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Rare Vascular Plant Distributions In Alaska:
Evaluating Patterns Of Habitat Suitability
In The Face Of Climate Change

Matthew L. Carlson™ and Helen Cortés-Burns?

ABSTRACT

The high magnitude of projected climate change in northern latitudes represents a serious concern

to the persistence of Alaskan plant species with limited geographic distributions or narrow habitat
requirements. To address this potential vulnerability, we review the distribution patterns of Alaska’s

rare plants and initial results from current and future habitat suitability models for 34 rare plants.
Hotspots of rare taxa in the state are concentrated in the Aleutian Islands, southeastern Alaska, interior
Alaska and Brooks Ranges, and the Arctic Coastal Plain. Approximately 60% of Alaska’s rare species are
found at high elevations, islands, or adjacent to the Arctic Ocean and therefore appear to lack clear
migration corridors to track their current climate envelopes under future scenarios. We used inductive
habitat-suitability models to evaluate whether future suitable habitat locations would be reduced in
size or shifted in location. Preliminary models for rare species with southwestern Alaska and montane
distributions showed little change in suitable area. Model outputs for interior species were varied: some
models suggest large shifts and others minor shifts in suitable habitat. Last, outputs for arctic endemics
suggest a dramatic loss of suitable habitat in 50 years. Species did not have consistent responses to
climate variables, but in general, annual precipitation appeared to be a more important driver than
mean annual temperature or other variables. This modeling effort highlights the need to identify
additional important variables that drive many of Alaska's rarest plants distributions, and the need for
experimental approaches for the most at-risk species to understand the relationship of climate warming
on population vital rates.
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INTRODUCTION

Alaska is in the enviable position relative to states and provinces to the south in having very few vascular
plants at risk of extirpation. Currently a single plant species is listed as Endangered by the USFWS
(Federal Register 1988) and just 24 taxa are listed as globally imperiled to critically imperiled in the state
(AKNHP 2012). This low number of species of conservation concern is not solely a function of lower total
biodiversity. Total plant species richness of approximately 2,000 species (Hultén 1968) is comparable to
other Pacific Northwest states and provinces. However with a significantly larger area, the number of
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rare species per unit area is dramatically less in Alaska relative to other states (e.g., 15.2 X less than
Washington). While Alaska does not harbor a large number of globally rare species, it encompasses the
limited North American distribution of a number of widespread Eurasian species, such as Oxygraphis
glacialis (Fisch.) Bunge, Saussurea triangulata Trautvetter & C. A. Meyer, and Potentilla stipularis L.,

where the North American distribution of these taxa are limited to a few populations in western Alaska.
Additionally, the circumpolar north may harbor numerous cryptic plant species and is suggested to be
a region of rapid incipient speciation (Grundt et al. 2006). Thus, we argue that Alaska makes a significant
contribution to the plant biodiversity in the North America.

The low number of species at risk of extirpation in Alaska can also be attributed to fewer threats from
human development. The primary cause of species endangerment, habitat conversion (Meffe and
Carroll 1997, Wilcove and Master 2008), has been considerably less in Alaska relative to other states
(e.g, road density is approximately 30 X less in Alaska relative to Washington and 880,000 acres have
been converted to agriculture in Alaska relative to 15,000,000 acres in Washington, USDA 2012).

Current and proposed large-scale natural resource extraction activities (such as mining and oil and gas
development) however are causing alterations to substrates and habitats more broadly, which are likely
to increasingly threaten rare plant populations. Second, dramatic changes in climate cause a growing
reason for concern. Increases in mean annual temperature are well accepted to be proceeding more
dramatically at high latitudes (Serreze et al. 2000) and direct and indirect impacts of climate change
have the potential to threaten the persistence of plant species at these latitudes. In just the last 30
years, there has been a +2 °C increase in mean annual temperature in the arctic biome (ACIA 2005)

and temperature is predicted to continue to increase more rapidly than at lower latitudes (IPPC 2007).
The growing season has nearly doubled in length the interior of Alaska in the last 100 years, from 90

to 170 days (Wendler and Shulski 2009). Species and communities appear to be responding to these
changes. There are numerous examples of increases in shrub and tree expansion in arctic and alpine
tundra habitats (Klein et al. 2005, Dial et al. 2007, Tape et al. 2006, Roland 2012). As the majority of rare
vascular plant species in Alaska are associated with open, low-competition habitats, shrub and tree
encroachment represents a serious threat to these rare plant populations. Additionally, climate change
is influencing patterns and frequency of disturbances in northern systems, such as increasing the
frequency and intensities of herbivorous insect outbreaks and wildfires (Soja et al. 2006, Chapin et al.
2008). Last the rate of non-native plant species introduction and establishment in natural systems is
accelerating in Alaska and is likely exacerbated by increased temperatures, longer growing seasons, and
more frequent and severe disturbances (Carlson and Shephard 2007). While indirect ecological impacts
associated with climate change, such as disturbance and herbivory, are the most difficult to predict and
quantify, they are likely to have impacts that are equal or greater than direct impacts (Davis et al. 1998,
Klanderude 2005, Suttle et al. 2007, Adler et al. 2009).

Rare plant species in Alaska display pronounced biogeographic patterns. Some of these biogeographic
associations are anticipated to experience more extreme climatic changes, and/or lack clear dispersal
routes to future suitable climate and are therefore expected to be more vulnerable to climate

change. Hierarchical cluster analysis of globally rare to imperiled species by 250,000 mi? grid cells and
ecogeographic region (Nowacki et al. 2001) suggest these species can be grouped into an Aleutian,
southeastern coastal, montane, interior, and Bering Strait, and Arctic Coastal Plain associations (fig.

1). Projected global circulation model average temperatures predict an approximately +2 °C increase
over much of Alaska in 50 years, but with greater increases in northern Alaska and only modest
increases in southwestern Alaska to the Aleutian Islands (SNAP 2012). Total precipitation is expected

to remain relatively similar along the Arctic Coastal Plain, southeastern coast, and in the interior, while
southwestern and western Alaska is projected to become significantly wetter. Specifically, we anticipate
that Aleutian, montane, and Arctic Coastal Plain species associations are more vulnerable to reduced
and geographically disparate future suitable habitats since these species would presumably have to
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move to the north and to higher elevations to track suitable climates and they are predicted to show
the most dramatic changes in temperature or precipitation. Areas to the north and higher elevations
for these groups of species are either bounded by the Chukchi, or Beaufort Seas, or are reduced in area
for the montane species. The interior species associations tend to be dominated by species found on
warmer and drier microsites and thus we expect that habitat suitability for this group of species will
generally increase under future scenarios at least in the eastern interior.

In an attempt to evaluate the potential vulnerabilities of rare plant species in Alaska to climate

change, we modeled the distribution of current and future climatic envelopes of 34 rare plant species.
Specifically we address if predicted suitable habitat contracts in area and if the region of predicted
suitability is different in 50 years. We anticipated that montane-associated species and species endemic
to the Arctic Coastal Plain would be more vulnerable than species of other biogeographic affinities

to climate change. Last, we examined the importance of temperature relative to other climate and
geographic variables in the development of distribution models for these species.

METHODS

We modeled the current and future ecological niches using presence data for seven to ten species from
each of four biogeographic regions in Alaska: Arctic Coastal Plain, interior, montane (primarily Alaska
and Brooks Ranges), and a combined Aleutian and southeastern coastal region (Aleutian-south coastal,
table 1). Aleutian and southeastern coast regions were combined because they share biogeographic
affinities (fig. 1) and the small numbers of populations and incomplete data layers in the western
Aleutians hampered our ability to treat that region independently. We included species considered rare
to imperiled in the state for which there were approximately ten or more occurrences.

Population locations were obtained from the Alaska Natural Heritage Program's rare plant database
(AKNHP 2012). The majority of these records are based on georeferenced vouchered specimens housed
in herbaria such as the University of Alaska Museum and the University of Alaska Anchorage, as well as
from the USDA Forest Service NRIS database. Species occurrences that were less than 1 km apart were
eliminated from the analysis.

The predictor variables we used included current and projected climate data created for Alaska by

the Scenarios Network for Alaska Planning (SNAP 2010, 1 km? grid cells). The future climate projection
is based on the downscaled output from five of the International Panel on Climate Change's Global
Circulation models. We used the climate projection for 2060 under the intermediate (A1B) emission
scenarios. Climate variables used to develop the models included mean annual temperature, mean
annual precipitation, and growing season length (number of frost-free days). Additionally, we included
slope and elevation, which were extracted from the National Elevation Dataset for Alaska (Gesch 2007
and Gesch et al. 2002; approximately 60 meter resolution).

We used the maximum entropy modeling program MaxEnt version 3.3.1 (Phillips et al. 2006, Phillips and
Dudik 2008) to produce the species distribution models. MaxEnt calculates expected levels of species
presence using presence-only data, and has been shown to outperform more established modeling
methods, such as GARP and BIOCLIM (Elith et al. 2006). When the number of data points available made
it possible, runs were cross-validated. Occurrences were randomly split into a number of groups, and
models were created omitting each group of occurrences in turn. Models run from previously omitted
occurrences are then used for evaluation. We used area under the curve (AUC) statistics derived from
receiver operating characteristics (ROC) analyses, which is automatically calculated by Maxent, to
estimate model performance. AUC values range between 0.5 and 1, with values between 0.5 - 0.7 being
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relatively poor, those between 0.7 and 0.9 being useful, and those above 0.9 indicating relative high
accuracy (Swets 1988). Finally, our knowledge of individual species and their habitat preferences was
also incorporated to make final determinations on which models were useful and which ones were not
as reliable.

We developed an index to compare the relative importance of the five predictor variables in
determining suitability for the biogeographic groups of species. Percent variable contributions are
generated from MaxEnt and we used the first two variables that contributed most to the model for each
species were given scores of 1.0 or 0.5, for first and second variable contribution, respectively. The ratio
of scores for each variable to the total for all species in the biogeographic group was then calculated.
Thus the variable most important to the majority of species in the group received a higher score.

We compared changes in predicted suitability over the 50 year time-step by visually comparing the
mapped outputs.

RESULTS

In general, model performance was correlated with the number of occurrences used to develop the
model. Species with greater than 15 known occurrences, and for which we could run cross-validation
statistics with 5-10 replicates performed the best. Predicted habitat suitability models for 2010 and 2060
are shown in figure 2 for three species within each biogeographic group to demonstrate the range of
responses.

Overall, species had varied responses to future climates, with predicted suitabilities increasing in some
cases and decreasing in others. However, there were some consistent patterns within biogeographic
groups. Consistent with expectations, all Arctic Coastal Plain species exhibited a decrease in suitable
habitat as a result of climate change (albeit with poor model performance). Model results from the
Aleutian-south coastal and montane biogeographic groups suggest that the area of suitable habitat
shifts north as expected, but that the area of suitable habitat is roughly similar or increases under these
future climate projections. Last, model results suggest a range of vulnerabilities of interior species under
future climate predictions.

Arctic Coastal Plain Species

Model performance for most of the Arctic Coastal Plain species was poor. Many of the rare species

we selected from this region have few known occurrences (3-20 per species), and even when cross-
validated the model outputs were still either over-fitted (too constrained to the predictor variables and
lack generality) or potentially lacking a variable that would have served as a stronger predictor. There
was however a consistent trend among all arctic species analyzed: the area of suitable habitat shifted
northward and declined in the 2060 models (fig. 2). The model obtained for the arctic grass Koeleria
asiatica Domin, which is considered rare in the state and of long-term conservation concern globally,
was well-supported (22 known locations, ten replicates, AUC 0.976). Predicted habitat for this species
shows a general reduction in the area and degree of suitability by 2060, with particular reductions in the
southern and western portions of its current range. We also retained the modeled outputs for Papaver
gorodkovii Tolm. & Petrovsky (13 known locations, three replicates, AUC 0.964) and for Cardamine
microphylla M.F. Adams (nine known locations, three replicates, AUC 0.919). Model runs for Draba
subcapitata Simmons, Ranunculus sabinei R.Br,, and Symphyotrichum falcatum ssp. falcatum (Lindl.)
G.L. Nesom, which are all imperiled and restricted to the Arctic, could not be replicated due to the lack
of distinct occurrences (three to six). Models for these species were highly over-fitted and discarded
after an initial run. Although our confidence in the models for Mertensia drummondii (Lehm.) G. Don,
Pleuropogon sabinei R Br, Draba pauciflora R.Br, Symphyotrichum pygmaeum Brouillet & Sugirthini,
Saxifraga rivularis ssp. arctolitoralis (Jurtzev & V.V. Petrovsky) M.H. Jarg. & Elven, and Poa hartzii ssp.
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alaskana Soreng. was low, all of these species displayed similar constrictions of predicted suitable
habitat. In many cases the declines were dramatic, for example no suitable habitat was identified for
Mertensia drummondii under this scenario by 2060. Species models in this biogeographic group were
driven primarily by mean annual temperature, followed by elevation and the other variables (fig. 3).

Montane Species

Unlike the Arctic Coastal Plain species, montane species all had more than 15 occurrences (most
had more than 40 known presences), and models were consequently run with cross-validation (ten
or sometimes three replicates per species). High AUC values (0.83 to 0.93) and the omission versus
commission analyses indicated strong model performance across all species in this group.

The overall trend for the montane species is that the distribution of predicted suitable habitat remains
similar in extent or even increases within the next 50 years (fig. 2). In particular, for many of the montane
species, increased habitat suitability is evident in the Brooks Range, while little reduction on the
southern edge of their distribution is indicated. However, some reductions of current habitat suitability
were evident in the model for Aphragmus eschscholtzianus Andrz. ex DC. in the southwestern portion
of its range on the Alaska Peninsula. Montane species models were primarily driven by elevation and
precipitation.

Aleutian-South Coastal Species

Models for Aleutian-south coastal species with greater than 15 occurrences were also reliable. However,
Oxygraphis glacialis (Fisch.) Bunge and Plagiobothrys orientalis (L.) .M. Johnst. were discarded because
of poor model performance and over-fitting. Many of the Aleutian-coastal species models indicated
increased future habitat suitability in the Bristol Bay region to the north of their current locations and
some moderate decline in suitability in southeastern Alaska. Only modest declines in suitabilities in
their current ranges in southwestern Alaska were indicated (fig. 2). It should be stressed that most of
the species in this biogeographic group are associated with strongly maritime-influenced habitats and
therefore, the increased suitabilities in the highlands of southwestern Alaska projected by many models
are unlikely to be reflective of truly suitable habitat. Aleutian-south coastal species models were driven
primarily by mean annual precipitation (fig. 3).

Interior Species

Interior species displayed the most diverse response to climate change. Lupinus kuschei Eastw. and
Physaria caldera (G.A. Mulligan & A.E. Porsild) O'Kane & Al-Shehbaz were discarded for poor model
performance. Some species showed large declines in the area of predicted suitable habitat by 2060 (e.g.,
Campanula aurita Greene, Cerastium maximum L, Draba murrayi G.A. Mulligan, Erysimum asperum var.
angustatum (Rydb.) B. Boivin, Eriogonum flavum var. aquilinum Reveal, Alyssum obovatum (C.A. Mey.)
Turcz, Antennaria densifolia A.E. Porsild; fig. 2). However, in almost all cases, predicted habitat suitability
in 2060 remained high in the specific areas where populations are currently known. In addition, other
taxa exhibited an increase and/or shift in their predicted suitable habitat (e.g. Artemisia tanacetifolia

L. and Corispermum ochotense Ignatov; fig. 2). Precipitation was the most important variable driving

the species models for the interior species model, while slope and the other variables were important
predictors for a minority of species (fig. 3).

DISCUSSION

While the rare flora of Alaska is less threatened by anthropogenic factors than floras to the south, our
modeling results suggest that some groups of species may have difficulties tracking suitable habitats
and are vulnerable to climate change. In particular, models of the Arctic Coastal Plain endemics suggest
a common pattern of dramatic decrease in the area of predicted suitable habitat. Although we restricted
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our analysis to Alaska, areas of future suitable climate for many of these species would be expected to
occur in higher latitude polar regions, such as in the Canadian Archipelago. Migration corridors to these
areas, however, would require long distance dispersal across the water or sea ice. Population genetic
data from a number of arctic plant species does suggest high dispersal ability (Abbott and Brochmann
2003). Interestingly, modeling of the arctic tundra biome more broadly has suggested that this system
may be less vulnerable to shifts than many other biomes, as shifts in other biomes are often sensitive

to relatively small changes in temperature and precipitation (Murphy et al. 2010, Loarie et al. 2011).

The arctic tundra habitat on the Seward Peninsula, which is much nearer to the margin of the arctic
tundra biome climate envelope than the Arctic Coastal Plain, is anticipated to diminish dramatically in
this time frame (Murphy et al. 2010). Therefore the Bering Strait associated rare species (which were not
modeled here) could be at particular risk. While biological organization may not change dramatically at
broader physiognomic levels (i.e., treeless tundra persists) on the Arctic Coastal Plain, the composition of
communities within the biomes may change due to individual species responses. In particular, models
of these rare species suggest that changes in their climate envelopes could be striking.

Rare species associated with the Aleutian-south coastal and montane regions appear more secure than
the species of the Arctic Coastal Plain and interior regions. These species are found in the southern

and central portion of the state and in areas with high topographic complexity. Thus future suitable
climate envelopes are generally proximal to current climate envelopes. In regions to the south, alpine
habitats and associated species have been recognized as sky islands that are particularly vulnerable

to climate change (e.g., Kupfer et al. 2005, Gifford and Kozak 2012). In Alaska, the reduction in alpine
habitats in response to climate change is likely substantially less than regions to the south since alpine
habitats occur at much lower elevations and a relatively large area still remains at higher elevations.
Future suitable habitat generally increased in the Brooks Range for the montane associates and for many
species that are currently associated with the Alaska and Coastal Ranges there is no clear high elevation
north-south dispersal route to the Brooks Range. Also, even though suitable habitat was predicted

to remain similar in extent or increase for Aleutian-south coastal and montane-associated species,
reductions in suitabilities at the southern margin of the ranges of some species were implied; thus local
population decline at the edge of some species' ranges is a concern. Therefore, some caution should

be taken in assuming with increasing area of suitable habitat modeled there is reduced threat. Due to
lack of some adequate environmental data layers and few known locations, we did not model suitable
habitats for the rarest Aleutian Island endemics. These species would likely face significant dispersal
barriers assuming suitable climates shift from current locations. However, the only USFWS Listed plant
taxon in the state is the Aleutian shield fern (Polystichum aleuticum) and of all vascular plant groups,
ferns are generally not dispersal limited (Tryon 1966, 1970, Perrie et al. 2010).

Mean annual precipitation, rather than temperature, was the predictor variable that explained the

most variation in suitable habitat across species models. The degree of uncertainty in patterns of future
precipitation in general is quite high however, and thus constrains the confidence in models of future
suitable habitat in cases where precipitation an important predictor variable (Lawler 2012). Second,
plants are expected to respond to soil moisture rather than precipitation per se, and soil moisture is a
more complex variable involving temperature, evapotranspiration, etc. Despite these caveats, many

of the rare species, particularly in interior Alaska, are clearly associated with unusually dry microsites
(see Lipkin and Murray 1997) and therefore changes in precipitation (and temperature) would be
expected to have large impacts on the size and distribution of suitable habitat. Even small decreases in
precipitation and increases in temperature are expected to result in potentially large areas of conversion
of forest habitats to open, steppe-bluff habitats (Lloyd et al. 2011), which could result in a greater area of
suitable habitat for this group of rare species.

The lack of importance of temperature in explaining variation in the models is noteworthy. It is quite
possible that many of these species occur in areas with relatively large variation in mean annual
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temperature and although they occur in a relatively narrow geographic region, it encompasses a range
of elevations, aspects, and distances to coast. Thus variation in mean annual temperatures associated
with known locations would be expected to be high and therefore have reduced predictive ability
relative to other variables. Second, since we have only treated temperature in a very coarse manner
(mean annual temperature) we are unlikely to capture many important climate niche parameters. For
example, individual plant species would be expected to respond to finer-scale aspects of temperature,
such as minimum winter temperatures or maximum summer temperatures, variables that may be only
weakly correlated with mean annual temperature.

These model outputs are intended as a hypothesis generating exercise and should be viewed with
caution and an awareness of their limitations (see Davis et al. 1998). First, we have no a priori information
that the habitat of the species modeled is in fact related to the climate and topographic variables used.
While mean annual temperature and precipitation are accepted in general to be the most important
niche parameters for vascular plants (see Woodward 1987, Davis and Shaw 2001, Hughes 2000, McCarty
2001, Walther et al. 2002), it is possible that these variables are not important within the scope of the
geographic region investigated. Populations of these rare plants may be more constrained by finer-scale
variables. For example, soil moisture-holding capacity has been shown to be a major determinant of
the distribution of three alpine tundra willow species (Dawson 1990) and the presence of mycorrhizal
symbionts has been shown to be a major component determining species' distributions (McCormick et
al. 2012). Second, with few known locations for many of the rarest species, there is greater uncertainty
about the relationship of the species with the predictor variables, leading to poor or over-fitted models.
Third, we have little ability to infer if the pattern of current and future suitable habitats of the most
critically imperiled taxa (that were not modeled because of low sample size) would be similar to the
model outputs associated with the species with more occurrences. Thus we restrict comments on
climate vulnerabilities of our rarest species. Finally, the majority of rare plants in Alaska are associated
with uncommon substrates (e.g., sand dunes, limestone outcrops, wet scree, etc.) and we were not able
to include these as predictor variables because high resolution spatial data is not avaialable for the state.
Thus the habitat suitability outputs produced in these models represent a coarse perspective based

on a limited number of predictors with at least one of the major predictors (substrate type) omitted.
Last, it should be emphasized that we are unaware of indirect impacts of climate change on rare plants.
Changes in disturbance regimes and antagonistic and mutualistic interactions, herbivory, pathogens,
etc. are likely to have equal or greater impacts on rare plant species than direct effects of climate (Davis
et al. 1998, Klanderude 2005, Suttle et al. 2007, Adler et al. 2009).

This study does, however, provide a direction for future research on the impact of climate change on
Alaska’s rare plants. These initial findings suggest that natural resource managers in the state should give
greater priority to inventorying, monitoring, and conducting experimental work on rare vascular plants
in the Arctic. Even though these species are not currently listed as threatened or endangered, the lack of
information we have on these plants severely limits our ability to understand their current rarity as well
as predict how future changes in the state will affect them. Currently we have almost no information on
baseline population trends or habitat changes of rare species in the state and monitoring efforts would
be invaluable in gauging if populations of the identified vulnerable species are in fact showing signs

of change. Second, we see a great value in studies to test the relationship of direct and indirect effects

of climate on niche space by relating population vital rates to environmental parameters in natural
populations or in newly established populations subjected to current and predicted future climates
(McLean and Aitken 2012). Future modeling studies will include rare species from the Bering Strait and
strictly southeastern maritime ecoregions, as well as including the westernmost Aleutian species, and by
including more widespread arctic and Aleutian species.
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Table 1. Species used in the habitat modeling, biogeographic association, NatureServe global and
current Alaska Natural Heritage Program state rarity ranks, and number of occurrences in Alaska.
The Aleutian-south coastal association is abbreviated ‘Aleutian-coastal’and the Arctic Coastal Plain is

abbreviated Arctic’

Global State Number of

Species Region Rank Rank occurrences
Alyssum obovatum Interior G5 S2S3 12
Antennaria densifolia Interior G3 S2 9
Aphragmus eschscholtzianus Montane G3 S4 57
Arnica ovata Montane G5 S253Q 18
Artemisia tanacetifolia Interior GNR S3 26
Atriplex gmelinii var. alaskensis Aleutian-coastal G3G40Q S4 27
Campanula aurita Interior G4 S4 42
Cardamine microphylla Arctic G3G4 S2 9
Cerastium maximum Interior G4 S4 26
Corispermum ochotense Interior G3G4 S3 14
Douglasia alaskana Aleutian-coastal G3 S4 45
Draba macounii Montane G3G4 S3 21
Draba murrayi Interior G2 S2S3 22
Draba pauciflora Arctic G4 S2 9
Erigeron porsildii Montane G3G4 S354 21
Eriogonum flavum var. aquilinum Interior G5T2 S2 18
Erysimum asperum var. angustatum  Interior G5T1 S2 19
Koeleria asiatica Arctic G4 S3 22
Lupinus kuschei Interior G3G4 S2 16
Mertensia drummondii Arctic G2G3 S2 16
Noccaea arctica Montane G3 S4 48
Oxygraphis glacialis Aleutian-coastal G4G5 S3 16
Papaver alboroseum Montane G3G4 S4 46
Papaver gorodkovii Arctic G3 S2S3 13
Physaria calderi Interior G3G4 S2 10
Plagiobothrys orientalis Aleutian-coastal G3G4 S3 11
Pleuropogon sabinei Arctic GAG5 ST 11
Poa hartzii spp. alaskana Arctic G3G4T1T2  S1S2 8
Ranunculus pacificus Aleutian-coastal G3 S354 25
Romanzoffia unalaschensis Aleutian-coastal G3 S354 39
Rumex beringensis Aleutian-coastal G3 S3 23
Salix setchelliana Montane G4 S4 50
Saxifraga rivularis ssp. arctolitoralis Arctic G5T2T3 S2 9
Symphyotrichum pygmaeum Arctic G2G4 S2
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Figure 1. Hierarchical
cluster analysis of 76 rare
plant taxa occurring in
more than one 1:250,000
mi? grid cells and
ecoregions (Nowacki et
al. 2001). Biogeographic
groupings are indicated
to the right of the boxes.
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Figure 2. Current and future species habitat suitability for four biogeographic groups of rare species
in Alaska (warm colors are used for pixels with potentially suitable habitat while cool colors indicate
pixels or areas where the species is less likely to occur; the spectrum ranges from red to blue). Known
occurrences are indicated as red dots.

Arctic Coastal Plain species distributions

Present (2010) and future (2060) ecological niche models for Koeleria asiatica.

Present (2010) and future (2060) ecological niche models for Mertensia drummondii.

Present (2010) and future (2060) ecological niche models for Poa hartzii ssp. alaskana.
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Montane species distributions

Present (2010) and future (2060) ecological niche models for Draba macounii.
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Aleutian-south coastal species distributions

o

Present (2010) and future (2060) ecological niche models for Rumex beringensis.

Present (2010) and future (2060) ecological niche models for Atriplex gmelinii.
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Interior species distributions

Present (2010) and future (2060) ecological niche models for Artemisia tanacetifolia.

Present (2010) and future (2060) ecological niche models for Erysimum asperum var.
angustatum.
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Figure 3. Index of predictor variable contributions to species distribution models for four
biogeographic groups. The Aleutian-south coastal association is abbreviated ‘Aleutian-coastal’and the
Arctic Coastal Plain is abbreviated ‘Arctic!
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