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Abstract

Climate change is likely to bring a myriad of interrelated changes to the Arctic.
One change is warmer and drier conditions that could increase the prevalence of wildfire
in northwest Alaska. Wildfires destroy terricolous lichens that Western Arctic Herd
caribou (Rangifer tarandus) rely on during winter; taking decades to recover. My goals
were to assess the recent (1950-2007) fire regime within the herd’s range, identify
characteristics of habitat selected by overwintering caribou, and determine the potential
impacts of climate change on the fire regime and caribou winter range. [used a
combination of existing data and information collected at vegetation plots to conduct
these analyses. I found that wildfires in the tundra were relatively common from 1950-
2007, covering approximately 10 % of northwest Alaska. Tundra was > 4.5 times more
likely to re-burn than boreal forest. This novel, yet intuitive finding could have serious
implications if fire starts to become more common in the Arctic. I found that the average
annual area burned more than doubled in years where mean August temperatures
exceeded 11.7° C (53° F). Caribou use tundra and forested during winter but avoided
recently (< 58 years) burned areas in both habitat types likely because they contained < %
of the abundance of forage lichen species than unburned habitats. I found that lichen
abundance was 3 times greater in the herd’s current winter range versus its historic range
— supporting the theory that caribou shift ranges to compensate for deteriorating grazing
conditions. Stand age was the most consistent correlate with lichen abundance. Dwarf

birch (Betula spp.) was more abundant in recent burns which may facilitate the
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intensification of the future fire regime in the region. My modeling efforts revealed that
wildfire is likely to become more prevalent, especially on the herd’s core winter range,
which could have deleterious impacts on caribou winter range and provide quality habitat

for moose (4lces alces). My results should provide a solid foundation to develop a

science-based fire management plan for the Western Arctic Herd.
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INTRODUCTION

Barren-ground caribou (Rangifer tarandus granti) are an integral part of the
ecology and sociology of the circumpolar North (Gordon, 2005; Sutherland, 2005). The
Western Arctic Herd (WAH), numbering over 400,000 caribou, inhabits the tundra and
boreal forests of northwest Alaska (Figure I.1; Dau, 2007; Joly et al., 2007a; CHAPTER 2).
Caribou herds with hundreds of thousands of animals have the potential to significantly
alter their environment (Moser et al., 1979; Jefferies et al., 1992), but can be affected by
changes in their environment as well. While the effects of wildfire on boreal forest
caribou winter range have been a concern for decades (Klein, 1982), impacts to tundra
caribou winter range have been largely ignored (but see Saperstein, 1996).

While fires are the primary mechanism for resetting vegetative succession in the
boreal forest, they are less frequent and smaller in the tundra biome, especially in Canada
(Wein, 1976; Payette, 1992; Higuera et al., 2009). However, two regions within the
range of the WAH, the Seward Peninsula and Noatak River valleys (Figure 1.1), display
greater fire frequency than other tundra-dominated areas (Racine et al., 1985, 2004; Hu et
al., 2010; CHAPTER 1). Certain species of terricolous lichens species found in these
regions comprise a critical component of the winter diet of migratory caribou and are
readily consumed by wildfires (Klein, 1982; Joly et al., 2007b). These lichens can take
decades to a century or more to recover to pre-fire levels (Klein, 1982; Jandt et al., 2008).
Caribou avoid burned areas in the boreal forest and tundra on a time scale coincident with

lichen recovery rates (Joly et al., 2003, 2007a; CHAPTER 3).



Climate change impacts are readily apparent and have already been implicated in
the decline of caribou populations across the Arctic (Hinzman et al., 2005; Vors and
Boyce, 2009). However, the effects of climate change on caribou populations may be
modulated by large-scale climate teleconnections, such as the Pacific Decadal Oscillation
(Joly et al., 2011). Higher summer temperatures with longer growing seasons may prove
to be beneficial to caribou over the summer months (Haskell and Ballard, 2004; Tews et
al., 2007). These same conditions may provide vascular plant species a competitive
advantage over caribou forage lichens (see review by Joly et al., 2009) and exacerbate
insect harassment (Jefferies et al., 1992; Walsh et al., 1992) — both to the detriment of
caribou. Climate change may also negatively impact caribou by increasing snow depths,
increasing the frequency of icing events, encouraging further human disturbance and
development, reducing habitat quality and quantity, and increasing wildfire on winter
ranges (Jefferies et al., 1992; Putkonen and Roe, 2003; Dau, 2005; Johnson et al., 2005;
Rupp et al., 2006; Joly et al., 2011). Changes to winter climate may be of greater
magnitude and importance to caribou ecology than summer climate (Callaghan et al.,
2004; Haskell and Ballard, 2004; Tews et al., 2007). However, increased prevalence of
wildfire during summer months may deteriorate winter range by reducing forage quantity
and quality during an energetically crucial period for reproductive females (White, 1983;
Parker et al., 2005).

Climate change has brought (Jones et al., 2009) and is predicted to bring even
warmer and drier summers to the Arctic (Callaghan et al., 2004), which are associated

with increased burned area in the boreal forests (Duffy et al., 2005). It is predicted that



wildfire will increase in both the boreal forest and tundra biomes under climate warming
scenarios (Flannigan et al., 2000; Higuera et al., 2008). More frequent and extensive
wildfires may limit the total amount of high-quality habitat that is available for
overwintering caribou and nullify the argument that wildfire is not important to winter
ecology of caribou because they can simply migrate to higher-quality winter ranges
(Rupp et al., 2006). Moreover, this altered wildfire regime within the range of the WAH
will likely change fire severity, patterns of inclusions (i.e., islands of unburned habitat
within a burn perimeter) and affect species composition and distribution of both flora and
fauna (Chapin et al., 1992; McGraw and Fletcher, 1992) — with the potential to further
impact caribou. In short, little is known about the impacts of a changing climate and fire

regime on the tundra ranges of caribou.

Goals, Objectives, Hypotheses, and Predictions

My overarching goal was to assess the potential impacts of current and plausible
future wildfire regimes on the quantity and quality of winter range available to the WAH.
In CHAPTER 1, [ developed a quantitative baseline for the fire regime of northwest Alaska
to serve as a foundation for subsequent chapters. I accomplished three goals; first, I
quantified the areal extent of burned area and fire cycle (return interval) for northwest
Alaska, including both tundra and boreal forest biomes. Second, I determined whether or
not fires are increasing in areal extent and frequency within the range of the WAH. And
lastly, I identified meteorological variables that correlated with annual area burned in

northwest Alaska. Ihypothesized that 1) while the proportion of area burned in the



tundra of northwest Alaska would be relatively lower than in the boreal forest, it would
be substantially higher than reported in the tundra biome in general; 2) the fire cycle of
certain tundra-dominated regions would rival fire cycles of the boreal forest; 3) fire
frequency has increased in the region; and 4) warmer and drier summers were correlated
with more annual area burned in northwest Alaska.

The goal of CHAPTER 2 was to utilize existing WAH caribou location data to
assess habitat selection during winter. The first specific objective of CHAPTER 2 was to
document the distribution of caribou during winter while the WAH was at a population
peak level. Second, I identified factors that help explain this distribution. The
information developed in CHAPTER 2 provided valuable insight into the factors that shape
caribou distribution while serving as a critical foundation for predicting potential changes
in caribou distribution if the population continued to decline and to model how the
suitability of winter range may change for caribou under different climate-change
scenarios. I hypothesized that WAH caribou distribution was affected by terrain, habitat
and predation pressure as well as snow conditions and disturbance. Further, the
distribution of cows and bulls should be different. Cows are often found in larger groups
and large patches than bulls. The small group sizes of bulls allow them to utilize smaller
foraging patches.

In CHAPTER 3, I utilized vegetation plot surveys to determine caribou winter range
quantity and quality in northwest Alaska. First, I identified characteristics of primary
caribou winter range by comparing sites used by caribou to random locations. Next, I

quantified the differences between burned and unburned habitat and among the herd’s



current, historic and potential future winter ranges. Finally, I identified landscape-level
and site-specific factors that were associated with the abundance of forage lichens. I
hypothesized that 1) caribou would seek out and locate areas of high lichen abundance; 2)
that unburned habitat would provide greater lichen abundance than recently (< 58 years)
burned habitat; and 3) that the herd’s current winter range would provide greater lichen
abundance than either the historic or potential winter ranges. The findings of CHAPTER 3
highlighted the importance of winter forage for caribou, will inform critical and costly
decisions regarding fire management, and assist in the management of caribou as a
subsistence and economic resource for communities in northwest Alaska and throughout
the Arctic.

Warmer and drier conditions in northwest Alaska will likely lead to increased
burning of lichen-rich caribou winter range. Thus, my goal for CHAPTER 4 was to
identify the impacts of climate change on the fire regime, and thus caribou winter range,
in tundra-dominated landscapes of northwest Alaska. I used computer simulations to
project amount and quality of caribou winter range available under two different climate
warming scenarios using information developed in the previous chapters and existing
literature. Additionally, I projected the change in moose winter habitat because this may
have additional indirect impacts on caribou winter range. I hypothesized that 1) the fire
regime in northwest Alaska in the next 50-100 years will be more intense (i.e., larger
areal extent of burned area) as compared to the current (1950-2007) regime; and 2) that

the hypothesized increase in area burned will lead to a decrease in both quality and



quantity of caribou winter range and an expansion of high-quality moose habitat as
indexed by the amount of deciduous habitat in the 10-30 year age class.

In the Conclusion I outlined the most critical findings of the various chapters and
placed them into context with one another and caribou ecology in general. I also
provided suggestions for the direction of potential future research regarding the impacts
of climate change on caribou winter range. Lastly, I developed a preliminary fire

management plan based on the scientific findings of my research.
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CHAPTER 1:

Fire in the Range of the Western Arctic Caribou Herd '

Abstract

Wildfire is the dominant ecological driver in boreal forest ecosystems. Although
much less is known, it also affects tundra ecosystems. Fires effectively consume fruticose
lichens, the primary winter forage for caribou, in both boreal and tundra ecosystems. We
summarize 1950-2007 fire regime data for northwestern Alaska and sub-regions. We also
identified meteorological factors that help explain the variability in fire extent across this
landscape. We review information and inferences from recent studies on tundra fire
regimes for managing caribou winter range. Climate warming may increase fire size and
frequency in this region, which may substantially impact the vegetation, wildlife, and

people of this region.

! published as: Joly, K., T. S. Rupp, R. R. Jandt, and F. S. Chapin III. 2009. Fire in the
range of the Western Arctic Caribou Herd. Alaska Park Science 8 (2):68-73.
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Introduction

Although much attention has been focused on the role of wildfire in boreal forest
ecosystems, its role in tundra ecosystems has largely been overlooked (see Miller 1985,
Racine et al. 1985). Wildfires effectively consume ground-dwelling lichens that are the
primary winter forage for Western Arctic Herd (WAH) caribou. These lichens can take
decades to recover to pre-fire levels in northwestern Alaska (Jandt et al. 2008). Wildfires
potentially limit caribou winter range due to low levels of preferred forage (Rupp et al.
2006). The WAH has undergone a population expansion starting in 1976 until reaching a
high of 490,000 caribou in 2003 (Dau 2005). The herd has expanded and shifted its
primary winter range to the Nulato Hills and the Seward Peninsula from its historic
winter range in the Buckland Valley and Selawik National Wildlife Refuge (Figure 1.1).
Both density-dependent (i.e., increasing herd size leading to reduced lichen biomass) and
density-independent (i.e., increasing area burned by wildfires leading to less mature

habitat) may factor into the changes in winter range distribution exhibited by the WAH.

Temperatures, in Alaska, including northwest Alaska, have been rising and the
rate of climate warming is predicted to increase (Stafford et al. 2000, ACIA 2005).
Summer precipitation has decreased at many locations throughout Alaska, and Barrow
has seen declines in annual precipitation as well (Stafford et al. 2000). Warmer and drier
summers are associated with greater area burned in Alaska (Duffy et al. 2005). In the
tundra ecosystem, wildfires are also predicted to increase (Higuera et al. 2008). Regional

temperature and precipitation are correlated with large scale climatic regimes, such as the
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Pacific Decadal Oscillation (PDO) (Hartmann and Wendler 2005). Our goals were to 1)
elucidate the fire regime in northwestern Alaska and in tundra ecosystems, 2) test
whether wildfires are increasing in extent and frequency in the range of the WAH and 3)

identify meteorological variables that correlate with annual area burned.

Methods

We summarized the data contained in the Alaska Fire Service’s geodatabase,
which catalogs the extent, number and location of large fires mapped from 1950-2007
(Figure 1.2; data at http://agdc.usgs.gov/data/fire/index. html). Kasischke et al. (2002)
performed similar analyses for Interior Alaska, but we calculated them for northwestern
Alaska and various subsets including the WAH core winter range, outer range, and
potential future winter range - defined as a 30-mile (50-km) wide buffer around the outer
range (Figure 1.1.4). We also summarized burn area by conservation unit, ecoregion,
tundra ecosystem, boreal forest ecosystem and also the area north of the 68" latitude
(Figures 1.1 and 1.2). Tundra ecosystems were differentiated from forested areas using
the 33-yard (30-m) National Land Cover Database — Alaska 2001 coverage

(http://www.epa.gov/mric/nled-2001.html).

For all of these areas, we also calculated the percentage of burned area that
burned two or more times during the 58-year study period. Similarly, we calculated the
fire cycle (i.e., the number of years required to burn over an area) (Kasischke et al. 2002)

for these areas. We calculated this by dividing 1 by the proportion of area burned and


http://agdc.usgs.gov/data/fire/index.html
http://www.epa.gOv/mrlc/nlcd-2001.html
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multiplied the dividend by the duration of the study period (58 years). We used linear
regression to test whether annual area burned and number of wildfires were increasing
over time and for correlation among variables. We used average monthly temperature and
total monthly precipitation data (Western Region Climate Center,
http://www.wrcc.dri.edu/summary/climsmal.html) from 1950-2005 to develop climatic
models to explain the variance in the amount of area that burned annually. Sets of station
averages were compared to find the grouping that provided the most predictive power.
We also transformed these data, by exponentiation, and included measures of the strength
(average of January and February as per Duffy et al. 2005) of the PDO (University Of
Washington, http://jisao.washington.edu/pdo/PDO.latest) to develop alternative models.
The best models were chosen based on predictive ability and parsimoniousness using

Akaike’s Information Criterion (AIC,).

Results

More than 10.5 million acres (4.3 million hectares) burned in northwestern Alaska
between 1950 and 2007, covering approximately 10.9% of the region. Of these burned
acres, 7.9% have re-burned during this time period. We determined the fire cycle for the
region to be 535 years. The range of the WAH covers this entire region, excluding the
western most extremes of the Seward Peninsula. The percent area burned and re-burned,
and fire cycle for other portions of the WAH’s range, conservations units, and ecoregions

are shown in Table 1.1. Ecoregion fire cycles were similar to those reported by Kasischke


http://www.wrcc.dri.edu/summary/climsmal.html
http://jisao.washington.edu/pdo/PDO.latest
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et al. (2002). North of 68° latitude, only 1.1% of the area had burned with no re-burning
at all. More than half of the burned area was attributed to the 2007 Anaktuvuk River fire.
In the boreal forest ecosystem, 24.1% had burned but only 1.5% of those burned areas
had re-burned during the past 58 years. The fire cycle for forested areas was 240 years.
Burns only covered 9.2% of the tundra ecosystem, but 7.0% of that area had re-burned in

the past 58 years. The fire cycle for tundra areas was 630 years.

The average of the seven weather stations (Bettles, Big Delta, Fairbanks,
McGrath, Nome, Northway and Tanana) that Duffy et al. (2005) used to model area
burned in Interior Alaska provided the most explanatory power versus various subsets or
the inclusion of the Barrow and Kotzebue station data. Average June and July
temperatures have increased over time in northwestern Alaska (Figure 1.3; Fys55s=18.67,
P=10.001, F;55s=10.99, P = 0.002), though average August temperature and
precipitation from June through August did not show a significant relationship. The
average August temperature for Barrow, Kotzebue and Nome was 46.7°F (8.2°C) +/-

2.6°F (1.4°C).

There was no significant relationship with time and area burned (i.e., there was no
evidence that burned area is increasing over time; Fy 57=0.61, P = 0.439). However,
when we omitted years with more than 200,000 acres (81,000 hectares) burned, the
amount of burned area did increase over time (F; 42=9.95, P = 0.003). There were 15
years where the annual burn area was greater than 200,000 acres (81,000 hectares) and

they were clustered into 4 groups — each group contained three to five years of high burn
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area, spanned four to nine years and were temporally separated by an average of 16.3
years (sd = 0.72). All but 1 (i.e., 14 of 15) of these high fire years were associated with
average August temperatures exceeding 53°F (11.7°C). The exception occurred in 1969,
which had the lowest June precipitation on record — well less than half the normal for the
month. Although burned area was more than double in years with average August
temperatures > 53°F (11.7°C), 226,000 versus 96,000 acres (91,000 versus 39,000

hectares), the difference was not statistically significant (P > 0.1).

The number of wildfires in northwestern Alaska and in the tundra ecosystem
significantly increased from 1950 to 2007 (F;s57=11.50, P =0.001,F;57=11.40,P =
0.001, respectively). These trends disappeared when the analysis was limited to 1988-
2007 (F1,18=0.73, P =0.404, F; 13= 0.72, P = 0.406, respectively). Dry weather in
August was significantly associated with high August temperatures (F; ss=7.42, P =
0.009). A 6-factor (June-September precipitation and July-August temperature) model
explained the most variation, approximately 31%, in annual burn area in northwestern
Alaska. Explanatory power was increased when non-linear factors were added; a 5-factor
model (June and August precipitation, exponential of June precipitation, exponential of
August temperature and PDO) explained 55% of the variance in annual burned area. This
model plus the exponential of June temperature explained 67% of the variance of average
annual burned area within tundra ecosystems. The single factor of the exponential of
August temperature explained 28% of the variance in burned area for northwestern

Alaska and 47% for tundra fires in this region. For more on models, see Table 1.2.
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Discussion and Conclusions

We found that wildfire is a common occurrence in northwestern Alaska, in the
range of the WAH and in tundra ecosystems. Burn acreage tended to decrease with
latitude and longitude as, historically, fires have been rare events north of the Brooks
Range and in maritime climates. Nearly 20% of the WAH core winter range has burned
during the past 58 years. With current high population densities and declining lichen
cover, the herd may seek out additional winter ranges (Joly et al. 2007b). We found that
the WAH’s outer range has burned even more extensively than its core winter range.
Potential future winter range, further to the east, was one of the most extensively burned
areas in the region and also appeared to have one of the highest incidences of re-burning -
likely because it is in the warmer and drier continental Interior climate zone. We believe
this level of burning may prove to be an impediment for the herd to expand its winter
range possibilities as extensive, mature lichen mats are unlikely to be found in these

areas.

The extent of burned area within Selawik National Wildlife Refuge (28%) came
as a surprise, as well as the fact that this area had the highest percentage of re-burned area
of any sub-region within northwestern Alaska. These facts may help explain why the herd
has largely abandoned its historic winter range in the refuge, though density-dependent
factors are likely to have also played an important role. The Seward Peninsula ecoregion
had the second highest re-burn percentage, but is still utilized by the herd (Joly et al.

2007a). One possible reason for the continued use of this region as winter range is that it
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contains > 4 times more area that has not burned in the past 58 years than the Selawik.
Re-burn estimates need to be cautiously interpreted, however, as fire perimeters in the
AFS database do not account for unburned inclusions and in earlier years were often

based on rough maps produced by firefighting crews.

As we expected, wildfire affected a greater percentage (~ 25%) of forested areas
than tundra areas (< 10%) in northwestern Alaska during the past 58 years. We found that
burned tundra was 4.5 times more likely to re-burn than burned forest during our 58-year
study period. This finding is intuitive because grasses and sedges that dominate tundra
ecosystems recover very quickly (Jandt et al. 2008), and produce an important surface
fuel (dead leaf litter) to carry new fires. Conversely, surface fuel loads (dominated by
feather mosses) in the boreal forest can take decades to return (Kasischke and Stocks
2000, Camp et al. 2007). The fire cycle for tundra areas was more than 2.5 times longer
than for forested areas. We did not find any examples of forested areas being re-burned
more than once, while we found 11 cases in the tundra where a patch had re-burned more
than once and one location on the central Seward Peninsula was mapped as burned in

1971, 1990, 1997 and 2002.

Using the large fire database, we were unable to detect a trend of increased annual
burn area over time. This may be because climate warming is not yet strong enough to
impact northwestern Alaska’s fire regime or is intertwined with other factors that may
suppress wildfires. However, when we omitted large fire seasons, we found a strong

increasing trend (Figure 1.4). This may be explained in at least two ways. First, changes
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in the accuracy of fire maps and in fire suppression capability and management over the
period of record may affect apparent burn acreage trends. Alternatively, climate warming
may indeed be increasing annual area burned, but some other factor may induce pulses of
large fire seasons that mask this overall trend when included in the regression analysis.
The number of wild and tundra fires in northwestern Alaska appear to have significantly
increased during the past 58 years. This, however, may also be an artifact of the fact that
fires less than 1,000 acres (405 hectares) were not regularly mapped prior to 1988. We
did not find evidence that the number of wild and tundra fires have increased since 1988
— a time period when all of these factors should be equivalent in the database. Increases
in both the area burned and number of fires in the boreal forest have been identified

(Kasischke and Turetsky 2006).

Our addition of non-linear and Pacific Decadal Oscillation factors greatly
improved our model’s ability to predict annual burned area. The model was even stronger
at predicting the amount of burned tundra. The effects of climate change, potentially
warmer and drier summer weather, may have non-linear effects on the fire regime of
northwestern Alaska. For northwestern Alaska and tundra, the exponential of August
temperature had the greatest explanatory power. For Interior boreal forests, June
temperature was the single most important factor explaining variance in burned area
(Duffy et al. 2005). Part of this difference may be explained by phenology differences
between the ecosystems — in other words, summer simply comes later to northwestern
Alaska than it does to the Interior, therefore temperatures later in the year are more

important in determining annual burn area. Additionally, August is on average the coolest
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of the summer months but has the greatest variability. Warm temperatures in August
were correlated with dry weather and thus it is not surprising that they are associated with

increased annual burned area in northwestern Alaska (Miller 1985).

Management Implications

The management of wildfires is a contentious issue, not least of all because of its
implications for caribou winter range. Our findings are based on the large fire database
maintained by the Alaska Fire Service and thus should be viewed carefully. We believe
our preliminary findings provide a starting point for understanding the importance of
wildfire in northwestern Alaska and tundra ecosystems in general. While fires are less
common in tundra ecosystems than in boreal forests, tundra ecosystems are capable of
burning much more frequently. Understanding the fire regime of this region and its
impacts on the WAH will be critical information utilized in the development of a fire

management plan for the winter range of the herd.
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Table 1.1. Percent area burned and re-burned from 1950-2007 and fire cycle for various

regions within northwest Alaska.

Region % Area % Area Fire Cycle
Burned Re-burned (years)
Caribou
Core winter range 19.6 8.7 296
Outer range 349 6.8 166
Potential winter range 42.8 13.2 136

Conservation Units

Cape Krusenstern (NPS) 0.1 0.0 53349
Gates of the Arctic (NPS) 2.7 5.0 2173
Noatak (NPS) 4.7 52 1237
Bering Land Bridge (NPS) 4.9 0.0 1188
Kobuk Valley (NPS) 6.9 3.5 844
Nulato Hills (BLM) 19.9 1.3 292
Selawik (FWS) 28.0 15.7 207
Koyukuk (FWS) 45.1 11.0 129

Innoko (FWS) 57.6 12.7 101



Table 1.1 (continued). Percent area burned and re-burned from 1950-2007 and fire

cycle for various regions within northwest Alaska.

Region % Area % Area Fire Cycle
Burned Re-burned (years)

Ecoregions
Coastal Plain 0.0 0.0 n/a
Brooks Range 1.0 33 5917
Foothills 1.7 0.0 3467
Kotzebue Lowlands 6.8 2.9 859
Seward Peninsula 13.9 15.1 418
Nulato Hills 20.5 2.0 283
Kobuk Ridge and Valley 30.0 | 8.6 193

Yukon Lowlands 42.2 10.0 137
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Table 1.2. Models explaining the annual amount of area burned for (A) all of northwest

Alaska and (B) just for tundra (non-forested) ecosystems within northwest Alaska, 1950-

2005. The term “exp” means the exponential of that variable was used. The term “PDO”

is the average of the January and February values of the strength of the Pacific Decadal

Oscillation.

A. All of northwest Alaska
Model Variables

June and August precipitation, exp August
temperature, exp June precipitation, PDO

June precipitation, exp August temperature, exp June
precipitation, PDO

exp August temperature

B. Tundra
Model Variables

June and August precipitation, exp June and August
temperature, exp June precipitation, PDO

June precipitation, exp June and August temperature,
exp June precipitation, PDO

June precipitation, exp August temperature, exp June
precipitation, PDO

exp August temperature

A AIC,

0.00

0.40

20.12

A AIC,

0.00

0.16

0.47

19.10

Adj. R?

0.547

0.532

0.284

Adj. R?

0.667

0.656

0.645

0.467
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Figure 1.1.A.
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Figure 1.1. Study area. A) Range of the Western Arctic Caribou Herd. B) Conservation
System Units of northwest Alaska: dark green, tan, pale yellow are managed by NPS,

USFWS, and BLM respectively. C) Ecoregions of northwest Alaska.
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Figure 1.1.B.
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System Units of northwest Alaska: dark green, tan, pale yellow are managed by NPS,

USFWS, and BLM respectively. C) Ecoregions of northwest Alaska.
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Figure 1.1.C.
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Figure 1.1. Study area. A) Range of the Western Arctic Caribou Herd. B) Conservation
System Units of northwest Alaska: dark green, tan, pale yellow are managed by NPS,

USFWS, and BLM respectively. C) Ecoregions of northwest Alaska.
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Figure 1.2. Wildfires on the landscape of northwest Alaska, 1950-2007. Red polygons
are burned areas, brown areas are dominated by tundra (non-forested) habitats, green is

boreal forest ecosystems and blue depicts water. The yellow line is the 68™ latitude.
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circles) temperatures from 1950-2005 in northwest Alaska. Corresponding regression

3. Significant increases in average June (blue diamonds) and July (green
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lines are in depicted in red (lower line) and orange (upper line). Temperatures represent

an average for the Barrow, Bettles, Kotzebue, McGrath, Nome and Tanana weather

stations.
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Chapter 2:

Modeling influences on winter distribution of caribou in northwestern Alaska through use

of satellite telemetry

Abstract: 1hypothesize that the distribution of barren-ground caribou (Rangifer tarandus
granti) is affected by multiple, interrelated factors. These factors include, but are not
limited to, terrain and snow characteristics as well as predation pressure and habitat. To
test this hypothesis, I attributed caribou locations derived from satellite telemetry over a 6
year period with terrain (elevation, slope, aspect, and ruggedness), habitat characteristics,
and moose density — potentially an index of wolf predation pressure. These locations
were compared to random locations, attributed using the same data layers, using logistic
regression techniques to develop resource selection functions (RSFs). I found that
caribou moved significantly less during mid-winter than early- or late-winter and that
cows moved significantly more in April than bulls due to their earlier departure on their
spring migration. Distribution was different between cows and bulls. Terrain variables

were important factors but were scale-dependent. Cows avoided forested areas,

!'In press as: Joly, K. Modeling influences on winter distribution of caribou in

northwestern Alaska through use of satellite telemetry. Rangifer.
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highlighting the importance of tundra habitats, and selected for dwarf shrub, with
relatively high lichen cover, and sedge habitat types. Bulls selected for dryas, coniferous
forest and dwarf shrub habitats but against lowland sedge, upland shrub and burned
tundra. Cow distribution was negatively correlated with moose density at the scale of the
Seward Peninsula. My results support the hypothesis that caribou distribution during
winter in northwest Alaska is affected by multiple, interrelated factors. These results
may be useful for researchers to track and/or model changes in future patterns of range

use over winter.

Introduction

I hypothesize that the distribution of Western Arctic Herd (WAH) caribou (Rangifer
tarandus granti) is affected by terrain and snow characteristics, as well as habitat and
predation pressure. Looking across the northern landscape, caribou ecotype and
disturbance (e.g., wildfire and/or industrial development) are also likely to be important
factors in determining distribution (Mallory & Hillis, 1998; Johnson et al., 2005; Joly et
al., 2007a). The importance of each factor is likely to depend on the scale of the analysis
(Wiens, 1989; Rettie & Messier, 2000; Johnson et al., 2004; Gustine et al., 2006; Mayor
et al., 2007). Terrain, snow conditions, habitat characteristics and predation pressure are
all interrelated to some degree. High elevation, steep slopes and open habitats often have
less snow due to wind scouring than do protected valleys or forested habitats. Lichen

biomass is typically greater in areas that have a protective snow cover as lichens are
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susceptible to desiccation and wind abrasion (Holt et al., 2008). Terrain is an important
factor in determining winter distribution because certain conditions may be correlated
with preferred habitats, as noted above, or may provide improved sightability of
predators. Snow characteristics are important because movement can be impeded by
deep snow, while foraging efficiency can be reduced by either deep or crusted snow
(Skogland, 1978; Fancy & White, 1985; Fancy & White, 1987; Collins & Smith, 1991;
Joly et al., 2010b). Habitat is an important factor because lichens comprise the majority
of the winter diet of WAH caribou (Saperstein, 1996; Joly et al., 2007b). Pregnant
caribou should be the most reliant on high quality habitat during the winter months as
their energetic demands are relatively higher than other classes of caribou (Cameron et
al., 1993; Barboza & Parker, 2008). Different habitat types may also offer varying levels
of predation pressure. Similarly, different snow conditions can change the relatively
vulnerability of caribou to predation (Telfer & Kelsall, 1984). Predation pressure is an
important factor, as caribou not judging this risk correctly will be killed. However, if a
caribou is weakened from poor nutrition and killed by a predator, the ultimate factor in its
death is habitat quality - predation would be its proximate cause. Too often, this
distinction is not made.

The WAH experienced a population crash in the 1970’s, rapidly declining from
approximately 242 000 individuals in 1970 to 75 000 individuals in 1976 (Dau, 2007).
The herd rebounded, reaching a population apex of approximately 490 000 individuals in
2003 (Dau, 2007). At this height, the density of caribou was 1.3 5/km?, which prompted

concern about overgrazing (Joly et al., 2007¢). The 2007 photo-estimate revealed a 23 %
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decline to 377 000 individuals — though the cause of the decline is unknown at this time
(Dau, 2007). Significant declines in lichen cover within the core winter range (Joly et al.,
2007c) and/or severe winter events (Dau, 2005; 2007) are potential causes.
Understanding the drivers of population changes in this herd is important because it
serves as a subsistence resource for scores of villages that harvest more than 10 000
caribou annually from this 1 herd (Dau, 2007).

My goals were to 1) document winter distribution of caribou during the period of
peak population and 2) determine factors that help explain why caribou go where they do
during winter in northwestern Alaska. This information will provide valuable insight into
the factors that shape caribou distribution as a basis for predictions of potential changes
in caribou distribution if the population continues to decline and to model how the
suitability of winter range may change for caribou under different climate-change

scenarios.

Material and methods

Study area

The study area is the range of the WAH, which covers the entire 363 000 km?® of
northwestern Alaska (63° — 71° N and from 148° to 166° W; Dau, 2007) and contains 8
major ecoregions (Fig. 2.1, Nowacki et al., 2001). The region transitions from treeless
arctic tundra in the north and west to black spruce (Picea mariana) stands and eventually

to boreal deciduous forests in the south and east. At the northern extreme of the study
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area, the Coastal Plain is primarily a flat, poorly drained wetland that is underlain by
continuous permafrost. The ground of the Brooks Foothills, to the south, is composed of
thick continuous permafrost and supports no trees. Low shrubs, sedges, and tussock
tundra dominate this region but extensive willow thickets line the many braided rivers
and streams (Nowacki et al., 2001). The steep angular peaks of the Brooks Range are
largely barren, while alpine vegetation can be found at lower elevations (Nowacki et al.,
2001). Forests and woodlands dominate much of the Kobuk Ridge and Valley ecoregion
on the southern flanks of the Brooks Range (Nowacki et al., 2001). The Kotzebue
Lowlands lie to the west of the Kobuk Ridge and Valley ecoregion and is dominated by
tundra and coastal ecosystems. The Seward Peninsula ecoregion is a mosaic of extensive
hills, coastal lowlands and isolated rugged mountain complexes (Nowacki et al., 2001).
The moist polar climate supports tundra, dryas, and shrub communities (Nowacki et al.,
2001). To the east is the Nulato Hills, an ecoregion dominated by low but often rugged
hills. Vegetation varies widely with elevation, from well-forested areas in the river
valleys to shrubs on side slopes and alpine communities on the ridges and summits
(Nowacki et al., 2001). The Yukon Lowlands is dominated by the confluence of the
Yukon and Koyukuk Rivers which forms an expansive wetland system complex of
deciduous and coniferous forests, tall shrub and muskeg communities (Nowacki et al.,
2001).

Caribou can be found throughout their annual range during winter, though use is
more concentrated on the Nulato Hills, upper Kobuk River and eastern Seward Peninsula

(Joly et al., 2007a). These regions are diverse, with extensive areas of treeless tussock
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tundra (Eriophorum vaginatum, Carex spp.), rugged but low elevation (< 1100 m)
mountains, and shrub-lined (Salix spp., Alnus crispa) riparian corridors. Lichens
(Cladina spp., Cetraria spp.), mosses (Sphagnum spp., Polytrichum spp.) and shrubs
(Betula nana, Empetrum nigrum, Ledum palustre, Vaccinium uliginosum and V. vitis-
idaea) are important components in tundra habitats (Joly et al., 2007¢). Mean annual
precipitation for the region is about 30 cm. Snow cover occurs throughout the winter
(October through April), though some areas may be snow free due to wind scouring or
uncommon weather events that bring above freezing temperatures and rain. Although
average daily temperatures can drop to — 45° C during winter, the average daily
temperature for the winter months is -3.3° C. Mean temperatures have risen significantly

over the study period in this region, especially during the winter (Stafford ez al., 2000).

Data acquisition and derivation

Caribou were captured as they swam across the Kobuk River at Onion Portage,
located within Kobuk Valley National Park, using motorboats. A total of 70 caribou (63
cows and 7 bulls) were instrumented with satellite telemetry collars. Caribou location
data were not used for a year after deployment to ensure adequate mixing with the entire
herd (Dau, 2007). A total of 7048 locations from the beginning of October through the
end of April were collected from 1999-2005. A total of 20 000 random locations were
developed using ArcGIS within the range of the herd. Both the satellite and random

locations were attributed with the following data that had potential to affect caribou
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distribution. Elevation was directly obtained from a Digital Elevation Model (DEM).
Slope, aspect and terrain ruggedness indices were derived from the DEM using ArcGIS
(ESRI, 2006) tools. I converted aspect from degrees into a categorical variable covering
the 8 cardinal directions. I created 2 terrain ruggedness coverages, 1 at a relatively fine
scale (180 m cell-size) and the other at a relatively coarse scale (1 km cell-size), using a
Vector Ruggedness Measure (VRM) developed by Sappington et al. (2007). This
measure incorporates variability in both the aspect and gradient components of slope so
that steep, broken terrain can be distinguished from steep, even terrain (Sappington et al.,
2007).

I obtained habitat classification data at 2 scales. The National Land Cover
Database of 2001 (NLCD; data available from the Multi-Resolution Land Characteristics
Consortium, www.mrlc.gov, accessed November 13, 2008) covers the entire study area
with 30 m resolution. The development of this dataset relied heavily on remotely sensed
data. The study area was covered by the following broad habitat categories; deciduous
forest, coniferous forest, mixed forest, scrub, shrub, sedge, woody wetlands, herbaceous
wetlands, bare ground and open water. Forested areas were defined as having > 20 %
vegetation cover of trees > 5 m high. If there was > 75 % of one type (not species) of
tree it was defined as that type of forest, if neither deciduous nor coniferous trees
dominated, then it was defined as mixed. Scrub habitats generally had > 20 % cover of
low (< 20 cm high) shrubs and were “often co-associated with grasses, sedges, herbs, and
non-vascular vegetation”. Shrub habitats were dominated by shrubs between 20 cm and

5 m high such as Vaccinium uliginosum, Betula nana, and Salix glauca but could include


http://www.mrlc.gov
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early successional or trees stunted by environmental conditions (e.g., mesic black spruce
stands overlaying permafrost). Sedge habitats were dominated (> 80 % cover) by sedges,
grasses and forbs. This class included tussock tundra. Woody wetlands were areas of
forest or shrubland whose soils were periodically saturated with water. Herbaceous
wetlands were dominated by herbs (> 80 % cover) and had their soils periodically
saturated with water.

The second coverage was a highly detailed habitat vector map, developed by the
Soil Conservation Service (SCS; Swanson et al., 1985), was based on extensive ground
surveys and low-level photography of the entire Seward Peninsula. This coverage was
utilized only when I was performing analyses dealing solely with the Seward Peninsula
and represents a fundamentally different dataset and classification system. The SCS
delineated over 150 different habitat types within the region. With assistance of local
vegetation experts, I aggregated these types into 12 categories; dryas (Dryas spp.; 35 — 65
% cover), lowland sedge, lowland low shrub, tussock tundra, lichen (> 24 % cover),
upland low shrub, tall shrub, forest, mountain meadow, burned tundra, burned forest and
miscellaneous un-vegetated areas. Mountain meadow had > 30 % graminoid cover
whereas upland low shrub had < 25 % graminoid cover. The lowland low shrub,
mountain meadow, and tussock tundra can have a strong lichen component, with up to 25
% cover. These data were from the 1980’s, so burned areas are > 25 years old and did
not include recent burns.

Data on wolf densities were specious or nearly 20 years old in the study area and

so were not analyzed. Existing data for moose density was much more comprehensive,
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collected annually concurrent with the study period, and may be an index of wolf density
(Bergerud, 2007). I also calculated, using the Hawth’s Analysis Tools (Beyer, 2006)
ArcGIS extension, the distance from every satellite collar location and every random

location to the nearest of the 44 villages within the study area.

Statistical analysis

I used Analysis of Variance (ANOVA) to detect differences among months,
between sexes in movement rates, and between satellite location and random points. 1
employed a logistic regression — resource selection function (RSF) approach to assess
factors that influence caribou distribution during winter (Manley et al., 2002). 1 selected
Thomas and Taylor’s (1990) Design II, where the locations of individually marked
animals are pooled to study population level patterns. Selection or avoidance by caribou
was relative to the random locations. Using an information theoretic approach, the best
models were determined using Akaike’s Information Criteria (AIC,) for small sample
sizes to determine the most parsimonious models (Burnham & Anderson, 2002). The full
model was compared to the full model minus one factor using ANOVA techniques to
determine significance of individual model parameters. Using the results of these
analyses, I developed a resource suitability map. Significant factors were multiplied by
beta coefficients derived from the best model, summed and the exponential was taken of
the resultant. The final number represents the relative probability of selecting a given

location as determined by the RSF (Manley et al., 2002).
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Results

Cows moved significantly more than bulls throughout the winter (140 m/hour versus
97 m/hr, respectively; F 472= 6.42, P = 0.01; Fig. 2.2). Movement rates declined, for
both cows and bulls, from October to December (Fy, 424 = 112.56, P <0.01, Fy, 4= 21.65,
P <0.01, respectively). Movement rates were lowest during mid to late winter. Cow
movement rates (124 m/hr) were significantly greater than bulls (45 m/hr) during the
month of April (F 63=15.61, P =0.02). Cows were found at lower elevations (298 m)
and gentler slopes (18°) than bulls (365 m, 23°), but due to low sample sizes these
differences were not significant (F; ¢3=2.06, P =0.16, F{ ¢s=3.33, P = 0.07,
respectively). Because of these differences, I analyzed resource selection separately for
bulls and cows.

The best resource selection function model for WAH cow distribution over the entire
winter range incorporated slope, aspect, elevation, fine scale (180 m cell-size) terrain
ruggedness, habitat and moose density (Table 2.1a). Cow distribution was positively
correlated with slope and fine scale terrain ruggedness but negatively with elevation
(Table 2.2a). Correlation with moose density was not significant. Aspect and habitat
were significantly correlated with cow distribution as well (Table 2.2a). Cows
significantly selected southwest to northwest aspects over others and avoided flat (no
aspect) terrain (Table 2.2a). Scrub, shrub and sedge habitats were significantly preferred,
while deciduous and mixed forests and perennial snowfields were used significantly less

than expected. The resource suitability map, depicted in Fig. 2.3, reveals extensive areas
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of relatively high quality winter habitat in the western (Seward Peninsula ecoregion) and
southern Nulato Hills. Areas with lower probability of use include the central Brooks
Range and the Yukon Lowlands.

Limiting the analysis to the Seward Peninsula, and using the more detailed SCS
habitat map, the best model for cow winter distribution incorporated aspect, elevation,
fine scale (180 m cell-size) terrain ruggedness, coarse scale (1 km cell-size) terrain
ruggedness, habitat, and moose density (Table 2.1b). Cow distribution was positively
associated with elevation but negatively with coarse scale terrain ruggedness and moose
density (Table 2.2b). Aspect and habitat were significantly correlated with cow
distribution (Table 2.2b). Cows significantly preferred northeastern aspects. Cows used
lowland low shrub, tussock tundra, and mountain meadow habitats preferentially.

The differences between the analysis of the distribution of cows for the entire range
and that focusing on the Seward Peninsula included: a change in the correlation with
elevation from positive to negative, and negative correlations with moose density and
coarse scale terrain ruggedness on the Seward Peninsula. By conducting a second
analysis utilizing the range-wide (NLCD) vegetation classification, I was able to directly
compare habitat selection for the entire winter and the Seward Peninsula. Selection was
very similar for both regions. Cows significantly preferred dwarf scrub and sedge
habitats and avoided coniferous forests in both regions. Correlations with deciduous
forest (-), mixed forest (-) and dwarf shrub (+) were not significant for the Seward
Peninsula, but showed the same tendency as the correlations did for the entire winter

range.
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Analyses of bull distribution should be viewed with caution due to limited sample
size (n = 7). The best resource selection function model for bull distribution over the
entire winter range incorporated slope, elevation, fine and coarse scale (180 m and 1 km
cell-size) terrain ruggedness, habitat, and moose density (Table 2.1c). Bull distribution
was positively correlated with slope and coarse scale terrain ruggedness, but negatively
correlated with elevation (Table 2.2a). Habitat was significantly correlated with bull
distribution (Table 2.2a). Bulls selected scrub and coniferous forest habitats. Bull
distribution differed from cows in that they were 1) positively associated with coarse
scale, not fine scale, terrain ruggedness, and 2) did not show avoidance of deciduous
forests and 3) associated with fewer habitat classes.

Limiting the analysis to the Seward Peninsula and the SCS habitat map, the best
model for bull distribution incorporated slope, elevation, fine and coarse scale (180 m
and 1 km cell-size) terrain ruggedness, habitat, and moose density (Table 2.1d). Bull
distribution was positively correlated with elevation but negatively with coarse scale
terrain ruggedness (Table 2.2b). Bulls showed significant preference for dryas
communities, while avoiding burned tundra, lowland sedge, and upland low shrub
communities (Table 2.2b). Similar to cows, the range-wide analysis for bulls revealed a
negative correlation between distribution and elevation whereas on the Seward Peninsula
the correlation was positive. Also, the correlation with coarse scale terrain ruggedness
changed from positive to negative moving from the range-wide to Seward Peninsula
analyses. Caribou locations (49.7 km =+ 0.5 km) were significantly closer to villages than

random locations (68.6 km + 0.3 km) within the study area (F; ,7047= 1272.25, P <0.01).



















































































































































































































































































































































































































































































































































