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Applications of resilience theory in management of a moose–hunter system
in Alaska
Casey L. Brown 1,2, Kalin A. Seaton 3, Todd J. Brinkman 1,2, Eugénie S. Euskirchen 2,4 and Knut Kielland 1,2

ABSTRACT. We investigated wildfire-related effects on a slow ecological variable, i.e., forage production, and fast social-ecological
variables, i.e., seasonal harvest rates, hunter access, and forage offtake, in a moose–hunter system in interior Alaska. In a 1994 burn,
average forage production increased slightly (5%) between 2007 and 2013; however, the proportional removal across all sites declined
significantly (10%). This suggests that moose are not utilizing the burn as much as they have in the past and that, as the burn has aged,
the apparent habitat quality has declined. Areas with a greater proportion of accessible burned area supported both high numbers of
hunters and harvested moose. Our results suggest that evaluating ecological variables in conjunction with social variables can provide
managers with information to forecast management scenarios. We recommend that wildlife managers monitor fast variables frequently,
e.g., annually, to adapt and keep their management responsive as resources fluctuate; whereas slower variables, which require less
frequent monitoring, should be actively incorporated into long-term management strategies. Climate-driven increases in wildfire extent
and severity and economically driven demographic changes are likely to increase both moose density and hunting pressure. However,
the future resilience of this moose–hunter system will depend on integrated management of wildfire, hunter access, and harvest
opportunities.

Key Words: Alaska; moose; resilience; slow and fast variables; wildlife management

INTRODUCTION
Sustainably managing wildlife species with diverse utilization
values is one of the greatest challenges for contemporary wildlife
management agencies. Management decisions can become
especially difficult near communities that rely on available wildlife
populations for ecosystem services such as hunting. In North
America, managers often focus on one variable, e.g., abundance,
to address decisions related to harvest. In doing so, other
variables, e.g., seasonal wildlife distribution, fluctuating habitat
conditions, and hunter participation, are typically ignored,
despite their obvious relevance to sustainable management.  

In Alaska, hunting remains an integral practice to state wildlife
management. Alaska is unique compared to the continental
United States in that many rural residents rely on the seasonal
harvest of wild game to maintain food security (Loring and
Gerlach 2009). Even in urban centers like Anchorage, many
families consume wild-caught fish and game, even if  they did not
harvest these resources themselves (Titus et al. 2009). Alaska has
not experienced the sharp declines in hunter activity observed in
the continental United States (Leonard 2007, Schuett et al. 2009).
However, Alaska is undergoing dramatic socioeconomic and
cultural transitions. For example, rural residents of the state are
increasingly moving to urban areas (Martin et al. 2008) so that
areas that are accessible along the road system have become
increasingly important to hunters throughout the state.  

Just as human communities are undergoing transition, Alaska’s
boreal forests are experiencing rapid change as a result of climate
warming. Alaska’s boreal region has warmed twice as rapidly as
the global average (Markon et al. 2012), affecting a host of
processes including an increase in plant disease and insect
outbreaks (Berg et al. 2006), thawing of permafrost (Jorgenson
et al. 2010), earlier snowmelt and later freeze-up (Euskirchen et
al. 2010), and increased wildfire frequency (Kasischke et al. 2010).
Wildfire is the most common ecological disturbance in the boreal

forest (Viereck 1973, Kasischke et al. 2002), and recent studies
predict an increase in frequency, extent, and severity of fire in
interior Alaska under a changing climate regime (Duffy et al.
2005). Wildfire affects habitat quality and subsequent utilization
patterns of several boreal wildlife species (Nelson et al. 2008,
Kofinas et al. 2010). The immediate impact following a fire is
typically a reduction in wildlife numbers; however, as vegetation
begins to regenerate, populations of some species can rebound
and even increase (Nelson et al. 2008).  

Moose (Alces alces) can benefit nutritionally from postfire
regeneration of deciduous browse (Schwartz and Franzman
1989). Fires create and maintain spatially heterogenous moose
habitats. In interior Alaska, moose are the primary terrestrial
subsistence resource (Scott et al. 2001, Nelson et al. 2008), and
moose hunting has been identified as an important cultural and
recreational activity to hunters throughout the state (Brinkman
et al. 2013). Prescribed burns have been identified as a
management option in interior Alaska, but the lack of resources
during fire prescription and limited public support have restricted
the application of this habitat improvement effort (Boertje et al.
2009). Thus, natural postfire habitat characteristics can have
important consequences for the social-ecological interactions
among hunters, moose, and the environment, i.e., a moose–hunter
system.  

As Alaska’s population continues to change, managers will likely
see more tightly coupled interactions between moose and hunters
along road systems. Concurrently, changing wildfire conditions
attributable to climate warming can impact the dispersion of
moose and hunters across the landscape. However, these
interactions are poorly known. This is the first study that
investigates wildfire-related effects on several social-ecological
variables in a moose–hunter system in Alaska. This research
should have broad appeal to wildlife managers in other regions
because it offers a framework that includes monitoring slow and
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fast social-ecological variables over time to forecast changes to
wildlife resources, and harvest of these resources, following a
disturbance.

METHODS
The moose–hunter system consists of a set of social and ecological
components that are affected by a disturbance, i.e., wildfire (Fig.
1). Social components in this system include proximity of wildfire
to human travel corridors, hunter access, and hunter opportunity.
The proximity of wildfire to travel corridors, i.e., roads and off-
road vehicle trails, could facilitate access, or the ability of hunters
to travel through burned areas. Hunter access into regenerating
moose habitat will strongly influence hunter opportunities
(Berman and Kofinas 2004) and may affect the overall harvest
rate of entire units (Schmidt et al. 2005).

Fig. 1. Diagram of the social and ecological components in a
moose–hunter system following a wildfire disturbance in
interior Alaska. Arrows represent the interactions between
components. Research in our system focused on a slow variable
(oval with blue outline) and fast variables (ovals with red
outline). Purple ovals represent exogenous variables that can
also affect system components.

The ecological components in this system include fire-severity
effects on soil properties, deciduous forage production, and moose
densities (Fig. 1). Severe fires reduce the depth of the residual soil
organic mat, facilitating the recruitment of deciduous seedlings
(Johnstone and Kasischke 2005, Johnstone and Chapin 2006) that
enhance the production of deciduous forage. This fire-severity
effect on forest recovery can persist over several decades,
converting stands from black spruce (Picea mariana) to aspen
(Populus tremuloides; Shenoy et al. 2011). Moose selectively feed
on deciduous plant species, e.g., willow (Salix spp.) and aspen,
that are more likely to establish in high-severity sites (Lord 2008).
Predators also play a significant role in moose systems, when
moose population density is low (Gasaway et al. 1992), and their
presence should also be considered when investigating the
influence of fire on moose densities.

Study area
Our research took place in game management unit (GMU) 20, in
interior Alaska, ∼40 km east of Delta Junction. GMU 20 is divided
into 6 subunits (A, B, C, D, E, F) comprising ∼130,000 km². We
focused on GMU 20D located in the southeastern portion of
GMU 20 (Fig. 2). GMU 20D supports some of the highest moose

densities in the state, with correspondingly high levels of harvest,
and has a history of large wildfires (DuBois 2010). Unit 20D has
been subdivided into 4 areas for moose management purposes,
and our research was located within 2 of these subunits:
southwestern GMU 20D (SW20D), the area south of the Tanana
River from the Johnson River to the Delta River, and northeastern
GMU 20D (NE20D), the area north of the Tanana River and
east of the Volkmar River. Land in GMU 20D varies from canopy
forest and agricultural fields to subalpine terrain. Both subunits
have experienced wildfire over the past 20 years, and aerial surveys
estimated that moose populations increased steadily until recently
(DuBois 2010). However, access into these regions is very different
for local hunters. SW20D has an extensive trail network that can
be easily accessed via all-terrain vehicles (ATVs) and 4 x 4 trucks,
whereas NE20D is difficult to access except for areas along the
Tanana River and a few landing strips.

Fig. 2. Map of burns across game management unit 20. The
region highlighted with a blue line represents the location of
our case study in game management unit 20D.

Data collection for moose forage production and removal took
place within SW20D in the 19-year-old Hajdukovich Creek burn
located 25 miles (∼40 km) east of Delta Junction. In 1994, the fire
burned ∼8900 ha of a forest dominated by black spruce stands
and a few mixed stands of aspen and spruce (Johnstone and
Kasischke 2005). Fire-severity classes were determined by
Michalek et al. (2000) and ground-truthed by Shenoy et al. (2011);
see Figure 3. Postfire satellite imagery and field-based
comparisons of the degree of soil organic matter consumed
classified 61% of the burn as low severity, 6% as medium severity,
and 33% as high severity.

Ecological components
We measured forage production and removal using 20 pre-
established sites (Johnstone and Kasischke 2005, Lord 2008,
Shenoy et al. 2011) stratified by fire severity (Fig. 3). We sampled
vegetation during spring 2013 before leaf emergence, March 25
to April 10, in 30 m diameter circular plots. We randomly located
3 plants from each forage species that were of foraging height for
moose (0.5 m to 3.0 m): Salix scouleriana, Salix bebbiana, Salix
glauca, Salix arbusculoides, Populus tremuloides, and Betula
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neoalaskana. For each plant, we recorded species, height, and dead
material (percent by volume), and we estimated the number of
current annual growth (CAG) twigs. Calipers were used to record
the diameter of the base of CAG for 10 twigs per plant as well as
the diameter at the point of browsing (DPB) if  twigs were
browsed. When necessary, more than 3 plants were sampled until
30 twigs per species or all of the twigs available in the plot were
measured. Total stem densities were then estimated for each forage
species.

Fig. 3. Fire-severity map of Hajdukovich Creek burn located in
southwestern game management unit 20D.

We used regression coefficients established by Paragi et al. (2008)
that relate diameter and dry mass of forage species and the number
of twigs per plant to estimate production and removal (Telfer
1969). We used diameter of CAG to predict production and
diameter of DPB to estimate removal. Proportional offtake of
forage biomass was estimated by the following equation: 

(1)

  

The estimate of Bk is the site estimate of production or removal
(g). Twigs are represented by h; plants, by i; species, by j; and the
sites, by k. M and m are the total and sampled plants in each plot,
and N and n are the total and sampled twigs. Individual twig
biomass is represented by (Seaton 2002). The formula used for
estimating biomass production and removal was as follows: 

(2)

  

We used a program developed in R software, version 2.14.1, by
the Alaska Department of Fish and Game to read plot counts,
twig diameters, diameter-biomass pairs, and dry-weight
conversions and to then estimate the diameter-biomass
relationships and production and removal (kg/ha) on the basis of
plant, species, plot, and study area (Paragi et al. 2008). Tukey’s
adjustments for pairwise comparisons were used to test for
differences among severity classes. Finally, we compared our
results to a previous study (Lord 2008) that utilized the same sites
and surveying technique.

Social components
We used a set of spatial layers to develop an index of hunter
accessibility into burns. We used statewide fire maps from the
Alaska Interagency Coordination Center (http://fire.ak.blm.gov/
predsvcs/maps.php) for fires that burned between 1994 and 2009,
corresponding to the same years in our hunter–harvest database.
We also used a statewide travel corridor layer that includes all
major highways, roads, trails, and other linear features, e.g., power
lines, pipelines, seismic lines, major rivers, and so forth (Fig. 4).
In ArcGIS 10.1 (ESRI, Redlands, CA), we used a 2-km buffer to
define the areas accessible to hunters via linear features. We chose
this buffer distance based on the assumption that hunters would
travel within this distance from travel corridors to hunt moose.
We intersected this buffered area with fires within GMU 20 to
produce a map of burned areas accessible to hunters. We then
calculated the accessible area burned for SW20D, NE20D, and
the Hajdukovich Creek burn.

Fig. 4. Map of transportation infrastructure including all major
highways, roads, trails, and other linear features, e.g., power
lines, pipelines, seismic lines, and major rivers, across game
management unit 20.

After a moose is harvested, licensed hunters in Alaska must return
their harvest tag to Alaska Department of Fish and Game.
Annual harvest rates, based on returned harvest tags, provide
wildlife managers with information on the relative “success” of
hunters within a given area. These tickets include information on
the location of hunts, number of permits issued, number of
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hunters, and percent success. We compared local harvest statistics
from SW20D and NE20D from 1994 to 2009 (DuBois 2010). We
chose this time frame because both subunits experienced wildfires
during those decades and moose forage production is typically
abundant 10 to 20 years postburn (Gasaway et al. 1989, Loranger
et al. 1991). However, hunter access into those subunits is very
different.

Management scenarios
To evaluate the interactions between the social-ecological
components of our system, we devised unique management
scenarios based on our results. We assume that the management
goals are to maintain harvest opportunities commensurate with
healthy moose populations. The scenarios represent conditions
that managers could encounter following a wildfire event. These
scenarios varied in the parameters that differed most strikingly in
our field study: forage production, offtake, hunter access, and
harvest success.  

Each scenario also includes a set of management actions at 2
different timescales postburn: initial prioritization (1-2 years) and
continued monitoring (3-15 years). We chose these time periods
because postburn management decisions will have to be adaptive
as resource conditions change over time. Managers will have to
initially prioritize burns to monitor immediately following a fire
season, for example, based on burn severity, which controls
regeneration patterns (Shenoy et al. 2011). Prioritization will help
managers choose which burns have habitat potential and evaluate
whether hunters will be able to utilize these areas in the future.

RESULTS

Ecological components
Nearly 200 kg/ha of forage biomass was produced across all sites
within the Hajdukovich Creek burn but varied strikingly
depending on the fire severity. High-severity sites produced a
mean of 267 (SE = 26) kg/ha, medium-severity sites produced 61
(SE = 5) kg/ha, and low-severity sites produced a mean of 172
(SE = 16) kg/ha.  

The proportion of annual browse production that was consumed
by moose (offtake) averaged 23%, but offtake varied as much as
3-fold among fire severities. Offtake was highest in medium-
severity sites at 33% (SE = 7%), lower in high-severity sites (27%,
SE = 6%), and lowest in low-severity sites (11%, SE = 4%).
However, there was a significant difference in forage offtake only
between high-severity and low-severity sites (t = 2.2, p = 0.05).  

Whereas the average forage production has increased slightly (5%)
since 2007 (Lord 2008), the proportional removal across all sites
has declined significantly from 33% in 2007 (Lord 2008) to 23%
in 2013. This decline is especially apparent in high-severity sites
where proportional removal has declined by half  since 2007 (Lord
2008). These results suggest that moose utilize high-severity sites
more than moderate- and low-severity sites. However, as the burn
has aged, moose are not utilizing these areas as they have in the
past, and high-severity burns may only offer a finite window of
forage.

Social components
GMU 20 contains 15,359 km of infrastructure available for hunter
access (Fig. 4). In our study area, SW20D encompasses 851 km
of infrastructure, whereas NE20D has 680 km of infrastructure.
Between 1994 and 2007, ∼3 million ha burned within GMU 20.

Of this area, 603,856 ha of burned land is available to hunters via
travel corridors. In SW20D, 48,141 ha burned leaving 11,675 ha
accessible to hunters. The total land burned in NE20D (93,885
ha) was approximately twice the size of burned land in SW20D.
However, <100 ha of that land is accessible to hunters in NE20D.
By contrast, in the Hajdukovich Creek burn (8900 ha) 64% (∼5700
ha) is accessible to hunters.  

During 1994-2009, 1577 moose were harvested during the resident
general season hunt in SW20D. This resulted in 55% of the unit
20D harvest. The average success rate of SW20D was 28% (SE =
1%). During that same period, hunters in NE20D harvested 6%
of the total moose harvest in GMU 20D. However, average success
rates in NE20D were 36% (SE = 3%) and significantly higher (t 
= –2.7, p = 0.01) than those from SW20D. Just as SW20D
supported more than half  of the total moose harvested in the
unit, the area also supported 52% of the total number of reported
hunters in GMU 20D. By contrast, NE20D represented only 5%
of the total number of hunters in the unit (Table 1). In our study
region, SW20D encompasses a greater portion of accessible
burned area, supporting both high numbers of hunters and
harvested moose. The management implications of these results
indicate that regions with more accessible burned areas support
higher densities of hunters. However, managers must consider the
trade-off  between high densities of hunters and competition for
moose, which can lower success rates.

Management scenarios
Managers in Alaska can link the monitoring of both social-
ecological variables to create management strategies for moose
harvest following a wildfire (Table 2). In all of the scenarios,
wildlife managers will first need to assess the effects of fire severity
on the soil properties and vegetation regeneration that would
affect habitat potential for moose. This could involve active
collaboration with fire officials or university researchers. During
this time, managers will also want to assess whether hunter access
exists. If  managers find increasing levels of offtake accompanied
with signs of habitat degradation attributable to high densities of
moose, managers may want to increase levels of harvest by actively
providing access into a burn, such as maintaining ATV trails and
developing access points, or by liberalizing harvest limits, e.g.,
longer hunting season or hunting of cows allowed (scenario 3,
Table 2). By contrast, if  monitoring indicates high rates of browse
production but low levels of offtake in a regenerating burn,
managers may need to incorporate additional monitoring efforts
such as aerial surveys to monitor predator and moose densities
(scenario 2, Table 2). Alternatively, if  managers observe low rates
of production as well as offtake overtime, they may want to
discontinue monitoring the area and refocus management efforts
elsewhere or perhaps alter fire management in ways that increase
productivity (scenario 1, Table 2). It is important for managers
to understand that other variables in this system can affect moose
densities and subsequent harvest rates. For example, in our study
area the role of predation is likely less important in SW20D
compared to NE20D and other more remote areas of Alaska
(Boertje et al. 2009). Hunter access is increasing not only moose
harvest but also harvest of predators via trapping and hunting.
The consequences of these can result in higher moose densities
available for hunters. Management scenarios focusing on key
drivers in the systems may help elucidate when additional
management actions are needed.  
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Table 1. The reported number of moose harvested, number of hunters, and percent success adapted from DuBois (2010) in southwestern
game management unit 20D and northeastern game management unit 20D.
 

Fire
Severity

Hunter
Access

Forage
Production

Forage
Offtake

Harvest
Rate Management Action

Scenario 1
Low No Low

production
rate

Low
offtake

rate

Low Initial Prioritization: LOW
If the fire is categorized as low severity, it can be expected that coniferous tree species
will dominate the forest stands. An area with no access suggests that hunters will need to
find alternative transportation methods, e.g., aircraft.
Continued Monitoring:
Low production and offtake rates indicate that vegetation is slow to recover and moose
(Alces alces) are not utilizing the area. If  monitoring efforts indicate little to no hunter
activity as well as low harvest rates, hunters are not using burn.
Management Action:
Reduce monitoring efforts because this area will likely not become suitable for moose
harvest, and management efforts should be focused elsewhere.

Scenario 2
High Yes High

Production
rate

Low
offtake

rate

Low Initial Prioritization: MODERATE
High severity fires with high-levels of forage production would indicate that moose
habitat potential exists for this area. Managers will want to investigate whether the area
can support hunter access.
Continued Monitoring:
Annual browse surveys to monitor habitat potential over time can provide managers
with benchmarks regarding habitat potential in a high severity burn. However, an area
with quality moose habitat but low offtake rates suggests that moose have not dispersed
into the burn because of already low populations (potentially limited by predation or
philopatric migration behavior). The lack of available moose populations would
translate into low harvest rates.
Management Action:
Aerial surveys should be utilized to measure moose and predator densities. If  surveys
indicate adequate moose densities in surrounding forest patches, managers may need to
initially restrict hunting to allow moose populations to disperse into burned areas.
Active communication with hunters regarding alternative areas to hunt will also be
important to mitigate hunter disapproval. If  surveys indicate low moose populations,
but high predator densities, managers may want to shift management efforts to
alternative burn sites.

Scenario 3
Mode­
rate-
High

Moderate High
production

rate

High
offtake

rate

Low Initial Prioritization: HIGH
An area that has some access or has the potential for future access suggests hunters will
have to find alternative transportation or managers will have to create access.
Management Action:
Develop a hunter accessibility metric, e.g., total area accessible to hunters, to strategize
where access may already exist and to communicate this information to the public. If
access does not exist, wildlife managers will need to collaborate with resource managers
regarding the sustainability of trail clearing, building, etc.
Continued Monitoring:
If  forage production is high accompanied with high offtake rates, moose are utilizing the
burn. Managers should monitor the nutritional condition of moose in the area. If
proportional offtake is high, accompanied by signs of plant mortality and low twinning
rates, moose may be nutritionally stressed and management actions, i.e., liberalized
hunts or extending the hunting season, should be considered.

Scenario 4
High No High

production
rate

High
offtake

rate

High Initial Prioritization: HIGH
An area with no access but high harvest rates suggests that hunters that do enter these
areas do so by air or by boat. Hunters that are able to gain access have less competition
from other hunters and will likely have good hunting opportunities.
Management Action:
Continue to monitor browse production annually as the burned area continues to
regenerate.
Continued Monitoring:
If  production is still high accompanied by signs of use, there is still habitat potential for
moose. Managers should monitor both growth and the potential for overbrowsing.
Management Action:
Same as 1-10 years postburn.
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Table 2. Management scenarios following a wildfire in interior Alaska. Each scenario includes a set of management actions at two
different timescales postburn: initial prioritization (1-2 years) and continued monitoring (3-15 years). Initial prioritization allows
managers to rank burns that have habitat potential for moose (Alces alces) and evaluate whether hunters will be able to utilize these
areas in the future. Together these metrics allow managers to prioritize areas as high, moderate, or low for continued management.
 

Forage
Production

Forage
Offtake

Hunter
Access

Harvest Rate
Management Action

Scenario 1
Low

production
rate

Low offtake
rate

No High 1-10 years postburn:
An area with little access and high harvest rates suggest hunters low production and offtake
rates indicate that vegetation is slow to recover and moose are not utilizing the area.
Management Action:
Continue to conduct browse surveys and monitor access every 2 years as fire regenerates.
Communicate with fire managers to determine the severity of the burn.
11-20 years postburn:
If  monitoring efforts still indicate little to no hunter activity along road corridors as well as
low harvest rates, hunters are still not using burn.
Management Action:
Reduce monitoring efforts as this area will likely not become suitable for moose harvest.

Scenario 2
High

Production
rate

Low offtake
rate

Yes Low 1-10 years post-burn:
An area with good access and high harvest rates indicate that hunters have the ability to access
the area. However, low harvest rates indicate little hunter success. High severity fires could
indicate increased production rates of deciduous species over time suggesting quality moose
habitat exists but moose are not using the burn.
Management Action:
Continue to conduct annual browse surveys to monitor habitat potential. Conduct aerial
surveys to assess moose and predator distribution across a larger area (moose may not have
dispersed into the burn or moose densities may be limited by predation). Communicate with
hunters regarding alternative areas to hunt.
11-20 years post-burn:
An area with historically high production rates and low offtake rates suggests that moose have
not dispersed into the burn because of already low populations (potentially limited by
predation or philopatric migration behavior). Low harvest rates are likely due to lack of
available moose populations to hunt.
Management Action:
Assess whether the burn still has habitat potential, i.e., has forage grown out of moose
browsing height. If  forage is on average > 3m, abandon monitoring efforts.

Scenario 3
High

production
rate

High offtake
rate

No Low 1-10 years postburn:
An area with no access and low harvest rates suggests that hunters are not utilizing the area.
However, high production rates and proportionally high offtake rates suggest that moose are
using the area.
Management Action:
Continue to monitor browse production annually as the burned area continues to regenerate.
Develop a hunter accessibility metric, e.g., area accessible to hunters, to strategize where access
may already exist and communicate this information to the public. If  access does not exist,
wildlife managers will need to collaborate with resource managers regarding the sustainability
of trail clearing, building, etc. Monitor the nutritional condition of moose in the area. If
proportional offtake is high, accompanied by signs of plant mortality and low twinning rates,
moose may be nutritionally stressed and management actions, i.e., liberalized hunts, should be
considered to decrease the population once access is established.
11-20 years postburn:
If  production is still high accompanied with signs of use, there is still habitat potential for
moose. Managers should monitor both growth and the potential for overbrowsing.
Management Action:
Same as 1-10 years postburn, but active and decisive management will be needed

Scenario 4
High

production
rate

High
offtake rate

No High 1-10 years post-burn:
An area with no access but high harvest rates suggests that hunters that do enter these areas
are utilizing aircraft or boats. Hunters that are able to gain access have less competition from
other hunters and will likely have good hunting opportunities.
Management Action:
Continue to monitor browse production annually as the burned area continues to regenerate.
11-20 years post burn:
If  production is still high accompanied with signs of use, there is still habitat potential for
moose. Managers should monitor both growth and the potential for overbrowsing.
Management Action:
Same as 1-10 years post burn.
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Management scenarios can also be used to forecast changing
habitat conditions of wildlife for the human communities that
rely on them for ecosystem services. Our results suggest that
proportional forage offtake has declined considerably over the
past 7 years as the burn in SW20D has aged. Local managers
can use these results to forecast changing conditions for both
moose and hunters in the region. Management actions will likely
vary depending on the timescale of the disturbance (Table 2). It
will be important for managers to consider the temporal scale
of social-ecological variables on the system when making
management decisions. Within this general framework, wildlife
managers can use several outlets to respond to a fluctuating
moose population following a disturbance including (1)
collaboration with fire managers to adapt access where moose
may increase, e.g., in high-severity burns; (2) monitoring both
moose forage offtake and local harvest rates to track annual use
patterns; (3) adapting seasons and bag limits for increasing
densities of moose; (4) actively monitoring predator densities
and trapping records; and (5) providing ongoing education
regarding the relationships between access, moose numbers, and
predators so that community members can adapt to these new
opportunities and limitations.

DISCUSSION
Our results clearly show the importance of both ecological and
social controls over moose harvest in Alaska. This suggests the
need for an availability framework that not only considers the
abundance of the game species in question, but also incorporates
indices of seasonal wildlife distribution and hunter access when
setting management objectives (Brinkman et al. 2013). If
managers want to incorporate natural wildfires into
management plans, we propose a hunter accessibility metric that
accounts for the proximity of regenerating burns to human
communities and the availability of travel infrastructure within
the area. In addition, monitoring the quality and quantity of
roads in popular hunting areas may also be needed when
assessing access. Our results suggest that evaluating local harvest
tickets in conjunction with access is especially important when
accounting for relative success rates. In our study area, the overall
harvest success rate was lower in an area with good access
(SW20D), indicating that neither moose abundance nor access
by itself  is sufficient to predict harvest success. The ease of access
in this area could actually be affecting the harvest success rates
because of competition between hunters. However, how
“success” rate is calculated, i.e., proportion of successful harvest
tickets returned, may not fully represent the hunting
opportunities in an area or whether the hunt was a quality
experience. For example, where there are few hunters, success
rates are almost always higher, but the number of moose that a
given area produces for harvest is low. Thus, wildlife managers
may need to develop metrics that incorporate hunter success
from the landscape perspective, e.g., number of moose harvested
per square kilometer. More research will also be needed on the
effects of access on the quality of the hunt, e.g., experience, and
effects on wildlife, e.g., shifting distribution attributable to
anthropogenic disturbance.  

Managers in most situations must choose which variables to
monitor to constrain logistical and financial costs. In our system,
postfire conditions promote deciduous forage production, i.e., a
slow ecological variable, translating into more food for moose.
As moose move into burns, the rate of forage removal also

increases, i.e., a fast ecological variable, and can strongly influence
seasonal harvest opportunities and hunter access, i.e., fast social
variables. We recommend that wildlife managers monitor fast
variables on a frequent basis, e.g., annually, to adapt and keep
their management responsive as resources fluctuate. On the other
hand, slower variables, e.g., forage production, may require less
monitoring unless the manager is actively attempting to change
them through management.  

As wildfire characteristics, such as severity, continue to change
under a warming climate, managers can expect to see changes to
plant species composition, soil–plant interactions, fire return
interval, wildlife distribution, and hunting opportunities. A
conversion of black spruce stands to aspen following a severe fire
can offer opportunities for moose hunters in interior Alaska, but
it will require attention to ensuring access into new burned areas.
It is clear that managing fire to benefit wildlife will create new
and often challenging management decisions. For example, fire
suppression decisions will likely hinge on proximity to human
infrastructure and may limit future access into areas for
subsistence. Collaborative communication between fire and
wildlife managers will be very important to the overall success of
these strategies. Another key challenge for managers will be
prioritizing areas that offer important ecosystem services. This
can be especially difficult when operating under finite resources,
i.e., limited budgets and staff. Monitoring a few important
variables following a fire event, e.g., fire severity and hunter access,
can provide information that will aid in the prioritization process.
Understanding the slow habitat variables that are driving wildlife
population dynamics following a wildfire event will become
especially important when setting long-term management goals.
However, mangers must also account for fast social-ecological
variables to adapt short-term management strategies directly after
a wildfire event. We offer a framework that helps navigate these
decisions. In a time of rapid change across northern ecosystems,
wildlife management must incorporate both adaptive and holistic
approaches to managing fluctuating wildlife populations as
resource conditions change.

Responses to this article can be read online at: 
http://www.ecologyandsociety.org/issues/responses.
php/7202
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