Future-Oriented Wildlife Management in the Pike-San Isabel
and Arapaho-Roosevelt National Forests Under a Warming
Climate: Anticipating Change and Facing Uncertainties With a
Focus on Avian Species
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Introduction

Climate change has impacted terrestrial, freshwater, and ocean ecosystems across

the globe changing disease dynamics, disturbance regimes, and nutrient cycling,
resulting in the degradation of key ecosystem services (Cooley et al. 2022; Parmesan et
al. 2022). Birds provide a diverse array of ecosystem services, including pest control,
pollination, seed dispersal, and nutrient cycling (Sekercioglu et al. 2004, 2006), and

are of conservation concern due to human impacts on avian diversity and abundance
(Gaston et al. 2003; Jetz et al. 2007; Rosenburg et al. 2019). Relative to other taxa, birds
are predicted to be less vulnerable to climate change due to their vagility and ability to
shift their range and phenology in response to environmental changes (Pacifici et al.
2017; Siegel et al. 2014; Tingley et al. 2009); however, a species’ ability to adapt can vary
significantly with cascading impacts on communities. For example, avian range shifts
can result in new species interactions and vulnerabilities that may have consequences
for ecosystem function and stability (Weiskopf et al. 2020).

Planning and responding to climate concerns with the appropriate environmental and
conservation actions often rely on an understanding of individual species’ sensitivity
to climate-induced changes, the rate and magnitude of climate-induced change, and
the species’ ability to adapt to these changes (Fischlin et al. 2007). The application of
adaptive management approaches is not only complicated by the uncertainties in
species’ responses to climate change, but also differences in climate projections that
predict different rates and magnitude of change. Therefore, predicting climate change
impacts on biodiversity remains a major challenge (Bellard et al. 2012; Pacifici et al.
2015; Pereira et al. 2010), yet managers are frequently tasked with the identification,
prioritization, and implementation of adaptive management options to lessen the
impacts of climate change on the resources they manage.

Although we cannot predict how most species will respond to climate change, several
assessments have identified species or habitats in the Rocky Mountain Region that are
particularly vulnerable to climate change (Halofsky et al. 2018a,b; Rice et al. 2018).

For avian species, the Forest Service Manual for the Rocky Mountain Region (USDA
Forest Service Manual, Chapter 2670) provides a list of 21 species that are considered
sensitive due to their geographic distribution, dispersal ability, population dynamics,
life history strategies, and habitat requirements (table 1). Risk-reduction management
actions to protect these vulnerable species are likely to mitigate impacts, but traditional
conservation strategies focused on resisting change may not be possible or economically
prudent under a changing climate (Aplet and Cole 2012). This chapter adds to the
existing assessments applicable to the Pike-San Isabel and Arapaho-Roosevelt National
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Forests (PSI-AR) while applying future-oriented conservation planning strategies (van
Kerkhoff et al. 2019; Wyborn et al. 2016; fig. 1) that are designed around anticipating
changes, recognizing societal values, shared governance, and ongoing learning.

Figure 1—Four conceptual transitions and the tools that support them, from traditional conservation thinking and
practices towards future-oriented conservation. Figure from van Kerkhoff et al. 2019.
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Pike-San Isabel and Arapaho-Roosevelt National Forests (PSI-AR)

The PSI-AR lies within the Southern Rocky Mountains Steppe-Open Woodland-
Coniferous Forest-Alpine Meadow Province of the United States Temperate Steppe
Ecoregion (McNab et al. 2007; fig. 2). The climate of this ecoregion is characterized by
short, warm summers and long, cold winters. Average current temperatures (1985-
2015) in the ecoregion vary substantially throughout the year with average daily
temperatures ranging typically from 57 °F in the summer (June, July, August) to 20 °F in
the winter (December, January, February). Precipitation is moderate, increasing with
altitude where it generally occurs as snow. Topography varies from high mountains to
gently rolling valleys in the north to steeply sloped, precipitous, flat-topped mountains
in the south. Vegetation is varied and includes predominately lodgepole pine, ponderosa
pine, alpine tundra, and sagebrush cover types in the northern sections and ponderosa
pine, pinyon-juniper, fir-spruce, chaparral-mountain shrub, and alpine tundra in the
south.

[ Analysis Area
Arapaho and
- Roosevelt NF
Pike and San
" Isabel NF
Ecoregion

Figure 2—The location of the Pike, San Isabel, Arapaho,

and Roosevelt (PSI-AR) National Forests (including district
boundaries) within the Southern Rocky Mountains Steppe-Open
Woodland-Coniferous Forest-Alpine Meadow Province of the

United States Temperate Steppe Ecoregion focal area.

Bouth pITRIRERRRE

Leadville

Pikes Peak

[

f
Sources: Esri, USGS, NOAZ
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Climate Change Projections for the PSI-AR

Future climate projections can be used by decision-makers to proactively address

the impacts of climate change on the resources they manage. However, a range of
assumptions about the magnitude and pace of future emissions are used by scientists

to develop different emission scenarios, upon which climate model projections are
based. Different general circulation models (GCMs) provide alternative representations
of the Earth’s natural climate variability and response to emissions that influence
predicted change in global surface temperatures. These global models are too coarse
(100 km resolution) to resolve many important regional climatic patterns, and statistical
downscaling techniques are used to translate large-scale data into smaller spatial scales
appropriate for managers. Therefore, climate projections are dependent upon choice of
GCM, emission scenario, and downscaling method. Differences in the outputs of these
projections complicate our ability to manage adaptively for a set of potential “known”
future conditions.

Rangwala et al. 2024 (this report) provided four downscaled climate models that
forecast climatic conditions for the period 2035-2065. Relative to current conditions
(1985-2015), these models resulted in future climates that were Warm and Wet (WW),
Hot (H), Very Hot and Wet (VHW), and Very Hot and Dry (VHD). All four climate
projections predicted an increase in daily temperatures (fig. 3), although increases

in temperature varied seasonally and by climate model. The predicted increase in
temperature was lowest in the WW scenario (ESM2M.rcp8.5). The H scenario (CNRM-
CM5.rcp8.5) predicted similar temperature increases as the WW scenario in spring
(defined here as the months of March, April, May) and fall (September, October,
November), but relatively higher summer (June, July, August) and winter (December,
January, February) temperatures. Temperatures in the VHW (CanESM2.rcp8.5) and
VHD (IPSL-CM5A-MR.rcp8.5) scenarios predicted the largest temperature increases,
with average summer temperatures increasing by > 5 °F. Increases in the VHD model
tended to be higher than the VHW scenario, except in the spring months when VHW
temperatures exceeded that of VHD. In the spring, average daily temperatures in the
VHW scenario shifted relative to current conditions by ~7 °F, such that this scenario
resulted in a range of mean daily spring temperatures that had little overlap with
current spring temperatures (fig. 3).
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Figure 3a-c—Boxplots displaying mean daily maximum, daily average, and daily minimum temperatures predicted
under four different climate change scenarios relative to current temperatures.

Increases in temperature not only varied by scenario and season, but also varied across
the PSI-AR, with more extreme increases in spring temperature in the southwestern
ranger districts (fig. 4). By contrast, in the summer months, temperature increases in
these ranger districts were predicted to be less severe, although the degree of difference

varied by climate model (fig. 4). In the fall and winter, temperatures tended to be
highest in the Canyon Lakes Ranger District.
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Figure 4a—Average mean temperature change(degrees F) predicted across the PSI-AR by season under four climate
scenarios.

Figure 4b—Standard deviations (degrees F) predicted across the PSI-AR by season under four climate scenarios.

Climate Change Impacts on Avian Species Within the PSI-AR

Frequently the climatic condition over a species’ current distribution is used as a proxy
for a species’ physiological tolerances (i.e., temperature and moisture requirements
necessary for a species to survive and reproduce). Based on a species’ physiological
tolerance, climate change models can be used to predict where a species’ distribution
is likely to contract (reduce in size), expand (increase in size), and/or shift (occur in

a different location). Existing datasets on bird species distributions indicate that 269
bird species have current distributions that include parts of the PSI-AR (BirdLife
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International 2018). Birds use habitat within the PSI-AR for breeding (132 species),
wintering (69 species), for migration (36), or to support their populations year-round
(101 species, Appendix A). For most of these species the focal area is only a small
portion of their entire distribution (see fig. 5); for these species local management
decisions are less likely to influence a species conservation status as these species range
across wide environmental gradients. Species with larger portions of their range (> 10
percent) within the focal area include brown-capped rosy finch (Leucosticte australis)
and Gunnison sage-grouse (Centrocercus minimus), and the migratory range of the lark
bunting (Calamospiza melanocorys). In addition, two species have genetically distinct
breeding populations that occur within the focal area: the least flycatcher (Empidonax
minimus) and western bluebird (Sialia mexicana). In mountainous regions, observed
changes in climate have not only resulted in changes to the geographic range of avian
species, but also the timing of their seasonal life cycles (phenology).

Anticipating Climate-Induced Changes in Species Distributions

How vulnerable an individual species is to changes in climate will be influenced by its
exposure to climatic changes and its sensitivity to these changes. To better understand
the probability of changes in avian communities under each of the four climate
projections, I first calculated the change in mean and maximum temperatures across
the distributions of each of the 132 species that breed within the PSI-AR (BirdLife
International 2018) at a 30-m pixel resolution. For each pixel, I classified the predicted
change in temperature as < 3.9 °F, 3.9-4.4 °F, 4.5-5.0 °F, 5.1-5.5 °F, 5.6-6.0 °F, and > 6 °F
based on NatureServe’s Climate Change Vulnerability Index (Young et al. 2011, fig. 6).
The Climate Change Vulnerability Index can be used to interpret the likely effect of
changes in temperature on a species’ vulnerability to climate change whereby a species
vulnerability increases with increasing changes in temperature.

As the predicted change in temperature was not always uniform across the species
distribution (e.g., fig 6, bottom row), an overall species vulnerability index was assigned
to each species under each scenario based on the temperature changes experienced
across the majority of their range. Based on these calculations, all species would be
experiencing an increase in temperature across their distributions, with the VHD

and VHW scenarios predicting temperature increases > 5.6 °F (fig. 7). As changes in
species’ distributions have already occurred in several mountainous bird species in the
northern hemisphere in response to current climate change (reviewed in Scridel et al.
2018), we would predict changes in species distributions even under the more moderate
WW and H climate scenarios (< 3.9 °F). In addition to range contractions, we need to
anticipate a redistribution of species, including the addition of species whose ranges
will likely shift to include parts of the PSI-AR where they currently do not occur.
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A. M_ountain Plover

Ecoregion

- PSIAR National Forests

- Breeding Range

Migratory Range
Non-Breeding Range

- Resident Range

Figure 5a-b—Distribution of two bird species found within the Pike, San Isabel, Arapaho, and Roosevelt (PSI-AR)
National Forests that are included in table 1. A green outline delineates the Southern Rocky Mountains Steppe-Open
Woodland-Coniferous Forest-Alpine Meadow Province of the United States that was used as the ecological boundary

for the PSI-AR (outlined in red).
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A Current | Warm + Wet Hot Very Hot + Wet |Very Hot + Dry

Wyoming

| |
New Mexico

Breeding Range

B Warm + Wet Hot Very Hot + Wet | Very Hot + Dry
Temp i
Change (°F)
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Figure 6a-b—Example of workflow used to assign species vulnerability index. (a) Mean maximum summer
temperatures (June, July, August) experienced currently (1985-2015) compared to future temperatures (2035-2065)
predicted under four different climate change scenarios (top). Second row provides an example of a single species
current distribution (orange) within the larger ecoregion assessment area (black outline) that was used in individual
species calculations. (b) shows how the scenario impacted projections of temperature across the range of the species.
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Figure 7—Percentage of 132 species breeding within the
PSI-AR by climate scenario and season that are predicted
to experience increases in temperature across their
current range. Temperature bins are based on guidelines
in NatureServe's Climate Change Vulnerability Index
(Young et al. 2011). Counts of species into a species
vulnerability index is based on spatially-explicit changes
in temperature across the current distribution of each
species (30-m pixel) under each climate scenario relative
to current temperatures.
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Anticipating Climate-Induced Changes in Phenology

Bird species that are year-around residents of the PSI-AR (101 of the 269 species) are
exposed to temperatures that vary dramatically throughout the year from mean daily
temperatures of 15 °F in the winter to 60°F in the summer (fig. 3). These species would
have experienced evolutionary pressure to thrive within the range, average, and
extreme conditions experienced throughout the year and are adapted to a wide range
of climatic conditions. As year-round residents, these species are better positioned to
respond to local changes in climate and timing of these changes. Conversely, migratory
species, and spring migrants in particular (i.e., those species that use the PSI-AR for
breeding grounds), require special consideration, as they must time their departure
from wintering grounds with conditions and resource availability at their breeding
grounds. Recent work has shown that population declines are most widely reported in
migratory species that are not advancing their migration dates in response to climate
change (Mgller et al. 2008).

Within the PSI-AR, 132 species have populations that generally begin breeding in late
spring to begin breeding (Birdlife International 2018). Species that are unable to shift
the timing of spring migration will not only have a shorter duration of time in which
to breed, but will face increased breeding season temperatures (Halupka and Halupka
2017), particularly under the VHW and VHD scenarios (fig. 7). Changes in the timing of
spring migration are the most commonly reported phenological responses to climate
change (reviewed in Gill et al. 2014) and can lead to phenological mismatches with prey
resources (e.g., resources may peak in response to earlier spring conditions) before
birds arrive/fledge, which can lead to lower reproductive success (Ross et al. 2017).
Earlier spring conditions are predicted under all climate scenarios (2-3 weeks earlier;
Rangwala et al. 2024 (this report).

Anticipating Climate-Induced Changes in Habitat

Forest structure and composition provide the environmental conditions needed to
support essential food, resting, and breeding requirements for wildlife and changes

in forest structure will impact suitable habitat for any given species (Fontaine and
Kennedy 2012; Stephens et al. 2014; White et al. 2013). Therefore, forest structure and
composition, often targeted by management actions such as fuel reduction (i.e., forest
thinning) and mediated by temperature and precipitation, will also determine whether
species can persist on the landscape.

The amount of annual precipitation within the PSI-AR ecoregion is also highly variable
and seasonal, with most precipitation occurring in the spring and summer. All climate
change scenarios, with the exception of the VHD scenario, predict an increase in
summer and spring precipitation relative to current conditions. In contrast, the VHD
scenario predicts a decrease in precipitation throughout the year (fig. 8). Under all
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models, seasonal changes in precipitation and temperature are predicted to lead to

a shift in snowline elevation from its current levels (8,400 ft) to 9,360 ft in the WW
scenario, to as much as 10,400 ft in the VHD scenario. Decreases in snow will have
negative impacts on some wildlife species that are dependent on snow for hunting and
or thermoregulatory requirements (Penczykowski et al. 2017), and the volume and
timing of snowmelt will impact fish, amphibians, and other riparian-associated species
(Smith et al. 2024, this report).

Although changes in precipitation are often used as a proxy for water availability,

the availability of water for plants also depends on ambient temperature, soil type,
vegetation conditions, and whether precipitation falls as rain or snow. A more
informative proxy for water availability for plants is climatic water deficit (CWD). CWD
is when the evaporative demand of vegetation exceeds annual water availability, and
mean annual CWD across all scenarios is expected to increase slightly relative to the
current deficit (fig. 8). Therefore, despite predictions that precipitation may increase,

all models predict that vegetation will likely be more water stressed in the future—a
deficit which is expected to be most severe in the VHD model. Water-stressed vegetation
is likely to influence the availability and abundance of resources for birds including
fruits/seeds and insects (Barton and Ives 2014; McCluney et al 2012). Changes in
temperature and CWD can also change habitat structure and composition by altering
the probability of insect outbreaks and severity of wildfires—changes already being
observed within the PSI-AR (Chapman et al. 2020). The pace of these changes is likely to
be most rapid under the VHD model compared to the other climate scenarios as changes
in temperature and moisture availability will also influence seedling establishment and
survival (Davis et al. 2019).
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Figure 8a-b—Boxplots displaying seasonal precipitation under current and future climate scenarios. Patterns of
precipitation throughout the year influence annual climatic water deficit.
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Embracing the Uncertainties and Moving Forward

Adaptive capacity describes the ability of individuals within a species to change in
response to stimuli or inputs from the environment, thus the overall vulnerability

of a species will ultimately be influenced by its adaptive capacity. Although we have
some ability to predict how populations of some species are likely to respond to
changing environmental conditions, differences in climate change models can lead to
different future conditions with corresponding management challenges. In addition,
information about how biodiversity and ecosystems will respond is lacking, although
some evidence suggests that species are not adapting quickly enough (Radchuk et al.
2019). Important questions arise of which we rarely have immediate answers: How is
a species’ reproductive success impacted as their environmental thresholds are reached?
Which species can shift their current distributions in response to a warming climate?
What happens to ecosystems when there is species loss or turnover? These uncertainties
can be paralyzing, and the four climate change scenarios modeled here predict
different futures that will impact species differently based on their life history. These
uncertainties can make it challenging to invest in specific management interventions.
However, we do have a high level of confidence in certain climate-induced changes.

The climate is warming with greater warming occurring at higher latitudes. In
mountainous areas, different topoclimates within narrow elevational gradients result
in high levels of species biodiversity, and mountains support one-quarter of terrestrial
biodiversity and contain nearly half of the world’s biodiversity hotspots. A warming
climate has been linked to increased drought and wildfire and there is a large body of
evidence that animals and plants are responding to climate change through shifts in
their distribution, phenology (e.g., timing and duration of breeding, migration), and
changes in population size.

Most species do not exist within the confines of social-political boundaries in which
management actions are implemented (e.g. fig. 2). Therefore, when attempting

to address the impacts of climate change on the social-ecological sustainability of
resources, it will be prudent to consider both adaptation strategies to maintain current
populations and resources, and strategies that anticipate change in the distribution of
species both within and outside of National Forest boundaries (i.e., shared governance,
Transition 3, fig. 1). Under the WW scenario, a focus on more conventional conservation
strategies (fig. 1) may help support the conservation of existing species and habitats
within their current boundaries over the near-term. However, under the VHD and VHW
scenarios, changes in climate are likely to result in intense pressure on species to shift
their current distributions. Therefore, in addition to assessing climatic vulnerabilities,
we should anticipate climate-induced changes in species distributions, work across
social-political boundaries, and invest in shared learning as we navigate the many
uncertainties that stall management action (fig. 1).
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Future-Oriented Conservation Approach and Guidelines

Climate change adaptation refers to the process of adjusting strategies to reduce
risks to natural and human systems from changes in climate. Many tools have been
developed to help managers articulate and evaluate different climate adaptation
approaches (Abrahms et al. 2017). These tools are not typically designed to help
establish conservation and management goals, which are driven as much by societal
values, economic constraints, and political feasibility (Transition 2, fig. 1), as they are
by scientific knowledge (Camacho et al. 2010). Instead, they are designed to help assess
climate risk based on scientific knowledge. In many cases, our scientific knowledge
is lacking due to uncertainty in future conditions, incomplete knowledge of species
adaptive capacity, novel species assemblages, and cascading effects on ecosystem
function and stability.

Below are some general conservation guidelines to address scientific uncertainties and
need for management action under a future-oriented conservation approach to climate
adaptation:

1. Change must be anticipated

a. Expect changes in species distribution, abundance, and phenology.

b. Minimize barriers to movement (within and across jurisdictions).

c. Protect trailing-edge populations where appropriate (i.e., resist change), while
facilitating population transition to other areas.

2. Recognize societal benefits and values
a. Identify societal values, economic constraints, and political feasibility as part
of a conservation strategy.
b. Emphasize maintaining ecosystem function and ecosystem services.

3. Governance management
a. Work across political boundaries to protect ecosystems and the species which
rely on them.
b. Rethink and redefine measures of success (i.e., maintaining species within an
ecoregion, or sustaining functional diversity).

4. Invest in and apply ongoing learning
a. Embrace heterogeneity in thought and practice—protect against loss by
supporting more than one possible result.
b. Refrain from thinking of change as “failure.”
c. Focuslearning and research on reducing uncertainties that hinder
management action.
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Appendix A: List of avian species whose distribution overlaps portions

of the Pike San Isabel and Araeaho-RooseveIt National Forests

List of avian species whose distribution overlaps portions of the Pike-San Isabel and
Arapaho-Roosevelt National Forests (BirdLife International 2018). Species are organized
by family and listed alphabetically by scientific name.

Capital letters in columns indicate that the species occurs throughout a National Forest
(PSI = Pike-San Isabel, AR = Arapaho-Roosevelt), whereas lowercase letters refer to
Ranger Districts (bo = Boulder, cc = Clear Creek, cl = Canyon Lakes, le = Leadville, pa =
South Park, pl = South Platte, pp = Pike’s Peak, sa = Salida, sc = San Carlos, su = Sulphur).

Ranger Districts that are italicized and in parentheses indicate a species occurs
throughout the National Forest except for the Ranger District(s) indicated. Species
with smaller ranges or in taxonomic families with fewer species may warrant special
consideration.
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