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ABSTRACT

Ecological processes are responsible for vegetation trajectory within the boreal
forest landscape of interior Alaska. The reproductive response of boreal forest to
disturbance controls vegetation trajectory. Boreal forest reproduction dynamics are
influenced by both biotic and abiotic factors, acting upon the spatio-temporal dynamics
of the landscape. Understanding these factors and how the boreal forest responds, both
spatially and temporally, is critical for the development of accurate models of regional
and global vegetation dynamics. [ developed a geographic model of the early post-
disturbance seedling regeneration pattern of upland white spruce ecosystems in interior
Alaska. The model was developed and runs within a geographic information system
(GIS). The model simulates the establishment patterns of white spruce, paper birch, and
aspen across the landscape following fire. Seed production and dispersal, disturbance
effects upon the seedbed, and the early establishment of both seedlings and vegetative
stems are simulated. The model was used to simulate a 6 yr period (1983-1988) of
seedling establishment at the Bonanza Creek Experimental Forest near Fairbanks,
following the Rosie Creek fire. Correlation values between predicted and established
seedlings were high, demonstrating the model’s ability to simulate general
establishment patterns. Sensitivity analysis revealed seed production, seed source
location and orientation, and seedbed “receptivity” as important controls upon the early
establishment success of white spruce seedlings following disturbance. Establishment
patterns between a hypothetical clearcut, strip-cut, and residual tree islands cut were
simulated and compared. Distance from the seed source was identified as a major
limitation to adequate stocking levels in the clearcut. The residual islands cut provided
the highest stocking levels, followed by the strip-cut and clearcut. The results suggest
large clearcuts are not an efficient harvesting method in interior Alaska for successful
natural regeneration and stocking levels. The model results warrant further
development and identified a “real” potential use as a forest management tool.
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CHAPTER 1 - INTRODUCTION

Societal demand for both forest products and conservation of forested
ecosystems has created the need for a sustainable forest management program. A solid
understanding of post-disturbance early regeneration dynamics is imperative to
successful sustainable forest management. This study describes a geographically
explicit model of early post-disturbance seedling establishment patterns for upland
white spruce ecosystems in interior Alaska. Key factors and processes important in
post-fire establishment patterns are examined. This study provides an increased
understanding of post-fire regeneration dynamics and provides a management tool for

analysis of the reproductive potential of a disturbed site.

The Landscape Mosaic

Terrestrial landscapes are composed of a mosaic of heterogeneous land forms,
vegetation types, and land uses (Urban et al. 1987). The driving variables of landscape
pattern formation include disturbance, biotic processes, and environmental factors
(Levin 1978). This mosaic pattern reflects the disturbance history of the area and its
interaction with ecological state factor controls. The state factors of time, topography,
regional climate, the biota, and parent material function independently of the ecosystem
and determine ecosystem development (Jenny 1980). The state factors condition the
ecosystem controls that directly affect system structure and function. These controls

change through time as ecosystem development occurs (Van Cleve et al. 1991). Major

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



14

(1951) elucidated this state-factor approach, applying it to vegetation properties. It is
this heterogeneous property, both spatially and temporally, of ecosystem controls that
result in the vegetation mosaic characteristic of interior Alaskan boreal forest.

The Alaskan boreal forest is driven by a cold-dominated environment that is
regionally modified by topography causing dramatic consequences in ecosystem
structure and function. Furthermore, ecosystem development is conditioned by
disturbance, principally fire in the uplands and fluvial processes on the floodplains (Van
Cleve et al. 1991, 1996). It is from this state-factor approach that studies of ecosystem
processes in Alaska have been carried out (Crocker and Major 1955, Heilman 1966,

Viereck 1970, Van Cleve et al. 1991, 1996).

Computer Models and Forest Succession

Computer models of forest succession have identified processes important in
ecosystem development. Several mathematical modeling approaches have been
developed to investigate forest succession and successional processes. Models of
succession can be divided into three basic categories: individual tree, gap or stand, and
landscape models. Furthermore, within any category there are both spatially and
nonspatially referenced models.

Models of individual trees simulate growth of an individual plant. These models
simulate complex processes of carbon and nutrient allocation, photosynthesis,
respiration, and evapotranspiration (Huston 1991). An example of such a model is

ECOPHYS (Rauscher et al. 1991). Qther individual tree models simulate probability of

i
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replacement, such as Horn’s (1975a, b) Markovian replacement probability prediction
model. Others include competitive response of individual canopies. Another example
of an individual tree based model of succession is FOREST (Ek and Monserud 1974).
Many of these models describe physiological processes and conditions that are used in
other modeling approaches.

Gap models are a subcategory of individual tree models. Gap models simulate
succession by calculating the competitive interrelations among individual trees in a
restricted spatial unit - either a gap created by the death and removal of a canopy tree
or a sample quadrat (Shugart and West 1980). These models emphasize plant
competition for light and resources, the most well known being JABOWA (Botkin et
al. 1972a, b) and FORET (Shugart and West 1977). Gap models operate with
timesteps of months to a year and at a spatial scale of 0.1 to several hectares. Urban et
al. (1991) describe the application of a gap model to simulate forest patterns at
landscape and geographic scales.

Landscape models work at the scale of many hectares to square kilometers.
These models incorporate ecosystem processes such as seed dispersal, fire spread, and
patch dynamics. The models generally do not explicitly simulate processes at the
individual or gap-level, but rather implicitly represent such processes through more
generalized response functions. These models characterize vegetation patterns across
the landscape, large scale ecosystem processes, or issues such as climate-vegetation-

atmosphere interactions (Huston 1991). FIRE-BGC (Keane et al. 1996) is a landscape

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissioni



16

model that simulates the long-term stand dynamics of forest landscapes in the Rocky
Mountains. The model deals with ecosystem processes such as seed dispersal, tree
growth, and decomposition. It is a coupling of two different ecosystem models; the
gap-replacement model FIRESUM (Keane et al. 1989) and a biogeochemical
simulation model FOREST-BGC (Running and Coughlan 1988, Running and Gower

1991).

Modeling Forest Establishment Patterns
Two recent examples of spatially explicit models highlight application of models

for forest establishment simulations. The REGROW model (Mou and Fahey 1993)
simulates early recolonization of hardwood species following clearcutting of a northern
hardwood forest in New Hampshire. The spatial component of the model allowed for
investigation of factors affecting recolonization patterns and interactions between
individual seedlings for resource acquisition. The model allows investigation of the
effects of initial density, composition and spatial patterns of seedlings upon
establishment patterns. Busing (1995) used the spatially explicit model STORM
(Busing 1991) to investigate regeneration dynamics of yellow popular (Liriodendron
tulipifera) in Appalachian cove forests during forest development. The spatial
component of the model identified a crucial gap size associated with yellow popular
recruitment. Model results identified disturbance during forest development was an

important control on establishment of yellow popular natural regeneration.
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Kellomaki et al. (1987) and Pukkala and Kolstrom (1992) used spatially explicit
models to investigate natural regeneration in Scots pine (Pinus sylvestris). The studies
modeled seed crops. seed dispersal, germination, survival and establishment, and
growth of seedlings. The models illustrate the effect of density and spatial distribution
of the parent trees and the resultant influence upon seed dispersal and seedling survival
and growth. Pukkala and Kolstrom (1991) also modeled the effects of Norway spruce
(Picea abies) spatial patterns on stand development.

There has also been significant modeling work based upon the traditional gap-
model, JABOWA. Kellomaki and Kolstrom (1992) investigated species composition
and organic matter accumulation in Finland in relation to changing climate, using the
JABOWA model. Successional processes related to carbon and nitrogen dynamics,
indicated a potential shift in species composition in response to an increase in
temperature. Bonan (1988, 1989a, b, 1991, 1993) and Bonan and Korzuhin (1989)
have used a gap-based model to investigate and simulate various environmental factors
and ecological processes critical in driving vegetation patterns in upland boreal forests
of North America, with particular regards to ecosystem structure and function in
interior Alaska.

There are two fundamental shortcomings exhibited by the majority of models
discussed above. The first involves the regeneration component represented by a
simplified reproduction process, particularly within the gap models. This over-

simplification creates an unrealistic picture of the regeneration process and simulates
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only general vegetation patterns and succession. For example, gap models assume
availability of a seed source and associated seed (Botkin et al. 1972a). Issues of seed
source availability and irregular seed production are not addressed and yet are
important to the natural regeneration process and vegetation patterns of the Alaskan
boreal forest (Zasada et al. 1983, 1992, Zasada 1986, 1995). Bonan’s (1988) gap
model of boreal forest vegetation patterns does not simulate irregular seed production
or the effects of disturbance upon seed source availability. The present study
investigates the importance of this early regeneration process upon vegetation patterns,
specifically dealing with issues of irregular seed production, seed source availability,
and effective dispersal distance.

The second fundamental shortcoming is that most forest succession models are
not spatially explicit. Spatially explicit models are models whose dynamics are
represented on a discrete landscape, represented as a grid of cells (Mou and Fahey
1993). Such representation allows for explicit coordinate location of interacting
individuals and resources. This in turn allows for simulation of spatial interactions,
horizontally and/or vertically, related to forest succession and successional processes.
However, this spatial representation is not geographically referenced and therefore
does not represent a geographically defined landscape unit. Inferences can be made
from the model results, but must be regarded within the context of the model
framework. In other words, potential application to a “real-world” landscape is

dependent upon the similarity of the “model” landscape and that of the “real-world”
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landscape (i.e. topography, climate, parent material. etc.). A geographic information
system (GIS) provides the framework for the “model” and “real-world™ landscape to be
the same.

A geographic approach to modeling provides for a geographically defined
landscape and the ability to model at various spatial scales. For the most part, the use
of GIS in forest ecosystem modeling has been in the presentation of results, derived
from some other simulation code (i.e. FORTRAN). Some models such as DISPATCH
(Baker et al. 1991) and FIRE-BGC (Keane et al. 1996) utilize a GIS for managing
spatial data and presentation of results. However, few models have been developed
that function entirely within a GIS framework. The models GAFED by Yarie (1997)
and ABFEM (Alaskan Boreal Forest Establishment Model), presented here, are the
only two GIS-based models of interior Alaskan forest development and successional
processes. This study presents the geographically referenced model ABFEM. This
relatively unique modeling approach will be described and both advantages and
disadvantages of the approach will be discussed. Furthermore, controls upon post-
disturbance establishment and vegetation patterns for interior Alaskan forest

ecosystems at the landscape-level will be presented.

Study Objectives and Hypotheses

The objectives of this research are three-fold. First, to develop a model entirely
in the framework of a GIS. Second, to model early post-disturbance establishment

patterns of interior Alaska white spruce ecosystems. Third, to identify important
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environmental factors and ecological processes that influence early establishment and

vegetation patterns.

The following testable hypotheses follow from the research objectives:

1. Establishment patterns of interior Alaska white spruce forests are strongly
influenced by seed production and dispersal and the post-disturbance characteristics of
the seedbed. For example, a spatial model of white spruce seedling establishment
would be dependent on the location of seed sources, and the production and dispersal
of viable seed on a site recently disturbed; the success level of natural regeneration will
be controlled by both seed production level and vegetative competition for growing

space.

2. White spruce seed rain pattern and density are influenced by the extent and
orientation of the seed source, irregular cone production, topography, and wind. These
factors are interrelated and given a specific set of circumstances, directly affect

landscape-level natural regeneration patterns, both temporally and spatially.
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CHAPTER 2 - CONTROLS UPON FOREST ESTABLISHMENT PATTERNS

The developmental history of a forest ecosystem can provide information
concerning patterns and mechanisms of establishment. The disturbance regime, plant
reproductive strategies, and successional pathways interact to drive forest
establishment. Controls over establishment, specific environmental factors and
ecological processes and their interactions, directly influence these patterns and
mechanisms. This chapter reviews the developmental history, environmental factors,
and ecological processes important to the establishment patterns of interior Alaska
forest ecosystems. Furthermore, I develop a simple conceptual view of early
establishment (Figure 2-1), identifying the key factors and processes represented by the

model, which drive the simulated establishment and vegetation patterns.

Developmental History

Disturbance Regime

A disturbance is a discrete, punctuated killing, displacement, or damaging of
one or more individuals that directly or indirectly creates an opportunity for new
individuals to become established (Sousa 1984). Natural disturbance, including fire,
flooding, windthrow, and insects and disease, plays a central role in determining the
course of ecosystem development. The boreal forest of interior Alaska is dominated by

a mosaic of young stands in various stages of succession (Van Cleve and Viereck
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1981). This mosaic pattern is the direct result of the natural disturbance regime of the
boreal forest.

Floodplain systems are dominated by fluvial processes of erosion, inundation,
and sedimentation. These fluvial processes drive both primary and secondary
successional pathways. Mann et al. (1995) found evidence of frequent fires within the
backswamp and meander belt areas of the Tanana River floodplain that are
characterized by older terraces and the occurrence of black spruce, suggesting fire aiso
plays a key role in floodplain secondary succession, also noted by Van Cleve and
Viereck (1981).

In the uplands, fire is the main disturbance that resets the successional clock
(Van Cleve et al. 1991). Its frequency and severity are major influences on the
vegetation structure, composition, productivity, and virtually all ecosystem processes
(Yarie 1981). Yarie (1981) calculated fire cycles on the order of 50-100 years for
interior Alaska forests. Lutz (1956) completed an exhaustive study of the ecological
effects of fire in interior Alaska. Several significant reviews of wildfire in the boreal
forest, both in Alaska and Canada, have followed (Viereck 1973, Kelsall et al. 1977,
Viereck and Schandelmeier 1980). Most interior Alaska forest fires are relatively high
intensity crown fires or severe surface fires that kill and regenerate entire stands
(Heinselman 1981).

The relative importance of windthrow, insects and disease within the

disturbance regime of the Alaska boreal forest and its affects upon landscape-level
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vegetation patterns and successional pathways are unclear. Windthrow at the
landscape-level, as large-scale blowdown events, is not part of the general disturbance
regime of interior Alaska. Insect outbreaks, particularly the spruce beetle

(Dendroctonus rufipennis) and spruce budworm (Choristoneura fumiferana), have

recently contributed significantly to the disturbance regime at both the stand- and
landscape-level (Werner and Holsten 1983, Holsten 1990, Werner 1994, 1996,
Burnside et al. 1995).

Other disturbance agents, such as snow breakage and animal browsing affect
the structure and function of the boreal forest landscape. Van Cleve and Zasada (1970)
documented the effects of snow breakage on stands of white and black spruce in
interior Alaska. During the winter of 1967-1968 twenty-three percent of the stems
within a 178-year-old white spruce stand were broken, resulting in the deposition of
13.3 metric tons per hectare of white spruce crown and stem material. Sampson and
Wurtz (1994) reported significant snow breakage in stands of white spruce and aspen-
birch during the winter of 1990-1991. These events many times involve either early
heavy snows or a combination of rain and snow. Time of occurrence appears to be an
important factor for snow breakage events, which can cause significant changes to
stand structure.

Herbivore browsing can have a significant impact on the vegetation and
influence successional pathways, shifting community structure toward unbrowsed

species (Pastor and Naiman 1992). Bryant (1987) found evidence to suggest heavy
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browsing by snowshoe hare may be an important control over primary succession on
floodplains in Alaska. The reduction in height of willow by hare browsing may result in
shading of willow by alder. Molvar et al. (1993) found that moose browsing of
diamondleaf willow caused significant vegetation growth in treeline plant communities
in central Alaska. Increased moose densities affect nutrient cycling rates, indicating
moose may mediate rates of nutrient cycling in northern ecosystems (Kielland et al.
1997).

Fire, the principle disturbance agent of the Alaska boreal forest, is closely tied
to other agents of disturbance. Fire occurs at a long-term return interval, relative to
other disturbance agents. For instance, snow breakage or insect attack may occur
several times between fires. The timing of certain events, such as insect outbreaks, is
influenced by fire, and fire is subsequently affected by the timing and severity of these
disturbance events. These disturbance events increase tree mortality and subsequent
fuel loads that increase the flammability of affected systems. For example, insect
outbreak and fire have historically been closely linked. Insect outbreak causes
mortality and increased fuel loads, which increases the probability of fire. Fire
episodically acts as a cleansing factor, destroying insect populations and removing
insect host sites (Heinseiman 1981, Ahigren 1974, Richardson and Holliday 1982,
Sherman and Warren 1988). Trees injured or killed by fire also can attract insects,

Evans (1971) listed several insect species attracted to forest fires.
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The general disturbance regime of the Alaska boreal forest plays a critical role
in forest establishment patterns. The interaction between disturbance. especially fire,
and the boreal forest is evident in the reproductive strategies and successional pathways

of these northern forests.

Reproductive Strategy

Plants utilize various strategies or modes of reproduction to become
established. increase post-establishment abundance, and survive disturbance and
environmental change (Wagner and Zasada 1991). Grime (1979) describes in detail the
various strategies employed by plants. Cattelino et al. (1979) utilize plant strategies to
model successional pathways following disturbance. The reproductive strategies
exhibited by species generally reflect specific effects of the disturbance regime
characteristic of the ecosystem. This is particularly evident with regards to tree species
of interior Alaska, for example the semiserotinous cones of black spruce or the
suckering strategy of aspen..

Tree species of the Alaska boreal forest use several different strategies of
reproduction following disturbance. Species have evolved particular strategies that
best exploit their regeneration niche, as defined by Grubb (1977). These strategies can
be categorized into either sexual or vegetative reproduction. Sexual reproduction

involves the production and availability of reproductive buds and the subsequent
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production of a seed crop. Vegetative reproduction involves both clone expansion and
regrowth from the bud bank (Zasada et al. 1992).

All interior tree species produce seed, with frequency and quantity being highly
variable both within and among particular species. Aspen and birch exhibit typical
characteristics of pioneering species, frequently producing large quantities of seed, at a
relatively young age, and with the ability to disperse great distances (Zasada 1986).
This strategy allows for rapid invasion of a newly disturbed site. White spruce produce
episodic bumper seed crops, up to 12 years apart, but with limited dispersal (Zasada
and Gregory 1969, Zasada 1971, Coates et al. 1994, Zasada 1995). White spruce
bumper crops may be initiated by climatic conditions, including warm, dry weather,
associated with large fire years, allowing exploitation of newly disturbed sites (Lutz
1956, Zasada 1971, Viereck 1973, Rupp et. al. 1997). Unlike white spruce, black
spruce cones are semiserotinous, allowing for both yearly production and long-term
retention of seed. Haavisto (1975) reported retention of cones for as long as 25 years.
Black spruce is therefore able to maintain a seed bank within the overstory. A portion
of the serotinous cones are able to survive all but the most severe wildfires, releasing
seed onto the disturbed site and allowing for stand replacement to occur. It should be
noted, that with the possible exception of paper birch, there is no significant soil
seedbank for boreal forest trees (Perala and Alm 1990, Zasada et al. 1992).

Each of these strategies allows particular species to exploit specific post-

disturbance conditions. The seed rain and environmental factors influencing the
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seedbed are important controls to successful seedling establishment. The timing,
quantity and quality, and effective dispersal distances of the seed crop are important
seed rain issues that directly affect subsequent establishment of seedlings. These issues
will be described in Chapter 3 for white spruce.

Vegetative reproduction is important in both primary and secondary succession
(Zasada et al. 1992). This strategy allows an individual plant to take advantage of an
established root system, and immediately exploit post-disturbance conditions. Paper
birch employs basal buds as its chief vegetative source for regeneration, whereas aspen
utilizes adventitious root buds to vigorously resprout following disturbance. The
relative success of both these strategies is directly influenced by the type and severity of
disturbance. For example, severe fires may damage or kill the bud bank resulting in an
inability to produce vegetative stems on the disturbed site. Layering is an important
cloning strategy of black spruce throughout its range, but is limited to treeline
situations in white spruce (Viereck 1979).

Some species employ both sexual and vegetative strategies, such as paper birch
and aspen, whereas white spruce reproduces sexually, except for layering at treeline.
These strategies may occur simultaneously within a site and the relative importance of
each in recolonizing the site will depend upon species composition, site conditions, and
severity of disturbance (Zasada et al. 1992). Detailed descriptions of these strategies
for boreal forest species can be found in Zasada (1971, 1986) and Zasada et al. (1992).

Although this discussion was restricted to examples of tree species, it should be noted
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that herb and shrub species strategies are also important, particularly with regards to
species competition and forest establishment. These strategies include, the vegetative
strategy of rhizomes employed by Calamagrostis spp. and Epilobium spp. and the

sexual strategy of buried seed employed by Rubus spp. (Lieffers et al. 1993).

Both the disturbance regime and reproductive strategy are particularly
important with regards to both the establishment and vegetation patterns of the Alaskan
boreal forest. For example, in the fire dominated uplands, the reproductive strategies
employed by individual tree species allow for maximum exploitation of the disturbed
site and initiation of a new cohort upon the landscape. The successional pathways
reflect this interaction and result in the vegetation mosaic of the Alaskan boreal forest
(Viereck 1973, Van Cleve and Viereck 1981, Yarie 1981, Van Cleve et al. 1991).
Synthesizing information regarding both the disturbance regime and reproductive
strategy of species within a given ecosystem can provide information important in

determining resultant successional pathways.

Successional Pathways

Successional pathways describe and predict the temporal sequence of species
that may invade and/or dominate a site newly formed or disturbed. This sequence of
“change” can be described with regards to other ecosystem characteristics such as
biomass, productivity, and diversity (Odum 1969, Connell and Slatyer 1977, Denslow

1980). Such pathways are important in understanding the factors and mechanisms
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which influence vegetation establishment and pattern. There has been much debate of
the concept of forest succession, since first put forth by Thoreau in 1863 (Spurr 1952).

The first studies to observe and describe species replacement took place almost
a century ago (Cowles 1899, Cooper 1913, Clements 1916). Clements’ relay floristics
model viewed succession as a sequential phenomenon, whereby the dominant species
modifies and changes its environment making it more favorable for invading species
(Clements 1916, 1928). Egler (1954) building on the work of Gleason (1926, 1927,
1939) proposed the initial floristic composition model. Egler’s model viewed
succession as the consequence of different rates of growth of the different species that
are initially present at a site (McCook 1994). Egler’s individualistic approach thus
differed from Clements’s “superorganism’ concept.

Odum (1969) viewed ecological succession as the development of ecosystems.
He presented a tabular model that identified successional trends, such as community
energetics and structure, life history, and nutrient cycling, to be expected in the
development of ecosystems. Drury and Nisbet (1973) developed a life history based
successional model. They proposed “the basic cause of the phenomenon of succession
is the known correlation between stress tolerance, rapid growth, small size, short life,
and wide dispersal of seed.” (Drury and Nisbet 1973, p. 360).

Connell and Slatyer (1977) proposed the three alternative mechanisms model of
succession. They presented three pathways of successional change following

disturbance. Model 1, facilitation, follows Clements’s general idea that “‘presence of

Reproduced with permission of the copyright owner. Further reproduction prohibited withbut permission.



37

later-successional species is dependent upon early ones preparing a favorable
environment for them ...” (Connell and Slatyer 1977, p. 1136). Model 2, tolerance,
proposes that succession leads to a community composed of those species most
efficient in exploiting resources (Connell and Slatyer 1977). Model 3, inhibition, states
there is no competitive advantage, but that the initial colonizer occupies the site over all
other species. Simply by life-history characteristics, long-lived species dominate
(Connell and Slatyer 1977).

Tilman (1985) presented his resource-ratio hypothesis of succession. The
resource-ratio model contends that succession results along a gradient through time in
the relative availability’s of limiting resources and that succession is a directional and
repeatable process, within the context of a resource-supply trajectory that is repeatable
or directional (Tilman 1985). Therefore, species are specialized, with regards to
resource limitations, and a community will reflect this specialization and change as
resource supply change.

The above review highlights the major successional paradigms of the past
century. These models continue to be debated, but each offers a theoretical basis for
investigating factors and mechanisms responsible for establishment and vegetation

changes.

General successional pathways and patterns have been investigated and
described for interior Alaska floodplain and upland systems (Viereck 1970, Van Cleve

and Viereck 1981, Foote 1983, Walker et al. 1986, Viereck 1989, Powers and Van
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Cleve 1991, Viereck et al. 1993a). The seminal work of Van Cleve and Viereck over
the past 30 years has produced a detailed understanding of the controls and
mechanisms that drive succession in interior Alaska. Their model of floodplain
succession (Viereck et al. 1993a) follows the traditional facilitation view, where
successive dominant species alter the environment by shifting dominance to another
species (Clements 1916, 1928, Connell and Slatyer 1977). The upland model follows
the initial floristic composition or tolerance view (Egler 1954, Connell and Slayter
1977), where species establish simultaneously but dominate at different times due to
differences in growth rates and life history traits. Yarie (1983) applied this paradigm to
describe successional trends of the Porcupine River drainage, an area of over 3,600,000
hectares.

Upland, fire-dominated white spruce ecosystems are the focus of this modeling
study. Detailed descriptions of these systems can be found in the literature (Van Cleve
and Viereck 1981, Powers and Van Cleve 1991, Van Cleve et al. 1991, 1996). The
sequence follows seven stages progressing from a newly burned site to a mature white
spruce stand. Van Cleve et al. (1996) identified critical turning points between Stages [
and II (newly burned to herb-tree seedling); Stage IV (dense hardwood); Stage V
(mature hardwood); between Stage V and VI (mature hardwood to mixed hardwood
and white spruce); Stage VII (mature white spruce and moss). The model presented

here will focus on Stages I and II.
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The idea of multiple successional pathways has received increased attention
within the literature (Cattelino et al. 1979, Abrams et al. 1985, Youngblood 1992,
Fastie 1995). Matthews (1979) identified the potential for muitiple successional
patterns, associated with a chronosequence, due to spatial-temporal environmental
gradients of the site. Therefore, factors such as type, severity and frequency of
disturbance, seed source availability, and microclimate, can result in multiple
successional trajectories. Walker and Chapin (1986) and Walker et al. (1986) found
this to be true for floodplain ecosystems on the Tanana River. These studies identified
the stochastic nature of disturbance to be the driving force behind the general pattern of
succession. The model of forest succession by Van Cleve and Viereck was found to be
restrictive in describing successional relationships resulting from disturbances other
than stand-replacing fires (Walker et al. 1986, Walker and Chapin 1986, Youngblood
1992).

The idea of multiple successional pathways, due to spatial-temporal
environmental gradients of the site, provides a framework for investigation of factors
and mechanisms that may cause deviation from the general pathway of upland white
spruce given by Van Cleve and Viereck (1981) and Van Cleve et al. (1991). I explore
these potential deviations through the modeling work presented. I identify key driving
factors during early establishment (Stages I and II), such as disturbance effects and
seed availability, that support this idea of multiple trajectories. Key environmental

factors and ecological processes interact with the developmental history of a system to
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cause deviant trajectories in the general pathway. The result is the mosaic pattern of

vegetation observed across the landscape of interior Alaska.

Environmental Factors

Climate

Climate is the most important environmental factor controlling development and
establishment of northern latitude forests. Van Cleve et al. (1991) discussing the state
factors in the Alaskan boreal forest state, “The coldness of this northern environment
dominates all physical, chemical, and biological processes.” The general climate of the
boreal forest is characterized by strong seasonal variation in which summers are short,
moderately warm, and moist, and winters are long, extremely cold, and dry (Rumney
1968, Lydolph 1977, Larson 1980, Bonan 1988). The continental climate of interior
Alaska provides an excellent example of this extreme seasonal variation.

Within the Fairbanks area, mean daily temperatures range from -24.5°C in
January to 17.5°C in July, with an average annual temperature of -3.5° C (Van Cleve et
al. 1991). The area is classified semiarid with potential evapotranspiration (PET) of
466 mm (Patric and Black 1968). The Fairbanks area lies within a rain shadow created
by the Alaska Range, and receives an average of 285 mm of precipitation, of which 635
percent falls during the growing season (Viereck et al. 1993b, Van Cleve et al. 1991).
The growing season has an average of only 97 frost-free days (Slaughter and Viereck

1986). The landscape is covered by snow for 6-7 months each year from mid-October
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to April, with average maximum seasonal snow depth of 75 cm attained by February
(Viereck et al. 1993b). The water equivalent of the snowpack is 11 cm (Viereck et al.
1993b). According to Thornthwaite (1948) there is little or no water surplus (Viereck
et al. 1993b). Due to its high latitude, the Alaskan boreal forest has variable insolation
with season. At Fairbanks, winter solstice has a maximum sun angle of only 1° 42°, but
at summer solstice maximum sun angle reaches 48° 42’ (Viereck et al 1993b). Viereck
et al. (1993b) describe climate on the Tanana River floodplain during the summer
months. Uplands are similar to floodplains in regional climate (Van Cleve et al. 1991),
but may experience more precipitation and lower air temperature.

It is under this climate regime that forest establishment and development occur.
Furthermore, biota and topography modify climate to produce dramatic microclimatic
differences. These differences affect the establishment process through their influence
on key factors and processes, such as frequency and severity of disturbance, forest

floor structure, and seed production.

Topography
The topographic modification of regional climate has dramatic consequences

for ecosystem processes (Van Cleve et al. 1991). Due to low sun angle, aspect has
substantial affects on vegetation patterns, nutrient cycling, permafrost, and disturbance

characteristics (Van Cleve et al. 1991, 1996). The boreal forest recieves extremes in
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seasonal insolor radiation During wintertime inversions, temperatures may increase by
10° C with an increase in elevation of 150 m (Youngblood 1992).

Topography directly influences the structure and function of the boreal forest.
For example, the distribution of white and black spruce ecosystems are strongly tied to
aspect which mediates microclimate, forest floor structure, and decomposition. The
various topographic components of aspect, slope, and elevation interact in complex
ways with other state factors and ecosystem controls, to produce the dramatic
differences in ecosystem processes and vegetation patterns characteristic of the boreal
forest landscape. These effects impact several driving factors and processes of forest
establishment including climate, disturbance, forest floor structure, edaphic factors
including soil drainage and permafrost, and seed dispersal across the landscape.
Besides modification of regional climate, the most important influence of topography is
its role as being the major determinant of disturbance frequency and intensity and the

post-disturbance microclimate that is produced.

Disturbance

Disturbance by fire, fluvial processes, insects and disease, snow and wind
breakage, and small and large mammal herbivory are all important mechanisms driving
succession in the boreal forest. However, in the uplands, wildfire is the most common
and pervasive component of the disturbance regime producing much of the vegetation

mosaic across the landscape. It is this component and the subsequent establishment
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