afforestation, aesthetics, recreation, 

landscaping, and shelterbelts (Blondal 1993, Andersson et al. 1999, Alden 1988). Lodgepole pine (Pinus 

contorta Dougl. Ex. Loud.) is a widespread North American conifer that has been introduced to all three 

regions, at or above its natural northern latitudinal extent. The objective of this study was to conduct an 

integrated interdisciplinary assessment of the potential for lodgepole pine in Alaska using (i) the experience 

of Iceland and Sweden, (ii) a summary of potential commercial uses, (iii) public and professional attitudes 

towards the introduction of non-native trees, (iv) existing growth data on the species, and (v) tree ring 

analyses to predict future growth under climate change scenarios. This study provides a synthesis of 

information, including social and natural science analyses, and highlights important issues of the 

introduction of non-native trees. Each component of this assessment is described below.

i. A literature review was conducted of published research on the history, circumstances, and success of 

the introduction of lodgepole pine into Iceland and Sweden. Interviews were conducted with foresters, 

forest enthusiasts, environmentalists, ecologists and other scientists. Information was gathered concerning 

the benefits and risks of the introduction of lodgepole pine to the native landscape, current uses of the 

species, and its performance in growth and adaptation to the local environment.

ii. A literature review was conducted of the commercial uses of lodgepole pine within its natural 

distribution. Potential commercial uses for the species in Iceland, Sweden, and Alaska were also revealed 

in the interviews conducted for (i) and (iii).

iii. Interviews were conducted in Alaska, Iceland, and Sweden with foresters, forest enthusiasts, 

environmentalists, ecologists and other scientists. Arguments were reconstructed to highlight underlying 

assumptions and premises from which conclusions were drawn. A mail-out survey to randomly selected 

individuals in Anchorage and Fairbanks was carried out to assess public opinion concerning the 

introduction of a non-native tree species to Alaska. Survey recipients were asked to agree or disagree with 

statements concerning the regulation, benefits, and risks of non-native species, and lodgepole pine in 

particular. Summary statistics were conducted to provide an overall assessment of public attitude toward 

non-native trees in Alaska.



iv. Growth data (height, diameter, and volume) were collected on seven lodgepole pine provenance 

trials and one species trial in interior Alaska. The growth of twenty-year-old lodgepole pine was compared 

with that of a planted and a naturally seeded native white spruce stand of the same age.

v. Tree-ring analyses were used to identify climate sensitivities of lodgepole pine growing in interior 

Alaska, Iceland, and northern Sweden. Five to fifteen trees each from five sites in interior Alaska, six sites 

in Iceland, and two sites in northern Sweden were cored. Ring widths were measured and correlated with 

mean monthly temperatures from local climate stations. The maximum correlation between climate and 

radial growth was obtained for each site by developing a temperature index composed of the mean 

temperatures of the most highly correlated months with the greatest independent explanatory power. 

Temperature indices were used to predict future growth potential of the trees under five global circulation 

models produced by the (1) Canadian Centre for Climate Modeling and Analysis, (2) European Centre 

Hamburg Germany -  Max-Planck Institute for Meteorology, (3) Hadley Centre for Climate Prediction and 

Research UK, (4) National Center for Atmospheric Research USA, and (5) Geophysical Fluid Dynamics 

Laboratory USA.
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Distribution

Lodgepole pine (Pinus contorta Dougl. Ex. Loud) is the most widespread conifer in western North 

America, and is one of only two pine species present in the North American boreal forest. Lodgepole pine 

is closely related to Jack pine {Pinus banksiana Lamb.), with which it is known to hybridize (Critchfield 

1985). Its natural range spans 33° latitude, 35° longitude, and over 3900 meters elevation, extending from 

3 1°N in Baja California to 64°N in central Yukon Territory, western Canada (Wheeler and Critchfield 

1985, Critchfield and Little 1966) (figure 2.1). Its distribution reaches to within 50 miles of the Alaska 

border in Yukon Territory (Viereck and Little 1986). The same species that occur naturally in the boreal 

forests of Alaska (white spruce (Picea glauca), black spruce {Picea mariana), paper birch {Betula 

papyrifera), and balsam poplar {Populus balsamifera)) are associated with lodgepole pine in Yukon 

Territory (Hulten 1968).

FIG. 2.1 Geographic distribution of lodgepole pine {Pinus contorta Dougl. Ex. Loud).



Two varieties of lodgepole pine occur in or near Alaska. Shore pine (var. contorta) ranges from the 

Pacific coast of California to Yukatat in southeast Alaska (Edwards 1954, Viereck and Little 1986). The 

interior variety (var. latifolia Engelm.), with which this study is mainly concerned, ranges from southern 

Colorado to Yukon Territory, Canada (Wheeler and Critchfield 1985). A small population of interior 

lodgepole pine is located on the Dempster Highway at approximately 64°10’N latitude (Alden 1993). 

Lodgepole pine reached its current distributional limits by migrating northward from Ice Age refugia south 

of the glacial limits (MacDonald and Cwnynar 1985). Shore pine began its northward migration from 

Washington state about 14,000 years ago and arrived in southeast Alaska about 10,000 years ago 

(MacDonald et a l 1998, Peteet 1991). Interior lodgepole pine began its northward migration from 

southwestern Alberta about 12,000 years ago (MacDonald and Cwnynar 1985). A recent study suggests 

continuing expansion of lodgepole pine distribution at the northern end of its current distributional limits 

(Johnstone and Chapin 2003). Both varieties may also have survived the last Ice Age in isolated northern 

glacial refugia (Wheeler and Guries 1981).

Characteristics

The large natural range of lodgepole pine demonstrates its ability to grow under diverse climatic and 

topographic conditions, and its botanical characteristics provide an advantage over other conifers in 

migration and colonization of new sites (Wheeler and Critchfield 1985). Lodgepole pine readily colonizes 

disturbed sites, particularly after fires. Due to its shade-intolerance and pioneering ability, it is considered a 

serai species throughout most of its range. However, lodgepole pine has a broad ecological amplitude and 

can become a climax species in areas where associated species have difficulty establishing or regenerating 

(Volland 1985). Cones are produced from a young age and are generally non-serotinous in young trees (less 

than 30 years of age) and most often serotinous in older trees (Crossley 1956). Small, lightweight seeds 

allow for relatively long distance wind dispersal among conifers. Lodgepole pine reproduction tolerates 

stressful conditions such as high surface soil temperatures, extremely low air temperatures, water-saturated 

soil profiles, and drought conditions better than most associated conifers (Volland 1985).

Insect pests that affect lodgepole pine within its natural range include bark beetles, gallmidges, 

scales, woodborers, shoot borers, cone borers, cone beetles, coneworms, seedworms, budworms, weevils, 

moths, sawflys, and needle miners (Ives 1983, Amman and Safranyik 1985). Lodgepole pine is also subject 

to serious outbreaks of the mountain pine beetle Dendroctonus ponderosae Hopk., considered one of the 

most serious forest insects in western Canada during the 1980’s (Ives 1983). It continues to be the most 

destructive pest of mature pine species in British Columbia (B.C.) and the biggest threat to B.C. forests in 

terms of timber loss and environmental concerns (Westfall 2005). Another, less aggressive pest, the 

lodgepole pine beetle (Dendroctonus murryanae) also affects ailing lodgepole pine trees.

6



Pathogens that affect lodgepole pine include rust fungi, fungi that cause red stain, mistletoe, canker, 

foliar diseases, and root rot (Martinsson 1980, Ives 1983, Cochran 1985, van der Kamp and Hawksworth 

1985). Various mammals are known to damage lodgepole pine by browsing, nipping buds, and stripping 

bark from young trees, including snowshoe hares and red squirrels (Sullivan and Sullivan 1982, Sullivan 

1985), voles, moose, and porcupines. One of the lodgepole pine research trials evaluated for this study near 

Glennallen, Alaska suffered extensive hare damage in the early years of growth, and only 462 of 4,000 

trees remained 20 years after planting.

Commercial Uses

Lodgepole pine is an important commercial and reforestation species in British Columbia (O’Reilly 

and Owens 1987, Ying and Illingworth 1986), and potentially the most commercially important pine 

species in the mountainous regions and foothills of western Canada (Dermott 1985). A multiple use 

species, lodgepole pine is used throughout its natural range for lumber, watershed protection, wildlife 

habitat, and recreational forests (Lotan and Perry 1983, Dermott 1985). Its wood is suitable for pulping for 

paper, hardboard, fiberboard, particleboard, reconstituted products, plywood, and it is commonly used for 

railroad ties, plywood, poles, posts, house logs, and fuel-wood, (Viereck and Little 1974, Hooser and 

Keegan III 1985, Kennedy 1985, Maloney 1985, Hatton and Hunt 1985). In Iceland, lodgepole pine is 

considered a useful afforestation species for potential future uses such as timber, Christmas trees, and 

recreation forests. It is also planted in Iceland for forest establishment on harsh sites. In Sweden, lodgepole 

pine has been introduced to supplement the native Scots pine (Pinus sylvestris) timber industry, and is 

considered useful for sawmill products as well as pulp and paper production (Martinsson 1983). In Alaska, 

lodgepole pine is not currently planted on a commercial scale and its commercial potential remains to be 

determined.
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T o Plant o r  Not  To

To plant or not to, 

the question is grand... 

species from elsewhere, 

or those close at hand?

What improvements 

could there possibly be 

on Mother Nature’s scheme, 

are we smarter than she?

Since when do we need 

new species around here? 

And what will they bring 

that we need to fear?

“Sawlogs, woodchips, 

and Christmas trees, 

landscaping, and things 

of a more aesthetic breeze!”

“Wow! Hey!

Do we need that stuff?

Insects, pathogens,

the impacts may be tough.”

“We like the pines, 

the spruce are dead.

We want something 

that grows faster instead.”

“But the species that live here 

are well adapted to 

the climate we have, 

and the ecology too.”

“But the climate is changing 

from day to day, 

and lodgepoles are migrating 

towards us anyway.

We might as well plant ‘em, 

and see what they do.”

So that’s the question, 

to plant... or not to.



3. T he  Intro duction  of  L o d g epo le  P ine  and o th er  Non -Nativ e  Trees into  Th r ee  H igh  

Latitude  R eg io n s : A Com parative  Analysis of  Perceptio n s

Abstract

Natural resource managers are at times faced with making decisions on controversial land use issues. 

The introduction of non-native species for commercial purposes and/or social benefits is one example. High 

latitude regions face the dual challenge of finding cold-hardy species adequately adapted to harsh climatic 

environments and acceptable to a human population that is socially and culturally attached to the landscape. 

Lodgepole pine {Pinus contorta Dougl. Ex. Loud.) has been introduced to three regions at or above its 

natural northern latitudinal extent; Alaska, Iceland, and northern Sweden. Its introduction provides a 

comparative analysis of the perceptions of non-native trees in three socio-economically different regions. 

Interviews were conducted in each region with professionals including foresters, forestry enthusiasts, 

environmentalists, ecologists and other scientists. Arguments for and against the introduction of non-native 

tree species, particularly lodgepole pine, were reconstructed. Arguments for lodgepole pine included faster 

growth and rotation period than native species, aesthetics, diversity, and growth on relatively poor sites. 

Arguments against lodgepole pine included the risk of associated forest pests and pathogens, changes in 

wildlife habitat for native fauna, the potential for spread into the broader ecosystem, and adverse effects on 

the native flora. Underlying assumptions were highlighted and examined, and perceptions of the natural 

world discussed. Attitudes about nature and its relationship with humans affect perceptions and consequent 

positions regarding human manipulation of natural landscapes. These perceptions and positions influence 

the discussion about non-native species and are important to resource management.

Introduction

The movement of plants and animals around the globe is an ongoing, evolutionary process. Species 

migrate, extend their geographic ranges, and colonize new environments. However, the recently added 

dynamic - on a geological timescale - of species movement though human agents has caused concern 

among certain sectors (Coblentz 1990, Soule 1990, Ruesink and Paker 1995). The potential for organisms 

to move from one end of the Earth to the other as hitchhikers on human transport, or as deliberate 

passengers, has added an agent of migration that raises important questions concerning the role of humans 

in shaping landscapes and ecosystems. New species (hereafter termed non-native species), both 

intentionally and unintentionally, to geographic regions in which they did not previously occur. The new 

species may affect their new environments in ways that are deleterious by certain standards (e.g. ecologic, 

economic, or aesthetic). They may out-compete or prey upon native species, causing local extinctions and 

affecting ecosystem processes. Introduced pests may be deleterious to agricultural crops, causing economic 

damage. Highly successful and rapidly reproducing organisms may take over landscapes in a manner that is
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considered aesthetically displeasing. Other consequences, however, may be beneficial. A fast-growing non

native shrub may conserve soil in eroded areas. Agriculture and the ornamental plant industry depend upon 

non-native species that provide social, economic, and aesthetic benefits. Non-native species can also have a 

neutral effect on the native environment, neither providing a human benefit nor adversely affecting native 

ecosystems. Many introduced species do not become established or flourish in their new environments, 

oftentimes because they are not well-adapted to the new environmental conditions.

Discussion of the beneficial and detrimental consequences of species introductions necessarily places 

human values on those consequences, as it is humans who determine what is desirable within their varied 

perspectives. Many deliberate introductions have resulted from human-perceived benefits from the new 

species. However, the unforeseen consequences that may follow may or may not be beneficial, and may be 

disastrous. Many non-native species are not successful in their new environments, and therefore arouse 

little attention. However, cases of non-native species causing unwanted changes in the native environments 

have aroused concern in many parts of the world.

Tree species have been introduced to many regions for various purposes, including commercial 

forestry, re- and afforestation, and ornamental plantings. Lodgepole pine (Pinus contorta Dougl. Ex.

Loud.), a widespread North American conifer, has been introduced to three regions at or above its natural 

northern latitudinal extent - Alaska, Iceland, and northern Sweden - with the hope that it would prove well- 

adapted to the harsh climates. Its introduction has been a topic of discussion among professionals and 

citizens in all three regions. It is the purpose of this study to present the various viewpoints, identify 

underlying assumptions, and discuss how those assumptions relate to the conclusions that seem to follow 

from them. This analysis is useful for ecosystem management, as decisions based solely on ecologic 

investigations, without consideration of the social factors driving human perception of the landscape, can 

be unpopular (Endter-Wada et al. 1998).

Interviews were conducted in Alaska, Iceland, and Sweden with foresters, forestry enthusiasts, 

environmentalists, ecologists and other scientists. Arguments were reconstructed and underlying 

assumptions highlighted and examined. It is not the purpose of this study to assess all hidden premises, but 

to make the most salient ones explicit. A short background of the introduction of lodgepole pine into each 

region provides a socio-economic context for comparison of the three regions. A common theme is the 

issue of uncertainty, an important aspect in this discussion to which the second section is dedicated. 

Thereafter follows examination of interview results for each region within the historical context provided. 

The last section is dedicated to reconstruction of the arguments for and against non-native trees, which 

discloses the ways in which implicit assumptions result in opinions about natural resource management.
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Background

Iceland

At the time of human settlement over 1,100 years ago, 50 to 65% of the land area of Iceland was 

vegetated, 25 to 30% with birch woodland (Betula pubescens Ehrh.) (Blondal 1993, Eysteinsson 2002). 

Deforestation and consequent soil erosion followed human settlement as wood was used for fuel, 

production of charcoal, fodder, and building material. Animal husbandry was the main occupation during 

the early years of colonization, and woodlands were cleared as grazing areas for cattle and sheep 

(Bjarnason 1974a). Today, birch woodland covers just over 1% of the land area, most of which is shrubby 

trees under two meters in height (Blondal 1993, Eysteinsson 2002). Besides the native birch, only three 

other native tree species exist on Iceland. Rowan or mountainash (Sorbus aucuparia L.) are dispersed as 

solitary trees within birchlands, trembling aspen (Populus tremula L.) occur as isolated pockets mainly in 

the northeastern part of the island, and a yellow willow (Salix phylicifolia L.) comprises a considerable part 

of the birch ecosystem (Blondal 1987). Iceland has no native conifer tree species. It is believed that the 

paucity of native flora on Iceland results from its geographic isolation and nearly complete glaciation 

during the last Ice Age (Johannesson 1960, Steindorsson 1962). However, the size of the island and its soil 

characteristics suggest that the actual flora does not represent the potential flora.

The first forest plantation in Iceland was established in 1899 (Bjarnason 1974b). In 1907 the Icelandic 

government passed The Forestry Act, which established the Iceland Forestry Service to protect remaining 

birch woodlands and conduct afforestation for timber, shelter, and land conservation. Non-native tree 

species did poorly initially, as little information was available about the most appropriate species and seed 

sources (Bjarnason 1967). The Icelandic Forestry Association, established in 1930, is an umbrella 

organization for local forestry societies and is composed of non-governmental volunteers interested in 

afforestation (Eysteinsson 2002).

Non-native trees currently play a role in afforestation for the following purposes: protection forests to 

prevent erosion, production forests to produce wood for timber, firewood, and Christmas trees, recreation 

forests to provide areas for camping and hiking, and shelterbelts to provide wind shelter for crops, domestic 

animals, and urban areas (Blondal 1993). Over 100 species have been tested and 10 to 20 identified as most 

likely to serve the purposes of afforestation, including lodgepole pine (Blondal et al. 1986). Lodgepole pine 

has been successful in many areas of Iceland and is used for Christmas trees and for its ability to grow on 

poor soils. The majority of plantings have been established with the shore variety (var. contorta) from the 

Skagway area in southeast Alaska (Loftsson 1993). The sheep stock in Iceland was reduced in the 1980’s 

due partially to a market crisis, and many farmers are turning to afforestation as an alternative (Blondal et 

al. 1987). The general public is also beginning to accept forestry as a realistic land use alternative to 

agriculture (Loftsson 1993).
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In 1984 the parliament enacted the Farm Forestry Act, which provides state grants for establishment of 

forests. Since its beginnings, state supported afforestation on farms has comprised the main afforestation 

effort in Iceland (Eysteinsson 2002). Forestry in Iceland has not been without dissent, however 

(Eysteinsson 2002). Concerns include unwanted changes in the landscape and habitat for native fauna, and 

a preference for the use of native over non-native species. Eysteinsson (2002) and Lines (1990) noted that 

public attitude is an important consideration in Icelandic forestry.

Sweden

Commercial forestry in Sweden began as early as the 1600’s and turned to large-scale tree harvesting 

for timber in the 1800’s (Engelmark et a l 2001). Forestry has been the dominant form of land use in the 

hemiboreal region of Sweden for about 100 years (Nilsson 1992). Lodgepole pine (var. latifolia Egelm.) is 

the only non-native tree species that has been systematically introduced on a large-scale for forestry 

purposes (Elfving et a l 2001). It has been tested experimentally in Sweden since the 1920’s and became 

the species of choice to fill an expected lack of harvestable timber during the 21st century due to an uneven 

age distribution of forests (von Segebaden 1993). It was chosen because growth was superior and rotations 

shorter than the native Scots pine (Pinus sylvestris). Its suitability for sawing and the manufacture of wood 

fiber products was seen as a potential contribution to economic development of the forestry industry 

(Hagner 1983). Large-scale introduction of the species began around 1970.

Annual area planted with lodgepole pine increased steadily from 1970 to 1984, at which point it 

reached nearly 40,000 hectares annually (Lindgren et a l 1993). In 1979 the National Board of Forestry 

issued the Swedish Forestry Act, which names wood production and biological diversity as equally 

valuable objectives (Engelmark et a l 2001, Elfving et a l 2001). Appendages to the Act include restrictions 

and recommendations regarding the use of lodgepole pine, which have been modified over the years. Since 

1994 planting of lodgepole pine has been limited to no more than 14,000 hectares annually, and altitudinal 

and latitudinal restrictions have been implemented (Elfving et a l 2001). Other reasons for a decrease in the 

planting of lodgepole pine were outbreaks of the native Scots pine fungus Gremmeniella abientina on some 

lodgepole pine plantations, a decreased concern about a timber shortage, an increased interest in non-timber 

forest uses, and professional retirement of the original pioneers of the large-scale introduction programs 

(Lindgren et a l 1993). In 1999 a comprehensive environmental impact analysis on lodgepole pine was 

carried out by the Forestry Research Institute of Sweden.

Today lodgepole pine has been planted on a total of nearly 600,000 hectares (Elfving et a l 2001). 

Extensive research on the suitability of lodgepole pine to the northern Swedish climate, the best adapted 

provenances, the growth of well-adapted provenances, and the genetics and potential for tree improvement 

through selective breeding has been carried out (e.g. Ericsson 1994, Ericsson et a l 1993, Fries and 

Lindgren 1985, Stahl and Persson 1988, Rosvall 1995, and others).

16



Alaska

The boreal forests of interior Alaska are mainly composed of six native tree species, only four of which 

are commonly of commercial value across most of their distribution; white spruce {Picea glauca 

(Moench)), balsam poplar (Populus balsamifera), quaking aspen (Populus tremuloides Michx.), and paper 

birch (.Betula papyrifera Marsh.) (Viereck and Little 1974). In effect, interior Alaska has only one 

commercial conifer - white spruce - although two others also occur naturally; black spruce (Picea mariana) 

and Alaska larch (Larix laricina). Yet in northwestern Yukon Territory, Canada, at approximately the same 

latitude as Fairbanks, another commercial conifer, lodgepole pine {Pinus contorta Dougl. Ex. Loud.), 

occurs within 50 miles of the Alaska border (Viereck and Little 1986). The same species that occur 

naturally in Alaskan boreal forests are associated with lodgepole pine in Yukon Territory (Hulten 1968).

The history and use of lodgepole pine and other non-native trees in Alaska is shorter and less extensive 

than that of Iceland and northern Sweden. The first demonstration trial of non-native tree species, including 

lodgepole pine, in interior Alaska was established in 1964 at the T-Field Arboretum at the University of 

Alaska Fairbanks (Alden and Zasada 1983). A lodgepole pine research trial was established at the same site 

in 1974, with the aim of identifying which seed sources (families and provenances) were best adapted to 

the local climate. Northern seed sources proved successful, and were the basis for seed collections for 

further studies. Further plantings, both species trials (including six other non-native species as well as 

native white spruce and Alaska larch) and pure lodgepole pine trials, were established near Fairbanks,

Delta, Glennallen, and Tok in the 1980’s (Alden 1988).

Lodgepole pine has also been planted on the Kenai Peninsula, south-central Alaska. Reforestation 

efforts following an epidemic of the spruce bark beetle {Dendroctonus rufipennis Kirby) include planting 

lodgepole pine (Spruce Bark Beetle Mitigation Program). The spruce bark beetle is the most significant 

mortality agent of white spruce in Alaska (Burnside 2004). Outbreaks appear to recur at a mean interval of 

52 years, usually following warm summers (Berg et al. 2004). Beginning in 1988, the largest spruce bark 

beetle outbreak in North America impacted over 4 million acres (Peterson 2004), with significant areas 

suffering over 90% spruce mortality (Peterson 2004, Burnside 2004). Death of spruce trees has changed the 

carbon budget of Alaskan forest ecosystems and increased the risk of catastrophic fires (Burnside 2004). 

Responses by individuals and communities to the spruce bark beetle outbreak included removal and 

harvesting of dead trees, as well as reforestation with both native and non-native species. In a survey 

administered to six communities on the Kenai Peninsula, over 20% of respondents indicated that they had 

planted non-native trees on their property in response to spruce tree deaths (Flint 2004).

A common thread: uncertainty

A common theme to interviews in all three regions was the issue of uncertainty. The introduction of a 

species to a new environment necessarily involves uncertainty. This idea is illustrated in the following
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except from Engelmark et aV  s (2001) Ecological effects and management aspects o f an exotic tree 

species: the case o f lodgepole pine in Sweden.

Past experience of introducing tree species from other countries shows that there may be many 

different consequences for the environment, the introduced tree itself and native ecosystems. 

Examples can readily be collected from, for example, (i) failure of the introduced tree to grow 

successfully, (ii) damaging changes to native vegetation, flora and fauna, and (iii) competition 

between the introduced trees and native trees. A worst-case scenario will inevitably show that 

an introduction is unwise. However, when past introductions and their consequences are 

assessed, the only general conclusion must be that the consequences of an introduction cannot 

be predicted. Until the introduction has actually taken place, we do not know what will 

happen. If an experiment is performed to test the consequences before introduction, that in 

itself counts as an introduction. If the test is on a small-scale, the consequences of a small- 

scale introduction may differ from those of a large-scale introduction.

Uncertainty not only arises from novelty of first introduction, but from the fact that the natural world is 

a hierarchical, complex system of adapting entities (stacked, for instance, into communities, ecosystems, 

and organisms), plus a complex array of factors affecting the biotic interactions. Any particular 

composition of species in a given area has arisen from an array of interactive forces, both deterministic 

(e.g. adaptive selection) and stochastic (e.g. neutral selection and random events). Given a particular 

disturbance or change at time 1, a continually evolving system of species may not react identically to the 

same system exposed to the same disturbance at time 2 . In other words, there may be more than one 

possible system trajectory for a given perturbation. In the words of C. S. Holling (1996), “Ecosystems are 

moving targets, with multiple potential futures that are uncertain and unpredictable.” The pertinent question 

is what additional trajectories the introduction of a new species adds to an uncertain system.

As well as uncertainty due to the nature of ecosystems, there is uncertainty due to incomplete 

knowledge of ecosystem processes and linkages (Holling 1996). Interviews indicate that this dimension of 

uncertainty is important to Alaskans. Experience with non-native trees in Alaska is limited in comparison 

with Iceland, where more and older research and operational plantings have been established, and northern 

Sweden, where an environmental impact analysis has been carried out on lodgepole pine.

Concern about uncertainty is expressed in the following quotes from an ecologist and two foresters.

As an ecologist I’m pretty concerned that we’re introducing a lot of stuff willy-nilly without 

knowing what it can do and how it can adapt ecologically.
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My gut feeling is that I ’d be more comfortable if they hold off on that [lodgepole pine] and go 

back to the natives [tree species] until we get a few more years of observations on how they 

are doing in terms of moose damage, adaptation, growth and yield, and climatic effects. I 

would feel more comfortable if the private sector were less enthusiastic about these until we 

had better research findings to go on.

I think everyone recognizes that introduction of non-native, or aggressive, or noxious plants, 

is probably one of the greatest forest health issues going on in the world today. So on a 

philosophical level, some folks almost take the line that there is no such thing as a good non

native. From the environmental community there is great concern over non-natives, and from 

the professional level there’s a lot of folks that don’t know if there’s enough real evidence out 

there to support the effort and the cost that it would take to put it together, as opposed to 

planting something that we know grows here.

Broadly speaking, there are three conceivable outcomes of the introduction of a non-native species; a 

positive outcome (the species provides the anticipated benefits and causes few or no unwanted 

consequences); a neutral outcome (the species causes no unwanted consequences but does not provide the 

anticipated benefits); or a negative outcome (the species causes unwanted consequences without providing 

the anticipated benefits). Interviewees in all three regions agreed that a negative outcome should be 

avoided, but disagreed on the potential for the introduction of lodgepole pine to result in unwanted 

consequences. The most commonly mentioned unwanted consequences were the potential for lodgepole 

pine to spread uncontrollably or invade the native ecosystem, and the introduction of new tree diseases, 

pests, and pathogens. In Sweden, a further consequence was the possibility for severe outbreaks of the 

fungus Gremmeniella abientina (an native pathogen of native Scots pine) on lodgepole pine stands not 

adapted to the fungus, which could then spread back to nearby Scots pine stands. In Alaska, possible 

unwanted consequences included a change in fire regime as a result of replacement of white spruce with 

lodgepole pine, and changes in understory vegetation and wildlife habitat.

Although neither type of uncertainty can be eliminated, scientific inquiry, modeling, and 

experimentation can disclose alternative states of equilibrium and help in the discovery of viable 

approaches to management. Some interviewees leapt directly from the premise of inherent uncertainty to 

the conclusion that non-native species should not be introduced. However, the premise and conclusion are 

not tied logically to one another in this case. One possibility is to provide a research linkage between the 

premise and conclusion with analogical, modeling, or experimental reasoning. Another argument is that 

given the possibility of a negative outcome, the costs of unwanted consequences are higher than the 

benefits of introduction. Both lines of reasoning need to be supported by concrete research programs.
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Perceptions of the natural world

Another common thread underlying the arguments for and against the introduction of non-native trees 

are the participants’ assumptions and conceptions of the natural world. A perception of the natural world as 

static, with a single equilibrium state (the balance of nature idea) has been a common perception since 

antiquity, and remained so throughout the 17th and 18th centuries, due at least in part to the belief in a 

constantly supervising God who maintained such a balance (Egerton 1973). The 18th century saw the 

incorporation of the balance of nature concept into formal science, which carried into the 19th century. Such 

a concept would imply extreme caution when carrying out any activity that may perturb the established 

equilibrium, including the introduction of new species. Furthermore, such a perception might imply that at 

least certain human activities that alter ecosystems are unnatural because humans are separate from nature. 

More recently, however, the classic balance of nature concept has largely been abandoned due a lack of 

evidential and theoretical support, as well as the recognition that large-scale disturbances occur naturally in 

ecosystems and are critical to sustaining their structure and processes (e.g. Pickett and White 1985, Sprugel 

1990, Gunderson and Holling 2002). Detailed descriptions of the shift in ecological paradigms from one of 

a “balance of nature” to one of a “flux of nature” or “nature evolving” are provided by Pickett and Ostfeld 

(1995) and Gunderson and Holling (2002). In response to changing perceptions, Egerton (1973) called for 

definition of the limits of the balance of nature concept and concluded his paper Changing Concepts o f the 

Balance o f Nature with the following words.

The forces of stability and change must be carefully studied and then applied to the subject of 

the balance of nature. Then critical scientific generalizations can be formulated which do not 

have their foundation in hidden traditions that extend all the way back to Greek mythology.

The perception of humans as separate from nature has also largely been abandoned, and humans are 

increasingly viewed as integrated components of ecosystems (e.g. McDonell and Pickett 1993, Westley et 

al. 2002). A perception of humans as embedded in nature implies that we are integral to providing our own 

ecosystem services, and management actions that we take in order to ensure our own needs are natural. 

Despite their fall from grace, the balance of nature and humans as separate from nature concepts still persist 

in resource management. They exist as fundamental perceptions from which decisions about non-native 

species are made, whether in formal policy or in the minds of managers, scientists, and the general public. 

Even among the modern nature conservation community, Callicot et a l (1999) distinguish between the two 

schools of thought; humans as part of nature, or conversely a case apart from nature. In the latter, human 

actions compromise what is natural, thereby implying the need for conservation of ecosystems as they are, 

or restoration to what they were without human influence. Classically, such a perception comes from the 

belief that humans are separate from other organisms because they are made so by the same supervising
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God who attends to the balance of nature (e.g. humans are made in the image of God, unlike the rest of 

creation). This perception underlies at least some of the conservation literature. For example, Anderson’s 

(1990) proposed method for quantifying naturalness includes as one component the degree to which an 

ecosystem would change as a result of the removal of humans.

With an underlying perception of humans as separate from a balanced natural world, should a 

disturbance of a landscape occur and human intervention be deemed necessary to prevent collapse of the 

ecosystem, restoration to some original state would presumably be the goal. Definition of this state is 

difficult, however. In US national park policy, it has traditionally been defined as that state in which the 

ecosystem existed before European settlers arrived (Westman 1990). This definition holds to the old 

paradigms, as it implies that the presence of modern humans is disruptive to natural ecosystems.

Perceptions of the human-nature relationship underlie all discussion of the human presence on the 

landscape and have important implications for the introduction of non-native species, not least of all in how 

an native species is defined as such. If a particular past state of an ecosystem has been defined as a 

restoration or conservation goal, any species that occurred within the ecosystem prior to that time is native, 

while any that have arrived since are not. This issue was raised in interviews in all three regions. In Iceland, 

many species of flora have colonized the island subsequent to past glaciations (Einarsson and Albertsson 

1988). If extended back far enough in time, the definition of an native species includes a variety of species 

not currently present on the island, a concept illustrated by the following quote from an Icelandic forester.

What is native and what is not native? It’s a tricky question because how far in time should we 

go? If you look a few million years back in Iceland, the land was covered with pine, larch, all 

kinds of [what are now considered] exotic species. You just have to go to the stone museum in 

northern Iceland, and you can find all kinds of exotic trees.

This temporal issue has a related spatial issue, namely how distant a species must occur from the area 

of proposed introduction in order to be considered non-native. Lodgepole pine occurs within 50 miles of 

the Alaskan border in Yukon Territory, Canada and as far north as Yukatat in southeast Alaska (Viereck 

and Little 1986). A recent study indicates that extension of its geographic distribution is ongoing 

(Johnstone and Chapin 2003), and raises the question at what point it becomes an native species to interior 

and south-central Alaska. A further consideration is the mode of introduction. Under the perception of 

humans as separate from nature, any species introduced through human action to a new geographic region 

would not be considered to have done so naturally. Conversely, if humans are part of nature, their role in 

the appearance of a new species is irrelevant, although the presence of any particular species may still be 

undesirable for other reasons. If the migration of lodgepole pine into interior and south-central Alaska 

occurs without direct human influence, it provides a current example of refutation of the balance of nature
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concept in its strict sense of unchanging ecosystems - the distribution of lodgepole pine is changing 

naturally and altering ecosystems in its path. If, on the other hand, its migration is aided by human-induced 

climate change (considered unnatural under the perception of humans as separate from nature), then its 

migration into Alaska may be considered an unnatural, and therefore unwanted, invasion.

Also important to the discussion of preservation of ecosystems are the reasons behind the desire to 

preserve them in their present state. Chapin et al. (1996) suggested that management of forests for 

sustainable production depends partly upon the preservation of “plant functional groups”, rather than a 

specific mix of species. “Functional groups” are groups of species “that have similar effects on ecosystem 

processes” (Chapin et a l 1996). Presumably, then, it is possible to preserve ecosystem processes with the 

introduction of non-native species if the new species are investigated as to their functional relationships 

with native species. This concept is illustrated by the following quote from an Alaskan forester who is 

concerned with the function of ecosystems as well as impacts on native species.

Until we’re comfortable with three things, 1. that they [lodgepole pine] will be viable in the 

long term, 2. that they don’t displace native species, and 3. from an ecosystem perspective that 

they don’t impact the way Alaskan ecosystems function, we’re not really comfortable with 

broad-scale plantings of non-native species. I don’t think we’re comfortable that we have 

those answers yet.

It could be argued, however, that preservation of the landscape should be based upon social or cultural 

ties to the land. In this scenario, the concept of functional species is less relevant and preservation of the 

native species is more important. However, a changing climate may not allow for preservation of Alaskan 

ecosystems as they are. Social and cultural significance of landscapes will be discussed further in the 

following sections.

In contrast to the balance of nature concept, a perception of the natural world as one in which 

ecosystems are continually evolving leads to difficulties with the aforementioned goals of restoration and 

conservation. If no particular equilibrium exists, then neither does a clear solution to the problem of 

defining which characteristics of an ecosystem should be restored or conserved. A “nature evolving” 

perception of the natural world implies that restoration of an ecosystem to its state before disturbance is not 

necessarily the most beneficial management strategy, either for humans or the ecosystem itself.

Underlying all perceptions of the natural world is the fact that we depend upon functioning ecosystems. 

Ecosystem services include purification of air and water, mitigation of droughts and floods, generation of 

soils and renewal of their fertility, cycling and movement of nutrients, regulation of global climate, filtering 

of air pollutants, and provision of aesthetic beauty and intellectual stimulation that lift the human spirit 

(Berman et al. 2004). All management decisions are dependent upon the fact that humans require
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ecosystems to continue to provide these services. The question is how to best manage an ecosystem 

disturbance in order that the ecosystem continues to provide the services humans depend upon. Restoration 

is not necessarily the obvious management option, although it may be considered prudent when lack of 

knowledge about ecosystem function precludes confidence in the human ability to construct a new 

ecosystem that would provide the same services.

Iceland and Sweden

An important factor that influences perceptions and values pertaining to the natural world is the history 

of a society’s presence on the landscape. A society that has a long history of occupation and management 

of nature will likely have a different perception of the natural world than one that has a short history of 

human influence over the landscape. In Iceland, the present landscape is partially a consequence of human 

habitation of the island, including deforestation. The Swedish landscape also has a history of human 

influence, and unlike Iceland or Alaska, a history of intense forest management for commercial forestry. 

Preservation of the present landscape in either case is not preservation of the landscape as it was before 

human influence. This idea is illustrated in the following quote from an Icelandic nature conservationist.

The present state in Iceland is certainly not natural. It’s not the pristine state. We cannot 

protect or conserve the pristine conditions we had here at the time of settlement. They don’t 

exist anymore. So the argument that we are disturbing a natural condition, a natural state, it’s,

I would say, almost a funny one. And the need to keep and conserve a state which we have 

created through misuse of the country, I do not see the point of nature conservation in that.

However, some may still prefer to preserve a degree of “naturalness” and limit human actions to 

manipulation of the native species rather than the introduction of new species. This idea is illustrated in the 

following quote from a Swedish forester, which implies that Swedish forest species are natural, even if 

their growth and regeneration are managed by humans.

I don’t like it [lodgepole pine] because it’s an exotic. Because they don’t know what it’s going 

to be in the future. My opinion is that we are going to have silviculture, but I think that we 

should use methods and species that are common in the natural forests.

A perception of humans as part of - rather than separate from - nature may lead to a different opinion. 

The introduction of new tree species can be considered a recent complementary activity to traditional forest 

management practices, rather than something entirely unnatural.
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The role of humans in shaping and even creating new ecosystems has been more readily accepted in 

longer settled areas (e.g. Iceland and Sweden) than in more recently settled areas (e.g. Alaska) (Williams 

1993). Given the perceived economic, ecologic, and aesthetic benefits from non-native trees, it may be 

argued that their introduction is more beneficial than past practices such as deforestation without 

replanting. However, the use of non-native tree species in re- and afforestation represents a human 

influence over the landscape that may incur unforeseen changes as well. These must be weighed against the 

benefits as part of a management strategy for shaping the landscape into one upon which humans and other 

organisms can depend for the foreseeable future.

Alaska

In Alaska, the underlying perception of nature is potentially very different from that in Iceland and 

Sweden; one of relatively untouched wilderness, an ecosystem that is not intensively managed and possibly 

not well understood. If the natural world is not a system that is highly managed, human influence may be 

feared to cause perturbations to the ecosystem services upon which humans depend. With such an 

underlying perception, it may be undesirable to introduce new species. In other words, nature should be left 

untouched by human hands, a condition still possible to a greater extent in parts of Alaska than in areas 

with longer histories of human occupation. A desire to preserve nature in its present state is demonstrated 

by the fact that a larger portion of the Alaskan landscape has been placed into the strictest categories of 

nature protection than almost all other similar-sized regions in the world (Juday 1996). However, Alaskans 

have introduced non-native trees, as pointed out in the following quote from a forest researcher.

It boils down to whether you think it’s right or wrong, as kind of an ethical question, to plant 

non-native species. But you look at what’s being planted all over Alaska, from lawns in the 

front yard to crabapple trees to shrubs as ornamentals. I think there are some ornamentals that 

are much more problematic in Alaska than lodgepole pine.

If, however, the perturbation of an ecosystem has already occurred, the question is no longer whether 

nature should be left alone, but shifts to one of the best way to handle the situation; a question of whether 

humans should take an active role in helping the ecosystem recover. Consider the Kenai Peninsula spruce 

bark beetle epidemic as a disturbance to the Alaskan landscape. Perceptions of the human-nature 

relationship have implications for the discussion of forest management strategies following spruce forest 

death. Scientific literature suggests that bark beetle outbreaks are a naturally occurring disturbance cycle of 

Alaskan spruce forests (e.g. Berg et al. 2004, Christiansen et al. 1987, Werner and Holsten 1983). If the 

disturbance is considered natural, reforestation may not be considered necessary, but may be desirable for 

aesthetic and other reasons.
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However, if climatic conditions favorable to spruce beetle growth and development precipitating the 

outbreak (i.e. warm summers) were a symptom of larger scale, human-induced climate change, perceptions 

of humans in nature lead to a different discussion. If climate change causes well-adapted species to become 

maladapted, the introduction of new species may compensate and become functional in roles that native 

species currently play. With ecosystems in a constant state of evolutionary change, any particular snapshot 

in time does not contain a more or less natural composition of species than any other. As in the words of 

Chapin et a l  (1996), “The current species composition and structure of any ecosystem and its pattern of 

successional development are transitory assemblages that are not sustainable indefinitely.” Therefore, 

preservation of a certain snapshot must be justified with criteria other than conservation of the natural state 

of the ecosystem. If humans take a forest management role following the spruce bark beetle epidemic, one 

option is to reforest areas of dead spruce. The concept of leaving nature to recover on its own is then 

abandoned, and the discussion turns to the best forest management strategy. The planting of non-native 

trees represents a measure of human control over the landscape on a different scale than pure restoration. 

Humans would be, in a sense, creating their own ecosystem by picking and choosing the species that grow 

on the landscape. And so the final question may be whether humans want this responsibility or not; whether 

the people feel comfortable in their ability to create ecosystems upon which they can depend indefinitely.

Interview Responses

Interest for the introduction of non-native trees into Alaska, Iceland, and northern Sweden, falls into 

three broad categories; economy, ecology, and aesthetics. Reasons for opposition to non-native species fall 

within the same categories, but are generally based on conservation and preservation ideals. When drawing 

conclusions about the introduction of non-native species, interviewees generally provided a set of reasons 

(hereafter called premises) that they presumed to be correct, tied to each other, and tied logically to the 

conclusions. Two types of premises were typically offered; value premises and empirical premises. 

Interviewees held a set of values about economics, aesthetics, and nature and wilderness that influenced the 

framework of their arguments for or against non-native species. They also often offered empirical premises 

about the nature of ecosystems, diversity, and uncertainty to strengthen their value premises and 

conclusions. Each region will be discussed in turn and unless stated otherwise, all quotes are from 

interviews conducted in the relevant region to each section.

Iceland

Interest in afforestation in Iceland stems from perceived benefits such as the potential for commercial 

wood products (economy), soil conservation (ecology), and establishment of forested recreational areas 

(aesthetics). Opposition to afforestation stems from a desire to preserve the landscape in its mostly treeless 

state, either due to preservation ideals or to specific perceived benefits from a treeless landscape. Benefits
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of the current landscape include its uniqueness (aesthetics), which draws tourists (economy), and its current 

function as habitat for wildlife such as ground-dwelling migratory birds (ecology) (Usher 2002).

Arguments based on preservation ideals are often also based on a balance of nature ideal. This premise 

is refuted by the earlier discussion of change in ecological paradigms, which is illustrated in the following 

quote from a forester.

Here in this country, the generations that are now still living got used to Iceland being this 

open, naked landscape, and therefore their definition of Icelandic nature is something open 

and barren. And because the movement is very strong in these circles in other countries that 

are influencing discussion here - that nature should be as it is - there will be as much 

opposition to changing a treeless, barren landscape to a forested landscape here in this country 

as there would be in Washington and Oregon to changing an old growth natural forest into a 

planted forest. You have this idea - it’s almost a religious idea - that a lava flow or a patch of 

land that has not been naturally covered by a forest, that in some way God intended that land 

not to be covered by forest.

Preservation of the Icelandic landscape for the value of its uniqueness, regardless of how it came to be 

the way it is, is illustrated by the following quote from a naturalist.

You get the Scandinavian syndrome, as some people would say, you know, where you drive 

through the landscape and only forest, only forest - you lose the sight of the lake here, you 

lose the site of the rocky hills, etc. And of course this [open views] is one of the popularities 

you have in Iceland.

For strict preservationists the arguments for afforestation are secondary to preservation of the 

landscape, which ranks above all other values. Even when arguments are not based in a balance of nature 

concept, there are conflicting values that need to be reconciled. In order to make policy decisions regarding 

the planting of non-native trees, it is necessary to rank the economic, ecologic, and aesthetic values people 

hold. Sentimental attachments to the present landscape may be addressed by a responsible afforestation 

plan that preserves areas of historic or aesthetic value. At present, with less than 2% forest cover of the 

island, it seems both values - afforestation and preservation - can be met with little compromise and 

without becoming mutually exclusive.

Economic, ecologic, and aesthetic goals that can be met with non-native species are illustrated by the 

following quotes from two foresters.
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If you’re going to think some years ahead, and you’re going to get some resources from the 

forest, it’s not realistic to use only birch. But we have other [non-native] species that grow 

much better than the native birch.

Introduced species are much more vigorous than the native birch, and I have put it this way; 

that you are enlarging Iceland vertically when you are using exotic species which are 

successful. And most of the exotic species we have been using have been rather successful, 

and many of them extremely successful.

Perceived benefits from lodgepole pine are illustrated by the following quotes from a forester and 

forest ecologist.

I think that lodgepole pine has a role to play here in this country in our forest in very nutrient 

deficient sites as an improver of soil, improver of habitats for other forest species. Above all I 

think it’s an important species for tree establishment or land rehabilitation. It’s turning poor 

wasteland in many cases into a rich, protected forest ecosystem. We can use the lodgepole 

pine as a nurse species for other more demanding species.

In recreation areas you really want to mix a lot of species, and for that goal the lodgepole pine 

is quite nice. It’s a rather open canopy, if it’s properly managed. It lets quite much light 

through, if it is thinned of course, so it maintains vegetation on the bottom of the forest and 

things like that. So the pines are really popular with the recreation forestry.

However, perceived risks associated with lodgepole pine must also be taken into account. One concern 

is the potential for lodgepole pine to spread into unwanted areas, illustrated in the following quotes from a 

forester and naturalist.

I think you have to have rules that you gather experience within the country in an enclave, in 

an enclosed environment, before you are going actively into using certain species for planting 

all over. You have to have some kind of license built on experience. And it’s quite obvious 

from the experience we already have that this is dangerous. And I think this doesn’t mean that 

you should refrain from using imported species as a whole. I mean, it’s not a holistic view.

Maybe out of twenty, you can choose five that are not aggressive as such; that they spread 

from themselves, that they sow themselves, and spread actively. Like pinus contorta, for 

example, could be a species that is spreading fast. So this is number one as a concern in trees.
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This discussion about foreign tree species has gone up in the last years. We have more people 

which are more concerned about using foreign tree species. And contorta is one of the tree 

species which people list as a concern because it starts early to produce seeds and regenerate.

While there is concern about some aspects of afforestation in Iceland, afforestation is only mutually 

exclusive from the opposition at its most extreme; preservation of the entire island as it is. The goals of 

nature conservation and forestry may be complementary. Blondal et a l (1986) stated that “There are good 

relations between forestry enthusiasts and nature conservationists in Iceland. Forestry enthusiasts are, 

usually, active nature conservationists.”

Sweden

In Sweden, the issue is not one of afforestation of a treeless landscape, but of reforestation of a forested 

landscape following timber harvest. As discussed earlier, large-scale use of lodgepole pine in Sweden 

began in the 1970’s and the species continues to be planted mainly for its fast growth rate. The alternative 

view is that convincing reasons to use non-native species do not exist (i.e. that the fast growth rate and 

potential economic boost to the timber industry are not good enough reasons to introduce a new species). A 

basic conflict in values makes resolution of the issue difficult. Those who value preservation of the 

landscape rank its value above any potential benefits from non-native trees. As mentioned eralier, 

motivation for this argument based on a perception that the Swedish landscape exists in a balanced 

equilibrium is archaic. However, as in Iceland, the landscape has largely been shaped by human activity 

and possibly exists in some sort of human-maintained equilibrium. It may be possible to introduce a new 

species and create a new equilibrium - with a certain amount of uncertainty, as discussed earlier.

In either case, the landscape in Sweden plays a role in defining nationality, which may inspire 

resistance to non-native trees. This is discussed in the following excerpt from Engelmark et a l (2001) 

Ecological effects and management aspects o f an exotic tree species: the case o f lodgepole pine in Sweden.

A nation is its people and their history, and it is manifested in their culture and their 

environment. The landscape of Sweden has been generated by Swedes and expresses national 

characteristics, culture and history. It is different from the landscape of other countries, partly 

because of inherent (natural) characteristics and partly because of the way in which it has been 

moulded. The introduction of LP [lodgepole pine] forestry introduces an alien element. 

Admittedly, it will increasingly be accepted as part of the culture, but it is unlikely to maintain 

the distinctiveness of the Swedish landscape. LP pine plantations look like LP pine plantations 

in other countries, or indeed like pine plantations of any species all over the globe. They 

represent an aspect of a world-wide homogenisation of environments.



However, various benefits to forestry with lodgepole pine have been mentioned in the literature. Total 

volume growth of lodgepole pine has been reported at 36% higher than that of Scots pine and survival 

during establishment at 2% higher, although natural mortality after thinning was higher (Elfving et a l 

2001). Another study reported 15-45% higher survival, as much as 30% taller height, and 25-300% higher 

volume 23 years after planting at six trials from mild southern sites to northern harsh sites (Hagner 1993). 

Ackzell (1993) reported higher survival in lodgepole pine than Scots pine during the first eleven years of 

growth at sites near 64° N latitude. It has also been reported that moose browse is generally lower on 

lodgepole pine than Scots pine (Danell and Sjoberg 1993).

However, ecologic concerns about lodgepole pine were voiced as well. One was the severity of 

infections of the native fungus Gremmeniella abientina in high elevation, northern lodgepole pine 

plantations in the 1980’s that subsequently spread back to native Scots pine trees (Karlman 1993). 

Lodgepole pine stands are also more difficult to walk through, due to dense branching near ground level, 

which makes them unpopular among forest users such as reindeer herders. Again, values need to be ranked 

in order to make management decisions regarding the use of lodgepole pine. As in Iceland, forestry with 

lodgepole pine is only mutually exclusive from preservation in its strictest sense.

Alaska

Underlying interest in reforestation on the Kenai Peninsula is the perception that the current situation 

(spruce tree mortality due to bark beetle infestation) requires human intervention. Reasons include 

decreased carbon sequestration potential and increased fire hazard due to loss of trees replaced by large 

grassy areas (Burnside 2004), and a loss of aesthetic value of forested areas. A study of public perceptions 

and attitudes towards the spruce bark beetle outbreak in Chugach National Forest revealed that 

management intervention was generally preferred to no intervention or “letting nature take its course” 

(Daniel et al. 1992). The authors concluded that forest managers could expect public support for protection 

and restoration of spruce forests for scenic value.

Perceived advantages of non-native tree species have led to an interest in reforesting some areas with 

lodgepole pine. These are illustrated by the following quotes from a private landowner, two foresters and 

Spruce Bark Beetle Mitigation Program workers.

In my opinion, any species you could introduce into Alaska that doesn’t specifically destroy 

any other species would be okay. To me, diversity is better. I’d love to see a lot of different 

species here.

People want non-natives because they’re faster growing, they’re different, and the foliage is 

different. Some people grew up with other species.
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Lodgepole pine is a fast-growing species. I believe it will grow probably two to three times 

faster than white spruce. The economic value of lodgepole in comparison to spruce is very 

similar, so from that perspective, your lands would produce more monetary income for both a 

public agency or a private landowner.

A lot of landowners that are looking for trees to plant around their houses since they’ve lost 

their screening through the loss of their spruce trees, they’re looking for a fast-growing conifer 

of any sort.

My biggest support for bringing lodgepole pine in is for getting products from a species 

whose rotation time is half that of the native trees. It’s tough being a tree in Alaska to start 

with, I highly doubt that lodgepole pine is going to rage across Alaska and decimate anything.

On the other hand, if we have the opportunities to do some even-age management with a 60- 

year rotation, that would be great.

Alternatively, one could hold the view that only native species should be used for reforestation. As 

discussed earlier, when based in a perception of nature in balance such an argument is unfounded. The 

spruce bark beetle outbreak itself contradicts this view, as it demonstrates one agent of the disturbance 

regime of boreal forests. However, it could be argued that native species are better adapted to the local 

environment due to a long co-evolutionary process between flora and fauna that has resulted in ecological 

relationships that are more stable than a human manipulated system, all else being equal. However, all else 

is not equal, given climate change in Alaska that may make native species maladapted.

There are also certain risks from the introduction of lodgepole pine that have caused concern about its 

introduction. They include animal damage, particularly moose and hare browse, and the potential of 

lodgepole pine to spread away from planted sites and into the broader ecosystem. There is a conflict 

between the need for time to gain experience with lodgepole pine in Alaska and the immediate desire for 

reforestation. Decisions need to be made fairly quickly, with relatively little information about lodgepole 

pine growth potential (as compared to the experience of Iceland and Sweden). Urgency is evidenced in the 

following quote from a Spruce Bark Beetle Mitigation program worker.

My gut feeling is we’ve got to do something soon, and we’ve got to make our best guess with 

the results that we have.

Ultimately, when ranking priorities, discussion must focus on what role Alaskans want to play in 

shaping future Alaskan ecosystems.
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Importance to Natural Resource Management

Comparison of interview results in Alaska, Iceland, and northern Sweden offers insights into the way 

in which underlying perceptions about the natural world and history of human management of the 

landscape influence attitudes about non-native species. These attitudes have implications for natural 

resource management, particularly when a sector of the public or professional community is vocal in its 

dissent or enthusiasm for a proposed management action. Some issues can be addressed with scientific 

inquiry (e.g. the importance of disturbance in natural ecosystems), but others cannot (e.g. the ethics of the 

human role in shaping ecosystems). With the existence of fundamental differences in perceptions of the 

natural world, conflicts over resource management issues are inevitable. Fruitful discussion can only be 

accomplished when differences in perception are made explicit and scrutinized. When appropriate, 

decision-making should be facilitated by scientific evaluation of valid concerns.
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Abstract

Lodgepole pine {Pinus contorta Dougl. Ex. Loud.) has been introduced to interior Alaska in research 

trials and to the Kenai Peninsula in reforestation efforts following a spruce bark beetle epidemic that killed 

a large portion of the native spruce forest. The present study assesses the acceptance of lodgepole pine and 

other non-native tree species introductions by the general public through the administration of a mail-out 

survey to 1,500 Fairbanks residents and 1,500 Anchorage residents. Results indicate that a considerable 

portion of the Alaskan public is concerned about the introduction of non-native tree species into Alaska. 

The main reason for concern is the possibility for adverse ecological effects on the native ecosystem. 

However, most respondents indicated a lack of knowledge about the possibility for adverse effects. The 

majority of survey respondents agreed that non-native trees should be regulated, but are acceptable on 

small-scale and aesthetic plantings such as ornamentals. Acceptance was also higher when economic gain 

has been demonstrated. Support was less for large-scale plantings such as for timber and reforestation 

purposes. Managers who wish to address public concern should therefore pay considerable attention to 

scientific studies aimed at assessing the effects of specific non-native trees on native forests. Such studies 

could include long-term monitoring to ascertain changes in wildlife habitat and soil properties, and the 

ability of the species to spread into the broader ecosystem and compete with native species.

Introduction

The introduction of non-native species, intentional and accidental, through human action has aroused 

concern among some sectors (e.g. Coblentz 1990, Soule 1990, Ruesink and Paker 1995). Successful natural 

resource management involving the introduction of non-native species must therefore consider public 

attitude and address specific concerns. Lodgepole pine {Pinus contorta Dougl. Ex. Loud.) of northwest 

Canadian and southeast Alaskan origin has been introduced on different scales to various high latitude 

regions, including Iceland, northern Sweden, and interior and south-central Alaska. The need to consider 

public attitude towards forestry and non-native species has been recognized in Iceland, Sweden, and 

Canada (Engelmark et a l 2001, Eysteinsson 2002, Dermott 1985). Small research plantations of lodgepole 

pine and other non-native trees have been established in interior Alaska near Fairbanks, Delta, Glennallen, 

and Tok. Operational planting of lodgepole pine has begun on the Kenai Peninsula in reforestation efforts 

following a spruce bark beetle epidemic that killed a large portion of the native spruce forests (Spruce Bark 

Beetle Mitigation Program). This study aims to assess public attitude towards non-native trees, including 

lodgepole pine, in two Alaskan communities; Anchorage and Fairbanks.



Methods

A mail-out survey was administered in November 2004. 3,000 survey recipients were randomly 

selected from the voter registration list; 1,500 in Anchorage and 1,500 in Fairbanks. A notification postcard 

was mailed to recipients one week prior to the survey, and a reminder postcard was sent one week after the 

survey. A cover letter accompanied each survey. Recipients were asked to check the option that best 

described their viewpoint on a series of ten statements. Options were “strongly agree”, “somewhat agree”, 

“neutral”, “somewhat disagree”, “strongly disagree”, and “don’t know”. Recipients were also asked to 

elaborate where appropriate and were given space to write additional comments. The survey statements 

were prefaced with the following words, “Non-native species are those that have been introduced into an 

area outside of their natural range either through accidental or deliberate human action. Lodgepole pine is 

considered a non-native tree species in interior and south-central Alaska. The following survey questions 

are designed to monitor public opinion about the introduction of non-native tree species, including 

lodgepole pine, into Alaska.” The statements were:

51. The planting of non-native tree species in Alaska should be controlled through regulation.

52. The planting of non-native tree species in Alaska is desirable if significant economic gain has 

been demonstrated.

53. The species lodgepole pine in particular poses unacceptable risks to the Alaskan ecosystem of 

interior and south-central Alaska.

54. The planting of non-native tree species in Alaska is justified if and only if studies have shown

them to cause little or no adverse effects on the native ecosystem.

55. The planting of non-native tree species in Alaska is justified if and only if studies have shown

them to be of direct economic benefit to local communities.

56. The planting of non-native trees in Alaska is desirable for aesthetic benefits.

57. In general, the introduction of non-native tree species poses an unacceptable risk to Alaskan 

native species.

58. The planting of non-native tree species in Alaska is acceptable on small-scale projects such as 

landscaping and ornamental plantings.

59. The planting of non-native tree species in Alaska is acceptable on large-scale projects such as 

reforestation and timber harvesting.

S10. Non-native tree species should not be available for commercial purchase in Alaska.

The survey also included a statement concerning known uses of lodgepole pine. Possible answers were 

landscaping/yard tree/ornamental, Christmas tree, reforestation, timber sales, other, and “I haven’t used it 

and don’t know anyone who has”. Two further open-ended questions were, “Please list any specific
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concerns you have about non-native trees in Alaska, including lodgepole pine” and, “Please list any 

specific benefits you perceive from non-native trees in Alaska, including lodgepole pine.” Demographic 

data collected were age, personal yearly income, residence (rural vs. urban, zipcode, community), gender, 

and profession.

The frequency of responses was calculated for each statement, and differences between demographic 

categories were tested for significance using a chi squared test (SPSS 13.0). Chi squared tests can be used 

to find whether observed proportions in two or more categories differ significantly from expected (Glass 

and Hopkins 1996). Responses were then consolidated into three broader categories; agree (strongly agree 

and somewhat agree), disagree (strongly disagree and somewhat disagree), and neutral/don’t know; to 

examine general trends. Consistency in respondents’ answers was examined using Pearson’s correlation 

test, for which responses of “don’t know” were excluded in order to leave a continuous scale from 

“strongly disagree” to “strongly agree” (SPSS 13.0). Only correlations stronger than 0.50 or -0.50 were 

considered strong enough in this study to merit discussion.

Results

Response Rate

611 surveys were returned as undeliverable (20.4% of those mailed out), 325 (21.7%) in Anchorage 

and 286 (19.1%) in Fairbanks. 570 surveys were completed and returned (23.9% of those that were not 

returned as undeliverable), 223 surveys from Anchorage (19.0%), 277 surveys from Fairbanks (22.8%). 70 

surveys were returned without return addresses, so they were coded as of unknown origin.

Overall Results

Responses to each statement and consolidated categories are shown in figures 4.1-4.4. Standard error 

for a sample size of 570 was calculated using the formula V(pq/n) (Babbie 1995), with p=0.5 and q=0.5 for 

maximum result, and was 0.021. Frequencies of responses to each statement therefore have a + 2.1% error.

Consistency o f Responses

Responses to survey statements that are similar should be positively correlated if respondents answered 

consistently. Conversely, responses to statements that should illicit opposite responses should be negatively 

correlated. Responses to statements that are unrelated should have correlation scores near zero. Pearson’s 

correlation scores for statements 1-10 are shown in table 4.1.

Demographics

No statistically significant differences between demographic categories were found for any statement 

(p=0.01). Therefore, survey respondents were treated as a single population.

41











46

Table 4.1 Pearson’s correlation scores for statements 1-10.1  A D l j t  ‘■ t . i  r e d

SI
lauii a tui

S2 S3 S4 S5 S6 S7 S8 S9 S10

SI 1 -.117* .426* .374* .162* -.331* .477* -.163* -.315* .386*

S2 1 -.371* .199* .473* .346* -.351* .315* .520* -.348*

S3 1 .039 .084 -.589* .787* -.341* -.597* .623*

S4 1 .353* -.030 .127* .191* .070 .013

S5 1 .054 .033 .179* .211* -.024

S6 1 -.600* .473* .518* -.546*

S7 1 -.287* -.542* .614*

S8 1 .367* -.410*

S9 1 -.484*

S10 1

* Correlation is significant at the 0.01 level.

Discussion

Overall Results
Results demonstrate a general concern among the public in Anchorage and Fairbanks about the 

introduction of non-native trees. However, acceptance increased under certain conditions. Concern about 

possible adverse effects of non-native species on the native Alaskan ecosystem was evidenced by the 

majority of respondents who agreed with statements 1 (57.9%) and 4 (71.8%).

SI. The planting of non-native tree species in Alaska should be controlled through regulation.

S4. The planting of non-native tree species in Alaska is justified if and only if studies have

shown them to cause little or no adverse effects on the native ecosystem.

Agreement with statement 1 suggests wariness of introducing non-native species, and support for 

regulations as a method of control. Some respondents who were concerned about non-native species did 

not agree with this statement on the basis that the government regulates too much as it is, and that 

regulations are not the best way to handle non-native species. Concern may therefore be higher than 

indicated by agreement with statement 1 if other methods for lowering the risk could be devised. The high 

level of agreement with statement 4 suggests that the possibility of adverse ecological effects are a major 

contributing factor to respondents’ concern about non-native trees, and strong support for scientific 

research to address this risk. However, some respondents expressed a low confidence in scientific studies 

for reasons ranging from a general disinclination to place confidence in scientific investigations to the 

expense and burden of conducting long-term studies. Interpretation of the level of disagreement with 

statement 4 is not straightforward, demonstrated by some respondents’ write-in comments. Among those 

who disagreed, some did so for the expressed reason that non-native trees should never be allowed into 

Alaska, under any circumstances. However, others who disagreed with statement 4 expressed a desire for



any species that will grow in the Alaskan climate, even if adverse effects do occur, especially to the native 

black spruce, which they termed ugly, non-productive, stifling to wildlife, and a fire hazard.

Although regulations on non-native trees were generally supported, a higher proportion of respondents 

agreed with statements 2 and 6 (47.2% and 44.9%, respectively) than disagreed (30.9% and 29.8%, 

respectively). This result suggests an acceptance of non-native trees if a benefit (economic or aesthetic) has

been demonstrated.

S2. The planting of non-native tree species in Alaska is desirable if significant economic gain

has been demonstrated.
S6. The planting of non-native trees in Alaska is desirable for aesthetic benefits.

The lack of high correlation between responses to statements 1 and 2 (table 4.1) demonstrates that 

respondents who feel regulation of non-native trees is desirable are equally likely to agree or disagree with 

the statement that their introduction is desirable if economic gain has been demonstrated. This suggests 

that among those who support regulation, some feel economic gain is a good reason to allow the 

introduction of non-native species. Others feel that economic gain should not be a decisive factor in 

establishing the regulations, and wrote in comments such as “Money isn’t everything.”

Taken together, the above results suggest support for regulations that take into account the potential 

economic gain as well as potential risks to the native Alaskan ecosystem, with emphasis placed on the 

latter. However, over half of respondents disagreed with statement 10 (54.6%), suggesting they wanted 

non-native trees to be available to them for commercial purchase.

S10. Non-native tree species should not be available for commercial purchase in Alaska.

Some respondents placed qualifications on their response to statement 10 with comments such as only 

if a species is deemed a risk or shown to spread uncontrollably should it be restricted from commercial sale. 

In other words, disagreement with statement 10 does not necessarily imply that respondents are not 

concerned and do not support regulation and scientific study.

The majority of respondents agreed with statement 8 (61.4%), demonstrating support for small-scale 

projects with non-native trees. Also, in a survey administered to six communities on the Kenai Peninsula 

over 20% of respondents indicated that they had already planted non-native trees on their property in 

reforestation efforts following the spruce bark beetle outbreak (Flint 2004). A smaller proportion of 

respondents agreed with statement 9 (39.5%) than with statement 8, and a higher proportion disagreed 

(31.8% versus 19.3%), demonstrating a more even split of opinion on large-scale projects with non-native 

species than small-scale projects.
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58. The planting of non-native tree species in Alaska is acceptable on small-scale projects 

such as landscaping and ornamental plantings.

59. The planting of non-native tree species in Alaska is acceptable on large-scale projects, 

such as reforestation and timber harvesting.

Lower acceptance of large-scale projects with non-native trees is emphasized by write-in comments to 

the effect of only big scale, big industry, or logging companies should be regulated. Also, a higher 

proportion of respondents knew of the use of lodgepole pine in small-scale projects than large-scale 

projects. 21.1% of total respondents and 60.6% of respondents who had experience with lodgepole pine 

knew of its use in landscaping and as ornamental yard trees, and 7.5% and 21.7%, respectively, knew of its 

use as Christmas trees. Only 3.9% of total respondents and 11.1% of those who had experience with 

lodgepole pine knew of its use in reforestation and/or timber sales. Unless respondents clarified with 

written statements, it was unclear whether they were indicating experience in Alaska or elsewhere. Either 

way, respondents indicated more experience with lodgepole pine on small-scale projects (28.6% of total

respondents) than large-scale projects (7.7%).
Just over half of respondents disagreed with statement 5 (50.2%), whereas only 28.6% agreed.

S5. The planting of non-native tree species in Alaska is justified if and only if studies have 

shown them to be of direct economic benefit to local communities.

Elaboration by some respondents highlights the difficulty in interpreting responses to this statement. 

Some respondents who disagreed with statement 5 expressed the same concerns as with statement 2, that 

economic benefit is not enough to justify the introduction of non-native trees. However, some respondents 

in favor of the introduction of non-native species and in opposition to regulations also disagreed with this 

statement, and expressed the opinion that non-native species should always be permitted, whether an

economic gain has been demonstrated or not.
The high number of respondents who checked “don’t know” or “neutral” to statements 3 and 7 (66.7% 

and 45.3%, respectively) suggests a general lack of knowledge about specific effects that non-native 

species have on the Alaskan ecosystem, and particularly about the effects of lodgepole pine.

S3. The species lodgepole pine in particular poses unacceptable risks to the Alaskan 

ecosystem of Interior and south-central Alaska.

S7. In general, the introduction of non-native tree species poses an unacceptable risk to 

Alaskan native species.



Respondents did not feel qualified to assess the risks of non-native species and some elaborated with a 

statements such as, “You’re the scientist, you tell me.” Inexperience with lodgepole pine is further 

supported by the fact that 65.3% of respondents said they haven’t used lodgepole pine and don’t know 

anyone who has. Others expressed uncertainty as to when a risk was “unacceptable” and commented that 

clarification was needed in order to respond to the statement. Among those that did respond positively or 

negatively, a larger percentage disagreed with both statements (19.6% and 32.1%, respectively) than agreed 

(11.2% and 21.6%, respectively). In other words, among those who had an opinion one way or the other, a 

higher proportion did not believe non-native trees are a threat to the Alaskan ecosystem.

Overall, the results indicate a general concern about non-native trees among the general public of 

Anchorage and Fairbanks, and support for regulations that take into account scientific studies on the 

potential adverse impact on the native ecosystem. However, a desire to be able to purchase and plant non

native species on small-scale projects such as ornamental and landscape plantings is also demonstrated. 

Non-response bias was not assessed in this study, and it is possible that survey recipients who were 

concerned about the introduction of non-native trees were more likely to fill out and return the survey than 

those who were not concerned.

Consistency o f Responses
Survey statements were not specifically designed to test for consistency, but rather to assess the 

public’s attitude concerning the introduction of non-native tree species into Alaska. However, responses to 

certain statements were expected to correlate, as their general implications are similar. A correlation test 

was therefore carried out to test for general consistency among respondents’ answers. A high correlation 

between responses to statements that were expected to be similar suggests that respondents were in fact 

reading and answering statements according to their attitude, not merely circling random answers. The 

results of the correlation test confirm this. Only correlations stronger than 0.50 are considered here, and all 

correlations discussed are significant (p < 0.01). Correlation scores are shown in table 4.1.

Responses to statements 2 and 9 were positively correlated (0.520), as would be expected. Respondents 

who feel that economic gain is a reasonable justification for the introduction of non-native trees are likely 

to feel that large-scale projects, such as timber harvesting and reforestation, are acceptable. Responses to 

statements 6 and 10 were expected to be negatively correlated, as respondents who feel aesthetic benefits 

are desirable from non-native trees were unlikely to feel that they should be restricted from commercial 

sale. Results confirm this with a correlation of -0.546. Responses to statements 3 and 7 were expected to be 

positively correlated unless respondents made a distinction between lodgepole pine and other non-native

species. Results confirm a positive correlation (0.787).
Responses to statements 3 and 7 were expected to correlate similarly with the remaining statements, as 

both are expressions of concern about unacceptable risks to the Alaska ecosystem. Results confirm this.
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Responses to 3 and 7 were correlated with responses to statements 6, 9, and 10. Responses to statements 3 

and 6 were negatively correlated (-0.589), as was expected because respondents who feel that lodgepole 

pine poses an unacceptable risk to the Alaskan ecosystem are not likely to feel that it should be introduced 

for aesthetic reasons. Responses to statements 6 and 7 were expected to be negatively correlated for the 

same reason, regarding non-native species in general rather than lodgepole pine in particular, and results 

confirm this with a correlation o f -0.600. Responses to statements 3 and 9 were negatively correlated 

(-0.597), as was expected because respondents who feel that lodgepole pine poses unacceptable risks were 

not likely to feel it should be used on large-scale projects. Responses to statements 7 and 9 were expected 

to be negatively correlated for the same reason, and results confirm this with a correlation score of -0.542. 

Responses to statements 3 and 10 were positively correlated (0.623), as was expected because respondents 

who feel lodgepole pine poses unacceptable risks are unlikely to support its commercial sale. Responses to 

statements 7 and 10 were expected to be positively correlated for the same reason, and results confirm this

with a correlation score of 0.614.
Responses to statements 6 and 9 were positively correlated (0.518). This was not necessarily expected, 

but makes sense as both are statements for which agreement reflects a positive attitude about the 

introduction of non-native species and disagreement reflects a negative opinion.

Conclusions and Recommendations
This study suggests a considerable portion of the Alaskan public is concerned about the introduction of 

non-native trees into Alaska. The main reason for concern is the possibility for adverse ecological effects 

on the native ecosystem. However, most respondents indicated a lack of knowledge about the possibility 

for adverse effects. Managers who wish to address public concern should therefore pay considerable 

attention to scientific studies aimed at assessing the effects of non-native trees, particularly lodgepole pine, 

as it is currently the most planted non-native tree in Alaska (Alden, in press). Since the effects of an 

introduction are uncertain, scientific studies can only reduce uncertainty to a level that assuages public 

concern. Such studies could be carried out at the present time in areas of the Kenai Peninsula where 

reforestation of dead spruce forest has already taken place, partially with non-native trees (Spruce Bark 

Beetle Mitigation Program). Long-term monitoring could be implemented to ascertain changes in wildlife 

habitat, soil properties, and the ability of lodgepole pine to spread into the broader ecosystem. Examination 

of the forests of Yukon Territory, Canada, could also provide insights into the coexistence of lodgepole 

pine with other boreal tree species. The same species that occur naturally in the boreal forests of Alaska 

(white spruce (picea glauca), black spruce ( Piceamariana), paper birch ( papyrifera), and balsam

poplar (Populus balsamifera)) are associated with lodgepole pine in the Yukon Territory (Hulten 1968). 

The relationships between lodgepole pine and the native trees of Yukon Territory could be examined to 

help predict the relationships that would result from the introduction of lodgepole pine into Alaska.
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O d e  t o  t h e  T r e e s

Tall you stand 

and wave in the breeze, 

planted in rows, 

domesticated trees...

I poke you, I probe you,

I give you a scar...

In the name of research... 

They say we’ve come far...

in learning the truth 

about what makes you tick, 

what keeps you healthy 

and what makes you sick...

Why must we know this? 

Why do we ask?

‘Cuz everything’s changing, 

and it’s doing it fast...

We’re adapting, see, 

sort of like you, 

but we’re not always sure 

just what to do...

We like to say 

we live with the land, 

but this climate-change thing 

has got out of hand...

“Big deal,” you say 

“History’s last few pages 

are all you’ve seen, 

try surviving Ice Ages!”

“You cut us down 

at the drop of a hat... 

the climate is changing? 

Who’s fault is that?”

I know, I say, 

fairly you speak... 

apologies are lame 

for the havoc we wreak...

What all’s been done,

I can’t undo 

simply in 

a day or two...

I’m sorry for that which 

I do today...

I promise to use it 

for great things one day

There’s a diploma to get, 

a world to save by degrees, 

so I get out the probes... 

and poke holes in the trees
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Abstract
Lodgepole pine ( Pinus contorta Dougl. Ex. Loud.) has been introduced on various scales to regions at 

or above its natural northern latitudinal extent including Alaska, Iceland, and northern Sweden, where it has 

shown promise of adaptation to the local environments. The present study evaluates the growth of 

lodgepole pine plantations in Alaska and the potential future growth of lodgepole pine in all three regions 

under climate change scenarios. Height and diameter measurements were taken at seven lodgepole pine 

family and provenance studies in interior Alaska in the summers of 2003 and 2004. Growth of the best 

performing provenances on five sites over a twenty-year period was compared with that of two stands of 

native white spruce (Picea glauca (Moench)); one planted in a species trial with lodgepole pine, and the 

other naturally seeded after the Rosie Creek fire of 1983 near Fairbanks. At twenty years of age, all 

lodgepole pine sites achieved greater mean height (25-61%), diameter (37-75%), and volume (66-95%) 

than white spruce. The response of lodgepole pine to scenarios of climate change was predicted for all three 

regions using empirical relationships based on tree-ring analyses. Cores were obtained from lodgepole pme 

trees at five sites in Alaska, six sites in Iceland, and two sites in northern Sweden. Climate change scenarios 

from five global circulation models were used. Results indicate a negative response (reduced growth) to 

climate warming in the Fairbanks area, corresponding to a decrease in increment basal area of 50-356mm , 

depending on site and climate change scenario. Results indicate a positive response (increased growth) at 

two other interior Alaska sites near Delta and Glennallen, corresponding to an increase in increment basal 

area of 2-84mm2. Results for the Icelandic sites indicate a positive response at all but two sites, 

corresponding to an increase in increment basal area of 90-650mm2. Results for an east Icelandic site 

indicate a range of change in increment basal area of -19mm2 to 124mm2. Results for one of two sites near 

Reykjavik indicate a decrease in increment basal area of -7mm2 to -117mm2. Results for both Swedish sites 

indicate a positive response, corresponding to an increase in increment basal area of 61-259mm . Overall, 

lodgepole pine appears well-adapted to the present and modeled future environments of interior Alaska, 

Iceland, and northern Sweden. However, global change variables other than temperature were not 

considered in this study.

Introduction
The boreal forests of interior Alaska are mainly composed of six tree species, only four of which are 

commonly of commercial value across most of their distribution; white spruce (Picea glauca (Moench)), 

balsam poplar ( Populusbalsamifera), quaking aspen ( tremuloides Michx.), and paper birch

( Betulapapyrifera Marsh.) (Viereck and Little 1974). In effect, interior Alaska has only one commercial 

conifer; white spruce; although two other conifers also occur naturally; black spruce ( mariana) and



Alaska larch {Larix laricina). Yet in the northwestern range of Yukon Territory, Canada, at approximately 

the same latitude as Fairbanks, another commercial conifer, lodgepole pine ( contorta Dougl. Ex. 

Loud.), occurs within 50 miles of the Alaska border (Viereck and Little 1986). Lodgepole pine is one of 

seven non-native tree species introduced to interior Alaska on two species trials near Delta (Alden 1988).

Six pure lodgepole pine family and provenance trials were also established in or near Fairbanks, Delta, 

Glennallen, and Tok. Lodgepole pine was also planted on the Kenai Peninsula partly in response to a large- 

scale spruce forest die-off due to a spruce bark beetle epidemic (Spruce Bark Beetle mitigation Program). 

This study updates growth measurements of lodgepole pine in interior Alaska and compares the results with

growth measurements of native white spruce.
In addition to past performance of the species, this study evaluates the future growth potential of 

lodgepole pine in Alaska, as well as two other high latitude regions; Iceland and northern Sweden. Arctic 

and sub-arctic regions are expected to incur the greatest warming under climate change scenarios for the 

twenty-first century (Hassol 2004), with consequences for high latitude forests. Trees are expected to 

migrate under climate change scenarios (Shafer et al. 2001), and changes in distribution have been modeled 

for some species in the US (e.g. Iverson and Prasad 2001). Northward migration of boreal tree species is 

expected (Hassol 2004), however drought stress may become a factor (Juday et al. 1998 and Barber et al. 

2000). The northward migration of lodgepole pine began nearly 14,000 years ago (MacDonald and 

Cwnynar 1985), and a recent study suggests that lodgepole pine has not reached its geographic 

distributional limits (Johnstone and Chapin 2003). The rate of climate change may, however, require 

migration rates faster than those observed in past post-glacial times (Huntley 1991, Malcolm et al. 2002).

The human-aided movement of species is recognized as an important aspect of global change 

(Vitousek et al. 1996), and may provide an opportunity for mitigation of certain consequences of climate 

change (e.g. altered carbon budgets and fire regimes). Climate change influences the carbon budget by 

affecting disturbance regimes and the distribution of vegetation (Bachelet et al. 2001). Changes in fire 

regime are expected to cause a shift in forest types in the Canadian Arctic (Landhausser and Wein 1993), 

and in the boreal region in general (Kasischke et al. 1995). A recent study of white spruce in interior 

Alaska indicates that the future capacity of northern latitudes to sequester carbon may be less than 

previously thought as fast growing white spruce are affected by drought stress in connection with 

increasing temperatures (Barber et al. 2000). For these reasons, the introduction of a fast-growing, 

relatively drought resistant, fire-adapted pioneer species such as lodgepole pine may be desirable, allowing 

for continued forest cover in some regions during climate change.

The extended natural range of lodgepole pine demonstrates its ability to adapt to diverse climatic and 

topographical conditions. The botanical characteristics of lodgepole pine provide an advantage over other 

conifers in migration and colonization of new sites (Wheeler and Critchfield 1985). Lodgepole pine readily 

colonizes disturbed sites, particularly after fires. Cones are produced from a young age and small,
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lightweight seeds allow for long distance wind dispersal. Lodgepole pine reproduction tolerates stressful 

conditions such as high surface soil temperatures, extremely low air temperatures, water-saturated soils, 

and drought conditions better than most associated conifers (Volland 1985). Climate warming is expected 

to enhance wood production of lodgepole pine in northern British Columbia in the long-run, although the

adjustment period may take centuries (Rehfeldt et al. 2001).
This study uses height, diameter, and volume measurements of introduced lodgepole pine and native 

white spruce to compare the growth of the two species at various sites in interior Alaska. In addition, tree- 

ring analyses are used to identify the climate sensitivity of lodgepole pine in Alaska, Iceland, and northern 

Sweden, and evaluate the potential future growth under climate change scenarios for the 21 century. 

Together, these data provide an indication of the ability of lodgepole pine to adapt to high latitude 

environments.

Establishment o f lodgepole pine plantations
The first lodgepole pine provenance trial in Alaska was established in 1974 at T-Field Arboretum at the 

University of Alaska Fairbanks. Seeds were sown in 1971 and remaining trees had survived 32 growing 

seasons at the time of field measurements for this study (May 2004). Twenty-nine provenances were 

planted with the purpose of evaluating the potential of lodgepole pine as a commercial forest tree on an 

upland site typical of southern exposures in interior Alaska (Alden and Zasada 1983). Provenances ranged 

in latitude from 53°07’N in British Columbia to 63°18’N in Yukon Territory, Canada (Alden 1988). Nine- 

tree plots for each provenance were randomized in each of two replications. Early results of the trial 

indicated that provenances from above 60°N were best adapted to survival and growth in interior Alaska.

Results from the T-Field study were used to choose new seed collection sites in northeast British 

Columbia and Yukon Territory for further trials. In 1983 seeds were sown for four family and provenance 

trials that were planted in 1984; one in Bonanza Creek Experimental Forest, now a Long-Term Ecological 

Research (LTER) site near Fairbanks, two near Delta (Samuels Trial 1 and Brann’s tree farm), and one near 

Glennallen (Old Edgerton, partially planted in 1985) (Figure 5.1). Each trial was composed of eighteen to 

twenty provenances ranging from 57°N in Alberta to 63°N in Yukon Territory. The trials were established 

with the purpose of evaluating population and within population variation. Each provenance was 

represented by five to twelve randomized, open pollinated families. The Bonanza Creek trial represents ten 

replications of a twenty replication trial; the other ten replications were planted at another site (Rosie 

Creek) within the LTER, and were not evaluated for this study. The last family trials were established in 

1987 (seeds sown in 1986) near Delta (Samuels Trial 2) and Tok (not evaluated for this study). The same 

provenances, plus an additional seven, were planted from within the same latitudinal range (57-63°N), and 

layout design was the same.
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Two species trials were also established in 1984 (seeds sown in 1983) near Delta (Samuels and Brann’s 

Species Trials) that include four lodgepole pine provenances and four native white spruce provenances, as 

well as seven other species [Jack pine (Pinus banksiana), Scots pine (Pinus sylvestris), Limber pine (Pinus 

felxilis James), Alaska larch (Larix laricina (Du Roi) K. Koch), eastern and western Siberian larch (Larix 

sibirica Ledeb. and L.sukaczewii N. Dyl.), Norway spruce (Picea abies (L.) Karst), and European white 

birch (Betula verrucosa Ehrh.)] (Alden 1988). The lodgepole pine provenances ranged from northeast 

British Columbia to Yukon Territory, Canada (58-62° N). White spruce provenances in the same trial 

ranged from the Kenai Peninsula to Fairbanks, Alaska (60-65°N). One to five provenances for each of the 

nine species were randomized in 16-tree plots within each replication. Only Samuels Species Trial was 

evaluated for this study.
A stand of naturally seeded white spruce at a Bonanza Creek Long Term Ecological Research (LTER) 

site near Fairbanks (Reserve West) was established after the Rosie Creek fire of 1983. Measurements of 

white spruce at Reserve West were used in comparisons of growth with lodgepole pine.

FlG. 5.1 Site locations for lodgepole pine plantations measured in this jiuuj, ■ ■ *>-.« 
UAF campus (FIA/UAF), Bonanza Creek LTER (BNZ-AH), Samuels Trials I and II near 
Delta (SML), Brann’s in Delta (BRN), and Old Edgerton near Glennallen (GLN).
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Performance o f lodgepole pine under climate change scenarios

The distribution of vegetation at high latitudes is strongly influenced by temperature (Breckle 2002), 

and trees growing at their climatic limits provide information about variability in growth due to variability 

in climate (Fritts 1976). Trees respond to climatic variables that limit their growth, such as temperature and 

precipitation, with variable growth rings. Tree rings therefore hold information on a variety of 

environmental factors under which a tree has grown. Ring measurements of trees growing in 

environmentally stressful environments can often be used to reconstruct past climatic conditions.

Ring widths of trees near the upper latitudinal limits of their geographic range provide strong 

correlations with temperature, and reconstructions of past climate in Alaska have been done using white 

spruce (Barber et al. 2004, Jacoby et al. 1985). Where actual climate records are available, tree rings can

also be used to detect the climate sensitivity of trees by correlation of ring widths with climatic variables. 

Once climate sensitivity has been established, future growth of trees under climate change scenarios can be 

predicted. Patterns of consistency in year-to-year variation of climate and growth response are the basis of 

prediction.
Tree-ring measurements from five lodgepole pine plantations in interior Alaska, six plantations in 

Iceland, and two in northern Sweden were used to evaluate the response of lodgepole pine to climate 

change across high latitude regions to which it has been introduced. Together with analyses of past growth, 

prediction of the future growth of lodgepole pine can be used to inform forest management decisions, such 

as re- and afforestation.

Methods

Performance o f lodgepole pine plantations
Height and diameter of trees at one species trial and six lodgepole pine trials were measured in the 

summers of 2003 and 2004. Measurements were added to an existing database of past measurements taken 

at various intervals for each site. Site name, location, altitude, number of replications, number of trees 

planted, number and percent of trees remaining at last data collection (2003 or 2004), and site 

characteristics are shown in table 5.1. Heights were taken with a range pole or laser altimeter. Diameters 

were taken at breast height (dbh, ~137cm). Volumes were calculated following Massie et al's (1983) 

volume tables for the Yukon Territory. Statistical differences between species (at Samuels Species Trial), 

provenances, and sites were determined, as well as site by provenance interactions (SAS).

Surviving provenances that consistently performed within the top 50th percentile for all three 

measurement categories (height, dbh, and volume) were included in calculations of mean performance at 

each provenance study so that overall performance of the species was assessed using only the provenances 

best adapted to the environment of interior Alaska. At Samuels Species Trial all lodgepole pine and white 

spruce provenances were included in calculations of mean performance due to low sample size. At Reserve



West, white spruce trees that performed in the top 50th percentile were included in calculations of mean 

performance, as they are the trees most likely to become dominant in the emerging stand.

Comparisons of lodgepole pine and white spruce height growth over time were made using mean 

height calculations from sites with seeds sown in 1983; Bonanza Creek, Brann’s, Old Edgerton, Samuels 

Trial 1, and Samuels Species Trial. Comparisons of mean height after twenty growth seasons were made 

using the same trials, which were all measured in 2003, except Bonanza Creek, which was measured in 

2004. Mean height of lodgepole pine at Bonanza Creek was estimated for 2003 by subtracting one year s 

mean annual growth from the mean height in 2004. Mean annual growth was calculated by subtracting 

previous mean height measurements from 2004 measurements and dividing by the number of years 

between measurement intervals. Trees at T-Field were sown in 1971 and measured in 1991 (not for this 

study, Alden and Vachitis 1993), and were therefore also included in comparisons of height after twenty 

growth seasons. White spruce from a 1983 seed crop at Reserve West were measured in 2003 (not for this 

study, data available at http://www.lter.uaf.edu/data.cfm) and used in comparisons with lodgepole pine of

mean height after twenty growth seasons.
Mean dbh of lodgepole pine and white spruce after twenty growth seasons was compared using 

measurements from the same trials as above. At Bonanza Creek, Brann’s, and Reserve West dbh was 

measured in 2004 (after twenty-one growth seasons), and mean dbh in 2003 was estimated by subtracting 

one year’s mean annual growth, using the same method as above.

Mean volume was compared after twenty growth seasons using measurements from the same trials as 

above. Mean volume was calculated using actual height and dbh measurements of lodgepole pine at Old 

Edgerton, Samuels Trial 1, and Samuels Species Trial, and for white spruce at Samuels Species Trial. Mean 

volume of lodgepole pine at Bonanza Creek was calculated using estimated height and dbh measurements 

for 2003. Mean volume of lodgepole pine at Brann’s was calculated using actual height measurements and 

estimated mean dbh for 2003. Mean volume of white spruce at Reserve West was calculated using actual

height measurements and mean estimated dbh for 2003.

Seeds for Samuels Trial 2 were sown in 1986, so no direct comparisons of mean performance could be 

made with trials sown in 1983. Results for Samuels Trial 2 and T-Field (sown in 1971) at maximum age 

(18 growth seasons and 32 growth seasons, respectively) are reported separately.

Relationship o f lodgepole pine radial growth and climate
A minimum of ten trees were cored at four sites in Alaska; Bonanza Creek (BNZ-AH), Old Edgerton 

Glennallen (GLN), Samuels (SML), and T-Field (Figures 5.1 and 5.2). Two trees were also cored on the 

University of Alaska Fairbanks (UAF) campus. Cores were also taken from six sites in Iceland; Tumastadir 

(TUM) in the south, I ieiOmork 400m and Heidmork 75m (HEI, suffixes refer to altitude in meters) in the 

southwest, Barmahlid (BAR) in the west, Steinadalur (STE) in the southeast, and Hallormsatdur (HAL) in

http://www.lter.uaf.edu/data.cfm
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the east (Figure 5.3). Ten trees were cored at each site except for Barmahli3, where only five trees were 

available. In Sweden, ten trees each were cored at two different sites; Korselleberget (KOR) and Tobole 

(TOB) (Figure 5.4).
Whenever possible, penetrating cores were taken so that two ring width measurements were available 

for each year. When penetrating cores could not be taken, two cores from opposing sides of the tree were 

taken. Ring widths were measured and the two rings for each year averaged for a more accurate 

measurement of overall annual radial growth.

T a b l e  5.1. Site name, location, altitude, number of replications, number of trees planted, number and 
percent of trees remaining at last data collection, and site characteristics for lodgepole pine provenance and
species trials.

site
location
(°N °W)

altitude # of # trees # trees 
(m) rens. planted remaining %

site
characteristics

Bonanza Creek 64° 11’ 148° 18’ 237
Fairbanks

Brann’s 63° 58’ 145° 32’ 400
Delta

OldEdgerton 61°50’ 145° 10’ 400
Glennallen

Samuels Trial 1 64° 00’ 145° 33’ 375
Delta

Samuels Trial 2 64° 00’ 145° 33 375
Delta

Samuels Species 64° 00’ 145°33’ 375
Delta

T-Field 64° 52’ 147° 52’ 150
Fairbanks

10 2250 1603 71 deep upland loess soils

17 3240

20 3789

10 1913

942

2377 73 gravel soils formed on
glacial outwash or moraine

462 12a Copper River plateau,
lacustrine sediments

1677 88 all Delta sites were cleared
for agriculture in the 1960’s 
resulting in removal of the

464 49 organic soil horizon and
nutritional impoverishment

14 224 lpb 185 lp 83 lp nutritionally impoverished
224 wsb 164 ws 73 ws loess deposits

2 522 153 29 upland loess soils,
southern exposure, 

_____________ former agricultural land

a Mortality at Old Edgerton was high due to hare browsing. 
b Lodgepole pine is abbreviated as lp and white spruce as ws.

Tree rings were measured to the nearest micron, detrended for removal of age effects with ARSTAN 

(Cook et a l , 1992), and correlated against mean monthly temperatures of local climate stations. Pearson 

correlation coefficients were calculated for each site’s tree ring chronology versus mean monthly 

temperatures of the 36 months prior to the end of the growing season (August) in which cores were taken. 

The mean temperature of the combination of individual months with statistically significant (p<0.05) 

correlations with radial growth was calculated as the climate index for each site. Mean monthly 

temperatures were excluded from the temperature index if they offered little or no additional explanatory 

power. The resulting climate indices are thus parsimonious (have the greatest predictive power from the



fewest number of terms). Trees that correlated poorly with the climate index were excluded from further 

analyses if their exclusion significantly increased the correlation (no more than two trees were removed 

from each site).

ALASKA

LTER Vicinity

LTER VICINITY

Experimental 
I Forest Boundary

2 miles

(contour intervals 
250 ft.) W illow

Island

Se v e n m ife  
^  Island

Glenn Juday

    ff'1   Ill "I   1 1            " , |
FIG. 5.2 Site locations from which lodgepole pine increment cores were taken near 
Fairbanks, Alaska. For other locations see figure 5.1.
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0 25 50
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miles

FIG. 5.3 Site locations from which lodgepole pine increment cores were taken in Iceland.
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Performance o f lodgepole pine under climate change scenarios

The growth of lodgepole pine at each site was extrapolated into the 21st century by calculating the 

appropriate site specific predictive temperature indices from climate change scenarios produced from five 

general circulation models (GCM’s) (table 5.2). The scenarios used in this study are the same scenarios 

used in the Arctic Climate Change Impact Assessment (Kattsov and Kallen 2005). Ring widths were 

normalized using the subtraction method [(ring width - mean ring width)/(standard deviation)] to create a 

ring width index (rwi). The rwi and temperature index were graphed against time to provide a qualitative 

assessment of change in radial growth through the 21st century at each site.

T a b l e  5.2 General circulation models used to predict future growth of lodgepole pine in Alaska, Iceland,
and northern Sweden.____________________ ________________________________________ ____________
Abbreviation Model Climate Modeling Center
ccc
GFDL
HAD
NCAR
ECHAM

CGCM2 
GFDL-R30 c 
HadCM3 
CSM 1.4 
ECH AM4/OPY C3

Canadian Centre for Climate Modeling and Analysis, Canada 
Geophysical Fluid Dynamics Laboratory, USA 
Hadley Centre for Climate Prediction and Research, UK 
National Center for Atmospheric Research, USA 
European Centre Hamburg, Max-Planck Institute for 
Meteoroloev. Germany



Final increment growth at the end of the 21st century and change in increment growth throughout the 

21st century was quantified for each site using calculations of increment basal area. Basal area was 

calculated from raw ring width measurements (not detrended, as calculation of basal area removes the need 

for removal of age effects) using the formula Ttr2. Increment basal area was calculated by subtracting the 

previous year’s basal area from the current year’s basal area. Final increment basal area was calculated by 

averaging the final decade of the temperature index from GCM scenarios and plugging the result into the 

regression equation produced by a graph of increment basal area versus temperature index. Change in 

increment basal area was calculated by subtracting the final increment basal area from the mean basal 

increment area during the time series used for correlation analyses. This procedure was done for the two 

GCM scenarios that differed the greatest at each site (i.e. the greatest warming and the least warming or

most cooling).
Precipitation data was also obtained from local climate stations, however none of the tree ring 

chronologies correlated strongly with precipitation, and it is not included in predictive indices. The same 

phenomenon was found in Alaskan timberline trees that correlated positively with June temperatures, but 

not with precipitation (Giddings 1941).

Results

Performance o f lodgepole pine plantations
Surviving provenances at T-Field that measured in the top 50th percentile in all three measurement 

categories (height, dbh, and volume) after twenty growth seasons are shown in table 5.3. Surviving 

provenances that consistently measured the in the top 50th percentile at all other lodgepole pine trials were 

generally consistent across sites (table 5.4). Generally, provenances from above 60° N latitude measured 

the highest in all three categories. The consistency of provenance performance across sites was confirmed 

by a site by provenance interaction test that produced no statistically significant interactions (0.08 < p < 

0.82). Provenances that did not measure in the top 50th percentile for are listed in Appendix A.

There were a few partial exceptions to the general pattern of provenance performance. Most of the 

exceptions were associated with measurements taken at Old Edgerton and Samuels Trial 2. Provenance 6 

measured just below the 50th percentile in height at Brann’s and Samuels Trial 2, just below the 50th 

percentile in dbh at Bonanza Creek, and well below the 50* percentile in dbh at Samuels Trial 2. 

Provenance 10 measured just below the 50th percentile in height at Old Edgerton and dbh at Samuels Trial 

2, and well below the 50th percentile in height at Samuels Trial 2. Provenance 14 measured poorly at Old 

Edgerton (just below the 50th percentile in height and volume and well below the 50th percentile in dbh), but 

otherwise measured consistently in the top 50th percentile at all other sites. Provenance 15 also measured 

slightly worse at Old Edgerton than the other sites (just below the 50th percentile in dbh and volume), but
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otherwise measured above the 50th percentile in all other categories and at all other sites. Provenance 18 

also fell well below the 50th percentile at Old Edgerton in height and dbh.

Provenance 20 measured consistently in the top 50th percentile where it was planted, and had the 

highest overall survival. However, it was not planted at Bonanza Creek or Old Edgerton. Three of the seven 

provenances that were planted only at Samuels Trial 2 (provenances 21,22, and 23) measured in the top 

50th percentile at that site (table 5.5). Because they were not planted at the other sites, data from these 

provenances was not used in calculations of mean performance of the best provenances.
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Table 5.3 Number, name, location, altitude, number of trees planted (N), number of trees remaining at last 
data collection (n), and percent survival of lodgepole pine provenances that measured in the top 50 
percentile in height, dbh. and volume at T-Field Arboretum.-----------------------------------  _

No. provenance location altitude (m) N n % survi'
58°40’N 124°10’W 762 18 14 78
59°03’N 125°46’W 853 18 12 67
62°14’N 132°18’W 671 18 15 83
63°18’N 136°28’W 875 18 13 72
60°41’N 136°11’W 747 18 11 61
58°32’N 122°42’W 457 18 15 83
58°39’N 124°46’W 1173 18 10 56
57°23’N 117°33’W 716 18 14 78

28 Tetsa River
29 Muncho Lake
32 Carmacks
33 Ethel Lake
34 Takhini River
38 Jackfish Creek
66
141

Stone Mountain 
Hawk Hills

T a b l e  5.4 Number, name, location, altitude, number of trees planted (N), number of trees remaining at last 
data collection (n), and percent survival of lodgepole pine provenances that consistently measured in *he t°p 
50th percentile in height, dbh, and volume at sites with seeds sown in 1983 (Bonanza Creek, Brann s, Old 

i Samuels TrialEdgerton. and I 
No. provenance

J L
location altitude (m) N n % survivaL

6 Watson Lake, Yukon
10 Ross River, Yukon
11 Frenchman Lake, Yukon
14 Minto, Yukon
15 Ethel Lake, Yukon
16 Rusty Creek, Yukon
17 Mayo, Yukon
18
20

Gravel Lake, Yukon 
Sauanga Lake, Yukon

60°08’N 129°30’W 760-850 658 337 51
62°10’N 133°30’W 730-850 694 436 63
62°05’N 135°35’W 760 729 453 61
62°30’N 136°42’W 520-790 743 470 63
63°15’N 136°22’W 640-1010 860 544 63
63°29’N 136°28’W 610-760 753 461 61
63°33’N 136°12’W 520-580 797 497 62
63°57’N 138°38’W 670-700 228 139 61
60°27’N 133°30’W 760 299 250 86

T a b l e  5.5 Number, name, location, altitude, number of trees planted (N), number of trees remaining at last 
data collection (n), and percent survival of lodgepole pine provenances that consistently measured in the top 

. dbh. and volume, and were only planted at Samuels Trial 2. —50th percentile in height.
No. provenance location altitude (m) N n % survival

7421 Vancouver Creek, Yukon
22 Steward Crossing, Yukon
23 Fireside. British Columbia

63°40’N 137°01’W 610 39 29
63°24’N 136°49’W 470 38 30 79
59°41’N 127°23’W_______ 800________ 33 16______48_

\



Mean height growth of lodgepole pine established in 1983 was consistently greater for twenty years 

following establishment than that of both planted and naturally established native white spruce germinated 

in the same year (figure 5.5). Lodgepole pine achieved 25-61% greater height after twenty growth seasons 

than native white spruce (figure 5.6a). Mean height of the top 50th percentile of lodgepole pine provenances 

ranged from 4.3-7.3m. Mean height of the top 50th percentile of naturally established native white spruce 

trees at Reserve West was 2.9m. Native white spruce planted at Samuels Species Trial averaged 3.3m, 

whereas lodgepole pine at the same site averaged over 1.8 times as great (6.1m).

Lodgepole pine achieved 37-75% greater dbh after twenty growth seasons than both planted and 

naturally established native white spruce (figure 5.5b). Mean dbh of the top 50th percentile of lodgepole 

pine provenances ranged from 6.7-11.2cm. Mean dbh of the top 50th percentile of naturally established 

native white spruce trees at Reserve West that had achieved breast height was 2.8cm. Native white spruce 

planted at Samuels Species Trial averaged 4.2cm, whereas lodgepole pine at the same site averaged over

2.2 times as great (9.3cm).
Lodgepole pine achieved 66-95% greater volume after twenty growth seasons than both planted and

naturally established native white spruce (figure 5.5c). Mean volume of the top 50th percentile of lodgepole

pine provenances ranged from 0.0099-0.0332m3. Mean volume of naturally seeded white spruce at Reserve

West was 0.0009m3. White spruce planted at Samuels Species Trial averaged 0.0034m3, whereas lodgepole

pine at the same site averaged nearly six times as great (0.02m ).
An additional twelve years of growth data were available for lodgepole pine at T-Field. Mean height of 

the top 50th percentile of surviving provenances at T-Field in 2003 (after 32 growth seasons) was 12.2m, 

mean dbh was 16.8cm, and mean volume was 0.1359m3.
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FIG. 5.5 Mean height growth of lodgepole pine and white spruce established 
in 1983 with standard error. Past lodgepole pine data made available from 
Alden 1988. White spruce data from Reserve West are available on the 
Bonanza Creek LTER website http://www.lter.uaf.edu/data.cfm

http://www.lter.uaf.edu/data.cfm


FIG. 5.6 Mean height (a), dbh (b), and volume (c) of lodgepole pine and 
white spruce after twenty growth seasons with standard error. White spruce 
data from Reserve West are available on the Bonanza Creek LTER website 
http://www.lter.uaf.edu/data.cfm
♦White spruce at Reserve West are a component of a natural mixed stand.

http://www.lter.uaf.edu/data.cfm
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Mean height of the top 50th percentile of surviving provenances at Samuels Trial 2 in 2003 (after 

seventeen growth seasons) was 4.5m, and mean dbh in 2004 (after eighteen growth seasons) was 8.3cm. 

Mean dbh in 2003 was estimated using the methods described above, and was 7.7cm. Estimated mean 

volume in 2003 was calculated using actual height and estimated dbh in 2003, and was 0.0114m .

Relationship o f lodgepole pine radial growth and climate
Location of sites from which increment cores were taken for tree ring analyses are shown in table 5.6. 

Specific features of the correlations of radial growth to temperature indices are shown in table 5.7.

T a b l e  5.6 L ocation  o f  sites from  w hich  increm en t co res w ere taken
in Alaska. Iceland, and northern Sweden.-----------------------------------

site location
Alaska Bonanza Creek 64° 11 ’N 148° 18’W

Old Edgerton 61°50’N 145° 10’W
Samuels 64° 00’N 145°33’W
T-Field 64° 52’N 147° 52’W
UAF 64° 30’N 147° 20’W

Iceland TumastaSir 63°44’N 20°03’W
Steinadalur 64°25’N 15°46’W
HallormsstaQur 65°05’N 14°45’W
BarmahliQ 65° 33’N 22°05’W
HeiQmork 400m 64°03’N 21°52’W
Heiflmork 75m 64° 03’N 21°52’W

Sweden Korselleberget 64° 20’N 16°21’E
Tobole 63°37’N 19°15’E

All sites from which cores were taken were situated above 61°N, and all but two (Old Edgerton in 

Alaska and Tobole in Sweden) were above 64°N (table 5.6), which is approximately the northern latitudinal 

limit of the natural distribution of lodgepole pine. Measurable tree rings generally extended from the late 

1980’s to the early 1990’s (12 to 16 years) (table 5.7). Only the limited number of trees at T-Field and UAF 

extended the Alaskan lodgepole pine growth record into the late 1960’s and early 1970’s. Icelandic 

lodgepole pine sites provided ring series of twenty-two to forty-seven years in length. Swedish lodgepole 

pine core samples covered the second half of the 20th century. Eight to thirteen trees were used in final 

analyses at each site, except at UAF in Alaska (only two trees available) and Barmahlia in Iceland (only 

five trees available and four trees used in analyses) (table 5.7). Correlation scores between ring width and 

temperature indices fell between a minimum of 0.40 and a maximum of 0.79 (absolute values).

At three Alaskan sites (Bonanza Creek, T-Field, and UAF) and one Icelandic site (Heiamork 75m) 

temperature indices were negatively correlated with ring widths, while at all other sites the correlation was 

positive (table 5.7). A positive correlation indicates a larger ring in response to a warmer temperature 

index. A negative correlation score indicates a smaller ring in response to a warmer temperature index.
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TABLE 5.7 Characteristics of tree ring analyses for each site; temperature index, correlation between mean 
detrended ring width and temperature index, p-value, length and years in the time series used in correlation 
analyses, year of seedling germination, age of trees at first and last year in the time series, and number of 
trees included and excluded from the sample for correlation analyses,  -

site
temperature

index3

length of
series

corr. p-value (years) series
germin- 
ation age

# in- # ex
cluded eluded

Alaska
Bonanza Cree 
Old Edgerton 
Samuels 
T-Field 
UAP

March, December-1 
September-1, August-2 

April, August-1 
April-1, April-2

Iceland
Tumastadir August, February-2
Steinadalur May, December-3 
Hallormsstadur March-1, March-2 
Barmahlid May-1
Heidmork 400m July, February-2 
Heidmork 75m February, February-1

Sweden
Korselleberget February, May 
Tobole_______ January, February

-0.74 0.00233 15 1989-2003 1983 6/20 9 1
0.73 0.00455 12 1992-2003 1983 9/20 13 2
0.79 0.00028 16 1988-2003 1983 5/20 12 1

-0.63 0.00016 31 1973-2003 1958b 15/45 9 1
-0.59 0.00051 35 1969-2003 UN0 UN 2 0

0.63 0.00040 29 1974-2002 1961 13/41 9 1
0.40 0.04988 27 1976-2002 1961 15/26 9 1
0.52 0.00017 47 1956-2002 1936 20/66 9 1
0.67 0.00650 22 1981-2002 1961 20/41 4 1
0.53 0.00204 31 1972-2002 1954 18/48 10 0

-0.46 0.00387 38 1965-2002 1954 11/48 9 1

0.42 0.00090 60 1943-2002 1926 17/76 10 0
0.60 0.000002 53 1950-2002 1929 21/73 8 2

M ontns one, tw o, ana tnree years pnui iu uic y ^ a i ui lu iiuauui.   —  r
b Trees cored at the T-Field Arboretum are not the same trees measured for height and dbh. Cored trees 
were established in 1958 and transplanted from a garden to the T-Field Arboretum in 1964. 
c Unknown

Correlations were calculated using detrended ring widths, and all were significant at p—0.05, and all but 

one (Steinadalur) at p=0.01. Months included in the temperature index varied from site to site, with mean 

monthly temperatures during the late winter-early spring boundary (April/May), the late summer-early 

autumn boundary (August/September), and winter in general (December, January, February, March) the 

most important in determining radial growth overall. It is not uncommon for radial growth of northern trees 

to be related to temperatures in autumn, late spring, and summer (e.g. Mikola 1962, Fritts 1976).

Radial growth at Alaskan sites was most influenced by spring and autumn temperatures, except at Old 

Edgerton, where winter months correlated the highest with ring width (table 5.7). At Samuels, where only 

autumn months were included in the temperature index, ring widths also correlated negatively with spring 

temperatures (-0.51, May). However, including May in the temperature index did not increase the 

correlation score. Ring widths of lodgepole pine planted in the Fairbanks area (Bonanza Creek, T-Field, 

and UAF) were significantly negatively correlated with their respective temperature indices. At Samuels 

near Delta and Old Edgerton near Glennallen, ring widths were significantly positively correlated with their 

respective temperature indices.



Icelandic temperature indices were more typically composed of winter months than Alaskan indices 

(table 5.7). BarmahliQ was the only Icelandic site where ring widths were not significantly correlated with 

at least one winter monthly temperature. Heidmork 75m was the only site with ring widths that were 

significantly negatively correlated with winter temperatures. At all other Icelandic sites, ring widths were 

significantly positively correlated with at least one winter monthly temperature, and at some sites a second 

non-winter monthly temperature. All Alaskan and Icelandic sites were significantly correlated with at least 

one month from the two years prior to the year of ring formation (and in one case, Steinadalur, December 

three years prior). Swedish temperature indices included mean monthly temperatures from winter and early 

spring of the year of ring formation only. Ring widths at both Swedish sites were positively correlated with 

February temperatures. Ring widths at Tobole were also positively correlated with January temperature and

ring widths at Korselleberget with May temperature.
Negative correlations at Bonanza Creek, T-Field, and UAF indicate that lodgepole pine at these sites 

are likely to respond to climate warming with decreased radial growth, assuming that the relationships 

between radial growth and mean monthly temperatures of the past several decades are maintained.

However, tree ring analyses of native white spruce at ten productive, low elevation sites in interior Alaska 

show a much stronger decrease in radial growth with increased temperature index (figure 5.7, data adapted 

from Barber et al. 2000). Figure 5.7 shows a necessary increase of only 4-8°C in mean summer temperature 

(May through August) to result in zero growth of native white spruce, according to the regression line. In 

contrast, an increase of 12-32° C would be required in the temperature index of lodgepole pine for the 

regression line to reach zero growth (figure 5.8). Furthermore, analyses of two interior Alaskan sites 

outside the Fairbanks area (Samuels near Delta and Old Edgerton near Glennallen) show a positive 

relationship between ring width and temperature index (table 5.7), indicating an increase in radial growth at

those sites in response to climate warming.
Apparent outliers at T-field and UAF are depicted with a square and circled in red (figure 5.8). In both 

cases, the temperature index predicted greater radial growth than was observed. At T-Field the outlier 

occurred in 1993. The temperature index for T-Field includes April of the year of ring formation and 

August of the previous year. Therefore, a possible explanation was sought in unusual climatic variables of 

or around April 1993 and August 1992. April 1993 was the second warmest April in the 101-year 

Fairbanks temperature record (National Climatic Data Center). August 1992 temperatures were average, 

however 1992 had the shortest snow-free season in Fairbanks on record (May 20 to September 12). Record 

low temperatures occurred on September 9 and 10 (24° F and 18° F, respectively), resulting in one of the 

most abrupt ends of the growing season on record (National Climatic Data Center). Stress caused by early 

freeze at the end of the 1992 growing season may have carried over into the 1993 growing season, causing 

lower than expected radial growth.
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FIG. 5.7 Negative relationship of detrended ring width and temperature 
index for white spruce at ten productive, low elevation sites in interior 
Alaska (data adapted from Barber et al. 2000, radial growth measurements 
from 1911-1996, n=169).

At UAF, the outlier occurred in 1996. The predictive temperature index for UAF includes April of the 

previous year and two year prior to the year of ring formation. Therefore, a possible explanation was sought 

in unusual climatic variables of or around April of 1995 and 1994 in Fairbanks. A four day streak of record 

high temperatures (80°F, 84°F, 88°F, and 79°F on May 9-12) were recorded in 1995 (National Climatic 

Data Center). These warm days may have reduced radial growth for the year to lower than predicted by 

causing drought stress in the trees.

Performance o f lodgepole pine under climate change scenarios
Two of five climate scenarios that differed the greatest in slope of temperature trend (greatest warming 

versus least warming or most cooling) are graphed against ring width in figures 5.9-5.13. Regression lines 

demonstrate the range of possible future radial growth of the trees at each site. Mean ring widths are 

represented by a red dashed line, the upper scenario with a solid black line, and the actual temperature

during the series and lower scenario with a solid gray line.
Mean increment basal area (see methods) during the times series used in correlation analyses ranged 

f r o m  71 l-1576mm2 in Alaska, 691-1246mm2 in Iceland, and 1049-1636mm2 in Sweden (table 5.8). Also 

given in table 5.8 are the sign of the slope of the regression line through the graph of ring width index 

versus temperature index scenarios, mean and standard deviation (stdev) of increment basal area during the 

time series, calculated final increment basal area and change in increment basal area for the 21st century. 

The five GCM scenarios used in analyses (table 5.2) produce decreased radial growth of lodgepole pine in 

the Fairbanks area of Alaska (figure 5.9), and increased radial growth at sites near Delta and Glennallen



(figure 5.10). Regressions produce a decrease in increment basal area of 72-137mm2 at Bonanza Creek, 

276-356mm2 at T-Field, and 50-75mm2 at UAF (table 5.8). Regressions produce an increase in increment 

basal area of 2-33mm2 at Old Edgerton near Glennallen and 42-84mm2 at Samuels near Delta (table 5.8).

T a b l e  5.8 Characteristics of climate scenario analyses for each site; name, sign of slope of regression 
through graph of ring width index versus temperature index scenarios, mean and standard deviation (stdev) 
of increment basal area (iba) during the time series, calculated final increment basal area and change in

i for the 21st c e n t u r y . ___________________________________________________ -increment basal area 1

site sign of slope
mean iba

(mm2) stdev
final iba

(mm2)
change in iba

(mm2)

Alaska 
Bonanza Creek 
Old Edgerton 
Samuels 
T-Field 
UAF

+
+

916
711
1548
1576
1407

387
429
873
419
412

779 - 844
713-744
1590-1632
1220-1300
1332-1357

-72 to -137 
2 to 33 

42 to 84 
-276 to -356 

-50 to -75

Iceland 
Tumastadir 
Steinadalur 
Hallormsstadur 
Barmahlid 
Heidmork 400m 
I leidmork 75 m

Sweden 
Korselleberget 
Tobole

+
+
-/+
+
+

+
+

758
711
1246
691
940
763

1049
1636

260
344
331
453
295
260

211
309

875 - 903
1041-1261
1227-1370
1114-1341
1030-1091
646 - 756

1110-1186
1831-1895

117 to 145 
330 to 550 
-19 to 124 
423 to 650 

90 to 151 
-7 to -117

61 to 137 
195 to 259

Scenarios produce increased radial growth of lodgepole pine at all but two Icelandic sites (5.11 and 

5.12). Scenarios produce a range of change in radial growth at Hallormsstadur, and decreased radial growth 

at Heidmork 75m (figures 5.11 and 5.12). Regressions produce an increase in increment basal area of 117- 

145mm2 at TumastaOir, 330-550mm2 at Steinadalur, 423-650mm2 at Barmahlid, and 90-151mm2 at 

Heidmork 400m (table 5.8). Regressions produce a range of change in increment basal area of -19-124mm 

at Hallormsstadur and a decrease in increment basal area of 7-117 at Heidmork 75m (table 5.8). Scenarios 

produce increased radial growth at both Swedish sites (figure 5.13). Regressions produce an increase in 

increment basal area of 61-137mm2 at Korselleberget and 195-259mm2 at Tobole (table 5.8).

Discussion
Performance o f lodgepole pine plantations

A single population of lodgepole pine is able to grow on only a portion of the environmental 

gradient occupied by the species as a whole (Rehfeldt et al. 1999). Therefore, identifying seed sources best 

adapted to the interior Alaskan environment is important for successful introduction of the species.





The best performing of the surviving provenances were generally consistent across sites evaluated 

for this study and suggest that seed sources above 60°N latitude are best adapted to the environmental 

conditions of interior Alaska. These results are consistent with those reported for Delta and Old Edgerton 

after ten growth seasons (Alden 1993). Evaluations done at T-Field from 1973-1991 further suggest that 

mean annual temperature is important in selecting provenances, and that seed sources north of the mean 

annual isotherm of 0°C were best adapted to interior Alaska (Alden and Vachitis 1993).

Differences in mean performance between sites were statistically significant (p<0.0001). Mean height 

after twenty growth seasons differed significantly, in decreasing order, at Samuels Trial 1 (6.1m), Old 

Edgerton (4.6m), and Brann’s (4.3m). Mean dbh after twenty growth seasons at Samuels Tnal 1 (8.9cm) 

was significantly greater than at Old Edgerton (6.7cm). Mean dbh after twenty-one growth seasons at 

Bonanza Creek (10.2cm) was significantly greater than at Brann’s (8.2cm). It is not surprising that trees at 

Bonanza Creek performed well due to the high quality of soils at that location (deep loess, see table 5.1). 

Likewise, it is not surprising that trees at Brann’s performed less well due to the lower quality of soils at 

that site (gravel soils formed on glacial outwash or moraine, table 5.1). Trees at Old Edgerton performed 

poorly partly due to a high level of hare browse of the seedlings. Even after twenty growth seasons 

surviving trees showed signs of hare browse (clipped branches, stripped bark). This may also partially 

explain the anomalous results in provenance performance at Old Edgerton. The absence of provenance 20 

from this trial may account for its higher overall survival than other top 50th percentile provenances.

Lodgepole pine outperformed both planted and naturally seeded native white spruce in mean height, 

dbh, and volume in this study. However, height of white spruce after ten growth seasons reported by 

Hollingsworth (2002) at two sites in Bonanza Creek Experimental Forest was similar to that of lodgepole 

pine measured in this study. This suggests that site differences influence juvenile growth of white spruce as 

well as lodgepole pine. Managed white spruce stands (with site preparation and appropriate spacing) on 

favorable sites may exhibit higher juvenile growth rates than those measured in this study. However, 

lodgepole pine was not planted on the sites investigated by Hollingsworth, and therefore it is unknown how

lodgepole pine would have performed at the same site.
Results of this study are consistent with those reported by Alden (in press), where lodgepole pine 

achieved 2-6 times greater volume than native white spruce of the same age (17-36 growth seasons) planted 

on the same sites (8 sites in interior Alaska including T-Field and Samuels, evaluated for this study). 

However, Alden predicts that white spruce growth rates on high quality upland sites in Alaska will surpass 

lodgepole pine at 35 years of age. In British Columbia, where the two species co-exist naturally, white 

spruce eventually displaces lodgepole pine in the absence of disturbance such as fire and overtakes 

lodgepole pine in height after 88-130 years (Eis et al. 1982).
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Fig . 5.10 Relationship of detrended ring width and temperature index for 
lodgepole pine in interior Alaska; (a) Old Edgerton, and (b) Samuels.

It should be emphasized that differences between sites pointed out earlier make comparisons of growth 

mperfect. Growth for the first twenty years at T-Field was compared to that at the other sites although the 

>eriod of growth was 1971-1991 at T-Field and 1983-2003 for the others. Growth of all lodgepole pine and 

vhite spruce at Samuels Species Trial was compared to the growth of only the top 50th percentile of 

odgepole pine provenances at the other sites due to the small sample size at Samuels Species Trial. Finally, 

vhite spruce at Reserve West were naturally seeded and their growth was compared to planted lodgepole 

line and planted white spruce at the provenance and species trials.
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FIG. 5.13 Relationship of detrended ring width and temperature index for 
lodgepole pine in northern Sweden; (a) Korselleberget and (b) Tobole.

Performance o f lodgepole pine under climate change scenarios

Studies that assume or suggest that trees in high latitude regions will respond to climate warming with 

increased growth are not uncommon in the scientific literature (e.g. Giddings 1942, Jacoby et al. 1985,

Saxe et al. 2001). However, recent studies of high latitude forests partially contradict such assumptions. 

Although warming in the second half of the twentieth century has been associated with increased radial 

growth in the relatively wet Alaska Range, decreased growth was observed at two relatively dry tree-line 

sites in the White Mountains and the Seward Peninsula of Alaska (Lloyd and Fastie 2002). White spruce on 

ten productive low elevation sites in interior Alaska responded negatively to warm summers (Barber et al. 

2000). High elevation tree-line white spruce in the Brooks and Alaska ranges of Alaska show mixed 

sensitivities to climate (Wilmking 2003). Future radial growth is also expected to decline another boreal 

species, paper birch (Betula papyriferd),with increased summer temperatures. Also, early and late summer



temperature warming of 2-4°C would probably result in elimination of some black spruce {Picea mariana) 

populations in Alaska (Fitzgerald and Barber 2003). Scots pine in Scandinavia also showed a negative 

growth trend during the warming of the last few decades of the 20* century (Juday et in press).

The response of lodgepole pine to climate change in British Columbia, Canada - within its natural 

range - will likely be population-specific, depending on the climatic optimum to which each population is 

adapted (Rehfeldt et al. 1999). Northern populations are expected to be the least adversely effected by 

climate warming, as they occupy sites much colder than their optimum growing conditions. Results of this 

study indicate that radial growth of lodgepole pine in the Fairbanks area will decrease in response to 

climate warming. However, radial growth of lodgepole pine will increase in Delta and Glennallen. Various 

factors may contribute to this variable growth response. Trees in the Fairbanks area (at Bonanza Creek, T- 

Field, and UAF) are negatively correlated with spring temperatures, and may be stressed by a lack of 

unfrozen water in the ground in April and May as they begin to photosynthesize earlier in response to 

warmer spring temperatures. Similarly, it may not be warm temperatures directly, but drought stress that 

negatively affects trees in the late summer-early autumn months at Bonanza Creek and T-Field. Lodgepole 

pine growing on sites with higher levels of growing season precipitation could therefore be expected to be 

less negatively impacted by warm spring and autumn months than trees on sites with lower levels of 

precipitation. Examination of precipitation data is consistent with this interpretation. Samuels is the only 

site positively correlated with autumn temperatures and received 18% more precipitation annually than 

Fairbanks and 56% more precipitation during the growing season (May-August) during the period 1960-

1998 (National Climatic Data Center).
Precipitation in the Arctic and sub-Arctic is expected to increase under climate change scenarios 

(Hassol 2004). However, increased evaporation from warming may more than offset precipitation and soils 

may become drier (Parson et al. 2001), contributing to increased levels of drought stress. The importance of 

precipitation in radial growth has been noted in tree-ring studies of various boreal species. In a study by 

Lloyd and Fastie (2002) of arctic and alpine tree-line trees in Alaska, trees in the relatively dry White 

Mountains and Seward Peninsula regions showed decreased radial growth with climate warming in the 

second half of the twentieth century, whereas tree-line trees growing in relatively wet sites of the Alaska 

Range showed increased radial growth during the same period. The same explanation of climatic control 

(drought stress) of growth has been suggested for white spruce that are negatively correlated with summer 

temperatures on productive low elevation sites in interior Alaska (Barber et al. 2000). Also, radial growth 

of white spruce at its southern distributional limit in Manitoba, Canada was positively correlated with 

summer and autumn precipitation levels of the year prior to ring formation (Chhin et al. 2004). Similarly, 

radial growth of another boreal tree, black spruce ( Pice mariana), at both the northern and southern limits 

of the boreal forest in Canada was favored by cooler and wetter conditions (Brooks et a l  1998). In the 

same study, radial growth of Jack pine {Pinus banksiana Lamb.), a species closely related to lodgepole
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pine, was favored by warm temperatures and spring precipitation. Radial growth of six boreal conifers in . 

northwestern Quebec, including two species also found in Alaska (white and black spruce), as well as Jack 

pine, was positively correlated with warm April and cool-wet July (Tardif and Conciatori 2001). In the 

same study, radial growth of the deciduous boreal species paper birch ( ), which is also

found in Alaska, was mainly correlated with June precipitation.

Precipitation has also been shown to be important to radial growth of conifers in Europe (e.g. Rolland 

1993). Results of this study indicate that climate warming similar to that produced by the climate change 

scenarios will generally benefit the growth of lodgepole pine introduced to Iceland and northern Sweden. 

Only one Icelandic site showed a negative growth trend in the 21st century in response to climate warming.

It is unclear why radial growth at Heiamork 75m would be negatively correlated with winter temperatures, 

while all others are positively correlated with winter temperatures (except for Barmahlid, which is not 

significantly correlated with winter temperatures at all). Higher levels of precipitation at the Icelandic sites 

than the Fairbanks area of Alaska (4526% at Tumastadir, 4862% at Steinadalur, 2865% at Hallormsta5ur, 

2569% at Barmahlid, and 2933% at Heidmork 75m and Heidmork 400m during the period 1960-1998; data 

from the National Climatic Data Center and the Icelandic Meteorological Office), and therefore less danger 

of drought stress, may account for lack of a negative correlation with spring and autumn temperatures like 

that found in the Fairbanks area. From a limited sample of two populations in northern Sweden, it appears 

that radial growth of lodgepole pine increase in response to climate warming. Precipitation at the Swedish 

sites is also much higher than the Fairbanks area (2080% at Korselleberget and 1931% at Tobole during the 

period 1960-1998; data from the Swedish Meteorological and Hydrological Institute).

It was not surprising to find that at many sites ring widths were significantly correlated with mean 

monthly temperatures from one and two years prior to the growing season. Ring-width chronologies of 

many tree species are known to respond to climate signals over more than a year, with lags of one, two, and 

three years (e.g. Mikola 1962, Fritts 1976, Cropper and Fritts 1981, Rolland 1993, Chhin et 2004). The 

lag effect is most pronounced in trees growing near the timber line, where poor growth often occurs in the 

year following a climatically unfavorable year (e.g. Scots pine in Finland) (Mikola 1962).

Conclusions
Temperatures at high latitudes are expected to continue to rise through the 21s' century (Parson et al. 

2001, Hassol 2004), and introduced species may provide an alternative to decreasing populations of native 

trees. Rehfeldt et al. (1999) suggest that maintaining forest productivity in British Columbia under climate 

change scenarios will require human intervention to assist the migration of tree genotypes to the most 

suitable climates. The same is likely true for Alaska. Lodgepole pme has a large natural range and is 

adapted to a variety of environments. Results of this study suggest lodgepole pine will be less negatively 

impacted than native white spruce by climate warming, and will even respond positively to warming in
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areas that receive enough precipitation to avoid drought stress. Lodgepole pine may therefore be a good 

choice for re- and afforestation. Under strong climate warming conditions, and where the goal is to 

maintain forest cover, the introduction of lodgepole pine would be a reasonable management option.

Forest vegetation responds to a number of climatic variables, and future composition of forest species 

will likely be determined by a complex response of a number of tree species and the interactions between 

them (Prentice et al. 1991). In general, increases in temperature are linked to drought, fire frequency, 

nutrient availability, and air pollutants (Saxe et al. 2001). Recent warming in Alaska has been accompanied 

by increases in forest disturbances such as insect attacks (Parson er al. 2001). These and other changes, 

such as the frequency and intensity of forest fires, geographic distribution of forest pests and pathogens, 

snow cover, and extent of permafrost will influence the future boreal forest of Alaska and other high 

latitude regions (Juday et al. 1998, Hassol 2004). This study does not address variables other than 

temperature. However, climatic adaptation may be the most important component in the evolution of boreal 

tree species (Saxe et al. 2001), and this study provides a basis for evaluation of one conifer that may prove 

well-adapted to future climate conditions in Alaska, Iceland, and northern Sweden.

The largest and healthiest trees in young plantations were selected for tree-ring analysis in this study. 

However, the provenances that ultimately would be best adapted to the environment of interior Alaska may 

not be completely revealed by selection on the basis of high rates of juvenile growth. Further studies could 

confirm the best lodgepole pine provenances for introduction into interior Alaska based on the performance 

of the species in later growth stages, the potential importance of hidden adaptive traits, evaluation of non- 

continuous data (e.g. environmental injuries, pest resistance, vigor, and growth traits such as forking), and 

stability of growth over time (i.e. provenance by time interaction tests). In order to estimate possible gam 

from natural and artificial selection from heritability, the performance of individual families of lodgepole 

pine would need to be evaluated to determine variation within provenances. These analyses would provide 

stronger conclusions about the adaptation and long-term success of lodgepole pine in interior Alaska.
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6. Su m m a r y  a n d  C o n c l u s io n s

The overall significance and contributions of this thesis are summarized as follows:

1.) Lodgepole pine (Pinuscontorta Dougl. Ex. Loud.), a non-native tree species to the three high latitude 

regions considered in this study (Iceland, northern Sweden, and interior and south-central Alaska), shows 

promise in all three regions as a fast growing conifer. Growth measurements of lodgepole pine plantations 

in Alaska show provenances above 60°N latitude to be superior in height, dbh, and volume to local seed 

sources of the native commercial conifer, white spruce (Picea glauca (Moench)).

2.) Interviews reveal both concerns about and perceived benefits from the introduction of lodgepole pine to 

Alaska, Iceland, and Sweden among professionals including foresters, forestry enthusiasts, 

environmentalists, ecologists, and other scientists. Specific concerns include the spread of the species into 

the broader ecosystem, the introduction of associated pests and pathogens, changing habitat for native flora 

and fauna, and changing fire regime. Specific benefits include fast juvenile growth, which allows for forest 

establishment following spruce forest die-off due to a spruce bark beetle and other epidemics, as well as a 

short rotation period for timber harvest.

3.) A mail-out-survey to randomly selected individuals in Fairbanks and Anchorage reveals a general 

concern about the introduction of non-native tree species, particularly when done on a large scale. Results 

indicate that scientific studies confirming that the introduced species does not pose a risk to the native 

Alaskan flora and fauna would assuage public concern, as would demonstration of economic gain.

4.) Tree-ring analyses indicate that lodgepole pine will continue to grow relatively well in Alaska, in 

comparison with white spruce, if the climate warms in the manner predicted by the five general circulation 

models used in this study. Results indicate that growth of lodgepole pine in the Fairbanks area will decrease 

in response to climate warming, possibly due to drought stress. However, results indicate that growth of 

lodgepole pine will increase in Delta and Glennallen; two interior Alaskan sites with higher levels of 

precipitation than Fairbanks. Results indicate that growth of lodgepole pine at all but one site in Iceland and 

both sites in northern Sweden will increase throughout the 21 century.



Appendix A
Demographic information collected for the mail-out survey were categorized and coded as follows for 

analysis. Results did not differ significantly among categories and all respondents were therefore treated as 

a single population.

Age:

1 = 18-25

2 = 26-35

3 = 36-55

4 = 56 and over

Personal Yearly Income:

1 = under $25,000

2 = $25,001 -  $50,000

3 = $50,001-$100,000

4 = over $100,000

Residence:

1 = rural

2 = urban

Gender:

1 = male

2 = female

Profession:

1 = general government

2 = education/research

3 = business/retail

4 = resource management (public or private)

5 = native corporation

6 = agriculture

7 = professional (legal, engineering, etc.)

8 = self employed

9 = other, please specify
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Appendix B
Lodgepole pine provenances that did not perform in the top 50th percentile in height, dbh, and volume 

measurements, and were therefore not included in analyses of mean performance and comparisons with 

white spruce, are listed below. Number, name, location, altitude, and number of trees remaining in 

2003/2004 (n) at all sites combined are given for each provenance.

T-Field:

19 Kitek River 54° 03’N, 125° 5’W, 960-975m, n = 0 

21 Doris Lake 54° 59’N, 126° 33’W, 960m, n = 0

24 Finlay Forks 55° 57’N, 123° 43’W, 686m, n = 0

25 Hudson Hope 56° 02’N, 122° 5’W, 725m, n = 2

26 Tower Lake 56° 01 ’N, 120° 37’W, 793m, n = 1

27 Pink Mountain 57° 00’N, 122° 24’W, 1097-1128m, n = 13

35 Atlte 59° 48’N, 133° 47’W, 762-815m, n = 11

36 Kinaskan 57° 29’N, 130° 13’W, 807-823m, n = 0

37 Cassiah 59° 6’N, 129° 44’W, 793m, n = 13

40 McCloed Lake 54° 49’N, 122° 5 l ’W, 693-701m, n = 0 

62 McKale River 53° 25’N, 120° 20’W, 701m, n = 0

64 Wendle Park 53° 7’N, 121° 30’W, 1280m, n = 0

65 Lynx Lake 53° 39’N, 122° 38’W, 823m, n = 0 

88 Yakutat 59° 30’N, 139° 10’W, 31-61m, n = 0 

101 Kispiox 55° 36’N, 127° 40’W, 305m, n = 0

103 Kalder Lake 54° 49’N, 124° 15’W, 1305m, n = 0

105 Bowroh River 53° 54’N, 122° 00’W, 671m, n = 0

106 Wells 53° 08’N, 121°31’W, 1097-1128m, n = 0 

142 Swan Hills 58° 18’N, 116° 35’W, 823m, n = 0

Samuels Trial 2:

24 Kusawa Lake, Yukon Territory 60° 38’N, 136° 7’W, 720m, n = 9

25 Hottage Lake, British Columbia 58° 18’N, 128° 15’W, 1200m, n = 9

26 Dease Lake-Cassiar, British Columbia 58° 56’N 129° 58’W, 770m, n = 29

27 Kinasken Lake, British Columbia 57°27’N 130° 15’W, 790m, n = 0



Appendix B continued

Bonanza Creek, Brann’s, Samuels Trial 1, Old Edgerton.

1 Hawk Hills, Alberta, 57°23’N 117° 35’W, 700m, n = 280

2 Jackfish Creek, British Columbia 58° 35’N 122° 40’W, 460m, n = 211

3 Fort Nelson, British Columbia 59° 12’N 123° 25’W, 300-640m, n = 0

4 Tetsa River, British Columbia 58° 40’N 124° 10’W, 730-1040m, n = 293

5 Summit Lake, British Columbia 58° 39’N 124° 40’W, 1130-1340m, n = 302

7 Whitehorse, Yukon Territory 60° 44’N 135° 12’W, 700-820m, n = 310

8 Haeckle Hill, Yukon Territory 60° 45’N 135° 15’W, 975-1340m, n = 236

9 Frances Lake, Yukon Territory 61° 32’N 130° 0’W, 850-935m, n = 67

12 South Canal Road, Yukon Territory 61° 33’N 133° 5’W, 880-1010m, n = 406

13 Teslin, Yukon Territory 60° 0’N, 132° 13’W, 730-850m, n = 366 

19 Fort Smith, Alberta 59° 46’N, 111° 48’W, 300m, n = 38


