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1. Introduction

Tree islands are an important and dynamic component of the alpine treeline
landscape in Glacier National Park (GNP), Montana. Composed of an individual
tree or several conifers of varying species, tree islands are landscape elements distinct
from the upper subalpine continuous forest cover in terms of composition, pattern,
and function. Pattern across the alpine treeline ecotone in GNP is often manifest as
a transition from upright, closed canopy trees to dwarfed flagged trees or stunted
trees, to tundra interspersed with sparse krummholz trees, and eventual replacement
by krummholz (Allen and Walsh, 1996; Bekker, 2005). Tree islands of varying sizes
may be found throughout the alpine treeline ecotone, and conifers in tree islands
may assume any of these growth forms.

Though alpine treeline dynamics are often researched from a landscape scale
perspective with emphasis on the relationship between adult tree growth and
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abiotic drivers such as mean temperature (Daubenmire, 1954; Tranquillini, 1979),
topography (Brown, 1994), and disturbance factors (Butler and Walsh, 1994),
analysis of fine-scale components of alpine treeline, such as tree islands, may reveal
information on treeline stability from the perspective of establishment, survival, and
mortality of conifers. Specifically, the establishment and survival of seedlings is
important to the geographic position and spatial pattern of treeline on a landscape
scale (Callaway, 1995; DeAngelis et al., 1986), because such fine-scale processes
ultimately determine the upslope migration of trees (Germino et al., 2002;
Hattenschwiler and Smith, 1999).

Tree islands at alpine treeline in GNP provide shelter and ameliorate local
climate conditions, thereby aiding in subsequent conifer establishment (Bekker,
2005; Resler et al., 2005). The sheltering effects of tree islands have also been
shown at other western treelines (Germino et al., 2002). In this regard, the
establishment of a conifer at alpine treeline might be dependent, at least to some
degree, upon the presence of a preexisting conifer. In an abiotically stressful
environment, such as alpine treeline, trees experience greater climatic stresses
than those at lower elevations (Körner, 1999). Therefore, the moderating effects
of existing conifers and surface microtopography are particularly important for
seedling establishment and survival (Figure 1) because they expand local resource
availability through shading and offering structural protection from wind (Benedict,
1984; Marr, 1977), increase the water-holding capacity of soils (Lamb and
Chapman, 1943; Pérez, 1987, 1991), and serve as seed or sediment traps. In highly
exposed tundra locations, conifer establishment is patchy and new seedlings are
found growing in sheltered locations, such as in the lee of microtopographic
features such as boulders (Figure 2), periglacial patterned ground, and topographic

Figure 1 A seedling growing in the lee of a larger tree island at Lee Ridge; a common
phenomena at alpine treeline in GNP. Predominant wind direction is from the west (top of the
photo).
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hollows that serve as shelter (Resler et al., 2005). Research by Callaway et al. (2002)
has indicated that the relative importance of positive plant interactions such as
facilitation (as opposed to resource limiting interactions such as competition)
increases in increasingly stressful abiotic environments. Many tree islands in GNP
are composed of conifer species that, under less stressful conditions, would not
likely coexist. For example, Pinus albicaulis, Pinus contorta, and Larix lyallii have been
found coexisting in a single patch, within a relatively small area (Resler, 2004).

The purpose of this study is to characterize fine-scale attributes of alpine tree-
line, such as conifer establishment characteristics, species associations, and conifer

Figure 2 Pine establishing in the lee of a boulder at upper limits of the alpine treeline ecotone,
Lee Ridge study site.
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