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Abstract
Hayward, Gregory H.; Colt, Steve; McTeague, Monica L.; Hollingsworth, 

Teresa N., eds. 2017. Climate change vulnerability assessment for the Chugach 
National Forest and the Kenai Peninsula. Gen. Tech. Rep. PNW-GTR-950. 
Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest 
Research Station. 340 p.

This assessment evaluates the effects of future climate change on a select set of eco-
logical systems and ecosystem services in Alaska’s Kenai Peninsula and Chugach 
National Forest regions. The focus of the assessment was established during a 
multi-agency/organization workshop that established the goal to conduct a rigorous 
evaluation of a limited range of topics rather than produce a broad overview. The 
report explores the potential consequences of climate change for: (a) snowpack,  
glaciers, and winter recreation; (b) coastal landscapes and associated environ-
ments, (c) vegetation, (d) salmon, and (e) a select set of wildlife species. During 
the next half century, directional change associated with warming temperatures 
and increased precipitation will result in dramatic reductions in snow cover at 
low elevations, continued retreat of glaciers, substantial changes in the hydrologic 
regime for an estimated 8.5 percent of watersheds, and potentially an increase in the 
abundance of pink salmon. In contrast to some portions of the Earth, apparent sea-
level rise is likely to be low for much of the assessment region owing to interactions 
between tectonic processes and sea conditions. Shrubs and forests are projected 
to continue moving to higher elevations, reducing the extent of alpine tundra and 
potentially further affecting snow levels. Opportunities for alternative forms of 
outdoor recreation and subsistence activities that include sled-dog mushing, hiking, 
hunting, and travel using across-snow vehicles will change as snowpack levels, 
frozen soils, and vegetation change over time. There was a projected 66-percent 
increase in the estimated value of human structures (e.g. homes, businesses) that  
are at risk to fire in the next half century on the Kenai Peninsula, and a potential 
expansion of invasive plants, particularly along roads, trails, and waterways.

Keywords: climate change, salmon, glaciers, wildlife, seascapes, vegetation, 
snow, scenarios.
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Fall color above Eklutna Lake, Chugach Mountains, Alaska.
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Chapter 6: Vegetation
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Teresa Hollingsworth,1 Tara Barrett,2 Elizabeth Bella,3 Matthew Berman,4 Matthew 
Carlson,5 Paul Clark,6 Robert L. DeVelice,7 Greg Hayward,8 John Lundquist,9 
Dawn Magness,10 and Tobias Schwörer11

Introduction
A challenging task is to assess current vegetation patterns across a gradient that 
extends from marine intertidal communities along the Prince William Sound and 
Kenai Peninsula coastlines, to coniferous forests and alpine tundra at higher eleva-
tions. Assessing future vegetation patterns is even more difficult. However, because 
vegetation is one of the most critical biotic components of terrestrial systems, 
describing the patterns of plant communities and species in the assessment area  
is a necessary initial step toward understanding the effects of climate change. 
Subsequent steps include projecting future patterns in these plant groups and a 
synthesis of expected changes in the vegetation patterns and potential alterations  
of ecosystem services.

Climate strongly influences plant species distributions at broad spatial scales, 
while species interactions, disturbance patterns, and soil conditions generally drive 
plant distributions at the local level (GBIF 2015, Pearson et al. 2003). With dramatic 
increases in mean annual temperature in Alaska in the last century (Wendler et 
al. 2012) and continued increases in growing-season length (SNAP 2012) (see 

1 Research ecologist, U.S. Department of Agriculture, Forest Service, Pacific Northwest 
Research Station, Fairbanks, AK 99775.
2 Research forester, U.S. Department of Agriculture, Forest Service Pacific Northwest 
Research Station, , Wenatchee, WA 98801.
3 Ecologist, U.S. Fish and Wildlife Service, Kenai National Wildlife Refuge, , Soldotna,  
AK 99669.
4 Professor of economics, University of Alaska, Institute of Social and Economic Research, 
Anchorage, AK 99508.
5 Professor and Alaska Center for Conservation Science director, University of Alaska, 
Anchorage, AK 99508.
6 Recreation and trails program manager, U.S. Department of Agriculture, Forest Service, 
Chugach National Forest, Anchorage AK 99501.
7 Vegetation ecologist, U.S. Department of Agriculture, Forest Service, Chugach National 
Forest, Anchorage, Alaska 99501.
8 Wildlife ecologist, U.S. Department of Agriculture, Forest Service, Alaska Region, 
Anchorage, AK 99504.
9 Forest entomologist, U.S. Department of Agriculture, Forest Service, Alaska Region, 
State and Private Forestry, Anchorage, AK 99501.
10 Fish and wildlife biologist, Kenai National Wildlife Refuge, U.S. Department of the 
Interior, Fish and Wildlife Service, Soldotna, AK 99669.
11 Research associate, University of Alaska Anchorage, Institute of Social and Economic 
Research, Anchorage, AK 99508.
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chapter 3), plant distributions in this region are expected to change. Climate change 
is expected to affect plant species that are both of ecological significance (e.g., 
dominant trees) and of conservation concern (i.e., rare species and invasive species). 
Many examples are accumulating of distribution changes in response to climate or 
of spatial mismatches between optimal climates and the current climate the species 
experiences (e.g., McLane and Aitken 2012). 

Climate change affects the distribution of plant species in multiple ways. It can 
cause rapid range contraction, in which direct climate effects (conditions being too 
hot, too dry, too wet, or too cold) result in large-scale mortality. It can also cause 
slow range contraction, in which direct climate effects affect successful regenera-
tion and establishment of seedlings of long-lived species. Climate change modifies 
interactions among species in both simple and complicated ways. For instance, 
climate alters competitive ability by differentially affecting growth, mortality, and 
regeneration for co-occurring (sympatric) species. Recent examples of large-scale 
tree mortality in North America (Abella and Fornwalt 2014, Bentz et al. 2010, Berg 
et al. 2006, Cudmore et al. 2010, Mitton and Ferrenberg 2012) suggest that climate-
related alterations in disturbance regimes—particularly fire and insects—are even 
more important factors in rapidly shifting distributions than are direct physiological 
impacts from climate change.  

Ecological Setting
The Copper River Delta on the eastern side of the assessment area comprises the 
largest wetland on the west coast of North America—an area of rapid wetland 
succession occurring as a result of multiple disturbance processes, which include 
flooding by one of the largest rivers along the west coast and changes in saltwater 
influence stemming from tectonic uplift (the 1964 earthquake) and gradual subsid-
ence (Plafker et al. 1992). Prince William Sound dominates the center of the study 
area, supporting 4,355 islands (those larger than 100 m2) that result in varying 
degrees of biological isolation and challenges for species movement and establish-
ment since the last glacial maximum. Like the islands of Prince William Sound, 
the Kenai Peninsula, which marks the western portion of the assessment area, is 
partially isolated from mainland biota and experiences substantial differences in 
climate from east to west as result of a north-south mountain range that intercepts 
the generally east-to-west flow of storm systems. As a consequence, the Kenai 
currently supports coastal rain forest along its eastern shores and transitional boreal 
forest on northwestern lowlands, with montane and alpine habitats in between. 
Elevations in the assessment area range from sea level along the extensive coast  
to Mount Marcus Backer in the Chugach Mountains at 4016 m.
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Understanding the potential influences of climate change on vegetation in 
south-central Alaska is impossible without some underlying knowledge of current 
vegetation patterns within the context of the directional development of vegeta-
tion that has occurred over the past 3,000 to 14,000 years following the last glacial 
maximum. In this chapter, we take a four-pronged approach to addressing vegeta-
tion change within the context of climate change: 

(1) We begin with a broad overview of environmental history and a description
of historical vegetation patterns, with particular emphasis on these patterns in
relation to climate change in the past.

(2) We follow the historical overview by reviewing current vegetation patterns.
This includes linking current patterns to past climate, abiotic factors, and
succession.

(3) We then outline scenarios of future vegetation cover.

(4) To close, we emphasize the potential consequences of a changing climate on
wildfire, which is one of the most important vegetation disturbance agents
in this system. Throughout the second and third sections of this chapter, we
employ a hierarchical approach, looking at current and future patterns in
biome-level vegetation, landcover types, coniferous spruce trees, rare species,
and invasive species. As in the other chapters of this assessment, we close with
consideration of the potential consequences for ecological services resulting
from changes in physical and ecological conditions.

Summary of Historical Vegetation Patterns 
• Vegetation across the assessment area is dynamic—the region has exhibited

directional vegetation change for thousands of years. Except for limited gla-
cial refugia found on the Kenai Peninsula and on a few nunataks in Prince
William Sound, vegetation across the assessment area developed during
the past 10,000 to 14,000 years of glacial retreat, with relatively similar
patterns of primary succession and eventual development of forest on sites
capable of supporting tree growth.

• Vegetation development from bare ground, or primary succession, which
can be observed near recent areas of glacial retreat, illustrates the process
of directional vegetation development that has occurred throughout the
region since the last glacial maximum.

• Conifer forests were rare east of the Kenai Mountains until about 2,000
years ago. Sitka spruce woodlands likely formed on the eastern side of the
Kenai Peninsula and on islands throughout the Sound beginning 3,000

Understanding the 
potential influences 
of climate change on 
vegetation in south-
central Alaska is 
impossible without 
some underlying 
knowledge of current 
vegetation patterns.



166

GENERAL TECHNICAL REPORT PNW-GTR-950

years ago, but well-developed temperate coastal rain forests became com-
mon only in the last 2,000 years. Boreal forest to the west of the Kenai 
Mountains formed earlier by migration of species from ice-free refugia. 
Boreal forests spread across the western Kenai about 4,600 years ago.

• Migration of plants via seed and vegetative reproduction occurred from
source populations in southeast Alaska, small areas of glacial refugia
throughout the assessment area, and for boreal species, from forests to
the north.

• Historically, fire has not played a major role in the ecosystems of coastal
temperate rain forests. In the boreal region of the Kenai, fire was histori-
cally important and was tightly linked to historical vegetation patterns.

The Future Is Contingent On the Past: Historical 
Changes in Vegetation
Climate ultimately determines the potential distribution of vegetation at broad 
spatial scales (Cain 1944, Woodward 1987). However, ecological processes, regional 
climate variation, geographic barriers to dispersal, and soil factors all act to influ-
ence the realized distribution of species, thereby determining their historical and 
current geographic distribution (Kruckeberg 2002). Almost complete glacial cover 
during the last glacial maximum, followed by gradual deglaciation over the past 
12,000 to 20,000 years, and more rapid ice lost since the end of the Little Ice Age 
(circa 1850) created a geologically “new” landscape that was quickly colonized by 
short-lived species that can thrive post-disturbance (fig. 6-1). Below, we examine 
the short- and long-term ecological history of the assessment area to illustrate how 
climate resulted in directional change that has occurred for millennia and to provide 
context from which to evaluate potential future changes resulting from human-
induced climate change in the future. 

Long-Term Vegetation History
Inspection of the fossil record reveals that dramatic changes in vegetation occurred 
repeatedly in the past in response to changes in global climate. Particularly striking 
was the occurrence of temperate hardwoods such as oak, hickory, beech, chestnut, 
elm, and sweetgum in interior and south-central Alaska during the Miocene (17 
to 14.5 mya). Following an abrupt transition from the extremely warm Miocene 
period, temperatures oscillated and tree species diversity was extremely high com-
pared to the present. The region supported a range of conifers including Douglas-
fir, redwood, pine (related to lodgepole pine), and firs (Ager 2007). Tree species 
diversity declined during glacial/interglacial cycles of the Pliocene (2 to 6 mya), 



Figure 6-1—Extent of glacial ice at different periods in the past, demonstrating the directional decline in glacier cover during the past 
20,000 years or more and the current extent of glaciers. Source: Alaska PaleoGlacier Atlas (version 2) (Manley and Kaufman 2016).
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resulting in the loss of hemlock, fir, and pine from interior forests (Ager 2007). The 
last time temperatures in Alaska were warm enough to support extensive forest in 
the interior was 125,000 years ago during the last interglacial—a warm period that 
lasted about 20,000 years and represented one of many brief warm periods in the 
past 2 million years. During this period, the mean annual temperature of interior 
Alaska was 2 °C warmer than today (fig. 6-2) (Ager 1997, 2007). During the most 
recent glaciation (ending about 27,000 to 12,000 years ago), sea level dropped about 
125 m below its current level, and ice extended far onto the continental shelf of 
the current Gulf of Alaska (Ager 2007: 9–18). Vegetation in nearby regions that 



Figure 6-2—Illustration of dramatic variation in long-term global temperatures that influenced vegetation in 
the assessment area. Figure presents general trends in Pacific Ocean seawater temperature from oxygen isotope 
measurements in marine fossils. Source: Ager (1997).
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were not overrun by glaciers 13,000 years ago appears to have been dominated by 
species present in contemporary wet and mesic meadows and Empetrum heathlands 
(Peteet and Mann 1994).

Short-Term Vegetation History (~10,000 Years BP)
The vast majority of land in the assessment area was covered with ice for much of 
the past 100,000 years, setting the stage for a dynamic change in vegetation and 
resulting in the array of tundra, shrublands, wetlands, boreal forest, and coastal rain 
forest we observe today (Ager 2007, Jones et al. 2009). Deglaciation, which began 
earlier on the western Kenai Peninsula than on Prince William Sound and the 
Copper River Delta, set the stage for vegetation development. However, proximity 
of plant seed sources, prevailing storm tracks and wind (dispersing some seeds), 
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topography, and climate gradients all strongly influenced this pattern. Several small 
areas within the assessment area remained ice-free during the last glacial period. 
Such areas are called refugia. Identified biological refugia include several moun-
taintop nunataks (exposed land) on Hinchinbrook, Montague, and Knight Islands, 
and more extensive areas on the western Kenai, including the far northern lowlands, 
an area between Skilak and Tustumena Lakes, and portions of the Caribou Hills 
north of Homer (Ager 2001, Heusser 1983). The significance of refugia is that, post-
glaciation, these areas often served as seed sources for colonization and continue to 
disproportionately harbor rare and widely disjunct populations (Carlson et al. 2013). 
However, most plants are believed to have established from dispersal events from 
outside the region, notably from southeast Alaska.

Mountain ranges interact with prevailing storm tracks that typically bring 
westerly winds, strongly influencing the pattern of plant dispersal. The Kenai 
Mountains, forming a north-south spine dividing the peninsula, and Chugach 
Mountains forming the northern boundary of the assessment area, were particularly 
important. Several authors have suggested that coastal rain forest species migrated 
from coastal Canada or southeast Alaska following deglaciation, and that this 
dispersal was dependent on prevailing winds (Ager 2001, Jones et al. 2009). Other 
dispersal routes of plants into the assessment area appear to have been along the 
Copper River drainage and low passes in the Talkeetna and Chugach Mountains.

Broad climatic gradients appear to have been maintained through much of 
the post-glacial vegetation development. The strong moisture and temperature 
gradients that led to very wet conditions throughout Prince William Sound and 
the Copper River Delta, along with mild summer and winter temperatures in this 
same region, structured the resulting vegetation. A rapid decline in precipitation 
and more extreme summer and winter temperatures occur from east to west. As a 
consequence, substantially different patterns of vegetation recolonization occurred 
on the eastern and western side of the Kenai Mountains (Ager 2007, Heusser 1983, 
Jones et al. 2009). In most areas throughout the assessment area, coastal and sedge 
tundra initially occupied newly exposed land. In the western Kenai and Anchorage 
regions, where present-day boreal forest types occur, post-glacial vegetation transi-
tioned from tundra to shrub birch, alder, and willow, followed by establishment of 
white spruce by 8,500 BP and black spruce by 4,600 BP (Ager 2001, Anderson et 
al. 2006). The source of spruce and other trees is uncertain—some trees may have 
remained in refugia on the Kenai, or the boreal forest trees moved southward from 
the interior through low passes in the Talkeetna Mountains (Ager 2007, Jones et al. 
2009). Regardless of their origins, boreal forest trees were present 8,500 years ago 
and boreal forests began forming 4,600 years ago in the western Kenai.
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Forest development occurred much later east of the Kenai Mountains in the 
broad region from the Delta through western Prince William Sound. Deglaciation 
occurred later in this region because ice thickness was greater and melting slower, 
resulting in development of vegetation beginning as late as 10,000 to 9,000 years 
ago in portions of the Sound as compared to 100,000 years ago on the western 
Kenai (Heusser 1983). Cooler summer temperatures and higher precipitation also 
supported alder, sedge, and fern communities that persisted for long periods. In 
some areas, alder appeared to dominate large areas for more than 1,000 years (Ager 
2007, Heusser 1983). Mountain hemlock and Sitka spruce moved in from the east 
around 3,000 years ago (Ager 2001), and forest communities of hemlock and spruce 
did not develop in the western Sound until about 2,000 years ago (Heusser 1983). 
Currently, Sitka spruce continues to migrate westward along the Gulf of Alaska 
on Kodiak Island at a rate estimated at about a mile per century (Griggs 1934), and 
can be found along the northeast coast of the Alaskan Peninsula. Western hemlock 
currently has not migrated into Cook Inlet (Heusser 1983), but Sitka spruce has, and 
reaches its northern limit near Palmer, Alaska (Viereck and Little 2007). An expan-
sion of black spruce in the Kenai lowlands may have followed the end of the Little 
Ice Age in the 1850s (Berg et al. 2009). 

Fire and defoliating and wood-boring insects also influenced past forest condi-
tions in the assessment area. Historically, fires were not uncommon in the western 
Kenai. During the early and mid Holocene, estimated mean fire-return intervals on 
landscapes in the Kenai lowlands ranged from 77 years during birch/willow/cotton-
wood phases to 138 years during shrub/herb tundra phases. White spruce and black 
spruce forests experienced fire-return intervals of about 80 and 130 years, respec-
tively (Anderson et al. 2006). Historically, fires were notably infrequent in the 
eastern portion of the assessment area. Since the establishment of coastal rain forest 
dominated by Sitka spruce and hemlock about 3,000 years ago, fire has played little 
role in ecosystem dynamics. 

During the past couple centuries, human ignitions have become more important 
in the western portion of the assessment area. Although Alaska Native peoples have 
been present in south-central Alaska for thousands of years, there is no evidence 
that they used fire as a land management tool. Gold miners set fires to clear land for 
prospecting, particularly in the Kenai Mountains, and seem to have unintentionally 
created extensive moose habitat.12

Major fires occurred on the western Kenai during a number of years beginning 
in the late 1800s (Lutz 1960 as cited by Morton et al. 2006). The basic cause for 

12 Boraas, A. 2013. Personal communication. Professor of anthropology, Kenai Peninsula 
College, Soldotna, AK 99669.
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these fires was attributed to railroad activity igniting 95 fires between 1932 and 
1953. The drought conditions following the 1912 Katmai Volcano eruption also 
contributed to fire behavior by creating favorable weather for burning. Holbrook 
(1924) reported that “the region has been visited by numerous fires and most of the 
better grade of timber has been burned.” He mapped about 12 000 ha of burned 
area on the forest. These large fires included the Resurrection Creek watershed 
covering 4050 ha. Following World War II, several large fires occurred in the 
western Kenai. Fires in 1947 and 1969 burned 125 000 and 34 800 ha, respectively. 
From 1990 throught 2012, about 57 000 ha of forest burned. Near the end of the 20th 
century, an average of 66 wildfires occurred on the peninsula each year, most being 
very small (fig. 6-3).

The historical influence of insects on forest structure and composition was 
more dramatic west of the Kenai Mountains—the boreal forest region rather than 
the coastal region. In the boreal forests, over time, defoliators periodically erupt 
and remove the majority of leaves across large areas. Similarly, in the recent past, 
spruce bark beetle represents a dominant disturbance in the boreal forest, with a 
mean return interval of around 50 years on the Kenai Peninsula (Berg and Ander-
son 2006). Based on tree-core evidence, Berg et al. (2006) found that an outbreak of 
spruce beetle occurred on the Kenai in the late 19th century. The late-20th-century 
outbreak appears to be representative of past spruce mortality events and indicates 
that beetles represent an important part of the ecological history of the western 
Kenai Peninsula.  

Summary: Current Vegetation 
• There are nine vegetation cover types within the assessment area.
• Spruce is the dominant conifer in the assessment area, with Sitka spruce

dominating in the temperate rain forest and white and black spruce domi-
nating in the boreal forest.

• Across the assessment area, there are 53 rare-to-imperiled plant species that
are found in eight different habitat types.

• 159 taxa of non-native species have been found within the assessment area,
occupying approximately 0.04 percent of the total area of the region.

• Fire continues to be rare in the temperate coastal rain forest. However,
in the western Kenai where boreal (and transition-boreal) vegetation
occurs, large fire events, although uncommon, are an important factor in
structuring the current vegetation pattern. Fire events are often linked to
broad climatic patterns, although human activity has also played a role in
promoting fire in the assessment area.



human infrastructure on the peninsula. Source: KPBOEM (2004).
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Case Study: Historical and Current Patterns of Spruce 
Beetle Outbreaks and Long-Term Consequences on 
Vegetation
John Lundquist, supervisory forest entomologist, Chugach National Forest

The history of spruce beetle outbreaks on the Kenai Peninsula was recon-
structed for a period extending from the 1770s to the mid 1990s by using 
tree-ring growth-pulse profiles (Berg and Anderson 2006, Berg et al. 2006). 
Based on these chronologies, Berg and his colleagues found that sites differed 
in specific outbreak histories, but that distinct widespread outbreaks occurred 
in the 1810s, 1870s, 1910s, 1970s, and 1990s (fig. 6-4). Outbreaks in the 1810s, 
1910s, and 1970s were mild (they killed a low proportion of trees in any single 
area) but extensive, creating a diversity of forested and nonforested patches 
across the landscape. Because these outbreaks affected forest patterns across 
broad areas, they helped maintain landscape heterogeneity, and, presumably, 
reduced the chances of future regional catastrophes caused by various distur-
bance agents, including spruce beetles or wildfire. 

The 1880s and 1990s outbreaks were exceptions. The earlier outbreak 
killed so many trees that it reset large contiguous areas of unmanaged spruce 
forests to a common age, reducing the inherent patchy heterogeneity of the 
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forested landscape. Without additional disturbances, from 50 to 70 years would 
be required for the surviving forest to reach crown closure and for individual 
trees to become large enough to be susceptible to spruce-beetle attack. By the 
1990s, vast areas of the forests on the Kenai had grown dense and into relatively 
large trees of susceptible size. In this way, the 1880s outbreak predisposed forests 
on the Kenai Peninsula to the 1990s outbreak, even though the two events were 
separated in time by more than 100 years! 

In addition to forest conditions and the size class of trees, climate also plays 
a role in spruce-beetle outbreak dynamics, but its role may not be entirely obvi-
ous. Research based mostly on the 1990s outbreak has led to several hypotheses 
about the cause of changes in beetle behavior (table 6-1), and they are all directly 
or indirectly related to warming temperatures. 

A conceptual ecological model represents a foundation from which to 
discuss the potential influence of a changing climate on bark beetle dynamics, 
their impacts, and the resulting patterns of recovering forest growth. There is 
an inherent limit to the frequency of broad-scale, intense bark beetle mortality 
events, given the substantial lag needed for trees to grow to susceptible size 
classes between catastrophic mortality events. But warming temperatures could 
increase tree growth rates, reducing this inherent time-lag between outbreaks. 
Low winter temperatures could reduce overwinter survival of beetles, slowing 
rates of beetle population growth. Earlier onset of spring could trigger changes 
in the number of annual life cycles, leading to exponential increases in beetle 

Table 6-1— Hypotheses on what caused the 1990s Kenai spruce beetle outbreak

Attack hypothesis Climate condition Spruce beetle response

Winter beetle mortality Moderate winter temperatures and  
abundant snowfall

Low winter mortality

Early spring Early increasing spring temperatures Early emergence, attack, oviposition, and 
egg hatch

2- to 1-year life cycle Early increasing spring temperatures Switch from 2- to 1-year life cycle

Host stress Increasing summer temperatures with  
lower precipitation

Increased host tree susceptibility caused by 
water deficit stress

Frozen root Cold soil, frozen roots while temperatures 
warm in spring

Increased host tree susceptibility caused 
by increased demand for water while the 
amount roots can supply are limited

Growth season length Lengthened growth season Longer time to cause damage
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abundance. Depending on patterns of moisture, changing climate could reduce the probability 
of broad-scale beetle outbreaks if precipitation increases to relieve water stress, and if moisture 
patterns become less variable between years. Alternatively, high variation in precipitation, 
especially if a combination of temperature and precipitation leads to late-summer water stress, 
could result in periodic conditions that promote effective beetle attacks. 

Maps of the statewide distribution of spruce beetles, based on Forest Health Management 
surveys since the 1940s, show that the earliest reports of infestations occurred simultaneously 
at several different locations across south-central Alaska. Foci can be identified around Copper 
River, near Wasilla, on Afognak Island, and near McGrath (fig. 6-5). Subsequently, popula-
tions of spruce beetles spread unevenly across the geography of Alaska. The paths they took 
were probably influenced by the topography, climate, elevation, and latitude. In this regard, 
two notable jumps in distribution occurred from 1980 to 1990 and from 1990 to 2000. Another 
notable jump occurred in 2007 and is indicated by the lobe jutting northeastward toward the 
Charlie River at the northeast side of the state. Arguably, the pattern suggests that outbreaks of 
increasing severity migrating northward, which is likely to continue with further warming. ■

* Dates of expansion
are approximate
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Figure 6-5—Historical distribution of reported spruce beetle outbreaks in Alaska, and the large-scale, long-term 
trend of their spread across the state (Lundquist 2009).
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Context for Climate Change: Current Vegetation 
Patterns and Plant Distributions 
Current Disturbance Regimes
Study of more recent fire history suggests broad patterns that are similar to the 
long-term record described above. Fire continues to be rare and never covers more 
than a few hectares in the coastal rain forest. As in the past, the transitional boreal 
forests of the western Kenai Peninsula have experienced a relatively complex pat-
tern of fire in response to existing vegetation, human ignition rates, and interannual 
variation in weather. 

Currently, fires are relatively uncommon in the boreal forests of the western 
Kenai. However, when they occur, they are an important part of the disturbance 
ecology because individual events can be large. Natural fire occurs in the Kenai 
boreal biome based largely on climate conditions—uncommonly dry windy condi-
tions, particularly in spring before green-up, result in high rates of spread. Fires in 
1947, 1969, and 2014 resulted in large disturbances—310,000, 86,000, and 194,000 
ac (125 000, 35 000, and 78 500 ha) burned, respectively. Nonforest vegetation also 
experiences fire, but fires in these vegetation types are more difficult to character-
ize because they leave less-discernible legacies. 

Climate ultimately determines the potential distribution of vegetation at broad 
spatial extents (biomes), while interactions among disturbances, soils, weather, and 
history determine the character of vegetation at finer spatial scales. Recent patterns 
of fire occurrence and the probability of fire differ substantially across the assess-
ment area (fig. 6-6). 

More than 500 000 ha of bark beetle activity was recorded (Werner et al. 
2006) on the Kenai Peninsula during the 1990s, and an estimated 1.6 million ha of 
spruce forest in south-central Alaska was affected. In many stands, tree mortality 
reached 85 to 98 percent of all spruce over 6 inches diameter at breast height. The 
bark beetle episode lasted about 10 years at high intensity. Tree mortality resulting 
from bark beetle attack changed the character of the landscape, setting in motion 
a sequence of changes in the probability of fire and the potential spatial extent of 
individual fire events across the western Kenai. Although fire conditions changed 
rapidly, the level of change was not unique to this bark beetle event. 

Regardless of the historical pattern of bark beetles on the Kenai (see case 
study on page 173), the recent bark beetle event changed fuel characteristics on the 
peninsula, and vegetation development following the event continues to change 
the probability of fire and the potential pattern of disturbance given an ignition. 
The greatest increase in fine fuels is represented by native bluejoint grass (Cala-
magrostis canadensis) (Wahrenbrock 2009) that increased in extent following 

Climate ultimately 
determines the 
potential distribution 
of vegetation at 
broad spatial extents, 
while interactions 
among disturbances, 
soils, weather, and 
history determine the 
character of vegetation 
at finer spatial scales.
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mortality of spruce. Spruce mortality contributed to the accumulation of both fine 
and large fuels. Over time, as trees lose branches and fall, the characteristics of 
fuels, particularly large fuels, are changing. 

In 2004, the Kenai Peninsula Borough released an action plan for fire preven-
tion and protection (KPBPEM 2004), hereafter called the All Lands Action Plan. 
A major focus of this interagency effort was development of a fire hazard and risk 
classification for a large portion of the Kenai Peninsula. The report represents the 
best overview of current conditions on the portion of the assessment area where 
fire is an important ecological and economic agent (fig. 6-7). Other assessments 
of fire hazard or risk have also been produced (e.g., Hansen and Naughton 2013); 
however, the Kenai Borough product seems most relevant to our assessment and 
will be applied below. The U.S. Forest Service has not produced a fire regime map 
nor mapped fire hazard/risk for the area (see recent fire management plan) (USDA 
FS 2014).

Current Distribution of Biomes and Land Cover Types  
Ecological communities can be classified at multiple spatial scales. Biomes are the 
broadest ecological unit and are defined mainly by climate. Different classifica-
tion schemes have defined slightly different biome delineations for the assessment 
area. Depending on the classification, there are two or three major biomes in the 
assessment area (fig. 6-8), and within these biomes a variety of species occur with 
only minimal overlap in distribution. Coastal temperate rain forest and transitional 
boreal forest in the Kenai lowlands are always delineated as biomes (Nowacki et 
al. 2001). Other classifications also break out alpine tundra in the mountains as a 
distinct biome (Brown et al. 1998, Viereck et. al.1992). 

Land cover types are generalized vegetation classes, such as deciduous or 
evergreen forests that are defined at finer spatial scales than a biome. The spatial 
distribution of land cover types is mediated by climate and other regional factors 
such as dispersal barriers and hydrology. Eleven land cover classes have been 
identified in south-central Alaska using standard remote-sensing approaches (fig. 
6-9; table 6-2). These 11 land cover types include nine vegetation cover types and 
two types free of vegetation. The nine vegetation cover types include deciduous 
forest, evergreen forest, mixed forest, dwarf scrub (including alpine), shrub/scrub, 
grassland/herbaceous, woody wetlands, emergent herbaceous wetlands, and sedge/
herbaceous (table 6-3).

The 11 land cover 
types in south-central 
Alaska include nine 
vegetation cover types 
and two types free of 
vegetation.
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Figure 6-8—Biomes of the Chugach-Kenai climate vulnerability assessment area. The four biomes are aggregates of Davidson (1996) 
ecological subsections.
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Biomes
Boreal
Icefield
Rain forest
Transitional

Sitka spruce (Picea sitchensis), mountain hemlock (Tsuga mertensiana), and 
western hemlock (T. heterophylla) are dominant trees in evergreen forests of the 
coastal rainforest biome. White spruce (Picea glauca), black spruce (P. mariana) 
and Lutz spruce (P. × lutzii) are dominant trees in the evergreen forests of the 
transitional boreal biome. Birch (Betula papyrifera var. kenaica and B. neoalas-
kana), aspen (Populus tremuloides), and black cottonwood (P. balsamifera ssp. 
trichocarpa) are common deciduous trees in the boreal forest. Although black 
cottonwood is the only deciduous species to occur in the rain forest, it is only rarely 
dominant. Diverse shrublands, classified as shrub/scrub, include Sitka alder (Alnus 
viridis spp. sinuata), salmonberry (Rubus spectabilis), multiple species of willow 
(Salix spp.), and bog birch (Betula nana and B. glandulosa). Alpine vegetation, 
generally classified as dwarf shrub, occurs on mountains above about 1,500 ft.  
(450 m) in the absence of glaciers or rock. Some species include Loiseleuria pro-
cumbens, Empetrum nigrum, Cassiope stelleriana, Hierochloe alpina, Phleum alpi-
num, Carex pyrenaica, Artemisia arctica, and Phyllodoce aleutica. Peatlands also 
occur across the assessment area and support dominant vegetation ranging from 
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Figure 6-9—Distribution of 11 National Land Cover Database (NLCD) classes across the assessment area. See table 6-2 for details of vegetation classes.
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Table 6.2—Descriptions of the 11 land cover types in south-central Alaska

Label Description
Perennial ice/snow All areas characterized by a perennial cover of ice or snow, generally greater than 25 

percent of total cover.
Barren land (Rock/sand/clay) Barren areas of bedrock, desert pavement, scarps, talus, slides, volcanic material, 

glacial debris, sand dunes, strip mines, gravel pits and other accumulations of earthen 
material. Generally, vegetation accounts for less than 15 percent of total cover.

Deciduous forest Areas dominated by trees generally greater than 5 m tall, and greater than 20 percent 
of total vegetation cover. More than 75 percent of the tree species shed foliage 
simultaneously in response to seasonal change.

Evergreen forest Areas dominated by trees generally greater than 5 m tall, and greater than 20 percent of 
total vegetation cover. More than 75 percent of the tree species maintain their leaves all 
year. Canopy is never without green foliage.

Mixed forest Areas dominated by trees generally greater than 5 m tall, and greater than 20 percent 
of total vegetation cover. Neither deciduous nor evergreen species are greater than 75 
percent of total tree cover

Dwarf scrub Alaska only areas dominated by shrubs less than 20 cm tall with shrub canopy typically 
greater than 20 percent of total vegetation. This type is often co-associated with 
grasses, sedges, herbs, and nonvascular vegetation tundra and may be periodically or 
seasonally wet and/or saturated with water. This type commonly occurs in alpine or 
tundra areas and may contain permafrost.

Shrub/scrub Areas dominated by shrubs less than 5 m tall with shrub canopy typically greater than 
20 percent of total vegetation. This class includes true shrubs, young trees in an early 
successional stage or trees stunted from environmental conditions.

Grassland/herbaceous Areas dominated by grammanoid or herbaceous vegetation, generally greater than 80 
percent of total vegetation. These areas are not subject to intensive management such 
as tilling, but can be used for grazing.

Woody wetlands Areas where forest or shrub land vegetation accounts for greater than 20 percent of 
vegetative cover and the soil or substrate is persistently saturated with or covered with 
water.

Emergent herbaceous wetlands Areas where perennial herbaceous vegetation accounts for greater than 80 percent of 
vegetative cover and the soil or substrate is persistently saturated or covered with 
water.

Sedge/herbaceous Alaska only areas dominated by sedges and forbs, generally greater than 80 percent of 
total vegetation. This type can occur with significant other grasses or other grass-like 
plants, and includes sedge tundra, and sedge tussock tundra and may be periodically or 
seasonally wet and/or saturated. This type may contain permafrost.

forest (black spruce), to shrublands (e.g., Empetrum nigrum, Cassiope stelleriana, 
Vaccinium uliginosum), to herbaceous cover (e.g., Sphagnum fuscum, Carex limosa, 
Trichophorum caespitosum, Eriophorum angustifolium, Andromeda polifolia). 
Depending on the primary composition, peatlands are classified as woody wetlands 
(forest or shrub cover >20 percent) or emergent herbaceous wetlands (perennial 
herbaceous vegetation cover >80 percent).
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Table 6-3— Percentage of the assessment 
area occupying 11 land cover types

Percent
Barren land (rock/clay/sand) 24.34
Shrub/scrub 23.87
Perennial ice/snow 19.86
Evergreen forest 14.67
Dwarf shrub 5.89
Deciduous forest 3.89
Woody wetland 3.08
Mixed forest 2.90
Emergent herbacous wetlands 1.42
Grassland/herbaceous 0.06
Sedge/herbaceous 0.03

Current Distribution of Spruce Species
Spruce occur as dominant species in several vegetation types that cover significant 
portions of the assessment area. As dominant taxa, these spruce, which include 
white, black, and Sitka spruce, exert a strong influence on ecosystem composition, 
structure, and function. For example, they can change soil temperature (through 
shading), soil chemistry (through litterfall), and soil turnover rates (through tree-
fall and tip-up mounds) (Alban et al. 1978, Bonan and Shugart 1989, Schaetzl et al. 
1988). They influence fire behavior because of their flammability and architecture 
(Cronan and Jandt 2008). Spruce forests provide habitat for many birds, small 
mammals, insects, and pathogens, and therefore help determine the biodiversity of 
landscapes. Examining trends in distribution of spruce species provides significant 
insight into current and future ecosystem conditions. Here, we review the current 
distribution of black, white, and Sitka spruce across the assessment area to provide 
a context for examining a scenario for changes in their distribution.

The distribution of Alaska’s three spruce species corresponds with two distinct 
forest biomes: Sitka spruce distribution matches the temperate rain forest, and black 
spruce and white spruce distribution reflects the boreal forest (fig. 6-10). A series 
of mountain ranges separates these two biomes along most of the Gulf of Alaska. 
However, the Kenai Peninsula and the forests surrounding Cook Inlet represent a 
rare transition zone between the two biomes lacking the mountain barrier found 
elsewhere. As a geographic area with rapid transition between biomes, but lacking 
a clear physical barrier, the Cook Inlet/Kenai Peninsula region has the potential to 
experience substantial climate change effects, shuffling the distribution of these  
two biomes.  

The distribution of 
Alaska’s three spruce 
species corresponds 
with two distinct 
forest biomes: Sitka 
spruce distribution 
matches the temperate 
rain forest, and black 
spruce and white 
spruce distribution 
reflects the boreal 
forest.



Figure 6-10—The distribution of Sitka spruce indicates the temperate rain forest biome in Alaska, while black spruce and white spruce 
distribution define the boreal forest biome. Note: geographic information system data for species ranges was obtained from Les Viereck 
and corresponds to Viereck and Little (2007).
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In the past, spruce has exhibited fairly low potential migration rates. Following 
the most recent deglaciation, it took thousands of years for Sitka spruce to recolo-
nize Prince William Sound from southeast Alaska. Dispersal attributes for Alaska 
spruce species include:
• Minimum seed-bearing age: 10 to 40 years
• Seed type: winged seed 10 to 12 mm long.
• Seed dispersal mode: wind.
• Large seed crop frequency: 2 to 12 years.
• Seed dispersal distance: 30 to 800 m; most seed falls within 100 m.
• Lifespan: varied, from 800 years (Sitka spruce) to about 200 years

(black spruce).

Current Distribution of Rare Species
In contrast to dominant species such as trees, rare plant species are more likely to 
be affected by more subtle and finer spatial-scale environmental change. Addi-
tionally, despite their low abundance, rare plant species represent an important 
component of biodiversity and in some cases contribute to ecological resiliency (see 
Mouillot et al. 2013). Rare species themselves, however, are typically quite sensitive 
to ecological perturbations and are vulnerable to extinction (Gaston 1994). 

The concept of “rarity” incorporates multiple spatial, demographic, and 
ecological elements for a given species in a region. Species are classified as rare 
based on their geographic range size, degree of habitat specificity, and population 
size (Rabinowitz 1981). Thus a species may be considered rare if it has a limited 
geographic range (narrowly endemic) even if it is locally abundant. Alternatively, 
a species may be widely distributed but tightly restricted to unusual habitat types 
(e.g., inland sand dunes or serpentine soils), and a rare species may be widespread 
but always occur at chronically low population sizes. Last, species may encompass 
multiple forms of rarity, such as those that are narrowly endemic and are habitat 
specialists. See AKNHP (2014) for a description of rarity ranks used in Alaska. 
The forms of rarity that are most vulnerable to extirpation are those with narrow 
geographic range sizes or those that specialize in habitats that are also likely to be 
affected by resource development.

Patterns of plant rarity in Alaska are notably different from other states. The 
density of rare plants is considerably lower (i.e., 15× lower) relative to Pacific 
Northwest states such as Washington and Oregon. A larger proportion of rare spe-
cies in Alaska are widely distributed habitat specialists rather than narrow endemics 
(Carlson and Cortés-Burns 2012). Finally, fewer globally rare and federally listed 
plant species are known from Alaska (Carlson and Cortés-Burns 2012). The low 
number of species at risk of extirpation in Alaska is due to a combination of the 

Despite their low 
abundance, rare plant 
species represent an 
important component 
of biodiversity and in 
some cases contribute 
to ecological resiliency.
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biogeography of biodiversity and the extent of wilderness, which results in fewer 
threats from habitat conversion, the primary cause of species endangerment (Meffe 
and Carroll 1997, Wilcove and Master 2005). 

Recorded populations of rare plants occur throughout the assessment area, but 
with lower densities in the Kenai Mountains and lowlands, and in the Chugach 
Mountains near Prince William Sound. Fewer recorded plants in these regions are 
likely owing to lower collection intensity and large regions of unsuitable habitat 
(ice fields). A large number of rare plants has been recorded in the Anchorage Bowl 
and adjacent western Chugach Mountains. This high density is partially an artifact 
of very high collection intensity, as well as high topographic, environmental, and 
geologic complexity. 

Fifty-three rare-to-imperiled plant species have been documented in the assess-
ment area by the Alaska Natural Heritage Program (see http://aknhp.uaa.alaska.edu/
botany/rare-plant-species-information/) (table 6-4). The global and regionally rare 
taxa are found in a range of habitat types: four species are restricted to freshwater 
aquatic habitats and seven are associated with intertidal and supratidal habitats. 
Nine species are associated with wetlands; six with woodlands; 17 with meadows; 
two with steppe bluffs; and seven with rock outcrops and alpine slopes. One species 
is found in multiple habitat types. More than half of the rare wetland species are 
associated with neutral, calcareous, or alkaline substrates. Rare taxa are strongly 
represented by the Cyperaceae (14 taxa), Poaceae (seven taxa), and Brassicaceae 
(four taxa). The majority of these species are secure globally, but reach their distri-
butional limits in the Chugach. For example, western fescue (Festuca occidentalis) 
is ubiquitous in the Pacific Northwest and British Columbia, but is known from 
only three populations in Alaska, two of which are on the Kenai Peninsula. Six 
taxa are considered rare globally: Sessileleaf scurvygrass (Cochlearia sessilifolia), 
Harold’s milkvetch (Astragalus robbinsii var. harringtonii), fourpart dwarf gentian 
(Gentianella propinqua ssp. aleutica), Alaska hollyfern (Polystichum setigerum), 
Pacific buttercup (Ranunculus pacificus), and Alaska mistmaiden (Romanzoffia 
unalaschcensis). 

Current Status of Non-Native Species
Invasive species represent one of the greatest threats to ecosystems and economies 
globally and are a challenging issue for land managers at the regional and local 
level. Non-native species with the capacity to form large and self-sustaining popula-
tions in new regions (i.e., “invasive”) can displace native plant and wildlife popula-
tions, reduce habitat quality, alter ecosystem functions, and reduce the overall 
economic value of the landscape (Pimentel 2009). 
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Table 6-4—List of rare plant taxa tracked by the Alaska National Heritage Program occurring 
in the assessment area

Family Taxon name State rank Global rank
Asteraceae Agoseris glauca S2S3Q G5
Asteraceae Artemisia dracunculus S1S2 G5
Fabaceae Astragalus robbinsii var. harringtonii S3 G5T3
Brassicaceae Boechera lyallii S1 G5
Brassicaceae Boechera stricta SU G5
Cyperaceae Bolboschoenus maritimus ssp. paludosus S3 GNRTNR
Ophioglossaceae Botrychium virginianum S3 G5
Cyperaceae Carex atratiformis S3 G5
Cyperaceae Carex bebbii S1S2 G5
Cyperaceae Carex deflexa var. deflexa S2S3 G5
Cyperaceae Carex deweyana var. deweyana S2S3 G5
Cyperaceae Carex heleonastes S3 G4
Cyperaceae Carex interior S3 G5
Cyperaceae Carex parryana S2 G4
Cyperaceae Carex phaeocephala S3 G4
Cyperaceae Carex preslii S1 G4
Cyperaceae Carex sprengelii S1 G5?
Orobanchaceae Castilleja hyetophila S2S3 G4G5
Poaceae Catabrosa aquatica S1S2 G5
Brassicaceae Cochlearia sessilifolia S2Q G1G2Q
Crassulaceae Crassula aquatica S1S2 G5
Brassicaceae Draba incerta S3 G5
Cyperaceae Eleocharis quinqueflora S2 G5
Cyperaceae Eriophorum viridicarinatum S2S3 G5
Poaceae Festuca occidentalis S1 G5
Gentianaceae Gentianella propinqua ssp. aleutica S3 G5T2T4
Rosaceae Geum aleppicum ssp. strictum S3 G5T5
Apiaceae Glehnia littoralis ssp. leiocarpa S2S3 G5T5
Poaceae Glyceria striata S3 G5
Cupressaceae Juniperus horizontalis S3 G5
Plantaginaceae Limosella aquatica S3 G5
Caprifoliaceae Lonicera involucrata S3 G4G5
Asparagaceae Maianthemum stellatum S3 G5
Saxifragaceae Micranthes porsildiana S2 G4
Ericaceae Monotropa uniflora S1 G5
Haloragaceae Myriophyllum farwellii S1 G5
Hydrocharitaceae Najas flexilis S3 G5
Orobanchaceae Pedicularis groenlandica S2 G5
Zosteraceae Phyllospadix serrulatus S3 G4
Poaceae Poa macrantha S1S2 G5
Poaceae Poa secunda ssp. secunda S1S2 G5TNR
Poaceae Podagrostis humilis S3 G5
Dryopteridaceae Polystichum setigerum S3 G3
Potamogetonaceae Potamogeton robbinsii S2 G5
Rosaceae Potentilla drummondii S2S3 G5
Ranunculaceae Ranunculus orthorhynchus var. orthorhynchus S2S3 G5T5
Ranunculaceae Ranunculus pacificus S3S4 G3
Hydrophyllaceae Romanzoffia unalaschcensis S3S4 G3
Salicaceae Salix hookeriana S2S3 G5
Poaceae Schizachne purpurascens S2 G5
Amaranthaceae Suaeda calceoliformis S1S2 G5
Cyperaceae Trichophorum pumilum S1 G5
Violaceae Viola sempervirens S1 G5
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Although invasive species rank second to outright habitat conversion as a threat 
to biodiversity globally and nationally (Simberloff 2009, Wilcove and Master 2005), 
in Alaska and the circumpolar North, invasive species are not known to have caused 
the degree of damage observed at lower latitudes (Carlson and Shephard 2007, Las-
suy and Lewis 2013, Sanderson 2012). 

The more restricted impact of invasive species in Alaska is likely due to a 
range of factors. These may include preemptive colonization of disturbed habitats 
by native ruderal species in relatively young post-glaciation landscapes; high 
former biogeographic exchange between Nearctic and Palearctic floras (cf. Abbott 
and Brochmann 2003) prior to human-aided dispersal (leaving a smaller pool of 
potential species that would be new introductions); shorter growing seasons and 
lower temperatures; and low rates of species introduction by human vectors as a 
consequence of low human population density, minimal agriculture, and a confined 
transportation network. However, human population growth is increasing in Alaska, 
and consequently, the diversity and geographic scope of non-native species is 
expanding. Formerly pristine landscapes are increasingly being threatened (Carlson 
and Shephard 2007). The state of non-native species establishment in Alaska is in an 
early stage with continued geographic expansion. Ecological and economic con-
sequences are expected to increase as certain invasive species expand (Bella 2011, 
Carlson and Shephard 2007, Jarnevich et al. 2014). Evaluation of the scope of threat 
posed by invasives is incomplete.

South-central Alaska is an area with the potential to experience a significant 
impact by invasive species. The region encompasses some of the highest densities of 
people and infrastructure in the state, and the region harbors intact wilderness adja-
cent to invasive-species sources. Although the diversity and biomass of non-native 
plants are currently low, non-native plants have become an inescapable component 
of many habitats in the region. 

Of about 40,000 invasion records in the assessment area, 159 taxa have been 
documented, encompassing 3128 ha of 11 007 ha surveyed (AKEPIC 2014), which 
represents a very small percentage (0.04 percent) of the total area. Most invasions 
are associated with urban areas and road corridors. Areas without non-native plants 
are generally restricted to habitats off of the anthropogenic footprint (fig. 6-11). 
About 20 percent of weed records in the assessment area are found in the Anchorage 
Bowl. Of the 20 plant species with the capacity for the greatest ecological damage, 
half are known from only 30 or fewer records, and seven species are known from 
more than 100 populations (table 6-5). Seven invasive species are currently geo-
graphically restricted to the Anchorage Bowl. Nearly one-third of the documented 
species in the region have not been evaluated for perceived ecological risk.

South-central Alaska 
is an area with the 
potential to experience 
a significant impact  
by invasive species. 



Figure 6-11—Density of non-native plant invasions in the Kenai Peninsula-Chugach National Forest region. Yellow circles indicate den-
sities of all non-native plants. Orange to red circles indicate densities of infestations of species considered moderately to highly invasive. 
Areas that have been surveyed and no non-native species observed are shown as blue points. Also shown are trails, roads, and highways.
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Sweetclover (Melilotus albus), orange hawkweed (Hieracium aurantiacum), 
and waterweeds (Elodea canadensis, E. nuttallii, and their hybrids) are considered 
ecologically damaging non-native species that are found in intact ecological com-
munities, as well as in the anthropogenic footprint. Reed canarygrass (Phalaris 
arundinacea) is considered a highly invasive species, which in this region is likely 
composed of mixed Eurasian-American cultivars (a few isolated native Pleistocene 
relict populations persist in interior Alaska at warm springs) (see Jakubowski et al. 
2013). 

Although a few species are expected to be highly damaging in more remote 
natural areas, most non-native plants that have established in these areas tend to 
be those of lower predicted ecological impact. The species that most commonly 
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occur outside of the anthropogenic footprint are common dandelion (Taraxacum 
officinale), annual bluegrass (Poa annua), Kentucky bluegrass (Poa pratensis ssp. 
irrigata/ssp. pratensis), common plantain (Plantago major), and disc mayweed 
(Matricaria discoidea). These species are disturbance specialists that are unlikely 
to persist in later successional stages and rarely achieve densities that exclude native 
plants or change ecosystem processes significantly.

Table 6-5—List of highly invasive plant species and number of records in the assessment area

Name Invasiveness rank Number of records
Bromus tectorum L. 78 5
Caragana arborescens Lam. 74 16
Centaurea stoebe L. 86 50
Cirsium arvense (L.) Scop. 76 311
Elodea sp. Michx. 79 30
Fallopia ×bohemica (J. Chrtek & Chrtkov) Bailey 87 1 a

Hieracium aurantiacum L. 79 436
Hieracium caespitosum Dumort. 79 28
Impatiens glandulifera Royle 82 15 a

Lupinus polyphyllus Lindl. 71 227
Lepidium latifolium L. 71 2 a

Lythrum salicaria L. 84 14 a

Melilotus albus Medikus 81 883
Phalaris arundinacea L. 83 1089
Prunus padus L. 74 335 a

Prunus virginiana L. 74 63 a

Rosa rugosa Thunb. 72 2 a

Sonchus arvensis ssp. arvensis L. 73 72
Sonchus arvensis ssp. uliginosus L. 73 6
Vicia cracca ssp. cracca L. 73 913
a Species currently restricted to the Anchorage Bowl.
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Case Study: Using Repeat Field Measurements to Detect 
Change in Forests of the Chugach/Kenai Region
Tara Barrett, research forester, Pacific Northwest Research Station

Change in plant species composition is often rapid within small areas as indi-
vidual plants regenerate, grow, and die. Over very large regions, vegetation 
change reflects broad shifts in climate, management, or disturbance regimes. In 
this case study, we look at recent changes in aboveground live-tree biomass and 
discuss possible causes. We used a set of 1,079 forested field plots installed from 
Ketchikan to Kodiak in the period of 1995–2003, then remeasured in 2004–2010, 
to assess recent change in unmanaged forests at a very broad spatial scale (see 
Barrett [2014] for methods).

The Chugach National Forest experienced a recent increase in live-tree 
biomass during the remeasurement period, estimated as an overall 4.5-percent 
increase, which is equivalent to an increase of 501 kg of dry biomass per forest 
acre per year. The 95-percent confidence interval of the live-biomass increase 
ranged from 1.5 to 7.6 percent, indicating uncertainty in the amount of change, but 
providing strong evidence for an increase in biomass. Significant (p-values < 0.10) 
increases of live-tree biomass occurred for Sitka spruce and white spruce species. 
For stands classified by their dominant species, significant increases in biomass 
occurred in the cottonwood, paper birch, western hemlock, and white spruce for-
est types. No forest type showed a significant decrease in live-tree carbon mass. 

The Chugach National Forest has primarily temperate rain forest tree species 
(western hemlock, Sitka spruce, and mountain hemlock), but its western edge 
does border the boreal forest. To look at change in the larger region surrounding 
the forest, plots were grouped into three ecoregions (fig. 6-12): (1) the Cook Inlet 
Basin ecological section; (2) southeast Alaska; and (3) the western portion of the 
temperate rain forest, referred to here as the Gulf Region. 

The Cook Inlet region, composed primarily of boreal forest species, showed 
no significant change in live-tree biomass overall. The region had an annual turn-
over in live-tree biomass of about 2.4 percent, and both growth and mortality were 
high. There was modest evidence for an increase in aspen biomass (fig. 6-13); the 
p-value was 0.047 for a two-sided t-test with a null hypothesis that change had not 
occurred, but there were only 26 forested plots with aspen. 

Southeast Alaska also showed no change in within-forest live-tree biomass 
overall, although biomass increases are occurring on gentler slopes, and forest 
area appears to be increasing (Buma and Barrett 2015). There is an estimated 
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there is some evidence for a decrease in shore pine (estimated rate of change in 

and a p-value of 0.096 for a test against no change). Shore pine is mostly found 
in the same low site productivity areas as yellow-cedar, a species that has expe-
rienced widespread mortality events in the past century, thought to be related to 
climate change (Hennon et al. 2012). Annual turnover of live-tree biomass was 
about 0.6 percent, much lower than the turnover in the western Kenai Peninsula 

In contrast to the other two regions, evidence is quite strong for within- 
forest live-tree biomass increases in the Gulf Region, where the Chugach 
National Forest is found. Estimated rate of change was an average annual 
increase of 0.8 ± 0.2 percent (p-value < 0.001). This change is primarily driven 
by an average annual increase in Sitka spruce live-tree biomass of 0.9 ± 0.3 

Figure 6-12—Ecoregions (combined ecological sections) used for analysis of biomass change for live trees. Based on Nowacki 
(2001).
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Is the increase in live-tree biomass related to 
climate?—
Climate affects live biomass growth and mortal-
ity in multiple ways. It can change disturbance 
mortality from insects, windthrow, ice storms, 
disease, or fire; it can alter background mortality 
through drought or temperature extremes; and 

Figure 6-13—Net decadal change in live-tree biomass by species and ecoregion from 1,079 plots in unmanaged forest. Plots were 
installed from 1995 to 2003 and were remeasured from 2004 to 2010.
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Figure 6-14—Annual growth and mortality for 
live tree biomass by ecoregion. Numbers equal 134 

plots for the Cook Inlet Region, 265 for the Gulf 
Region, and 680 for the Southeast Region. 
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Summary: Future Vegetation 
• Over a quarter of the land cover in the assessment area is projected to change

by 2060.
• By 2050, expanded suitable habitat is projected for Sitka spruce and decreas-

ing habitat for white spruce.
• Changes in disturbance regimes and antagonistic and mutualistic interactions

are likely to have equal or greater impacts on rare plant species than
are direct effects of climate.

• Anthropogenic and fine-scale habitat variables may be the most important
factors in determining vulnerability to invasive species.

• Successful management of invasive species in the assessment area depends
on the evaluation of sources of uncertainty. These uncertainties include type
and rate of spread, policy irreversibility, efficiency, economic damages, and
spatial considerations.

• Climatic factors will limit the extent to which fire will increase within
the study area.

it can change basic tree growth rates. Increasing levels of CO2 in the atmo-
sphere could also positively affect tree growth. Mortality rates are similar for 
the major species (western hemlock, mountain hemlock, and Sitka spruce) 
between southeast Alaska and the Gulf region, suggesting that the reason for 
the increase in the Gulf region is higher growth rather than reduced mortality. 
Tree ring analysis could more closely examine the potential influence of tree 
growth rates on the estimated biomass increase found in our analysis.

There are likely to be few direct negative consequences from faster tree 
growth, but improved growing conditions for trees may mean that forests are 
encroaching into shrublands or alpine environments. Indirectly, increased 
growth might lead to more opportunities for commercial use of wood for for-
est products or bioenergy, although the effects on site productivity are likely 
to be modest. Perhaps most importantly, the results suggest that large-scale 
alterations in ecosystem processes suggested by climate model projections 
may already be occurring. Shifts in species composition within a forest, or 
between forest, shrubland, and grassland, can affect everything from aesthet-
ics to wildlife habitat, with complex and wide-ranging consequences that may 
be positive or negative depending on social goals. ■ 
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• The combined influence of property development (e.g., a 53 percent increase
in number of private structures) and changing climate (which may increase
the frequency and intensity of fire) on the western Kenai Peninsula will
increase the vulnerability of the built landscape to fire. The value of struc-
tures at risk to fire is projected to grow by 66 percent on private lands by
2065. The projected value of structures in landscapes with high to extreme
fire risk may approach $3.8 billion in 2065 (based on 2014 dollars).

• In regions in which insects are currently affecting forest structure and
function, we can expect a continued effect of insects on landscape
fragmentation.

• Changes in vegetation could have impacts on recreation infrastructure in
the assessment area; in particular, the afforestation and spread of invasive
species.

Examining the Future: Potential Vegetation Change 
Insights into future environmental conditions can be informed by considering 
conditions at several levels of biological organization, from organisms to biomes. In 
this section, we look at the results of four modeling exercises to develop scenarios 
for potential future trends for broad biomes, tree distributions, rare plant distribu-
tions, and non-native species. Then, we look at potential scenarios in key distur-
bance regimes (fire and insects) with a specific focus on the effects on vegetation. 
These studies were designed to give managers and scientists some examples of 
future scenarios and vegetation patterns. Because each modeling exercise is unique, 
we acknowledge that each scenario we present (from biome to species) has vary-
ing degrees of uncertainty. All scenarios use a fairly robust evaluation of future 
climate based on integration of a variety of climate models. However, the scenarios 
themselves differ in the robustness of the outcome. For example, the biome and 
ecosystem modeling has a particularly strong foundation because the outcome (i.e., 
scenario) is built on previous biome shift modeling in Alaska and uses considerable 
current vegetation modeling that has been peer-reviewed and published extensively 
(Magness and Morton n.d., Wang et al. 2012). On the other hand, rare plant model-
ing is constrained by a limited number of known plant locations from which to 
draw associations with explanatory variables. Detailed methods for our scenarios 
modeling, as well as an indepth discussion about model confidence and robustness, 
can be found in appendix 4. We begin this section, however, with a brief overview 
of climate-envelope modeling for those less familiar with this common approach to 
developing scenarios for ecological response to shifting climate.
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Climate-Envelope Modeling: Using Current Climate 
Niches to Evaluate Potential Changes in the Future 
Generating scenarios is a rapid and cost-effective method for considering potential 
consequences of climate change. Scenarios can employ climate-envelope model-
ing to illustrate where suitable conditions for species occur in today’s climate and 
where suitable conditions may occur in future climates. 

Climate-envelope models are used to identify the climate niche occupied by a 
species, land cover type, or biome (Guisan and Thullier 2005, Hamann and Wang 
2006, SNAP and EWHALE 2012). For example, a particular tree species may occur 
in areas with mild rainy winters and cool cloudy summers, such as the case of Sitka 
spruce. By combining an understanding of climatic limits for species or ecological 
units with scenarios for future climate, these models help identify possible shifts in 
geographic distribution of the climate niche as the climate changes. If climate mod-
els for areas in southeast Alaska with mild rainy winters and cool cloudy summers 
suggest shifts upward in elevation and northward in direction, models for species 
associated with that climate will show similar distributional responses.

Climate-envelope models provide information about how the distribution of 
the climate space is changing. They have ecological limitations that influence 
interpretation. The future distributions of species or ecosystems may not match 
changing climate conditions. Plants and animals must be able to find and disperse 
into these suitable climate spaces. Other important ecological factors not included 
in climate-envelope models, such as soil properties or competitive interactions, 
may make an area unsuitable for a species even when the climate is favorable. 
Extreme or rare climate events, such as drought or storm events, may be extremely 
important drivers of distribution, but are not represented in downscaled climate 
models, and therefore are not included in the climate-envelope models. Ecological 
transition and species migration may also exhibit considerable time lags. Ecological 
transitions, or regime shifts, often occur suddenly when structuring properties, such 
as climate, exceed a tipping point (Hughs et al. 2013). When disturbance triggers 
these transitions, established trees and plants may hang on in unsuitable climate 
conditions, but not reproduce. Finally, the future climate may not be represented 
by current conditions, and models built based on current conditions cannot explain 
parts of the niche that are not yet available to be described (Williams et al. 2007). 
In summary, climate-envelope models may not predict species distribution when 
the niche space is not completely described or when differences exist between the 
fundamental niche and realized niche. 

Climate-envelope 
models provide 
information about  
how the distribution  
of the climate space  
is changing. 
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Other uncertainties can be introduced by the modeling approach and available 
data. Models of local climate are particularly difficult to develop in Alaska, where 
digital elevation models are coarse and weather stations are few and biased toward 
lower elevations. Future projects vary across the range of global climate models 
(GCMs) and modeling algorithms (Elith and Graham 2009). Consequently, climate-
envelope models should not be considered predictors of the future, but instead the 
foundation for scenarios or hypotheses regarding differential shifts in species or 
land cover distribution. However, climate-envelope models can be useful tools for 
exploring the range of future climate conditions and potential ecological outcomes 
associated with climate change. 

Biomes to Organisms: Future Scenarios of Change 
Biomes— 
Changes to the climate space associated with biomes can provide information 
about broad climatic changes that are likely to influence ecological structure and 
function. We review climate-envelope models in the literature for Alaska (Murphy 
et al. 2010), Alaska and Canada (SNAP and EWHALE 2012), and North America 
(Rehfeldt et al. 2012). 

Land cover types— 
Understanding potential changes in land cover can provide a context within which 
to consider individual species and also lend insight into potential future vistas, 
future fire characteristics, potential changes in future wood fiber resources, and 
other fundamental characteristics of the ecosystems that humans will encounter. 
Therefore, we looked at possible changes in land cover based on climate constraints 
across the Kenai/Chugach analysis area 50 years into the future (called “Change in 
land cover across the Chugach/Kenai Peninsula” throughout the rest of the section). 
Broad land cover types in the assessment area were modeled, and redistributions 
of future climate envelopes estimated for a range of emission scenarios employing 
multiple GCMs. The emission scenarios and GCMs are sources of uncertainty that 
were then used along with model outputs to identify robust trends when compared 
with other lines of evidence (empirical data, published mechanistic models, climate-
envelope models from other spatial scales).

Spruce species— 
We used a climate-envelope model to look at potential changes in the distribution 
of Sitka spruce, black spruce, and white spruce (called “Change in spruce distribu-
tions” throughout the rest of this section). Western hemlock, mountain hemlock, 
yellow-cedar, quaking aspen, balsam poplar, black cottonwood, Alaska paper birch, 
Kenai birch, and a number of willow and alder species also occur in the assessment 
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area, often in association with the three spruce species. By focusing on three domi-
nant tree species, this modeling illustrates the potential varied responses to changing 
climate that may be observed by the wide range of trees that occur in the region.

Rare species— 
We modeled future habitat suitability for three rare plant species in the Chugach-
Kenai region: Aphragmus eschscholtzianus, Papaver alboroseum, and Romanzoffia 
unalaschcensis, based on current ecological niches and future climate scenarios 
(called “Change in habitat suitability for three rare plants” throughout the rest of the 
section). Similarly to the modeling of three spruce species, the results from these 
rare plants illustrate the varied response to climate change that may be expected 
from the much broader group of rare plants that occur in the assessment area.

Invasive plant species— 
Twenty-eight non-native plant species that represented a spectrum of current distri-
butions in Alaska (table 6-6) were selected based on perceived impacts to wetland, 
riparian, coastal, and aquatic habitats that are critical to fish, wildlife, hydrological 
functions, fire regimes, and other ecosystem functions. Three species are currently 
not known in the state; nine species have fewer than 50 known invasions, and 16 
have between 50 to more than 5,000 documented invasions in the state. In general, 
the area of suitable habitat was not projected to change dramatically in the future 
for most species, but the locations of the suitable habitat did change. Results of four 
species are discussed in greater detail: 
1. Cirsium arvense (creeping thistle) is a short-lived perennial that has been

spreading in mixed forb and grasslands in south-central Alaska, particularly
around Anchorage and communities on the Kenai.

2. Waterweeds (Elodea canadensis, E. nuttallii, and their hybrids) are a very
ecologically damaging aquatic species of ponds and slow-moving streams
and rivers that have recently been recorded from a number of lakes and
ponds in south-central Alaska (Lissuzo 2011, see references in Nawrocki et
al. 2011, AKEPIC 2014.

3. Sweetclover (Melilotus albus/M. officinalis) is a biennial to short-lived
perennial legume that has spread widely over the state, particularly on
mineral soils along roads and along river bars. It is capable of fixing atmo-
spheric nitrogen, can alter soil chemistry (Sparrow et al. 1993), is associated
with lower native diversity and higher mortality of willows (Spellman and
Wurtz 2010), and alters plant-pollinator relationships.13

13 Schneller, L.; Mulder, C.H.P.; Carlson, M.L. [N.d.]. Invasive Melilotus albus alters 
plant-pollinator networks in boreal Alaska. Manuscript in preparation.
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Table 6-6—Species included in habitat suitability models

Common name Scientific	name
Alaska 

occurrencea 
Worldwide 
occurrenceb 

Garlic mustard Alliaria petiolata (M. Bieb.) Cavara & Grande 13 1,192
Cheatgrass Bromus tectorum L. 13 557
Siberian peashrub Caragana arborescens Lam. 57 335
Spotted knapweed Centaurea stoebe L. ssp. micranthos (Gugler) Hayek 50 221
Creeping (Canada) thistle Cirsium arvense (L.) Scop. 328 1,227

Bull thistle Cirsium vulgare (Savi) Ten. 169 1,430
Scotch broom Cytisus scoparius (L.) Link 31 1,138
Elodea (waterweed) Elodea canadensis Michx, E. nuttallii (Planch.) H.  

St. John and hybrids
80* 1,500*

Leafy spurge Euphorbia esula L. 1 369
Knotweed complex (Japanese, 

giant, bohemian) 
Fallopia japonica (Houtt.) Ronse Decr., F. sachalinensis 

(F. Schmidt ex Maxim.) Ronse Decr., F. ×bohemica 
(J. Chrtek & Chrtkov) J. P. Bailey, Watsonia.

331 734

Hempnettle (splitlip, brittlestem) Galeopsis bifida Boenn., G. tetrahit L. 334 1,972

Giant hogweed Heracleum mantegazzianum Sommier & Levier 1 322
Hawkweed complex (orange, 

meadow, narrow-leaf)
Hieracium aurantiacum L., H. caespitosum Dumort., 

H. umbellatum L.
2,212 1,114

Hydrilla Hydrilla spp. Rich. (mainly H. verticillata (L. f.) Royle) 0 655
Ornamental jewelweed Impatiens glandulifera Royle 30 496

Oxeye daisy Leucanthemum vulgare Lam. 2,222 2,045
Butter-n-eggs Linaria vulgaris Mill. 742 1,310
Purple loosestrife Lythrum salicaria L. 13 1,513
Sweetclover (yellow or white) Melilotus officinalis (L.) Lam. 2,286 863

Eurasian watermilfoil Myriophyllum spicatum L. 4 599

White waterlily Nymphaea alba L. 0 664
Reed canarygrass Phalaris arundinacea L. 5,142 1,556
European bird cherry Prunus padus L. 272 985
Himalayan blackberry Rubus armeniacus Focke 2 1,247

Cordgrass complex (smooth, 
Atlantic, saltmarsh)

Spartina alterniflora Loisel., S. anglica C.E. Hubbard,  
S. densiflora Brongn., S. patens (Ait.) Muhls

0 971

Common tansy Tanacetum vulgare L. 354 641
Scentless false mayweed Tripleurospermum perforatum (Mérat) M. Lainz 81 261

Bird vetch Vicia cracca L. 912 1,747
a Source: AKEPIC (2014).
b Source: Subsampled from the Global Biodiversity Information Facility (http://www.gbif.org/).
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4. Reed canarygrass (Phalaris arundinacea) cultivars were widely planted in
south-central and southeastern Alaska for roadside stabilization and as for-
age. This species is particularly threatening to riparian and wetland systems
(Galatowitsch et al. 1999, Lavergne and Molofsky 2004, Miller et al. 2008).

Projected Changes in Vegetation
Biome shifts—
We compared the general results from three biome-scale climate-envelope models 
that forecast future climate conditions in relation to biomes for the assessment area. 
The coastal rain forest biome remains stable in future forecasts in all three models. 
On the Kenai lowlands, the boreal forest biome was forecast to be outside of the 
boreal climate niche in the future. However, the most similar biome climate niche 
relative to future conditions differed among models and ranged from forested to 
nonforest biomes. The Kenai lowlands converted to a climate that was more similar 
to the Aleutian meadows biome in the south and the montane cordillera biome in 
the north by 2060 (Murphy et al. 2010), with some areas similar to the Saskatch-
ewan prairie and grassland biome (SNAP and EWHALE 2012) and the Rocky 
Mountain montane conifer forest biome (Rehfeldt et al. 2012). All three models 
used different biome classifications and spatial extents, changing the biomes avail-
able to match future climate conditions. However, the lack of convergence between 
model signals suggests that a dissimilar and open climate niche may develop on 
the Kenai lowlands. The boreal biome north of the coastal rain forest biome on the 
mainland may also be transitional. Two models show this area shifting to climate 
conditions more similar to the southern boreal forests, and to the potential for the 
coastal rain forest biome to expand northward (Rehfeldt et al. 2012, SNAP and 
EWHALE 2012,). When alpine tundra biome was delineated, this biome lost area 
(Rehfeldt et al. 2012) across the assessment area. 

Changes in land cover— 
Our model of land cover change used 10 vegetation categories based on the National 
Land Cover Database (NLCD) system and data (fig. 6-9). Climate envelopes 
representing potential vegetation in 2060 suggested that 19 percent of the land 
area across the assessment area will change (4 percent will shift from forested to 
deforested and 15 percent will shift to a climate niche that suggests afforestation), 
while 82 percent will remain the same (60 percent will remain nonforested and 
22 percent will remain forested) (fig. 6-15). Afforestation occurred mainly in 
subalpine and alpine elevations, though not in all climate projections. Deforestation 
occurred in the Kenai lowlands and around the Caribou Hills north of Homer, 
but deforestation in the Kenai lowlands has less model convergence across the 



Figure 6-15—Deforestation and afforestation forecast in 2069 across the eight climate projections representing five global climate 
models (GCMs) and the five-model average GCM and three emission scenarios
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climate projections. In other words, the areas of deforestation in the Kenai lowlands 
converted to deciduous forest in some scenarios. These classifications excluded 
glaciers, water bodies, and other areas that currently do not support vegetation.

Across the range of climate projections, 32 to 43 percent of the assessment area 
was forecast to have a climatic envelope shift by 2069. The subalpine zone and 
southwestern Kenai Peninsula were consistently transitional (fig. 6-16). Ice field 
core areas and evergreen coastal forest remained stable. The land cover trajectory 
was less certain in the subalpine zone and had a greater diversity of land cover 
types forecast (fig. 6-17). Although various climate projections produced multiple 
responses across all climate projections there were some consistent land cover 
trajectories (table 6-7; figs. 6-18 and 6-19). This is significant because it points to 
land cover types that are most likely to shift:

Vulnerability 
assessment area
Afforestation
Deforestation
Stable forest
Stable nonforest

2060–2069

8 models agree

4 models agree450 90
Miles

o

Across the range of 
climate projections, 
32 to 43 percent of 
the assessment area 
was forecast to have a 
climatic envelope shift 
by 2069. 



Figure 6-16—Number of the eight climate projections representing five global climate models (GCMs) and the five-model average 
GCM and three emission scenarios that agree that a pixel will remain the same (stable or refugia).
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Vulnerability 
assessment area
Afforestation
Deforestation
Stable forest
Stable nonforest

2060–2069

8 models agree

4 models agree450 90
Miles

o

1. Subalpine shrub (dwarf shrub) and alpine tundra (barren) declines and converts
to forest (evergreen, deciduous, and mixed), shrub/scrub, or grassland/herba-
ceous vegetation. Although there were some regional patterns, the conversion
pathway was uncertain and variable among models.

The alpine conversion trajectory, which results in treeline moving upward 
in elevation, is supported by well-documented recent observations and other 
modeling (e.g., Magness and Morton n.d.). Treeline has risen 10 m per decade 
from 1950 to 1990 on cool aspects of the Kenai Peninsula, and both shrub and 
tree cover increased above 700 m across all aspects (Dial et al. 2007). Climate-
envelope models from other spatial scales also support this trajectory. The area 
within a suitable climate envelope for alpine tundra land cover declined by 87 



Figure 6-17—The number of different land cover types forecast in 2060–2069 across the eight climate projections representing five 
global climate models (GCMs) and the five-model average GCM and three emission scenarios.
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Table 6-7—Pecentage of the assessment area in each land cover type calculated with LANDSAT values, a 
conversion threshold, and maximum index of likelihood

Landsat

1910–1919 
ecological 
fidelity

1910–1919 
maximum 

value

1960–1990 
ecological 
fidelity

1960–1990 
maximum 

value

2060–2069 
ecological 
fidelity

Percent
Barren land (rock/clay/sand) 18 18 11 19 14 13
Deciduous forest 3 4 7 4 6 6
Dwarf shrub 4 2 1 3 2 1
Emergent herbaceous wetlands 2 4 7 2 3 4
Evergreen forest 19 13 5 17 13 19
Grassland/herbaceous 0 1 3 0 1 8
Mixed forest 3 4 6 4 5 12
Perennial ice/snow 26 33 47 31 41 30
Shrub/scrub 21 15 8 15 9 4
Woody wetland 4 5 7 5 7 3



Figure 6-18—Land-cover climate niche forecast using climate data backcast to 1900–1919.
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percent by 2060 in south-central Alaska in our model and when tundra was 
modeled as a North American biome. (Rehfeldt et al. 2012). 

2. Deforestation increases, especially on the southwestern Kenai Peninsula where
evergreen converted to grassland/herbaceous. Some empirical and anecdotal
evidence supports current deforestation on the southwestern Kenai in the
Homer area; however, other climate-envelope models provide mixed support for
this trajectory (Magness and Morton n.d., Rehfeldt et al. 2012) (see “Changes
in spruce distribution” on page 206). This suggests that current afforestation
patterns may be a combination of direct climate factors and indirect effects of
climate on disturbance regimes. The widespread bark beetle outbreak in the
1990s was linked to warmer temperatures that shortened the beetle life cycle
from 2 years to 1 year (Berg et al. 2006). Warmer temperatures also increased
tree mortality because the trees were drought stressed. Spruce regeneration has
been severely limited by competition from Calamagrostis canadensis grass

Mixed forest
Moss
Open water
Perennial ice/snow
Sedge/herbaceous
Shrub/scrub
Woody wetland

Vulnerability assessment area
Anthropogenic
Barren land (rock/clay/sand)
Deciduous forest
Dwarf shrub
Emergent herbaceous wetlands
Evergreen forest
Grassland/herbaceous

1910–1919

450 90
Miles

o



Figure 6-19—Land-cover climate niche forecast for the 1960–1990 baseline.
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(Boggs et al. 2008). However, it is unclear if spruce could reestablish if the C. 
canadensis cover and spruce seed availability were actively managed. 

3. Coastal rain forest remains across most of its current distribution and expands
westward. Stable coastal rain forest land cover is supported by empirical
evidence. Historically, the rain forest system was robust even during warm peri-
ods such as the medieval warm period (e.g. Ager et al. 2010, Gavin et al. 2003).
Biome-scale and other land cover climate-envelope models also support stable
coastal rain forest. Climate conditions similar to those currently associated
with the coastal Pacific maritime biome remain in future climate conditions
(see chapter 2). When the climate envelopes of North American biomes were
considered, coastal hemlock forest was stable in 2060 (Rehfeldt et al. 2012).
When more detailed land cover types were modeled using a climate-envelope
approach on the Kenai Peninsula, the mixed-conifer type associated with Sitka
spruce and mountain hemlock expanded (Magness and Morton n.d.).

Baseline 1960–1990

Mixed forest
Moss
Open water
Perennial ice/snow
Sedge/herbaceous
Shrub/scrub
Woody wetland

Vulnerability assessment area
Anthropogenic
Barren land (rock/clay/sand)
Deciduous forest
Dwarf shrub
Emergent herbaceous wetlands
Evergreen forest
Grassland/herbaceous

450 90
Miles

o
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4. Kenai Peninsula lowlands remains forested, although some areas convert to
emergent herbaceous wetlands. The Kenai lowlands are a mosaic of black
spruce, white spruce, and deciduous tree species. Forest type is forecast to
transition to mixed forest, but the climate niches of mixed forest, evergreen,
and deciduous forest types overlap. Some empirical evidence and trends sup-
port stability of Kenai lowland forest, but there is little evidence that emergent
herbaceous wetlands have increased or will increase. Black spruce forest is
expanding into peatlands as the climate warms and increased evapotranspira-
tion causes drying (Klein et al 2005). The bark beetle disturbance did not cause
deforestation in the Kenai lowlands. Bark beetles thinned white spruce, but
black spruce and deciduous species were the primary tree canopy in which
white spruce was affected (Boucher and Mead 2006). Most other climate-
envelope models suggest that forest will remain stable (e.g., see “Changes
in spruce distribution” below). A land cover model forecasts that the climate
niche of mixed forest, deciduous forest and black spruce stands remained
stable (Magness and Morton n.d.).

Changes in spruce distribution— 
Potential future distribution of Sitka, black, and white spruce were examined by 
evaluating current climate conditions associated with established spruce forest 
and considering how the three spruce species would respond to climate conditions 
modeled in the future. We began by developing an imputation model to predict 
the current distribution of spruce species based on climate variables. This model 
effectively predicted the current species distribution, indicating that our model 
approach identified an appropriate set of climate features to predict current distri-
bution of spruce in this region. Results also confirmed that Sitka, black, and white 
spruce occupy distinctly different climates. For instance, compared to black spruce, 
Sitka spruce locations averaged an extra 32 days per year during which the tem-
perature was above 5 °C, had maximum June temperatures that were 2.7 °C cooler, 
had December minimum temperatures that were 8.7 °C warmer, and were found at 
locations with 13 cm more May precipitation. Sitka spruce is characteristic of the 
coastal rain forest. In contrast, white spruce and black spruce can tolerate colder 
winter temperatures and warmer, drier summers. White spruce and black spruce 
occupy similar climate conditions; however, black spruce has a greater tolerance 
for high water tables and nutrient-poor soils, and thus is often found in areas where 
white spruce cannot grow. In addition, because black spruce trees usually don’t 
grow very large, black spruce is relatively unaffected by the spruce beetle outbreaks 
that substantially influence white spruce populations in this region. 

Results confirmed 
that Sitka, black, and 
white spruce occupy 
distinctly different 
climates.
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When projected 50 years into the future, our modeling suggests an expanding 
geographic distribution of suitable habitat for Sitka spruce, and decreasing habitat 
for white spruce (fig. 6-20B). Black spruce is less affected than white spruce, 
although it also shows a decrease in habitat. The geographic pattern of potential 
change in distribution of habitat for these three spruce species is particularly 
interesting. Areas of coastal rain forest at low elevations around Prince William 
Sound continue to support Sitka spruce habitat in the future. This result is consis-
tent with other modeling efforts (see “Change in land cover” on page 200) and with 
an understanding of the relative stability of the coastal rain forest ecosystem across 
the Gulf of Alaska. 

In contrast to the relative stability of Sitka spruce habitat around Prince Wil-
liam Sound, modeled climate envelopes for the three spruces suggest significant 
change on the Kenai Peninsula west of the major mountain spine. Currently, black 
and white spruce (along with Lutz spruce) are the dominant conifers throughout this 
area. However, the climate scenario examined in this investigation suggests a sub-
stantial expansion of potential Sitka spruce habitat across the western Kenai penin-
sula and associated declines in the geographic area of climate suitable for white and 
black spruce (fig. 6-20). Because of the association between climate envelopes for 
Sitka spruce and other coastal rain forest species, western hemlock and potentially 
cedar climate envelopes may also occur on the western Kenai by 2050.

Increased habitat for Sitka spruce makes sense in the context of warmer tem-
peratures and increased precipitation, which is what most of the climate models 
predict for the assessment area. Expanded Sitka spruce (and associated conifers) is 
also consistent with modeling for western hemlock, which shows habitat expanding 
on the Kenai Peninsula and on Kodiak and Afognak Islands (Barrett et al. 2012). 
Future patterns of precipitation represent the factor leading to greatest uncertainty 
in results for Sitka spruce west of the Kenai spine. Models of future climate differ 
substantially in pattern of precipitation. It is possible that increased precipitation 
in the summer would not be enough to offset increased evapotranspiration from 
warmer temperatures.  

The 50-year projection shows a large reduction in white spruce habitat, reduc-
ing the most suitable habitat to a small region between Ninilchik and Anchor 
Point. Black spruce habitat south of Tustumena Lake and along Cook Inlet also 
declines, as Sitka spruce habitat increases. However, the climate-envelope modeling 
employed does not account for soil types or wetland conditions. In regions with 
poor soil drainage, it is unlikely that Sitka spruce would displace black spruce. On 
better drained sites, both black spruce and hardwoods fared well relative to white 
spruce and Lutz spruce during past beetle outbreaks. If warming conditions and 



Figure 6-20—Comparison of (A) current distribution of spruce species to (B) projected habitat 50 years in the future. The figure projects 
Sitka spruce habitat displacing white spruce habitat on the western Kenai Peninsula.
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Current Species of Inventory Plots

Black spruce
White spruce
Sitka spruce

A

regrowing white, Sitka, and Lutz spruce foster another large beetle outbreak, this 
pattern favoring black spruce is likely to continue. 

In general, the impacts of shifts in spruce species distribution will influence 
land use patterns, economic patterns, and human values associated with distur-
bance events that kill trees, rather than from gradual spruce inmigration. If white 
spruce and black spruce are displaced by Sitka spruce through competition, then 
effects from this projected shift in habitat will occur slowly. If white spruce is 
displaced because it can no longer tolerate the climate (or becomes more susceptible 
to disease or insects because of changes in climate), effects will be realized much 
faster and over a larger areas.

Hybridization between Sitka spruce and white spruce (producing Lutz spruce) 
is common. Pollen is wind-dispersed, providing an opportunity for rapid hybridiza-
tion. Consequently, distributional change in these conifers as a result of genetic 



Figure 6-20—Continued.
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Most Suitable Species Habitat at Inventory Plots in 50 Years 

Most Similar Neighbors Imputation, A1B Scenario

Black spruce
White spruce
Sitka spruce

B

migration could occur more rapidly than movement through seed dispersal. In 
contrast, there is little evidence for black spruce/white spruce hybridization.

Planting of tree species around developed areas and as a forest practice 
increases the potential for rapid, long-distance migration. Introduction of non-native 
tree species to this area of Alaska will also likely play a role in long-term shifts 
of species distribution. In a review of non-native trees in Alaska, Alden (2006) 
examined 32 sites where non-native trees had been planted on the Kenai and in the 
Matanuska-Susitna Valley, and concluded that potential naturalization of lodge-
pole pine and Siberian larch was high. These species can outgrow white spruce 
on productive sites, and they demonstrated successful regeneration at many older 
plantings. Furthermore, Alden suggested that balsam fir, another non-native, had 
high potential for naturalization on moister sites in the study region (see “Changes 
in distribution of invasive species” on page 214).
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Change in habitat suitability for three rare plants— 
We examined potential changes in geographic distribution of three rare herbaceous 
plants, whose current and future habitat suitability was explored at the statewide 
level previously (Carlson and Cortés-Burns 2012). Modeled outputs from Aphrag-
mus eschscholtzianus, Romanzoffia unalaschcensis, and Papaver alboroseum were 
overlaid on land management boundaries and explored in greater detail here. These 
three species were selected from a larger pool of species because modeled outputs 
were of higher confidence and they represent a range of current distributions.

The overall trend within the assessment area is for a decrease in suitable habitat 
for Aphragmus eschscholtzianus and Romanzoffia unalaschcensis over the next 50 
years and an increase in suitable habitat for Papaver alboroseum (figs. 6-21 and 
6-22, summarized in table 6-8). Despite an overall increase in suitable habitat for 
P. alboroseum, particularly in the northwestern portion of the assessment area, our
modeling results suggest that within the Chugach National Forest there will be an
estimated 31 percent loss of area with habitat suitability greater than 70 percent
(fig. 6-22; table 6-8). Also, of particular note is the estimated 100 percent loss of
area with habitat suitability greater than 70 percent for A. eschscholtzianus within
the Chugach.

Climate variables used to develop the models included mean annual tempera-
ture, mean annual precipitation, and growing season length (number of frost-free 
days). Slope and elevation were also included in the models. We found that mean 
annual precipitation was the variable that explained the greatest amount of varia-
tion in distribution for all three rare plant species. Elevation was of secondary 
importance for Aphragmus eschscholtzianus and Romanzoffia unalaschcensis, 
with Aphragmus eschscholtzianus associated with intermediate elevations and 
Romanzoffia unalaschcensis associated with low elevations. Slope was the second 
most important explanatory variable for Papaver alboroseum, with populations 
most associated with intermediate to steep slopes. Despite the importance of 
precipitation, geographic patterns between current and future conditions for these 
three species reflects a response to temperature; suitable habitats largely shift to the  
north and to higher elevations for all three species.

The vulnerability of species to a rapidly changing climate encompasses two 
elements: (1) the degree of change in mesoscale climate means and extremes, and 
(2) the intrinsic sensitivity of the species (Moritz and Agudo 2013). Assessing the
spatial shifts in perceived climatic envelope, as we have done, addresses only the
first component of climate vulnerability. These correlative approaches have often
been criticized for lacking a mechanistic underpinning and failing to capture the
spatial variability in climate and other variables at finer spatial scales (Ackerly et al.

Mean annual precipita-
tion was the variable 
that explained the 
greatest amount of 
variation in distribution 
for all three rare plant 
species. 



Figure 6-21—Habitat suitability for (A) Aphragmus eschscholtzianus (year 2010), (B) Aphragmus eschscholtzianus (year 2060), (C) 
Papaver alboroseum (year 2010), (D) Papaver alboroseum (year 2060), (E) (year 2010), (F) 
unalaschcensis (year 2060) in the Chugach-Kenai climate vulnerability assessment area. Warm colors represent potentially suitable 
habitat while cool colors indicate areas in which the species is less likely to occur; the spectrum ranges from red to blue. Areas currently 

-
tal envelope for the species at a coarse ecological grain. The actual distribution will depend on species interactions and other ecological 
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Figure 6-22—Habitat suitability  0.7 (shown in red) for (A) Aphragmus eschscholtzianus (year 2010), (B) Aphragmus eschscholtzianus 
(year 2060), (C) Papaver alboroseum (year 2010), (D) Papaver alboroseum (year 2060), and (E) (year 
2010), (F) (year 2060) in the Chugach-Kenai climate vulnerability assessment area. The Chugach National 
Forest is shown in stippling. The green triangles are locations of known occurrences. Areas currently covered by glaciers and open 
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Table 6-8—Acreage with habitat suitability >0.7 for APES, PAAL, and ROUN in the assessment area

APES PAAL ROUN
Hectares Percent Hectares Percent Hectares Percent

Within assessment area:
   2010 90,177 1.66 153,247 2.82 35,131 0.65
   2060 34,894 0.64 272,670 5.02 11,294 0.21
Change -55,283 -61.30 +119,423 +77.93 -23,837 -67.85

Within Chugach National Forest  
   outer boundary:
   2010 12,602 0.49 41,076 1.61 15,455 0.60
   2060 0 0 28,177 1.10 6,896 0.27

Change -12,602 -100.00 -12,899 -31.40 -8,559 -55.38

APES = Aphragmus eschscholtzianus Andrz. ex DC.; PAAL = Papaver alboroseum Hultén; ROUN = Romanzoffia unalaschcensis Cham.

2010, Lenoir et al. 2013, Moritz and Agudo 2013). Substrate type and other habitat 
features, such as presence or absence of an overstory, are likely to be important 
niche space parameters for the species modeled here, but could not be included in 
the distribution models. Therefore, the areas delineated as “suitable habitat” encom-
pass only the coarse climatic variables; inclusion of fine-scale surficial geology, soil 
moisture, etc., would likely refine the suitable habitat dramatically. Intrinsic sen-
sitivity, such as physiological limits, degree of phenotypic plasticity, and obligate 
species interactions (e.g., pollinators, mycorrhizal fungi, etc.) are not known and 
therefore estimations of true vulnerability to climate change are limited. Auteco-
logical studies of these and other rare species in Alaska would greatly enhance our 
understanding of similarities and differences in vulnerability among these species 
of conservation concern.

Although mean annual temperature and precipitation are accepted in general 
to be the most important niche parameters for vascular plants (see Davis and Shaw 
2001, Hughes 2000, McCarty 2001, Walther et al. 2002, Woodward 1987), it is 
possible that these variables are not important within the scope of the geographic 
region investigated. The habitat suitability outputs produced in these models 
represent a coarse perspective based on a limited number of predictors. Further, 
changes in disturbance regimes and antagonistic and mutualistic interactions, such 
as pollinators, herbivory, and pathogens, are likely to have equal or greater impacts 
on rare plant species than are the direct effects of climate (Adler et al. 2009, Davis 
et al. 1998, Klanderud 2005, Suttle et al. 2007). In any case, the results shown in 
figure 6-22 and summarized in table 6-8 suggest that some rare plant populations 
in the area may be vulnerable to climate change. Some of these species may have 



Figure 6-23—(A) Current and (B) future predicted range for reed canarygrass.
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difficulty tracking suitable habitats. For example, Aphragmus eschscholtzianus 
is found at high elevations and Romanzoffia unalaschcensis on islands, and both 
species lack clear migration corridors to track their climate envelopes under future 
scenarios.

Change in distribution of invasive species— 
For ease of interpretation, we discuss results for four taxa (Cirsium arvense,  
Elodea canadensis/E. nuttallii, Melilotus albus/M. officinalis, and Phalaris arun-
dinacea) that differ in their life histories and illustrate the variation in modeled 
outputs. Graphically, we display one example (Phalaris arundinacea) of scenarios 
of potential current and predicted future habitat suitability and documented popula-
tions in the assessment area with the highest elevation areas remaining unsuitable 
(fig. 6-23). 

Modeled habitat suitability for creeping thistle (C. arvense) indicates high 
suitability in the Anchorage Bowl, southwestern Kenai Peninsula, and eastern 

Climate change assessment boundary

AKEPIC locations, 2012, Phalaris arundinacea L.

Habitat suitability percent
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Low: 0

Reed canarygrass (Phalaris arundinacea)—current climate
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Climate change assessment boundary

AKEPIC locations, 2012, Phalaris arundinacea L.
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o
Figure 6-23—Continued.
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coastal Prince William Sound. By 2080, highly suitable habitat for creeping 
thistle is projected to move upward in elevation and become more continental. 
The waterweeds group of species displayed a very similar pattern to that of 
creeping thistle, with high current suitability along the western Kenai lowlands 
and Anchorage Bowl. Known locations closely matched current modeled suitable 
habitat. Additionally, a weak arc of mixed high and low suitability extended 
through the Kenai Mountains and into the Chugach Mountains to the eastern 
margin of Prince William Sound. By 2080, suitability was projected to decrease in 
the Kenai lowlands, Anchorage Bowl, and Kenai to Chugach Mountains, with the 
arc of mixed suitability shifting to the northern Chugach Mountains. 

The model for current suitable habitat of sweetclover (M. officinalis) displays a 
moderate correspondence between known invasions and areas of high suitability. 
A number of invasions along the road system on the Kenai Peninsula are in areas 
modeled to be of low habitat suitability. This likely reflects the discontinuity 
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among spatial scales, where sweetclover is established in warmer (lower elevation) 
microclimates that are not reflected in the coarser climate data used in the model 
(see Lenoir et al. 2013). Overall, areas of high current suitability are found in the 
Anchorage Bowl and scattered eastward through the Chugach Mountains. Isolated 
areas of high suitability were projected in the Kenai lowlands. The whole region 
is expected to increase in suitability for this species by 2080, particularly at lower 
elevations.

Model performance for reed canarygrass was quite poor (AUC = 0.62) and 
efforts to model its habitat suitability elsewhere in Alaska have been largely unsuc-
cessful (Jarnevich et al. 2014). The lack of model performance is likely due to 
either lack of inclusion of climate or environmental factors that in fact determine 
its distribution, or that this species is a generalist that is able to grow in a very wide 
range of conditions. This plant is the product of a long history of plant breeding, 
including the crossing of North American and Eurasian cultivars (Jakubowski et al. 
2013), and high ecological amplitude is therefore probable. Thus, the entire assess-
ment area with the exception of high elevations is likely vulnerable to establishment 
of this grass. Particular habitats that are moist or wet and open are of greatest risk. 

In addition to Phalaris arundinacea, a number of other taxa such as Prunus 
padus, Linaria vulgaris, Hieracium spp., Galeopsis spp., and Vicia cracca had 
modeled distributions with very little variation in suitability, despite the large 
temperature and precipitation gradients present in the region. As with many inva-
sive species, these plants are capable of persisting in a broad range of habitats, and 
climate-envelope modeling at the regional scale may not offer considerable insights. 
Anthropogenic factors and finer-scale habitat variables are likely to be much more 
important in determining areas of high and low vulnerability to invasion (see 
Jarnevitch et al. 2014)

Currently, the highest diversity and abundance of invasive species are 
associated with the urban centers and travel corridors (table 6-6). Characteristic 
invaders of urban settings include creeping thistle, hempnettles, hawkweeds, oxeye 
daisy, waterweeds, butter-n-eggs, purple loosestrife, European bird cherry, common 
tansy, scentless false mayweed, and bird vetch (see table 6-6 for scientific names). 
A subset of urban species is found along road and trail corridors that act both as 
dispersal routes and low-competition habitats that are highly suitable for non-native 
plant establishment, while other non-natives frequent streamsides and appear to 
travel readily along waterways. Elodea may be transported from high-use urban 
lakes to more isolated lakes, such as to Alexander Lake in the Susitna Valley from 
an invasion in Sand Lake in Anchorage, and to waterways by floatplane or other 
vectors. Last, a small cohort of species has moved further from areas used heavily 

Currently, the highest 
diversity and abun-
dance of invasive 
species are associated 
with the urban centers 
and travel corridors.
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by humans but likely originated from the larger established populations in urban 
centers and road corridors. 

Certainly the majority of non-native plant populations are associated with and 
likely facilitated by disturbance, both anthropological and natural, if there is seed 
source. However, it is never easy to disentangle how much is the effect of propagule 
pressure, reduced competition, and germination/establishment. Future work in 
modeling the spread of invasive species should include examination of opportuni-
ties for invasion of non-native species following disturbance, especially facilitated 
by climate change. The importance of dispersal limitation may be difficult to detect 
for most of the species treated here that are habitat generalists, where niche barri-
ers are fuzzy. Dispersal barriers and corridors are not readily identifiable but are 
likely more important in determining regional patterns of invasion (see Elith et al. 
2006, Evangelista et al. 2008). Dispersal limitation may be made clearer by includ-
ing additional parameters in future models that represent potential barriers such as 
glaciers, elevation, rivers, and human infrastructure. 

Uncertainty, Economics, and Invasive-Species Management 

 It is doubtful whether universal species eradication regardless of cost is 
even possible, or if possible, whether it holds a moral trump card over all 
other priorities such as our children’s health and education.

—Jason F. Shogren

There is evidence that new species are becoming established in the assessment area 
(see “Current Status of Non-Native Species” on page 186). Experience demonstrates 
that the vast majority of new species change the natural and economic system in 
trivial ways. A few introduced or non-native species change systems dramatically 
and therefore alter the ecosystem and have measurable economic consequences. 
These latter species are considered invasive because they have severe ecological, 
economic, or health consequences. On the other hand, some of these invaders can 
result in positive changes to primary productivity and other ecosystem measures 
besides their negative impacts. Mainly driven by the negative consequences, natural 
resource managers have developed management infrastructure focused on detec-
tion, control, and, in some cases, eradication of non-native species, but much work 
remains to be done to assess uncertainty related to many aspects of risk manage-
ment. Current invasive species practices in Alaska are most closely described as 
risk assessment rather than risk management owing to the lack of explicit treatment 
of uncertainty and economic consequences.
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Anthropogenic factors will be an important driver of ecosystem change related 
with non-native species causing ecological and economic change in the region. The 
odds of rare-species survival and invasive-species spread and associated damages 
depend on biological factors and climate just as much as on economic factors 
such as relative prices, wealth, and the extent and diversity of landownership. Yet 
optimal management response in part is influenced by the ability to reliably predict 
outcomes, both biophysical and social. As a consequence, resource managers face 
challenging decisions inevaluating the potential benefits of current action (or inac-
tion) in the face of much uncertainty. 

Successful invasive-species management demands an acknowledgment and 
willingness to work with “uncertainty.” For example, sources of uncertainty in 
management relate to our inability to completely understand consequences and ben-
efits of invasive species within native ecosystems, measurement error of biophysical 
and economic impacts, and stochasticity in environmental conditions and pro-
cesses. The social sciences are inextricably linked to the invasive-species problem, 
providing valuable insights on optimal management under uncertainty (McNeely 
2001, Perrings et al. 2002). Bioeconomics in particular can help managers improve 
their understanding of human drivers shaping future economic behavior through 
targeted incentives, optimizing investments in management actions, or estimating 
economic damages to assess benefits and costs to stakeholders. In addition, affected 
parties often have differing views on both facts and values related to management 
actions, obliging decisionmakers to account for a complex and challenging array of 
social and biophysical factors. 

Integrating social and human dimensions in invasive species management—
This section provides a brief overview of recent research into the integration of 
ecological and socioeconomic dimensions addressing invasive-species management 
challenges. This part also presents evidence from past invasive-species investments 
in Alaska relevant to the list of invasive plants examined in this report. The section 
concludes with a case study assessing the bioeconomics of managing Elodea spp., 
an aquatic invasive weed occurring in Cordova and the Copper River Delta, among 
other locations in Alaska. 

Currently, statewide invasive-species management relies on invasiveness rank-
ings; risk assessments conducted by expert groups to evaluate potential ecological 
impact; biological characteristics; dispersal ability; ecological amplitude; distribu-
tion; and feasibility of control (Carlson et al. 2008). The framework helps managers 
assess the relative threat of different non-native plants to Alaska. This ecologically 
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focused evaluation begins from the philosophical foundation that the consequences 
of invasive species are always negative. Because risk of undesirable invasive 
species is as much a question of economics as it is about ecology, there is a need 
to integrate biology with economics to better inform management aimed at risk 
reduction.14 Shogren (2000) cautioned that ignoring the human dimension, particu-
larly people’s differing preferences and values, can lead to excessive expenditures 
on invasive-species management. He further emphasizes that risk assessment can 
be more effective when human dimensions are integrated, resulting in active risk 
management rather than passive risk assessment. 

A step toward such integration is the explicit treatment and analysis of uncer-
tainty, an important aspect of decisionmaking often overlooked within ad hoc 
decisionmaking processes that can lead to delay and larger damages in the long run 
(Leung and Steele 2013, Melillo et al. 2014, Simpson 2008). For example, agencies 
and lawmakers alike have the tendency to delay policy responses while gathering 
information on potential damages. In most situations, a “wait-and-see approach” is 
less than optimal, except in situations of low uncertainty. This stems largely from 
the potential for rapid expansion in the geographic distribution of a recent invader 
and therefore rapid increases in control or eradication efforts if decisions are made 
to take action. The following defines the main sources of uncertainty affecting a 
timely policy response to invasive species, including: (a) type and rate of spread, (b) 
policy irreversibility, (c) efficacy (treatment success), (d) economic damages, and (e) 
spatial considerations as outlined by Sims and Finnoff (2013) and Epanchin-Niell 
and Wilen (2012).15

When a “wait-and-see approach” is optimal— 
A wait-and-see approach may be optimal if a recently detected invasive species 
is expected to spread slowly, with little uncertainty about the reversibility of 
implemented management policy. The length of the optimal delay is determined 
by a combination of the magnitude of uncertainty in spread rate and by policy 
irreversibility. Contrary to intuition, economic uncertainty about damages matters 
less. Also, a moderate rate of spread, with moderate uncertainty about spread, may 
justify a wait-and-see approach in a completely irreversible policy setting. Complete 
irreversibility arises when investments in biocontrol or irreversible infrastructure 

14 Risk reduction can occur through mitigation (reducing or changing the distribution of 
species; reducing the probability of invasion to occur) or through adaptation—the adjust-
ment of human behavior to reduce the consequences of invasions.
15 Currently applied invasiveness ranking could benefit from inclusion of some of the 
variables outlined.

Because risk of 
undesirable invasive 
species is as much a 
question of economics 
as it is about ecology, 
there is a need to 
integrate biology  
with economics.


