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Chapter 1. Introduction
As stated in the Black Hills Phase II Amendment FEIS (USDA Forest Service 2005),

The Black Hills is an isolated, unglaciated, and distinctive group of rugged
mountains rising above the surrounding plains. It is variously described as an
“island on the plains,” and species from diverse environments, including the
Rocky Mountains, northern coniferous forests, eastern hardwoods, and the
surrounding Great Plains, have populated the “island.” As such the area forms
an “ecological crossroads” and has been described as one of the nation'’s
greatest national treasures (USDA Forest Service 1996a).

The region is ecologically unique due to its convergence of grasslands, woodlands, forests, and wetlands.
The Black Hills functions as a place for intermingling of species from disparate portions of North
America. While ponderosa pine dominates the Black Hills, areas exist where other species such as white
spruce, aspen, paper birch, and others dominate. The Black Hills is unique due to its location in the center
of the continent, highly variable climate, its isolation as a mountainous upthrust surrounded by prairie,
and its varied topography (USDA Forest Service 1996a). Many of the species found here, such as paper
birch, white spruce, and many smaller plants, are isolated and distant from the rest of their range. Even
Black Hills ponderosa pine is at the east edge of its range, isolated from other populations.

Forested ecosystems cover about 88 percent of the Forest, with grasslands and shrublands comprising
most of the remaining area. Riparian, wetland, aquatic, and cave ecosystems occupy relatively minor
areas of the Forest but are nonetheless of considerable importance. This assessment is focused on the
forested ecosystems (excluding riparian forest) on the Black Hills National Forest. Other ecosystems are
discussed in other assessments, such as the Aquatic, Riparian, and Groundwater Dependent Ecosystem
assessment.

Humans benefit from and depend on the forested ecosystems in a variety of ways, from regulation of
water quality and quantity, carbon sequestration, and pollination, to production of timber and non-timber
forest products. Forested ecosystems provide fish and wildlife habitat, plants and places of cultural and
tribal importance, recreational opportunities, beautiful scenery, opportunities for solitude and spirituality,
and various other ecosystem services. The list of ecosystem services that the forests of the Black Hills
support is long. The ecosystem sections in Chapter 2 highlight some of the key ecosystem services
provided. Many ecosystem services are described in more detail in other assessments, including wildlife,
recreation, range, timber, soil and water, carbon, scenery, and others. Ecosystems with high ecological
integrity and which are resilient to future disturbances and climate change will continue to provide the
ecosystem services that have been historically provided by the Black Hills National Forest. Continued
production of ecosystem services will be more difficult and less certain if ecosystems have low ecological
integrity or experience large-scale disturbances.

Key Data Sources

One key data source used in this assessment (table 1) is the latest Forest Inventory and Analysis (FIA)
plot data. FIA is the Forest Service’s national program for collecting and reporting information on the
status and trend in forest ecosystems. It was chosen for its geographic extent, consistency, systematic,
unbiased, and statistically defensible sample design, and rigorous quality control. Given that this data will
continue to be collected for the foreseeable future, it can be used to monitor any of the attributes or trends
identified in this assessment.

FIA data was summarized using the custom Black Hills database (with 2017-2019 data) and associated
version of the FIA Evalidator reporting tool (USDA Forest Service 2019, https://usfs-


https://usfs-public.app.box.com/v/BlackHillsFIAData

USDA Forest Service

public.app.box.com/v/BlackHillsFIAData), unless otherwise noted, to ensure evaluation of the most

recent spatially and temporally intensified FIA plot data. As described in Graham et al. (2021), this
custom database contains the 2019 (2017 to 2019) FIA data requested by the Black Hills National Forest
to address changes in forest conditions®. Additional FIA data has also been requested and will be added

when available.?

In addition, where necessary, the Forest’s spatial vegetation layer (2021 FSVeg Spatial layer) is used.

Table 1. Main data sources used for this assessment

Data Source

Use

Location

Custom Black Hills
FIA database and
associated version of
FIA’s Evalidator.
Includes 2017 — 2019
intensified FIA data

Used for estimates of current forest
conditions, with the exception of coarse
woody debris estimates.

https://usfs-
public.app.box.com/v/BlackHillsFIAData

Public version of FIA
database and
Evalidator.

Public Evalidator used for all coarse
woody debris estimates given down wood
was not loaded in the custom Black Hills
FIA database.

https://apps.fs.usda.gov/Evalidator/evalidator
-isp

Walters et al. (2013)
— Forests of the
Black Hills National
Forest 2011
Resource Bulletin

Past FIA inventory data used to look at
recent trends. The FIA inventory data
used in Walters et al. (2013) is from 2007-
2011 (South Dakota) and 2005
(Wyoming).

Forests of the Black Hills National Forest
2011 | Treesearch (usda.gov)

Black Hills NF FSVeg
Spatial vegetation
layer

Used to examine trends in the structural
stage distribution, for some general
information about where particular
ecosystems are located in the forest, and
to estimate the extent of rare forest types
such as lodgepole pine and Douglas-fir.

Additional key data sources include numerous publications by Peter Brown that are specific to the Black
Hills (Brown and Cook 2006, Brown et al. 2008, and others), publications by and communication with
Rocky Mountain Research Station scientists (for example, Graham et al. 2021, Shepperd and Battaglia
2002, and others), numerous reports produced by the Rocky Mountain Region State and Private Forestry
Forest Health Protection staff evaluating forest condition, previous Black Hills planning documents
created as part of the 1997 plan and 2006 phase Il amendment, and Black Hills National Forest
monitoring reports.

! Values for the 2019 data came from three sources: (1) plots that were remeasured from previous FIA inventories
that fell within the normal measurement cycle (panel base plots); (2) plots that were remeasured from previous FIA
inventories but that were measured ahead of schedule (off-panel base plots); and (3) new plots that were installed in
2017 and 2018 field seasons to increase the sample size and spatial extent (one plot every 3,000 acres; 2X PLOTYS).
2 Repeat measurements are ideal for assessing changed conditions over time. A forest-wide comparison of
forestlands that is representative of change since the 1997 forest plan was signed and based on repeat measurements
only has been requested.


https://usfs-public.app.box.com/v/BlackHillsFIAData
https://usfs-public.app.box.com/v/BlackHillsFIAData
https://usfs-public.app.box.com/v/BlackHillsFIAData
https://apps.fs.usda.gov/Evalidator/evalidator.jsp
https://apps.fs.usda.gov/Evalidator/evalidator.jsp
https://www.fs.usda.gov/treesearch/pubs/43882
https://www.fs.usda.gov/treesearch/pubs/43882
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Identification of Forested Ecosystems

Forested areas make up about 88 percent® of the Forest. The primary forested ecosystems, characterized
by their dominant vegetation, are:

e Ponderosa Pine
e White Spruce

e Aspen

o Bur Oak

In addition, this report examines rare forested ecosystems and species in the Forest such as paper birch,
Rocky Mountain juniper, limber pine, lodgepole pine, and Douglas-fir.

The extent in acres of the Black Hills forested ecosystems is estimated with the latest Forest Inventory
and Analysis (FIA) plot data (table 2). Forest type definitions come from FIA. The dominant forested
ecosystem on the Black Hills is ponderosa pine, with all other types having much smaller extents. Aspen
is the dominant hardwood type in the Forest (table 2).

The extent of ponderosa pine and other ecosystems in the Forest are showing signs of change since the
previous inventory (table 2). Current FIA estimates of forest land in each forest type are compared to an
earlier estimate (Walters et al. 2013). The FIA inventory data used in Walters et al. (2013) is from 2007-
2011 (South Dakota) and 2005 (Wyoming).

This comparison indicates that some forest types, such as ponderosa pine and aspen, are decreasing in
extent, while the extent of nonstocked areas is increasing. The extent of some types, such as white spruce,
bur oak, and Rocky Mountain juniper, show they are possibly increasing, but this difference is not
statistically significant given the reported sampling errors. The extent of each forest type should be
monitored to confirm whether or not the trends seen here continue.

Table 2. Extent and trend of forest land by forest type on the Black Hills National Forest
based on the Forest Inventory and Analysis (FIA) data

Percent Number
(%) of of non-
Acres, Acres, 2017-2019 data forest zero
Forest Type 2005-2011 (sampling error %) land plots® Trend
Ponderosa Pine 881,400 789,803 (3.2%) 71.4% 299 decrease
White Spruce 51,600 54,282 (21.2%) 4.9% 24 | possible increase
Aspen 83,800 70,115 (19.0%) 6.3% 28 decrease
Bur Oak 25,100 30,292 (29.3%) 2.7% 12 possible increase
Paper Birch 5,300 18,649 (36.2%) 1.7% increase
Rocky Mountain Juniper 11,300 17,209 (40.5%) 1.6% possible increase
Other forested vegetation® 25,800 | 30,759 (31.4 — 71.2%) 2.8% 13 | possible increase
Nonstocked 75,200 95,449 (15.1%) 8.6% 45 increase
Total 1,159,600 1,106,559 (1.2%) 100.0% 407

3 Based on FIA forestland relative to the official Black Hills NF acreage.

4 Sampling error percent at the 68% confidence level.

5 Non-zero plots are the plots where the attribute of interest (in this case forest type) was observed to occur.

& Other forested vegetation includes areas labelled as mixed upland hardwoods, other hardwoods, and pin cherry
(only found in Walters et al. (2013)).
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All trends in the extent of each forest type in table 2 are consistent with the trends found in the FSVeg
Spatial layer (1997-2021) with the exception of paper birch.

Chapter 2. Forested Ecosystems — Conditions and
Trends

Ponderosa Pine

Introduction

Ponderosa pine (Pinus ponderosa var. scopulorum Dougl. ex Laws.) is the dominant tree species and
forest type in the Black Hills and occurs from low to high elevations on all soil types and aspects
(Shepperd and Battaglia 2002, USDA Forest Service 1996a). Ponderosa pine forests occupy
approximately 800,000 acres and more than 70% of the forest land on the Black Hills National Forest
(table 2). Variation in moisture and soils result in 15 different ponderosa pine community types (appendix
B). Some of these types are ranked as globally vulnerable and/or locally imperiled or vulnerable in
Wyoming.

The ponderosa pine forests of the Black Hills have sustained a viable timber industry for over 100 years.
Timber production is an important ecosystem service produced by this ecosystem and it is discussed in
more detail in the timber assessment.

Supporting wildlife through habitat is another key ecosystem service of the ponderosa pine forests of the
Black Hills. As described in USDA Forest Service (2005), ponderosa pine forests in the Black Hills are
highly variable and as such provide for a variety of wildlife species. In one study, the northern hills
habitat, with its deciduous understory, had the highest bird species richness, with species such as warbling
vireo, dusky flycatcher, yellow-rumped warbler, and ovenbird occurring in relatively high densities in
northern hills habitat (Panjabi 2001). Other species, such as the plumbeous vireo and western tanager
were detected in southern hills habitat in higher densities. Late-successional pine habitat had the highest
densities of brown creeper (a Forest emphasis species) (Panjabi 2001).

Most other emphasis species that occur in ponderosa pine in the Forest are primarily associated with
either conditions favoring a deciduous understory (e.g., broad-winged hawk, Lewis’ woodpecker, frigid
ambersnail, and Black Hills mountainsnail) or late-successional conditions (e.g., northern flying squirrel,
American marten, three-toed woodpecker, black-backed woodpecker, pygmy nuthatch, and pahasapa
mountainsnail) (Anderson 2003, Buskirk 2002, Frest and Johannes 2002). However, some species such as
Cooper’s and sharp-shinned hawks utilize dense coniferous stands that have relatively open understories
(Stephens and Anderson 2002).

The extent of ponderosa pine is declining (table 2). This is in line with observations about the Forest. For
instance, some areas that experienced high-severity fire are not regenerating and are nonstocked. Timber
harvest of pine in mixed pine-oak stands increases oak sprouting. Consequently, in many areas treated
mixed pine-oak stands are currently (and temporarily) dominated by oak and experiencing delayed pine
regeneration. In some cases, when pine is harvested from mixed pine/spruce stands, spruce has become
dominant (USDA Forest Service 2015). Spruce is also replacing pine on some sites as a result of fire
exclusion or insects and disease that affect pine but not spruce (Alexander and Edminster 1981).



Black Hills National Forest
Forest Plan Revision Assessment: Forested Ecosystems

Ecosystem Drivers and Stressors

Ecosystem drivers are factors or processes that affect ecosystem characteristics and contribute to the
natural range of variation. Stressors are defined as factors that may directly or indirectly degrade
ecosystem composition, structure, or processes in a manner that may impair its ecological integrity (36
CFR 219.19). Many system drivers can be stressors if they are operating in atypical ways, outside of their
natural range of variability. Management influences can be drivers or stressors.

Timber Harvest

Timber harvest has historically been a dominant driver in the ponderosa pine ecosystem on the Black
Hills National Forest. In the late 1800s, before the establishment of the Black Hills Forest Reserve in
1897, large tracts were clearcut to yield mine timbers or railroad ties (USDA Forest Service 1996a, Boldt
and Van Deusen 1974, Graves 1899). Once established, the Black Hills Forest Reserve was the site of the
first federal timber sale. Virtually every operable acre has been cutover at least once; the majority have
received repeated partial cuts of one kind or another (USDA Forest Service 1996a). The forest produces
quality ponderosa pine lumber and has sustained a viable timber industry for over 100 years (Graham et
al. 2021). The only other commercial timber species in the forest is white spruce, with very little to no
volume of this species currently sold.

Even-aged management is typically practiced in the ponderosa pine type on the Black Hills National
Forest, with silvicultural practices (usually shelterwood systems) typically creating even-aged or two-
aged stands. Even-aged silvicultural systems in ponderosa pine forest result in ecological conditions with
lower structural and spatial heterogeneity and reduced resilience to native ecological disturbances such as
mountain pine beetle epidemics and wildfire, and consequently, lower ecological integrity.

Uneven-aged management in ponderosa pine is only about 5% of the timber management program.
Uneven-aged management results in higher structural and spatial heterogeneity and higher resilience to
fire, insects, and disease relative to even-aged management.” It better mimics the historic forest structure
in ponderosa pine (as described more below) and results in higher ecological integrity.

There has historically been a high demand for wood products from the forest, with the demand greater
than the supply (USDA Forest Service 1996a). Supply is limited by some forest plan direction beneficial
for other resources and uses, such as the structural stage objectives. In addition, the supply is in decline
due to a decrease in standing volume (Graham et al. 2021).

Two forest-wide vegetation management projects have been authorized and implemented on the Black
Hills National Forest since 2012. The first was the Mountain Pine Beetle Response project (MPBR). This
2012 decision intended to reduce the threat to ecosystem components from the existing mountain pine
beetle epidemic and help protect local communities and resources from large scale, severe wildfire. This
decision authorized a variety of vegetation management activities to reduce stand densities and lower
mountain pine beetle risk and wildfire hazard. From fiscal years 2013 through 2021, approximately

" The diversity of tree sizes as well as density affect the level of susceptibility to mountain pine beetle and fire.
Small trees are susceptible to fire whereas larger diameter trees are less susceptible. Larger diameter trees are
susceptible to mountain pine beetle, but smaller trees are not. Density also plays a role with lower density stands
more resilient to disturbance and drought than dense stands (Negron et al. 2008, Bottero et al. 2016, Bradford and
Bell 2016). In general uneven-aged management leads to higher resiliency to disturbance relative to even-aged
management, particularly when a large portion is even-aged and mature, given the latter has a greater continuity of
large trees, fewer replacement trees in the understory, greater potential loss of seed source, and higher fuel loads.
Variability in stand structure and fuels can result in fine-scale variation in fire effects, with small areas of torching
created by moderate or high-intensity fire, as well as unburned or lightly burned areas that still maintain prefire
seed producing mature trees, tree saplings, understory plants, and denser cover for wildlife habitat (Stephens et al.
2021).
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76,000 acres have been treated under MPBR. The majority of this has been shelterwood establishment
treatments. This project concluded at the end of 2021.

The second vegetation management project was the Black Hills Resilient Landscapes project (BHRL).
Signed in 2018, this project is currently being implemented. Given forest structure, hazardous fuel levels,
and concerns about forest resilience, this project was designed to move the landscape-level vegetation
conditions towards the objectives in the Forest Plan in order to increase ecosystem resilience to insect
infestation and other natural disturbances, to contribute to public safety and the local economy, and to
reduce the risk of wildfire to landscapes and communities. From fiscal years 2018 through 2021,
commercial products have been sold on approximately 42,000 acres, with an additional 13,000 acres of
commercial treatments planned over the next few years. The majority of the commercial treatments have
been overstory removal and liberation cuttings, but other treatments such as hardwood enhancement,
meadow restoration, and uneven-aged selection have also occurred. Precommercial treatments are under
contract on just under 9,000 acres with an additional 17,000 acres planned for the near future.

Natural Disturbances

Ecological disturbances shape forest structural diversity and composition at a range of spatial and
temporal scales. Weather (e.g., wind, hail, tornados, and snow), wildfire, insects, parasites, pathogens, and
animals individually and in combination kill trees, create openings, and promote vegetative diversity.
Each of these native disturbance agents influence the array of ecosystems on the Black Hills in different
ways. For instance, changes in the abundance of beaver over the past two centuries influenced stream
dynamics and riparian conditions but had little impact on uplands while bark beetle outbreaks
dramatically influenced pine forest but not oak or aspen forest. Of these disturbances, insects, wildfire,
and weather events have been the most noticeable causes of tree mortality (Graham et al. 2021, Shepperd
and Battaglia 2002, Graves 1899, Negron et al. 2008, Brown et al. 2008).

Fire and Fire Exclusion

Fire and fire exclusion have been dominant drivers and stressors in forest ecosystems, particularly the
ponderosa pine ecosystem in the Black Hills.

As described in USDA Forest Service (2005), many ponderosa pine forests of the western United States,
including the Black Hills, historically experienced frequent fires resulting in open stands with high
understory biomass and diversity (Brown 2003). Frequent, low-intensity fires, whether lightning ignitions
or cultural ignitions by native communities of the Black Hills®, limited stand density, altered understory
vegetation, and resulted in high spatial heterogeneity (Brown 2003). While there is agreement that
episodic surface fires were a major form of disturbance prior to Euro-American settlement, there is less
agreement regarding the role of large, high-intensity wildfires. Shinneman and Baker (1997) suggest it is
likely that both low-intensity surface fires and large catastrophic wildfires occurred prior to Euro-
American settlement in the Black Hills. An alternative hypothesis is that the large patches of even-aged
forest structure seen at settlement may have resulted from an extended wet period during the late 1700s
and early 1800s seen over much of the Northern Plains rather than the result of large crown fires during
this period (Brown 2001, Brown 2003, USDA Forest Service 2005). However, large, severe fires have
been documented (see discussion in Shepperd and Battaglia 2002, USDA Forest Service 2005). For

8 As synthesized in Murphy et al. (2017), Native Americans contributed to frequent presettlement burning in the
Black Hills region but may have done little burning in ponderosa pine woodlands and forests. They used fire
seasonally, mostly in the surrounding Great Plains, to manage vegetation and drive game. It is unlikely that Native
Americans burned the denser Black Hills forests at all. Accounts suggested that Native Americans were
superstitious of the Black Hills and may have avoided the dense portions because game was scarce, hunting and
navigating were difficult, and rain and lightning were frequent.
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instance, as described in Shepperd and Battaglia (2002), evidence of a large-scale fire in 1842 was
confirmed by accounts reported by Native Americans that the “entire Black Hills were ablaze” around
that time, and the presence of several clusters of 150-year-old trees in the northern Hills. Therefore, while
there is not complete agreement in the literature, evidence suggests it is likely that a mixed-severity fire
regime including both surface fires and crown fires occurred in the Black Hills (Lentile et al. 2005).

As described by Brown and Cook (2006), historical ponderosa pine forests in the Black Hills consisted of
a “diverse landscape mosaic that varied from non-forested patches and open stands of few large trees to
quite dense stands with many similar-sized and -aged trees.” The more open stands /savannahs of
ponderosa pine were more typical, with dense patches present and contributing to spatial heterogeneity
(Brown and Cook 2006).

Before European settlement, average wildfire return interval ranged from 10 to 31-33 years, depending on
elevation (Graham et al. 2021, Murphy 2017). Mean fire return intervals (MFRI) increase with increasing
elevation from the ponderosa pine savanna (median MFRI=12 years), to the low- to mid-elevation
ponderosa pine woodland and forest (median MFRI=21 years), to the high-elevation ponderosa pine and
white spruce forest (median MFRI=28 years) (Murphy 2017).

Fire exclusion has influenced forest ecosystem composition, structure, and pattern in the Black Hills.
Changes in forest conditions due to fire exclusion (and past timber harvest) include an increase in tree
density with more small trees and fewer large trees and increased likelihood of crown fire (Brown et al.
2008, Brown and Cook 2006, Murphy 2017). Under these conditions, when a fire occurs with very low
fuel moisture and high winds, such as the Jasper fire, there are large patches of mortality due to high-
severity fire. Other changes in forest conditions due to fire exclusion include loss of understory species
and biomass, reduction in nutrient cycling, and increase in plant transpiration which reduces surface and
subsurface hydrological flows (USDA Forest Service 2005, Murphy 2017, Brown et al. 2000).

The effects of timber harvest and fire exclusion collectively have led to a current forest structure that is
simpler than it would have been historically, with increased tree density leading to fewer gaps and more
even spacing and size distributions within groups, which also leads to higher fuel continuity (Brown and
Cook 2006). Current conditions are likely also more homogeneous in terms of patch size, with patches
likely larger, relative to historical conditions. The trend toward homogenization reflects changes in forest
structure in other western ponderosa pine forests, although the Black Hills historically had a greater range
of structural variability than ponderosa pine forests of the southwestern United States (Brown and Cook
2006). Restoration of landscape heterogeneity would enhance species habitat and promote ecological
resiliency (Brown and Cook 2006).

In addition to changes within ponderosa pine forests, fire exclusion favored expansion of white spruce
forest. In the absence of fire, white spruce, which is highly vulnerable to fire, became established in areas
historically occupied by ponderosa pine forests (Murphy 2017, USDA Forest Service 1996a). Similarly,
fire exclusion likely led to forest expansion into grasslands in the Black Hills although change in climate
and/or increased livestock grazing may also have contributed (Murphy 2017, Brown and Sieg 1999).

Evidence suggests that ponderosa pine would continue to persist in the face of increased fire frequency
due to their thick bark and other adaptations that confer resistance to surface fire (King et al. 2013).
However, this would only be true if the trees are already a size that would facilitate survival after a fire
and ponderosa pine may persist as woodlands rather than forests.

Insects and Disease - Mountain Pine Beetle

Insects and disease are disturbance agents that play an integral part in the Black Hills National Forest
ecosystem and help produce heterogeneity throughout the forest system. Insects play an important role in
pollinating plants, recycling nutrients, decomposing vegetation, and providing food for wildlife. Tree
mortality and other impacts of insects and diseases regulate forest vegetation composition, influence stand
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density and structure; provide wildlife habitat in dead and dying trees and contribute nutrients to soils.
Insects are also food for birds and other wildlife.

While insects and disease can have positive impacts on forest ecosystems, they can also negatively affect
the forest. For example, at low infestation levels, individual trees are weakened and killed, resulting in
small-scale changes affecting limited areas. Trees weakened by one organism are often susceptible to
attacks by other organisms. When conditions such as stand maturity, overcrowding, drought, blowdown,
or poor site conditions act independently or in combination to stress large groups or stands of trees,
populations of forest insects and pathogens can increase in these stressed trees, resulting in widespread
mortality.

Currently, the insects or disease having the most significant impact on the Black Hills NF is mountain
pine beetle (Dendroctonus ponderosae; MPB). The mountain pine beetle is a native bark beetle that
occurs in conifer forests of western North America and uses ponderosa pine as one of its hosts (Negron et
al. 2017, Allen et al. 2020). There is a long history of mountain pine beetle outbreaks in the Black Hills
(Negron et al. 2017, Graham et al. 2021, Graham et al. 2016), with varying locations and severity. While
most of the time mountain pine beetle populations occur at endemic levels (Allen et al. 2020), the Black
Hills has experienced mountain pine beetle epidemics approximately every twenty years, with notable
events in the early 1900s, the late 1960s to the early 1980s, and the most recent epidemic from about 1996
through 2016 (Graham et al. 2021 and figures below from Graham et al. 2021)°.
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Figure 4—Within the forests of the Black Hills, there has been a continuous endemic and several epidemics
of mountain pine beetles over the last 129 years [see Graham et al. 20186, fig. 31). From 2000 through 2017,
over 000,000 trees were estimated to have been killed. Values reported are the S5-year moving average.

% Increases in MPB populations were first detected in 1996 (ADS). The highest year of MPB activity was 2003
based on acres affected. The MPB epidemic peaked in 2013 based on annual tree mortality and returned to
endemic levels in 2016.
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Figure 5—The most recent (i.e., 1998) MPB epidemic started with many isolated areas of endemic MPB
populations throughout the Black Hills. As the endemic populations increased in numbers, the MPB spread
throughout the central and northern Black Hills. Notably, the MPB infestation was less in Wyoming portions
of the Black Hills and Bear Lodge Mountains (see Graham et al. 2016, figs. 65-69, for details on the extent
and impact of mountain pine beetles in the Black Hills). This disturbance can have a substantial impact on
post-disturbance recovery.

Forest stand conditions affect ponderosa pine forest’s susceptibility to mountain pine beetle. In particular,
stand density and tree size are important factors, with pine beetles preferring larger, sawtimber-sized trees
and dense stands (Graham et al. 2021, Graham et al. 2016, Negron et al. 2008, Negron et al. 2017). Other
factors that may affect the shift from endemic to epidemic populations of mountain pine beetle include
other stand structure attributes (such as being even-aged and single-storied), climatic conditions and
proximity to existing beetle populations (Gibson et al. 2009). As described earlier, the Forest initiated the
Mountain Pine Beetle Response Project (MPBR) in response to the most recent mountain pine beetle
epidemic.

Mountain pine beetle epidemics cause significant changes in stand structure and composition. Tree
mortality caused by mountain pine beetle negatively impacts timber stocking levels, wildlife habitat, and
aesthetic and recreation values (Allen et al. 2020). In the most recent epidemic, mortality was highly
variable across the Forest, with some areas experiencing heavy mortality and others experiencing little to
none. More than half (55%) of stands incurred moderate to heavy mountain pine beetle mortality, with
about 30% of trees larger than 7-inches d.b.h. killed during the epidemic (Allen et al. 2020).

Other Disturbances

Other disturbances that affect forest structure, diversity, and composition in the ponderosa pine ecosystem
include weather events (e.g., wind, hail, tornados, and snow), other insects, parasites, pathogens, and
animals (Graham et al. 2021).

The pine engraver beetle or ips beetle (Ips pini) is native to the Black Hills and attacks pine trees.
Although it is similar to the MPB, its life cycle and management recommendations are different. Pine
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engraver beetles breed in windthrown ponderosa pine trees, trees damaged by wind and snow, and
logging slash greater than 2 inches in diameter (Sheppard and Battaglia 2002). During times of drought,
pine engravers have been known to cause high mortality in unthinned young stands (Sheppard and
Battaglia 2002). Pockets of pine engraver beetle have been observed recently.

Armillaria (4drmillaria spp.) is a root disease that can either kill trees by attacking the cambium and inner
bark, causing decay over time, or by stressing trees thereby predisposing them to attacks by insects and
pathogens. Armillaria also has a propensity to reside in trunks of trees for several decades. This has
resulted in a positive correlation between stands where silvicultural treatment has occurred and increased
Armillaria infection. This is especially problematic in areas experiencing new growth due to regeneration
because new growth does not have the vigor to resist armillaria, red rot, needle cast, western gall rust and
other pathogens (Sheppard and Battaglia 2002, Graham et al. 2021).

As described in Graham et al. (2021), the ponderosa pine regeneration in the Black Hills is vulnerable to
other root and stem pathogens, such as red rot (Dichomitus squalens mellea), western gall rust
(Peridermium harknessii), and needle cast (Elytroderma deformans). Similarly, animals such as mice,
cottontail, and jackrabbits can girdle and kill seedlings. Deer, elk, cattle, and sheep also damage and kill
ponderosa pine trees by trampling, rubbing, and browsing.

Weather, in the form of wind, snow, ice, tornados, and hail, intermittently damages and kills ponderosa
pine trees throughout the Black Hills. Wind kills individual trees yearly and tornados occasionally strike
small patches (e.g., 10 to 15 acres) to large areas (e.g., 7,000 acres) of trees. Large hail, wind, and snow
can damage sapling- to pole-sized trees (Graham et al. 2021). Weather events, mortality caused by
diseases, and animals are significant contributors to tree mortality in the Black Hills (see table below that
was published in Graham et al. 2021).

Table 1=—Volume mortality rates based on standing live volume of growing stock trees (> 5 inches d.b.h.),
throughout the last several decades in the Black Hills region. Values of mortality category (rounded to

2 significant digits) are based on the proportion that each disturbance contributed to the averall total
maortality rate. Walues might not add up due to rounding.

Mortality Mortality (%)
rate Insect Disease Weather Other without insect
(3%) (%) (%) (%) included
1962 015 (L3 0.0:0 g Not reported 03 012
1984> 0.26 .03 0.03 R 017 03 0.23
19949¢ 027 .03 0.03 .03 019 RLH] 0.24
20114 1.24 L8O 0.13 R 027 0.4 044
2019= 3.07 2.60 0.20 L5 020 002 0.47

*1962: Mortality and standing live volume based on softwoods across all land ownerships in South Dakota on
suitable timberlands (data source: Choate and Spencer 19649).

t1984: Mortality and standing live volume based on ponderosa pine across all land ownerships in South
Dakota on suitable timberlands (data source: Collins and Green 1988). Mortality by disease was 0.002).

“1999: Mortality and standing live volume based on ponderasa pine on the Black Hills National Forest [South
Dakota and Wyoming) on suitable timberlands |data source: DeBlander 2002 ). Mortality by disease was 0025
and fire was 0.025.

“2011: Mortality rate was based on ponderosa pine on the Black Hills National Forest in South Dakota on
suitable timberlands. Walters et al. 2013 reported mortality of 1.04%, which included Wyoming and South
Dakota; however, when FIA provided the values for 2011 by mortality category, it was only for South Dakota
lands.

“201%: Mortality and standing live volume based on pandcrnsaﬁ:ine on the Black Hills Mational Forest [South
Dakota and W}'nmingﬁ on sultable timberlands |source: USDA& F5 2021
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Invasive Species

Invasive species are a stressor in the ponderosa pine ecosystem. The most common invasive species is
Canada thistle (Cirsium arvense). However, new invaders are a bigger concern, with priority species such
as yellow toadflax (Lineria vulgaris) and St. Johnswort (Hypericum perforatum) identified in the Invasive
Species Action Plan. Cheatgrass (Bromus tectorum), while present, is not a major concern currently.

Climate Change

Information in this section about the vulnerability of ponderosa pine to climate change is taken directly
from Timberlake et al. 2022.

Ponderosa pine is a drought- and fire-adapted tree. Ponderosa pine ecosystems have moderate
vulnerability to climate change in the Rocky Mountain Region, including the Black Hills (Rice et al.
2018).

Given its widespread range, ponderosa pine is adapted to a wide range of moisture availabilities, though
decreases in moisture availability may be particularly impactful to regeneration. Drought conditions may
also make trees more susceptible to other disturbances, including insects (Rice et al. 2018). Ponderosa
pine growth in the Black Hills correlates with snowpack (Gleason et al. 2021).

The typically prolific pine regeneration in the Black Hills is tied to year-round and high levels of
growing-season precipitation. Wet periods result in synchronous recruitment of trees across large areas in
the Black Hills (Brown 2006). Although mature ponderosa pine are generally drought-tolerant and fire-
adapted, the species is particularly sensitive to drought conditions during seed germination and
establishment. Mature trees can be sensitive to a lack of moisture availability during cone development
and masting periods (Rice et al. 2018). As such, decreases in available moisture due to climate change,
particularly during the growing season, could reduce regeneration in the Black Hills.

Climate projections for the Black Hills are generally uncertain for precipitation but suggest that there may
be an increase in winter and spring precipitation, which could potentially benefit the ponderosa pine.
However, projections show wide variation in future precipitation and increased variability in year-to-year
moisture availability and precipitation may be particularly important. Compared to other ponderosa pine
forests, the Black Hills generally have consistent periods of reliable moisture promoting seed
development and germination. Future variability in moisture availability from year to year may result in
increased variability in regeneration and tree growth compared to the present.

While Black Hills ponderosa pine is well north of the southern range limits of the species, suggesting low
vulnerability, the Black Hills may lack higher elevation areas for upslope range shifts in ponderosa pine
forests. The lower elevation ecotones for ponderosa pine in the Black Hills may also be vulnerable to
vegetation type conversion to grasslands, especially following disturbances that remove seed bearing
trees.

One study using a global vegetation model parameterized for the Black Hills indicates that ecotonal areas
between prairies and woodlands are projected to experience increased fire frequencies underestimated
21st century climate. This study found that ponderosa pine would continue to persist in these areas in the
face of increased fire frequency due to their thick bark and other adaptations that confer resistance to
surface fire (King et al. 2013). However, this would only be true if the trees were already a size that
would facilitate survival after a fire and ponderosa pine may persist as woodlands rather than forests. This
study’s conclusions countered the findings of climate envelope modelling, which projected a loss of
ponderosa pine in the Black Hills region (Rehfeldt et al. 2006). Mechanistic models like that used by
King and others (2013) are generally viewed as more robust than climate envelop modelling (Iverson and
McKenzie 2013).
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Studies conducted across the West indicate that fire will become more widespread as a result of climate
change. Mature ponderosa pine has species functional traits (e.g., thick bark, self-pruning lower limbs)
that confer relatively high resistance to fire (Stevens et al. 2020). As such, ponderosa pine may be resilient
to climate-driven changes to fire regimes in the Black Hills; however, this will also depend on the specific
forest conditions as some conditions, such as high density or heavy fuel loads, will lower resilience.

The effects of drier conditions on post-fire regeneration are another well-documented climate change
vulnerability for ponderosa pine forests, particularly following high severity fires that burn large areas.
There are limited seed trees in these areas and climate-driven drought conditions make it difficult for trees
to establish (Stevens-Rumann et al. 2018). Studies examining the effects of the Jasper Fire, which burned
over 80,000 acres in 2000, suggest limited regeneration in areas that burned at high severities (Lentile et
al. 2005, Keyser et al. 2008). One study that examined several fires, including Jasper, indicated that
climatic stress was one of three factors most strongly associated with post-fire regeneration patterns,
along with burn severity and elevation (Korb et al. 2019).

Climate change indirectly and directly affects insect disturbances that affect ponderosa pine ecosystems.
Mountain pine beetles are endemic to ponderosa pine forests in the Black Hills; however, warmer winter
temperatures facilitate the survival and population growth of mountain pine beetles. Drought stress also
increases trees’ susceptibility to pine beetles (Bentz et al. 2010; Rice et al. 2018).

Key Ecosystem Characteristics

Diversity of Ponderosa Pine Size, Density, and Age

FIA plot data provides the most current information on the species and size of trees in the ponderosa pine
ecosystem (table 3) as well as ponderosa pine trees across the forest (table 12 in appendix A). These data
indicate that ponderosa pine trees in the Forest reach up to about 32-inches diameter at breast height (4.5
feet) (dbh). The majority are in the smallest diameter classes, with 76% of the trees less than 7”” dbh. Half
are in the smallest (1-2.9”) dbh class (table 3). Most of the trees in the ponderosa pine ecosystem are
ponderosa pine (81%), with the other 19% being paper birch, bur oak, aspen, and other species (figure 1).
FIA seedling data (less than 1 dbh) indicate that in the ponderosa pine forest type, there is an average of
more than 1,400 seedlings per acre'®, with about half (52%) of those being ponderosa pine seedlings and
the rest being seedlings of other species.

Table 3. Number of live trees, by diameter class, ponderosa pine forest type, on the Black
Hills National Forest, based on the 2017-2019 FIA data

[Sampling error percent (68% confidence level) is highly variable across species and size classes, ranging from 6 to
118%.]

Percent Percent
of Total of Total Percent of
Diameter Live Live Total All Total Live
Class Ponderosa Pine Trees Other Species Trees Species Trees

1-2.9" 110,675,547 37.0% 38,326,324 12.8% 149,001,871 49.8%
3-4.9" 39,500,224 13.2% 11,157,285 3.7% 50,657,509 16.9%
5-6.9" 24,348,457 8.1% 4,262,266 1.4% 28,610,723 9.6%
7-8.9" 24,057,359 8.0% 2,543,952 0.9% 26,601,312 8.9%
9-10.9" 16,582,972 5.5% 901,864 0.3% 17,484,836 5.8%

10 Sampling error percent (68% confidence level) is 8%.
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Percent Percent
of Total of Total Percent of
Diameter Live Live Total All Total Live
Class Ponderosa Pine Trees Other Species Trees Species Trees
11-12.9" 10,766,363 3.6% 619,964 0.2% 11,386,327 3.8%
13-14.9" 6,228,337 2.1% 63,260 0.0% 6,291,597 2.1%
15-16.9” 4,276,335 1.4% 107,133 0.0% 4,383,468 1.5%
17-18.9” 2,318,705 0.8% - - 2,318,705 0.8%
19-20.9” 1,416,759 0.5% - - 1,416,759 0.5%
21-22.9” 668,959 0.2% 16,491 0.0% 685,450 0.2%
23-24.9” 157,456 0.1% 36,257 0.0% 193,713 0.1%
25-26.9” 37,692 <0.1% - - 37,692 <0.1%
27-28.9” 48,070 <0.1% - - 48,070 <0.1%
29-30.9” 18,129 <0.1% - - 18,129 <0.1%
31-32.9” 20,010 <0.1% - - 20,010 <0.1%
Total 241,121,373 80.6% 58,034,797 19.4% 299,156,170 100%
Live Trees By Species and DBH Class, Ponderosa Pine Forest
Type
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Figure 1. Diameter distribution of live trees, ponderosa pine forest type, by species

The current estimate of number of live ponderosa pine trees on the Black Hills National Forest is just over
263 million (table 12 in appendix A). This is a decline from an earlier FIA estimate of 285 million

ponderosa pine trees (Walters et al. 2013).

The dominant age class of ponderosa pine varies from 0 — 200+ years, as seen in figure 2. The age class
distribution shows about half the acres (about 387,000 acres, 49%) are in the 80—120-year age range.
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Acres of the Ponderosa Pine Forest Type by Age
Class

140,000
120,000
100,000
80,000
60,000
40,000
20,000
0

71-80 years I

81-90 years I——

0-10years

11-20 years

31-40 years .

41-50 years
51-60 years I
61-70 years I
200+ years |

21-30 years WH

91-100 years
101-110 years I——

111-120 years I

121-130 years Hm——
131-140 years ——
141-150 years m—
171-180 years W
191-200 years |

151-160 years mH
161-170 years 1

Sampling error percent (68% confidence level) is highly variable across age classes, ranging from 14 to 100%.

Figure 2. Extent of ponderosa pine forest type by dominant age class from 2017-2019 FIA
data

FIA data estimates there are 789,803 acres of the ponderosa pine forest type. Most of this (73%) is in the
large diameter stand-size class, with 10% in the medium diameter stand-size class and 17% in the small
diameter stand-size class'! (table 4). This is a change from an earlier FIA estimate (figure 3 in Walters et
al. 2013), which showed more area in the large diameter stand-size class and less in the small diameter

stand-size class for ponderosa pine.

The density class distribution, based on the FIA data, indicates that there is a relatively even distribution
over the four density classes in the ponderosa pine forest type (table 4), but with a little more area in the
41-80 square foot density class and a little less area in the highest density class.

Looking collectively at both the stand-size class and density class distribution, a quarter of the ponderosa
pine type is in the large diameter stand-size class and the 41-80 square feet/acre density class and just
under a quarter is in the large diameter stand-size class and 81-120 square feet/acre density class.

The variation in stand-size class and density is not surprising given ponderosa pine occurs on a range of
ecological sites supporting different growth potential as well as the varied disturbance history across the

forest associated with tree harvest, fires, insects, and other factors.

1 FIA estimates the stand-size class based on the predominant diameter class of live trees based on
stocking. Large diameter trees are at least 11.0 inches diameter for hardwoods and at least 9.0 inches
diameter for softwoods. Medium diameter trees are at least 5.0 inches diameter and smaller than large
diameter trees. Small diameter trees are <5.0 inches diameter (USDA Forest Service FIADB Users

Guide).
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Table 4. Current extent of ponderosa pine forest type by density class and stand-size
classes within each density class on the Black Hills National Forest, based on FIA data

[Sampling error percent (68% confidence level) is highly variable across categories, ranging from 5 to 108%.]

Density Class
based on Live
Basal Area

Acres in Small
Diameter Stand-Size
class

Acres in Medium
Diameter Stand-
Size Class

Acres in Large
Diameter Stand-
Size Class

Total Acres (All
Stand-Size
Classes)

0-40 sqft/acre

100,589 (12.7%)

16,671 (2.1%)

66,232 (8.4%)

183,492 (23.2%)

41-80 sqft/acre

30,061 (3.8%)

27,008 (3.4%)

204,133 (25.8%)

261,202 (33.1%)

81-120 sqft/acre

2,500 (0.3%)

15,939 (2.0%)

174,884 (22.1%)

193,322 (24.5%)

120+ sqft/acre

17,710 (2.2%)

134,077 (17.0%)

151,788 (19.2%)

Total (All Density
Classes)

133,150 (16.9%)

77,328 (9.8%)

579,325 (73.4%)

789,803 (100.0%)

Structural Stage Distribution and Late-Successional Forest

Structural Stages are the several developmental stages of tree stands described in terms of tree size and
the extent of canopy closure they create. As defined in the current Black Hills forest plan, they include:

Structural Stage 1 (Grass/Forb): The grass/forb stage was historically a product of fires, windthrow or
similar disturbances. Under forest management, this stage can be created through harvesting. This stage
is dominated by grasses and forbs lasting until tree seedlings become established.

Structural Stage 2 (Shrub/Seedling): The shrub/seedling stage consists of shrubs such as chokecherry,
rose and serviceberry along with tree seedlings. A stand remains in Stage 2 until the tree seedlings reach
one inch diameter at breast height (DBH), which should take less than a decade.

Structural Stage 3 (Sapling/Pole): The sapling/pole stage consists of trees with stems one to nine inches

DBH. This stage typically persists up to 30 years to age 70. Less than 40 percent canopy closure is 34, 40
to less than 70 percent canopy closures is 3B, and greater than 70 percent canopy closure is 3C.
Understory production is inversely related to overstory pine canopy cover.

Structural Stage 4 (Mature): The mature stage begins when trees reach the 9-inch DBH class. Trees

remain in this stage until they are about 160 years old. As with Structural Stage 3, understory productivity
depends upon the overstory canopy cover. Less than 40 percent canopy closure is 44, 40 to less than 70
percent canopy closures is 4B, and greater than 70 percent canopy closure is 4C. The sizes of trees in this
stage will vary depending upon growing-site potential and the density of the stand.

Structural Stage 5 (Late Succession): This structural stage is characterized by very large trees (16+
inches DBH). Trees are at least 160 years in age, ponderosa pine that reach this age are commonly
referred to as “yellow barks.” Late succession ponderosa pine may occur in dense stands, but may also
grow in the open or in “parklike” stands (Mehl 1992).

Current plan direction includes the following objective regarding the structural stage distribution which
applies to five management areas (MAs 4.1, 5.1, 5.4, 5.43, 5.6).

4.1-203. *NEW. Manage for the following percentages of structural stages in
ponderosa pine across the management area in a variety of sizes and shapes.
OBJECTIVE
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In addition to the structural stage objective mentioned above, which includes late-successional forest as
structural stage 5, there is also a designated management area (3.7) where the goal is to manage for
sustainable late-successional landscapes:

3.7-201. Manage each contiguous unit within this management area as a late-
successional landscape, so that late-successional structure is always present
within some portion of each unit. OBJECTIVE

A comparison of forest area by structural stage for ponderosa pine forest, between the 1995 RIS inventory
database and 2021 FSVeg Spatial vegetation layer highlights the following trends (table 5):
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Non-stocked areas (SS1) and the total area of seedling stands (SS2) have increased by more than
100,000 acres.

Open, mature stands (SS4A), created through the implementation of shelterwood establishment
cuts, increased during the implementation of the MPBR and other projects with similar objectives.
These treatments reduced the level of the moderately closed to closed mature stands (SS4B and
SS4C).

Overall, more than 150,000 acres of moderately closed and closed stand conditions (SS3B, SS3C,
SS4B, SS4C) have changed through either management, mountain pine beetle activity, fire,
tornados, or a combination of these disturbances to non-stocked areas and open stand conditions
(SS1, SS2, SS3A, SS4A).

The level of moderately closed and closed mature stands (SS4B and SS4C) has decreased by more
than 50,000 acres during this period. Majority of the reduction in 4C stands has been offset by
growth from the immature size classes (SS3B and SS3C).

Late-successional stands (SS5) have been heavily impacted by mountain pine beetle mortality.
Overall, this structural stage has declined by 72% since 1995.
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Table 5. Change in ponderosa pine extent by habitat structural stage on the Black Hills
National Forest, based on the 1995 RIS database and the 2021 FSVeg Spatial layer

2021
FSVeg Percent | Percent
1995 RIS Spatial Change | of Total | of Total
database Layer in Area, Area,
Habitat Structural Stage (acres) (acres) Acres?®? 1995 2021
1 — Grass/Forb 23,502 88,982 65,480 2.3% 8.7%
2 — Shrub/Seedling 10,689 52,938 42,249 1.0% 5.1%
3A — Sapling-Pole (1-9”), 10-40% cover 97,511 95,126 -2,385 9.4% 9.2%
3B — Sapling-Pole (1-9”), 40-70% cover 134,949 54,858 -80,092 13.0% 5.3%
3C — Sapling-Pole (1-9”), > 70% cover 46,767 27,877 | -18,890 4.5% 2.7%
4A — Mature (97+), 10-40% cover 332,392 387,992 55,601 31.9% 37.7%
4B — Mature (9"+), 40-70% cover 258,466 204,145 -54,321 24.8% 19.8%
4C — Mature (9"+), > 70% cover 114,798 110,601 -4,197 11.0% 10.8%
5 — Late Succession (16”+) 22,409 6,156 | -16,253 2.2% 0.6%
Total 1,041,483 1,028,675 | -12,808 | 100.0% 100.0%

Snags and Downed Wood

Snags and downed wood provide numerous benefits such as wildlife habitat, nutrient cycling, and forest
structural complexity (Shepperd and Battaglia 2002). Snags provide habitat for many forms of life,
including fungi, mosses, lichens, and insects. At least 23 birds and 10 mammal species in the Black Hills
depend on snags during a portion of their life history for nest sites, roosts, perches, dens, and foraging
substrate (Shepperd and Battaglia 2002). As such, snag availability and recruitment in the ponderosa pine
ecosystem is a key element of ecological integrity.

Current plan direction related to snags is as follow:

211. *Within a management area in conifer-forested portions of the Forest,
provide an average of 3 hard snags greater than 9-inch dbh and 25 feet high
per acre, well-dispersed across the Forest, 25 percent of which are greater

than 14-inch dbh. (Objective)

2301.

a. *Retain all snags greater than 20-inch dbh unless a safety hazard. If snag
densities within a project area are below Objective 211, retain all snags unless
they are a safety hazard. If large snags (> 14 in dbh) are not available, retain
snags in the largest size class available. This standard does not apply to areas
salvaged under Objective 11-03. STANDARD

b. *Retain at least six hardwood snags per acre in hardwood stands. Retain all
snags in hardwood stands with snag density of less than six per acre.

STANDARD

2304. a. Prohibit cutting of standing-dead trees for fuelwood, except in
designated areas. STANDARD

12 1n 1995, the threshold between structural stage classes 3 and 4 was 8.0 inches dbh. This change in protocol 1995
to 2021 will affect comparisons between areas by size class but not by density class.
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2305. All soft snags should be retained unless they are a safety hazard.
STANDARD

An evaluation of snag abundance within unmanaged stands (Lentile et al. 2000) found no significant
differences in snag densities measured in three regions of the Black Hills N.F. (south, central, north).
Unmanaged areas in the Forest had mean snag densities (all regions) of 17 per acre for dbh greater than 3
inches, 3.6 snags per acre for dbh greater than 10 inches, and 0.33 snags per acre for dbh greater than 20
inches (Lentile et al. 2000). Lentile et al. (2000) also learned the following:

e Snags less than 8-inch dbh dominated the snag population.

o Forage and cavity use by wildlife increases with snag size although small- diameter snags are used
to some degree.

¢ Some wildlife species may (and do) depend on large snags®®.
e Snag distribution (per acre) is relatively even, spatially.

e Snag recruitment is uniform through time.

e Median snag persistence is 15 years.

FIA data was used here to estimate the current number of snags per acre for the ponderosa pine forest
type; these data indicate an average of 21 snags per acre (5 inches dbh or larger)' (table 13 in appendix
A).

Current FIA data indicate there is currently a higher snag density relative to the snag density in
unmanaged areas as reported in Lentile et al. 2000 for snags overall and for snags greater than 10 inches
dbh. Current density of snags greater than 20 inches is less than that reported for unmanaged areas for that
size range. Current snag densities exceed those described for Black Hills old-growth ponderosa pine (a
minimum of 2 per acre at least 10 inches DBH) as described in Mehl (1992). While current snag densities
were not broken out in terms of hard and soft snags, they appear to exceed the amounts described in plan
objective 211.

Snag densities reported in USDA Forest Service (2005) varied across sources; however, the estimate
based on past FIA data (mortality trees per acre 1989-1999) was similar at approximately 23 snags/acre
(5” and larger).

Down woody material is an important element of the ecosystem that helps retain moisture, trap soil
movement, provides habitat and forage for wildlife (such as American marten and many other species),
and provides for the establishment of forbs, grasses, shrubs, and trees.

Current plan direction related to down woody material is as follow:

212. In conifer forested portions of a planning unit, provide at least once
during a rotation (approximately 100 years) an average of 5 to 10 tons per acre
of down, dead woody material at least 3 inches in diameter, provided there is
no conflict with fire or pest management objectives. In the shelterwood
silviculture system, accomplish this through commercial and precommercial
treatments. Provide this tonnage no later than the removal cut (overstory
removal) or a combination of removal cut and precommercial thinning of the
established stand (thinning to be accomplished within 10 years of the removal
cut). (Objective)

13 As one example, northern long-eared bats in the Bearlodge Mountains select roosts in areas with larger diameter
ponderosa pine snags (Abernethy et al. 2019).
14 sampling error percent (68% confidence level) for total snags per acre is 8%.
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2307. Leave large woody debris on harvested or thinned sites to help retain
moisture, trap soil movement, provide microsites for establishment of forbs,
grasses, shrubs, and trees, and to provide habitat for wildlife. GUIDELINE

2308. a. *During vegetation management activities on ponderosa pine forested
sites, retain an average of at least 50 linear feet per acre of coarse woody
debris with a minimum diameter of 10 inches. On white spruce forested sites
retain an average of at least 100 linear feet per acre of coarse woody debris
with a minimum diameter of 10 inches. STANDARD

Current FIA data indicates an average of 5 tons/acre of coarse woody debris™® (3”+) in the ponderosa pine
forest type®®. This has likely increased over time as an earlier estimate for the Black Hills National Forest
for this size class was less than 2 tons/acre (figure 23 in Walters et al. 2013) and will likely increase into
the future as trees killed by mountain pine beetle fall.

Regeneration

Regeneration of ponderosa pine on the Black Hills has historically been prolific (Graham et al. 2021). The
majority of ponderosa pine stands regenerate naturally following timber harvest. Stands that meet desired
stocking levels and have been certified are tracked within the Forest Service ACtivity Tracking System
(FACTS database). On average, since 1997, more than 11,000 acres per year of natural regeneration has
been certified.

While plentiful, ponderosa pine natural regeneration is variable across the forest. Density of natural
regeneration varies by site productivity, seed source abundance, and competing vegetation. Natural
regeneration failures have been rare on the Black Hills except within large, high-severity burn areas
(where there is no or distant seed source), areas where other vegetation suppresses seedlings such as bur
oak, or highly productive sites where grasses rapidly become the dominant vegetation. The need for
planting has been very limited, with the exception of large, high-severity burns such as the Jasper Fire.
Portions of the 2000 Jasper Fire (approx. 50,000 — 60,000 acres) have not regenerated. The ongoing
planting program in the Jasper burn area, initiated in 2003, treats approximately 400 acres annually.

Research is currently investigating post-wildfire regeneration in the Forest!’. Large areas of high severity
fire limit the availability of seed trees and climate-driven drought conditions make it difficult for trees to
establish (Stevens-Rumann et al. 2016). Studies examining the effects of the Jasper Fire, which burned
over 80,000 acres in 2000, suggest limited regeneration in areas that burned at high severities (Lentile et
al. 2005). One study that examined several fires, including the Jasper, indicated that climatic stress was

15 F1A Coarse Woody Debris (CWD): Pieces or portion of pieces of down dead wood with a minimum small-end
diameter of at least 3 inches and a length of at least 3 feet (excluding decay class 5). CWD pieces must be
detached from a bole and/or not be self-supported by a root system with a lean angle more than 45 degrees from
vertical.

16 Sampling error percent (68% confidence level) for coarse woody debris is 43%.

17 Research is currently in progress looking at ponderosa pine regeneration in high-severity fire areas to see how
regeneration density is influenced by distance to seed source, topo-climate, and ground layer conditions, which
will help inform reforestation activities and post-wildfire management. Preliminary results indicate ponderosa pine
seedling regeneration density decreases the further away you get from the edge of a living tree source. Tree
regeneration after fires such as the Jasper fire may only occur where there is still a tree seed source within 50
meters or so (M. Battaglia, personal communication). Additional research is also looking at the reintroduction of
prescribed fire within the Jasper fire perimeter. This prescribed re-burn resulted in reduced coarse fuel loads and a
reduction in ponderosa pine regeneration in both the moderate and high severity areas of the Jasper fire. However,
for the moderate severity areas of Jasper, there was still plenty of ponderosa pine regeneration and the overstory
was still alive, providing a seed source. In the high severity portion of the Jasper fire, regeneration is low, but
variable (M. Battaglia, personal communication).
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one of three factors most strongly associated with post-fire regeneration patterns, along with burn severity
and elevation (Korb et al. 2019).

Non-stocked areas are increasing. The increase in non-stocked area is in part due to the 2000 Jasper Fire,
with stocking and seed sources lost on more than 50,000-60,000 acres of ponderosa pine forest, the
majority of which will not regenerate naturally due to lack of seed source. Some increase in non-stocked
area (table 2) is due to other factors as this change occurred after the 2000 Jasper Fire.

The typically prolific regeneration in the Black Hills is tied to the year-round and growing-season
precipitation experienced, with wet periods resulting in synchronous recruitment of trees across large
areas in the Black Hills (Brown 2006). Although mature ponderosa pine are generally drought-tolerant
and fire-adapted, the species is particularly sensitive to drought conditions during seed germination and
establishment. Mature trees can also be sensitive to a lack of moisture availability during cone
development and masting periods (Rice et al. 2018). As such, decreases in available moisture due to
climate change, particularly during the growing season, could reduce regeneration in the Black Hills
(Timberlake et al. 2022).

In addition, while there may be a benefit for ponderosa pine if there is an increase in winter and spring
precipitation, there is wide variation in future precipitation projections and the increased variability in
moisture availability from year to year may result in increased variability in ponderosa pine regeneration
compared to what is currently experienced (Timberlake et al. 2022).

Patch Size, Quadratic Mean Diameter (QMD), and Spatial Heterogeneity and
Arrangement

As described in Brown and Cook (2006) and Murphy (2017), ponderosa pine forests in the Black Hills
historically®® consisted of a diverse landscape mosaic that varied from nonforested patches and open
stands of very few large trees to quite dense stands with many trees. Although much of the forest was
relatively open, dense patches occurred and contributed to considerable spatial heterogeneity.
Heterogeneity was present not only across the Black Hills but also within smaller patches. Historical
photographs and written accounts document this highly diverse landscape and corroborate conclusions of
recent investigations.

Preliminary research results comparing Black Hills forest structure in 2014 to historical forest structure
(M. Battaglia, personal communication) indicate that:

o Forest basal area was slightly higher in 2014 than it was historically.

e Tree density is 3x higher than historically and quadratic mean diameter is about 4 inches smaller
than historical conditions.

e Historically, uneven-aged forest structure was ubiquitous whereas current management supports
even-aged stands.

e Historically, there was evidence of aggregation of trees in groups, single trees, and openings. Also
evidence of randomly distributed trees. No evidence of uniformly distributed trees.

This ongoing research supports the idea that in the past, the forest was dominated by larger trees than
those currently present. There has also been a simplification in structure within stands and at broader
spatial extents, with the current increased tree density leading to fewer gaps and more even spacing and
size distributions within groups. Current forest conditions are more homogeneous, with higher tree
density and with more continuous canopies and greater fuel continuity, increasing the likelihood of crown
fire (Brown et al. 2008, Brown and Cook 2006, Murphy 2017).

18 Brown and Cook (2006) use 1900 as their point of reference.
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Current conditions and the even-aged management that is typically practiced support a more
homogeneous patch size distribution, with more frequent larger patches and less frequent smaller patches,
relative to historical conditions.

Understory and Variation in Understory

Given competition for light, nutrients, and water, overstory density affects understory productivity and
composition in ponderosa pine forests. Dense ponderosa pine stands support little or no understory
vegetation. In contrast, stands that are more open support varying amounts of graminoids, forbs, and
shrubs depending on site characteristics. In general, as ponderosa pine overstory density increases,
understory plant biomass and species diversity decrease (Shepperd and Battaglia 2002).

Historically, many ponderosa pine woodlands occurred in open, park-like stands with an understory of
shrubs and/or grasses. In the northern Black Hills, where mean annual precipitation is higher, ponderosa
pine grows in denser stands with fewer shrubs and a more herbaceous understory (Murphy 2017).

With the onset of fire exclusion and forest management a century ago, ponderosa pine forests in the Black
Hills became more dense. Dense forests in conjunction with overgrazing in the early part of the century
changed the herbaceous and shrub communities of the Black Hills (Shepperd and Battaglia 2002).
Increased density led to substantial loss in diversity and biomass of understory species (Murphy 2017).

While the diversity of understory species may be highest in more open, less dense stands, total diversity
would be highest if a variety of stocking levels were present and distributed across the landscape;
conditions that were common historically. The heterogeneous forest conditions and resulting understory
diversity would provide the most benefit for wildlife (Shepperd and Battaglia 2002, Uresk and Severson
1998).

Summary of Ecological Integrity

To assess the ecological integrity of each ecosystem, it is helpful to first describe what that ecosystem
would be like if it had high ecological integrity. This provides a reference for comparison with current
ecosystem conditions and illuminates why an ecosystem may have high, low, or moderate ecological
integrity.

Ponderosa pine ecosystems with high ecological integrity experience frequent fires of low to mixed-
severity and cyclic mountain pine beetle epidemics. They are structurally diverse, including open stands
of very few trees (most of them large), but also nonforested areas and some dense stands with many trees.
The ecosystem exhibits high spatial heterogeneity within stands, with a variable spacing of dense groups
of trees, scattered individual trees, and openings. Adequate ponderosa pine regeneration occurs following
disturbance. Forests include a range of age classes and sufficient snags and downed wood to support
wildlife species and other ecosystem services. Larger trees are abundant.

The current ecological integrity of Ponderosa pine is compromised by significant change in the type, size,
and severity of ecological disturbances and by the current forest structure. The higher density of trees, the
smaller size of those trees and more homogeneous spatial pattern result in higher likelihood of high-
severity crown fire. Low resilience of current forest conditions will interact with climate change and
current forest management practices to maintain the current simplified forest structure.

The ecological integrity of the ponderosa pine ecosystem is low and will likely continue to be low in the
future, assuming even-aged vegetation management continues to be the dominant practice, given the
following:

e The extent of ponderosa pine on the Black Hills National Forest is declining while nonstocked
areas are increasing. This will continue as fire becomes more widespread as a result of climate
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change. Fires, particularly mixed-severity fires with large areas of high-severity, such as the Jasper
fire, will likely occur more frequently given climate change and current stand conditions,
potentially converting more area to nonstocked. When high severity fires burn large areas, there
are limited seed trees and climate-driven drought conditions make it difficult for trees to establish.

While the most recent mountain pine beetle epidemic has ended, similar events will occur in the
future, especially given the changing climate. They will occur multiple times during a forest
rotation, having occurred historically approximately every twenty years.

Forest structure across the landscape has been simplified and is not as diverse as the historical
structure. Patch sizes are larger and more homogenous and tree density is higher but composed of
smaller trees. Current forest conditions are more uniform and continuous, with fewer gaps and
more even spacing, increasing the likelihood of crown fire. This is dissimilar to the uneven-aged
and spatially heterogeneous forest structure found historically. These conditions compromise
forest resilience and delivery of ecosystem services. This change in forest structure has likely also
led to a loss in the diversity and biomass of understory species.

There is a clear decline in late-successional habitat resulting from the recent mountain pine beetle
mortality. Additionally, timber management, mountain pine beetle activity, fire, tornados, or a
combination of these have converted more than 150,000 acres of moderately closed and closed
stands to non-stocked areas and open stand conditions.

Regeneration is generally prolific (when seed sources are present and competing vegetation is not
a limiting factor), but high intensity fires and climate change will likely lead to more areas that do
not regenerate and considerably more variable regeneration.

Abundance of snags and down wood appear to be similar to what likely occurred historically in
these forests.

One way to increase the ecological integrity of the ponderosa pine ecosystem would be to increase the
amount of uneven-aged management that is done as this would better mimic the heterogeneity that was
historically found in these forests.

Need for Change

The revised forest plan should:
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Focus on a desired forest structure in ponderosa pine that is more uneven-aged and spatially
heterogeneous as was found historically.

Focus on restoring more frequent surface fire across the ponderosa pine ecosystem.

Have an emphasis on sustaining the existing late successional habitat and take actions to develop
late successional habitat over time.

Focus on increased reforestation via planting, in particular in high-severity fire areas that are not
regenerating due to lack of a seed source.

Revisit the current structural stage classification system, which is most applicable for even-aged,
single species stands rather than uneven-aged and mixed-species stands and is rather subjective.
Future classification system should be appropriately tied to desired conditions for species habitat
requirements.

Revisit how structural stages are included in the plan in a way that is flexible and enables adaptive
management given changing conditions and new information.
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White Spruce

Introduction

White spruce (Picea glauca (Moench) Voss) in the Black Hills is at the extreme southern end of its range
(figure 3). It is disjunct from its primary range by several hundred miles (Burns and Honkala 1990, USDA
Forest Service 1996a). As described in the Black Hills 1997 Plan and Phase Il amendment FEISs (USDA
Forest Service 2005, USDA Forest Service 1996a), white spruce is the most shade tolerant of the Black
Hills tree species, enabling regeneration and growth under closed forest canopies. It is a relatively slow
growing, long-lived species in the Black Hills. White spruce occurs as the climax species on cool mesic
sites such as high elevations, north aspects, and cool canyon bottoms of the Forest. It is found in locally
dense stands on the limestone plateau, Black Fox Canyon, and Spearfish Canyon and extensive stands
occur as far south as the Harney Range and Custer State Park. Seral associates in white spruce
communities include ponderosa pine, aspen, and paper birch (Shepperd and Battaglia 2002).

Unique habitats are a key ecosystem service of the white spruce forests on the Black Hills. The cool,
moist environments of white spruce stands provide habitat diversity in a ponderosa pine dominated
landscape. Late-successional white spruce with its associated structural complexity (i.e., increased
understory vegetation, downed woody debris, and snags), provides habitat for several Forest wildlife
species (USDA Forest Service 2005). Wildlife species that rely on white spruce include American marten
and several rare snails. Several bird species have been found almost exclusively in white spruce forests of
the Black Hills and others were found in higher densities in spruce stands relative to other types (Panjabi
2001). Spruce forests are also used by species such as elk for summer-fall range and thermal and hiding
cover (Shepperd and Battaglia 2002).

The disjunct nature of the Black Hills white spruce population (figure 3) really highlights how unusual
and exceptional this species’ presence in the Black Hills is and its distinctive role and contribution to the
broader landscape. It represents a unique element of biodiversity which extends to its understory
associates.
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Picea glauca

Figure 3. Range map of white spruce (Picea glauca), digital representation of “Atlas of
United States Tree” by Elbert L. Little Jr., U.S. Geological Survey

Black Hills white spruce community types are described in appendix B. These three community types are
all globally imperiled or critically imperiled and two are imperiled in Wyoming, as ranked by
NatureServe. White spruce as a species is also ranked as imperiled in Wyoming (Natureserve 2022).

Current plan direction regarding white spruce is a Landscape Vegetative Diversity (LVD) objective:

239-LVD. *NEW. Manage for 20,000 acres of spruce across the Forest using
active management to achieve multiple-use objectives. Treat spruce within 200
feet of buildings, where spruce has encroached into hardwoods, and for
emphasis species management.

As reported in table 2, white spruce is estimated to occupy 54,282 acres on the Black Hills (2017-2019
FIA data). This is a possible increase (not statistically significant) from an earlier estimate of 51,600,
reported in Walters et al. (2013). Expansion of the white spruce ecosystem was documented in past
monitoring (USDA Forest Service 2015). Historical estimates (from the late 1800s) of white spruce in the
Black Hills are much lower, at 15,000 acres (Graves 1899, USDA Forest Service 1996a). Consequently,
evidence indicates white spruce has expanded since then and currently exceeds the 20,000-acre objective
that is part of the current forest plan. White spruce is absent on the Bearlodge district. The majority occurs
on the Northern Hills district (2021 FSVeg).

Ecosystem Drivers and Stressors

Key drivers and stressors in the white spruce ecosystem include fire and fire exclusion, insects and
disease such as bark beetles and root disease, and climate change.
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Timber harvest has historically been a very minor activity in this type and is not a major driver or stressor.
Harvest of spruce has generally been limited and focused on areas that are pine-dominated/mixed pine-
spruce. However, a spruce vegetation management project is currently under analysis.

Fire and Fire Exclusion

Fire and fire exclusion is a driver in white spruce ecosystems. Historically, this species was especially
susceptible to mortality from fire due to its thin bark and persistent lower limbs. White spruce forest
occurs as a mosaic with pine forest. They naturally have a longer fire return-interval than pine and likely
burned with mixed-severity and with a greater proportion of stand-replacing fires (USDA Forest Service
1996a, Murphy 2017, Landfire 2020). As such, historical fire limited its extent. Accounts from the late
19th century estimate white spruce occupied approximately 15,000 acres in the Black Hills, occurring in
densely stocked stands of 12- to 18-inch dbh trees (Graves 1899, USDA Forest Service 1996a). Fire
exclusion during the last century has promoted climax spruce forests and allowed white spruce to expand
its distribution and increase in abundance and density within stands on the Black Hills (Parrish et al.
1996, USDA Forest Service 1996a).

Historically, other types such as mixed conifer, which were a mix of spruce, pine, and other species such
as aspen and paper birch, were likely more prevalent, and these areas have succeeded to spruce in the
absence of fire. Expansion likely occurred more frequently on gentler slopes and drier sites as these sites
would have experienced more frequent fire and this would have favored pine and other species over white
spruce, maintaining the areas as mixed-conifer. Fire exclusion has likely led to additional larger, more
contiguous areas of white spruce.

Recent expansion may also occur when spruce increases in abundance after pine harvest or pine mortality
due to mountain pine beetle in mixed pine/spruce stands (USDA Forest Service 2015).

Insects and Disease

The most frequent damaging biological agents to spruce are bark beetles, such as spruce beetle
(Dendroctonus rufipennis) or spruce engraver beetles (Ips spp.) and root diseases, such as Armillaria (A4.
solidipes and A. sinapina). White spruce in the Black Hills is also relatively susceptible to internal decay
caused by red ring rot (Porodaedalea pini) (Allen et al. 2019, Allen et al. 2021).

While bark beetles have killed trees in large numbers across other parts of white spruce’s range, and
spruce is susceptible to root diseases that can lead to tree decline and death, recent aerial and ground
surveys detected only scattered spruce mortality in the Black Hills. White spruce on the Black Hills
appears to be in good health with very little recent mortality (about 1 to 2% mortality per year, which is
estimated as similar to natural or expected mortality levels (Allen et al. 2019, Allen et al. 2021).

Surveys found no groups or pockets of mortality, but more single, scattered dead trees. Most of the
recently dead trees had evidence of both Ips spp. and Armillaria root rot. Evidence of spruce beetle was
found but was less common (Allen et al. 2019, Allen et al. 2021). Around 25% of mature trees sampled
had some level of internal decay from red ring rot or other decay organisms. These decays can cause tree
failures as they become more extensive over time (Allen et al. 2021).

Currently, mortality from insects or diseases do not raise concern about the future integrity of white
spruce ecosystems on the Black Hills (Allen et al. 2019).

Climate Change

Information about white spruce that is specific to the Black Hills is much less common than information
about this species that was collected in other parts of its range, such as the boreal forests in Canada and
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Alaska. As described more fully in Timberlake et al. (2022), research indicates that white spruce is not
well-adapted to drought and a lack of moisture availability limits its growth.

Black Hills white spruce ecosystems represent a spatially disjunct population of the species occurring far
south from the rest of the species’ range, suggesting the population may be particularly vulnerable as
suitable climate for the species shifts northward. However, it may be that the colder, wetter sites that
white spruce occupies in the Black Hills will continue to function as refugia for the species into the future
(Timberlake et al. 2022).

White spruce is vulnerable to fire as it has relatively thin bark and branches near the ground. More
widespread fire as a result of climate change thus may reduce the prevalence of white spruce, particularly
in places where the species has expanded due to fire exclusion, including drier meadows. However, if
fires do not reach colder, wetter sites, these sites may continue to function as refugia (Timberlake et al.
2022).

Key Ecosystem Characteristics

Connectivity

The white spruce forests of the Black Hills provide high quality habitat for various wildlife species, but
particularly for American marten, which were re-introduced into the Forest in the 1980s and 90s. Two
core areas support American marten, one in the Northern Hills and one in the Norbeck Wildlife
Preserve/Black Elk Wilderness in the central Black Hills. Connectivity between these two areas is
important for dispersal between sub populations. This is recognized in the current Black Hills forest plan,
which states:

3215. *In areas identified as important connectivity corridors for marten,
maintain canopy closure of at least 50 percent. STANDARD

A range of vegetation treatments are allowed in these corridors, but maintenance of at least 50% canopy
closure is key. While corridors need to be forested, hardwoods or other forest types besides spruce can
provide the cover needed.

Diversity of White Spruce Size, Density, and Age Classes

FIA plot data provides the most current information regarding the white spruce forest type (table 6, figure
4). In this type, trees reach up to 25” dbh. Unsurprisingly, most of the trees present in areas classified as
white spruce are white spruce (73%), with ponderosa pine (15%), aspen (8%), and paper birch (4%) also
present.

FIA seedling data (less than 1” dbh) for the white spruce forest type estimates, on average, more than 800
seedlings/acre®®, with about half of those (51%) white spruce seedlings and the rest being seedlings of
other species. White spruce seedlings can be found underneath existing canopies. It is the most shade
tolerant of the Black Hills tree species, enabling growth and survival under closed forest canopies. There
is currently enough seed sources and regeneration that this species is capable of sustaining itself. Recent
forest health surveys have also found abundant regeneration in white spruce stands, dominated by white
spruce, with no noticeable death or decline in the regeneration (Allen et al. 2019, Allen et al. 2021).

19 Sampling error percent (68% confidence level) is 27%.
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Table 6. Number of live trees, by diameter class, white spruce forest type, on the Black Hills National Forest, based on the
2017-2019 FIA data

[Sampling error percent (68% confidence level) is highly variable across species and size classes, ranging from 23 to 118%.]

Percent of Percent of Percent of Percent of Percent of
Diameter White Total Live | Ponderosa | Total Live Paper Total Live Total Live Total Total Live
Class Spruce Trees Pine Trees Birch Trees Aspen Trees All Species Trees
1-2.9" 4,867,225 25.6% 789,974 4.2% 619,026 3.3% 562,193 3.0% 6,838,419 35.9%
3-4.9" 3,801,245 20.0% 824,460 4.3% - - 393,287 2.1% 5,018,993 26.4%
5-6.9" 1,462,146 7.7% 496,478 2.6% 124,094 0.7% 254,854 1.3% 2,337,572 12.3%
7-8.9" 1,233,298 6.5% 270,030 1.4% 13,450 0.1% 194,532 1.0% 1,711,310 9.0%
9-10.9" 809,449 4.3% 56,988 0.3% 13,450 0.1% 60,175 0.3% 940,063 4.9%
11-12.9" 485,877 2.6% 43,538 0.2% - - 31,535 0.2% 560,950 2.9%
13-14.9" 549,961 2.9% 67,779 0.4% - - - - 617,740 3.2%
15-16.9” 311,322 1.6% 132,061 0.7% - - - - 443,383 2.3%
17-18.9” 225,688 1.2% 67,779 0.4% - - - - 293,467 1.5%
19-20.9” 61,476 0.3% 66,186 0.3% - - 16,491 0.1% 144,152 0.8%
21-22.9 67,633 0.4% 41,945 0.2% - - - - 109,577 0.6%
23-24.9” - - 16,491 0.1% - - - - 16,491 0.1%
Total 13,875,319 72.9% 2,873,711 15.1% 770,020 4.0% 1,513,068 8.0% | 19,032,118 100.0%
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Live Trees By Species and DBH Class, White Spruce
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Figure 4. Diameter distribution of live trees, white spruce forest type, by species

White spruce forest age classes range from 10 years or younger up to 170 years, with most of the acreage
in the 60—100-year age range and more than half 80 years or older (figure 5). Very little area is in the
youngest age classes. This is in agreement with observations by Peter Brown that it is difficult to locate
older white spruce and most individuals are less than 150 years old and many established since fire
exclusion began (Murphy et al. 2017). The lack of younger age classes is likely due to the lack of recent
disturbance in white spruce.

Acres of the White Spruce Forest Type by Age
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Sampling error percent (68% confidence level) varies by age class and ranges from 46 to 108%.

Figure 5. Extent of white spruce forest type by dominant age class from 2017-2019 FIA
data
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Currently 54,282 acres of the white spruce forest type occur on the Black Hills based on FIA. Most of the
ecosystem (76%) is in the large diameter stand-size class, with much smaller amounts in the small (16%)
and medium diameter stand-size classes (8%) (table 7).

The density class distribution, based on the 2017-2019 FIA data, indicates that most of the white spruce
forest type is in the 41-80 or 81-120 square feet/acre density classes (table 7).

Looking collectively at both the stand-size class and density class distribution, a quarter of the white
spruce type is in the large diameter stand-size class and the 41-80 square feet/acre density class and just
over a quarter is in the large diameter stand-size class and 81-120 square feet/acre density class.

Table 7. Current extent of white spruce forest type by density class and stand-size
classes within each density class on the Black Hills National Forest, based on FIA data

[Sampling error percent (68% confidence level) is highly variable across categories, ranging from 24 to 118%.]

Density Class Acres in Small Acres in Medium Acres in Large Total Acres (All
based on Live Diameter Stand-Size Diameter Stand- Diameter Stand- Stand-Size
Basal Area class Size Class Size Class Classes)

0-40 sqft/acre 3,125 (5.8%) - 2,740 (5.0%) 5,865 (10.8%)
41-80 sqft/acre 5,389 (9.9%) 2,235 (4.1%) 13,342 (24.6%) 20,967 (38.6%)
81-120 sqft/acre - 2,235 (4.1%) 15,519 (28.6%) 17,754 (32.7%)
120+ sqft/acre - - 9,697 (17.9%) 9,697 (17.9%)
Ef;g's(e‘;')' Density 8,514 (15.7%) 4470 82%) | 41,298 (76.1%) | 54,282 (100.0%)

Snags and Downed Wood

Snags and downed wood provide numerous benefits such as wildlife habitat, nutrient cycling, and forest
structural complexity (Shepperd and Battaglia 2002).

Current plan direction related to snags indicates that in conifer areas, there is an objective of an average of
3 hard snags greater than 9-inch dbh and 25 feet high per acre, well-dispersed across the Forest, 25
percent of which are greater than 14-inch dbh as well as a focus on retention of soft snags and snags
greater than 20-inch dbh.

Current FIA data indicate an average of about 28 snags/acre (5” and larger) in the white spruce forest
type?®. The amount and size distribution of these snags (table 14) indicates that snag levels in the white
spruce type likely exceed those described in the above-mentioned forest plan objective.

Down woody material is an important element of the ecosystem that helps retain moisture, trap soil
movement, provides habitat for wildlife (such as American marten), and provides for the establishment of
forbs, grasses, shrubs, and trees.

The current Black Hills National Forest plan directs retention of coarse woody debris during vegetation
management. On white spruce sites, this plan standard requires retention of at least 100 linear feet per
acre of coarse woody debris with a minimum diameter of 10 inches. There is also an objective that in
conifer forested portions of a planning unit, that at least once during a rotation, an average of 5 to 10 tons
per acre of down, dead woody material at least 3 inches in diameter should be provided.

20 sampling error percent (68% confidence level) for total snags per acre is 28%.
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Given fire exclusion and the very limited management in white spruce, down woody material is likely
near-natural levels or higher.

When down wood data was queried by forest type using the public Evalidator website (2/4/22), no data
for the white spruce forest type was present

Summary of Ecological Integrity

To assess the ecological integrity of each ecosystem, it is helpful to first describe what that ecosystem
would be like if it had high ecological integrity. This provides a reference for comparison with current
ecosystem conditions and illuminates why an ecosystem may have high, low, or moderate ecological
integrity.

The ecological integrity for the white spruce ecosystem would be high if this ecosystem occupied its
ecological niche of cool mesic sites (high elevations, north aspects, and cool canyon bottoms) and
occupied an area similar to its historical extent of 15,000 acres. Fires would occur as they did historically,
burning with mixed-severity and a longer fire return-interval with a higher proportion of stand-replacing
fires than pine. Insects and disease would occur at endemic levels. The ecosystem is diverse in terms of
tree sizes, density, and age, and downed wood and snags are present in sufficient quantities to support
wildlife species and other ecosystem services. Species composition would be dominated by white spruce
with incidental levels of pine and hardwoods.

Pure Spruce Areas

Areas of mostly pure spruce, where it existed historically on cool mesic sites, currently exhibit moderate
to high ecological integrity. The ecological integrity of the white spruce ecosystem on these sites will
likely be at least moderate in the future if current management levels and forest plan direction continues.
This is because these areas would tend to have longer fire return intervals and a greater presence of stand-
replacing fire and would therefore be less impacted by fire exclusion. The white spruce on the Black Hills
appears to be in good health with mortality that is in the realm of natural or expected mortality levels
(Allen et al. 2019, Allen et al. 2021). Climate change compromises the status of white spruce ecosystems
and therefore the future trend may be toward moderate ecological integrity.

Mixed-Conifer Areas

Mixed-conifer areas would have had higher levels of pine and hardwoods under a more frequent fire
regime that was consistent with the natural range of variation. Many mixed-conifer areas that have
succeeded to spruce due to fire exclusion occur on gentler slopes and drier sites. These stands currently
exhibit moderate and declining ecological integrity. These sites would have higher ecological integrity if
restored to their historic species composition (pine with spruce and other species such as aspen and paper
birch) and structure, with fire acting in its natural role and preventing these areas from succeeding to
spruce.

In terms of diversity of white spruce ecosystem size, density, and age classes, most of the white spruce
ecosystem on the Black Hills is in the large diameter stand-size class and 60-100 years old. Tree size class
and seedling plot data indicate there are many small trees and suggest that white spruce regeneration and
recruitment is occurring. There are enough seed sources and regeneration that this species is capable of
sustaining itself.

Current data indicates an abundance of snags in the white spruce forest type. Given fire exclusion and the
very limited management that is done in white spruce, down woody material should be at near-natural
levels or higher.
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White spruce, with its isolated population in the Black Hills, is likely more vulnerable to changes in
climate. It is not well-adapted to drought conditions and more widespread fire may reduce the prevalence
of this species on the landscape. Even so, the Black Hills may continue to support refugia population of
this species, particularly in colder, wetter locations, assuming fires do not reach these areas.

White spruce provides habitat diversity in a landscape dominated by ponderosa pine. Late-successional
white spruce with its associated structural complexity (i.e., increased understory vegetation, downed
woody debris, and snags), provides habitat for several Forest species and many rare plants in the Black
Hills. These and other ecosystem services will likely continue to be provided in the future given the
current and likely future ecosystem integrity of white spruce on the Black Hills.

Need for Change
The revised forest plan should:

¢ Revisit the white spruce plan direction (239-LVD). This direction indicates to manage for 20,000
acres of spruce across the Forest using active management to achieve multiple-use objectives.
There is a need to revisit desired conditions for white spruce and re-assess thresholds needed for
species habitat. Current white spruce direction is simple and may need to be more nuanced in
terms of how different types of spruce-dominated forest in different areas across the Forest is
managed.

¢ Include monitoring of white spruce to keep track of what is happening to this species, given its
uniqueness and vulnerability to climate change.

Aspen

Introduction

Quaking aspen (Populus tremuloides Michx.) is the most widely distributed tree species in North
America. It’s an early colonizing, sprouting, clonal species that depends on periodic disturbances,
primarily fire, for regeneration and to reduce competition. Aspen forests are scattered throughout the
Black Hills, but are more predominant in higher, more mesic northwestern portions of the Forest and in
the Bear Lodge Mountains (Shepperd and Asherin 2004). Aspen is a short-lived species, typically living
for less than 80 to 100 years.

Aspen forests in the Black Hills provide a variety of ecosystem services. They add ecological diversity,
provide forage and cover for various wildlife species, are an important component of watersheds, and
have high aesthetic value (Blodgett et al. 2020). Aspen patches function as natural fuel breaks during
wildfires (Howard 1996).

As described in the Black Hills Phase Il Amendment FEIS (USDA Forest Service 2005), forage
production in aspen and other hardwood communities is three to six times higher than typical conifer
stands and is comparable to some grasslands (Burns and Honkala 1990). Hardwood stands also have
higher diversity of understory species than do pine stands (USDA Forest Service 1996a). Hardwood
forests, with their associated understory shrub components, are an important source of forage for all
browsing ungulates, especially white-tailed deer.

Aspen stands often support an abundance and diversity of bird species. Panjabi (2001) detected high
densities of 23 bird species in Black Hills aspen stands. Several Forest emphasis species are dependent on
aspen for forage, including ruffed grouse and beaver (Shepperd and Battaglia 2002). Other species, such
as Black Hill’s redbelly snake and northern leopard frog, capitalize on the moist site conditions where
aspen is found (SAIC 2003b).
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There are four aspen community types in the Black Hills: aspen/beaked hazel, aspen/bracken fern,
aspen/spiraea, and aspen/chokecherry which are discussed further in appendix B. Three of these are
ranked as critically imperiled, imperiled, or vulnerable in Wyoming by NatureServe (NatureServe 2022).

The main plan direction regarding aspen is a Landscape Vegetative Diversity (LVD) objective:

201. *Manage for a minimum of 92,000 acres of aspen (double current aspen
acres), and 16,000 acres of bur oak (approximately 33 percent increase) in
current bur oak during the life of the Plan. The highest priority for hardwood
restoration is where conifers (e.g., spruce and pine) have out-competed aspen
adjacent to riparian systems that once supported beaver. Increases in bur oak
will be focused away from the Bear Lodge Mountains.

Aspen is estimated to occupy 70,115 acres in the Forest and is declining (table 2). In some areas, prolific
pine regeneration has contributed to the decrease in aspen and aspen stands have been replaced by pine
and spruce on parts of the Forest (USDA Forest Service 2015).

Ecosystem Drivers and Stressors

Key drivers and stressors in aspen include succession, fire and fire exclusion, forest management that
traditionally favors pine regeneration over aspen, grazing from livestock and wild ungulates, insects and
disease, the loss of beavers, and climate change. These drivers and stressors interact with one another
providing the opportunity to influence the integrity of aspen ecosystems.

Fire and Fire Exclusion

Aspen generally is a fire-induced successional species that frequently dominates soon after fire (Mueggler
1985, USDA Forest Service 1996a). While aspen can either be seral to other forest types or climax/stable
aspen (Mueggler 1985), the majority of aspen forests are seral. While stable aspen communities have
been documented in the Black Hills (Severson and Thilenius 1976), aspen in the Black Hills is considered
successional and rarely occurs in stable stands that will not be replaced by other tree species in the
absence of disturbance (Shepperd and Asherin 2004).

In these seral aspen stands, as described in the Black Hills 1997 Forest Plan FEIS (USDA Forest Service
1996a):

Once the aspen canopy is established, conifers that are more shade tolerant trees
begin to grow in the understory. Through time, as the conifers establish
dominance in the overstory, aspen gets crowded out, eventually disappearing
(Mueggler 1985). As long as disturbances continue, seral aspen can be
maintained indefinitely, assuming no other clonal mortality. Aspen stands can
even be regenerated by a few residual individuals in a conifer stand (Johnston
and Hendzel 1985). In the Black Hills there is considerable evidence that
ponderosa pine is replacing seral aspen through succession.

Fire exclusion on the Black Hills during most of the 20" century limited disturbance, resulting in a trend
of decreasing aspen on the Black Hills. Aspen is being replaced by ponderosa pine and spruce on part of
the Forest. Given fire exclusion has favored ponderosa pine over aspen and other hardwoods, it is
reasonable to assume that the acreage of aspen was more extensive prior to 1874 than it is today (Parrish
et al. 1996).

Given the early colonizing, sprouting nature of aspen, fire and other disturbances lead to the maintenance
of this species on the landscape (Shepperd and Asherin 2004). When stand-replacing fire occurs, high
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severity fire can result in mortality of an entire aspen clone. This occurred in the Forest during the Jasper
fire in 2000: some new clones were discovered, but others were lost.

Forest Management

Given the need for disturbance to maintain aspen on the landscape, forest management practices that have
favored management and regeneration of pine over management and regeneration of aspen have also had
an effect on this ecosystem and its extent. Aspen is not a commercial timber species on the Black Hills.
Therefore, harvest and regeneration of aspen has not historically been part of the timber program. Aspen
restoration has been a minor component of management and is done at a much smaller scale than
management of ponderosa pine. These treatments are termed hardwood restoration - conifers are removed
from existing aspen stands or patch cutting is employed around aspen clones to reduce competition and
favor sprouts. Aspen/hardwood restoration treatments increased with implementation of the BHRL project
and other smaller projects. However, together these treatments are small in scale, at 100s to up to 1,000
acres per year. Smaller aspen restoration treatments (removing conifers from within and adjacent to small
(< 5 acres) aspen clones within commercial timber units) also occur in the Forest.

Grazing

Grazing from livestock and wild ungulates is a stressor in aspen ecosystems. Aspen shoots are palatable,
and heavy grazing can result in the complete loss of an aspen clone (Parrish et al. 1996). While one study
suggested browsing did not serious reduce regeneration, regeneration failures were observed (Shepperd
and Asherin 2004). Extensive and atypical browsing of aspen sprouts was observed in the Jasper fire arca
in 2004 in clones killed in the fire, suggesting immediate management action may have been needed to
avoid the loss of the aspen clones (Shepperd and Asherin 2004). Observations of the Forest indicate that
browsing by cattle and wild ungulates reduces aspen cover and regeneration. Fencing and similar
measures to prevent this browsing are difficult to implement at large scales. Aspen restoration treatments
include hinging, which creates a physical barrier to prevent browsing. Instead of cutting pine completely
down, hinging fells the tree while maintaining the stem’s connection to the stump. This deters browsing
from cattle and wildlife, but is visually unappealing and leads to higher fuel loads than pine removal.
Alternatively, during thinning prescriptions, slash heights are left a little higher to reduce browsing on
sprouting stems, but this also equates to higher fuel loads.

Surveys evaluating aspen vigor on the Black Hills find browsing and canker damage represent the main
damage agents reducing aspen regeneration (Blodgett et al. 2017). Cankers were frequently associated
with browse damage, suggesting browsing is an important infection route for the damaging canker fungi.

Insects and Disease

As aspen stands age, they become more susceptible to insects and disease (Parrish et al. 1996). As
described in USDA Forest Service (2005), aspen can host a wide variety of insects including defoliators,
borers, and suckers (Burns and Honkala 1990). Some insect species in the Black Hills that target aspen
include: tent caterpillar, large aspen trorix, and aspen leaf beetle (USDA Forest Service 1996a). In most
cases, native insects are a natural part of the ecosystem and diverse, vigorous forests inhibit serious
infestations (USDA Forest Service 1996a).

Recent aspen mortality from insects and disease has been low on the Black Hills, with no significant
broad scale tree mortality occurring, though some individual stands had higher mortality (Blodgett et al.
2020). Endemic levels of observed tree mortality were due to three damage agents: aspen trunk rot, sooty
bark canker, and Cytospora canker. The most common boring insects, poplar borer and bronze poplar
borer, were uncommon in 2019 and other minor damage agents included Ganoderma root disease and
other canker diseases.

33



USDA Forest Service

Beaver and the Loss of Beavers

The drastic reduction in beaver populations using the riparian aspen forests on the Black Hills is a
stressor. Aspen is a preferred food and building material for beavers. Beaver activities stimulate aspen
regeneration, both through cutting and restoring hydrologic function in riparian areas. Reintroducing
beavers can restore riparian processes, increase aspen growth and diversity, and buffer ecosystem
sensitivity to extended drought (Bennett et al. 2019).

Climate Change

Climate change functions as a system stressor and driver in the forested ecosystems in the Black Hills. As
described more fully in Timberlake et al. 2022, key aspects of aspen exposure to climate change include
changes in moisture availability, increasing durations and severity of drought, and extreme temperatures
(Rice et al. 2017). In general, moisture stress is a significant driver of aspen mortality, and severe drought
events are associated with aspen dieback. Aspen in more xeric sites is particularly vulnerable (Frey et al.
2004; Worrall et al. 2013). In the Black Hills, current aspen distribution is correlated with moisture
availability, and thus may change as climate change reduces moisture availability (Shepperd and Battaglia
2002). High temperatures also directly affect aspen and its photosynthesis.

Aspen stands in the Black Hills are primarily located on north-facing aspects or in sites that otherwise
have wetter conditions (Severson and Thilenius 1976). These types of sites may continue to support aspen
under warmer drier future climates; however, the fact that the species already occupies the upper
elevational range of the Black Hills and its preference for these moist sites suggests aspen ecosystems on
portions of the Forest may be vulnerable to drier future conditions.

Fire generally promotes aspen as the species resprouts following disturbance and frequent fires reduce
conifer competition (Rice et al. 2017). Aspen may benefit from ongoing and projected increases in area
burned due to climate change, especially if these trends include an increase in area burned at high
severity. However, aspen is vulnerable to severe drought that also drive increases in fire (Rice et al. 2017;
Worrall et al. 2013). Aspen expansion resulting from more widespread fire may thus be moderated by
drought-caused mortality.

Key Ecosystem Characteristics

Diversity of Aspen Size, Density, and Age Classes

FIA plot information provides the most current estimate of size and species of trees within the aspen type
(table 8, figure 6). FIA plot data indicates aspen trees within aspen ecosystems reach about 13 inches dbh
and ponderosa pine trees reaching 27 dbh. Most trees in aspen stands are aspen (59%), with ponderosa
pine (27%), bur oak (12%), paper birch (1%), white spruce (<1%), and Rocky Mountain juniper (<1%)
being the other species present.

FIA seedling data (less than 1> dbh) indicates on average about 2100 seedlings/acre®! in aspen stands, but
only about a third of those (37%) are aspen seedlings - the majority are seedlings of other species, such as
serviceberry (26%), bur oak (18%), and ponderosa pine (13%). Another source (Blodgett et al. 2020)
found that aspen regeneration, on average, was 296 stems per acre in 2019. Competing woody vegetation
(and possibly non-woody vegetation) explains the low aspen regeneration, with aspen making up only
66% of the regeneration. A few stands’ regeneration was also damaged by Marssonia leaf blight. Overall,

2L sampling error percent (68% confidence level) is 24%.
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the number of aspen seedlings and saplings has declined on the Black Hills and this decreasing trend
continued into 2019. Looking at sapling data (1-5" dbh), 62% are aspen while 38% are other species.
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Table 8. Number of live trees, by diameter class, aspen forest type, on the Black Hills National Forest, based on the 2017-
2019 FIA data

[Sampling error percent (68% confidence level) is highly variable across species and size classes, ranging from 25 to 101%.]

Per- Per- Per- Per- Per-
Per- cent cent cent cent cent

cent of of of of of of Percent
Total Total Total Total Total Rocky Total of Total

Diam. Live Ponderosa Live Live Paper Live White Live Mtn. Live Total All Live

Class Aspen Trees Pine Trees Bur Oak Trees Birch Trees Spruce | Trees | Juniper | Trees Species Trees
1-2.9" 9,463,598 | 35.0% | 3,885,132 | 14.4% | 1,913,490 7.1% - - - - - - | 15,262,220 56.5%
3-4.9" 3,791,369 | 14.0% | 1,067,137 4.0% 902,957 3.3% | 205,220 | 0.8% - - - - 5,966,683 22.1%
5-6.9" 1,196,444 4.4% 682,534 2.5% 276,395 1.0% 87,558 | 0.3% 16,491 | 0.1% - - 2,259,422 8.4%
7-8.9" 981,971 3.6% 441,673 1.6% 81,553 0.3% 84,092 | 0.3% 16,491 | 0.1% - - 1,605,780 5.9%
9-10.9" 500,602 1.9% 522,363 1.9% - - - - 52,748 | 0.2% | 16,491 | 0.1% 1,092,203 4.0%
11-12.9" 40,776 0.2% 296,326 1.1% - - - - 36,257 | 0.1% - - 373,360 1.4%
13-14.9" - - 178,859 0.7% - - - - - - - - 178,859 0.7%
15-16.9” - - 87,367 0.3% - - - - - - - - 87,367 0.3%
17-18.9” - - 123,230 0.5% - - - - - - - - 123,230 0.5%
19-20.9” - - - - - - - - - - - - - -
21-22.9” - - 16,491 0.1% - - - - - - - - 16,491 0.1%
23-24.9” - - 18,129 0.1% - - - - - - - - 18,129 0.1%
25-26.9” - - 18,129 0.1% - - - - - - - - 18,129 0.1%
Total 15,974,761 | 59.2% | 7,337,370 | 27.2% | 3,174,395 | 11.8% | 376,869 | 1.4% | 121,986 | 0.5% | 16,491 | 0.1% | 27,001,871 | 100.0%
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Live Trees By Species and DBH Class, Aspen Forest
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Figure 6. Diameter distribution of live trees, aspen forest type, by species

The age class of aspen varies from 0 to 140 years (figure 7). While the 50—70-year age class dominates,
the distribution is generally uniform. The age structure suggests that about half the aspen is at or nearing
the end ofits typical life span, with 55% estimated at 60 years or older. Only about 25% is in the youngest
age classes (0-40 years).

Acres of the Aspen Forest Type by Age Class
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Sampling error percent (68% confidence level) is highly variable across age classes, ranging from 45 to 101%.

Figure 7. Extent of aspen forest type by dominant age class from 2017-2019 FIA data
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FIA data estimates 70,115 acres of the aspen forest type. About half of this acreage is in the small
diameter stand-size class (36,220 acres) and about half of this is in the medium diameter stand-size class
(33,895 acres) (table 9).

The density class distribution, based on the FIA data, indicates that most of the aspen type is in the 0-40
and 41-80 square foot density classes and a small amount (12%) in the 81-120 square foot density class
(table 9).

Table 9. Current extent of aspen forest type by density class and stand-size classes
within each density class on the Black Hills National Forest, based on FIA data

[Sampling error percent (68% confidence level) is highly variable across categories, ranging from 27 to 75%.]

Density Class
based on Live
Basal Area

Acres in Small
Diameter Stand-Size
Class

Acres in Medium
Diameter Stand-
Size Class

Acres in Large
Diameter Stand-
Size Class

Total Acres (All
Stand-Size
Classes)

0-40 sqft/acre

18,011 (25.7%)

13,560 (19.3%)

31,571 (45.0%)

41-80 sqft/acre

14,099 (20.1%)

16,021 (22.8%)

30,120 (43.0%)

81-120 sqgft/acre

4,110 (5.9%)

4,314 (6.2%)

8,425 (12.0%)

Total (All Density

36,220 (51.7%)

33,895 (48.3%)

70,115 (100.0%)

Classes)

Snags and Downed Wood

Plan direction related to snags has been discussed previously in the ponderosa pine section. Of note here
is that current plan direction for hardwood stands such as aspen is to:

b. *Retain at least six hardwood snags per acre in hardwood stands. Retain all
snags in hardwood stands with snag density of less than six per acre.
STANDARD

Current FIA data indicates an average of about 32 snags/acre (5” and larger)? in the aspen forest type.
This exceeds the six snags per acre in hardwood stands described in the standard above.

Current FIA data estimates an average of 2.4 tons/acre of downed wood (coarse woody debris only, 37+)%
in the aspen forest type.

Summary of Ecological Integrity

To assess the ecological integrity of each ecosystem, it is helpful to first describe what that ecosystem
would be like if it had high ecological integrity. This provides a reference for comparison with current
ecosystem conditions and illuminates why an ecosystem may have high, low, or moderate ecological
integrity.

Aspen systems with high ecological integrity experience moderately frequent fire, low amounts of grazing
and browsing, historical levels of insect and diseases, and, in riparian areas, are supported by the activity
of beaver. Aspen systems with high ecological integrity are diverse in terms of tree sizes, stand density,
and age classes, support native, diverse understories, and downed wood and snags are present. Healthy

22 sampling error percent (68% confidence level) is 14%.
23 Sampling error percent (68% confidence level) is 33%.
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aspen systems (across the landscape) will have area in young size classes (without encroachment) as well
as older stands.

The ecological integrity of the aspen ecosystem in the Forest is moderate. Integrity is declining and will
likely be low in the future as summarized here.

Overall, aspen extent is declining in the Forest due to prolific pine regeneration and replacement by pine
and spruce in portions of the Forest. Fire exclusion has reduced disturbance and forest management
practices that favor pine over aspen have led to a reduction in the extent of aspen and the vigor of existing
stands as a consequence of uninterrupted forest succession. Aspen restoration treatments occur at a small
scale and are not contributing significantly to the ecological integrity of aspen; the pace of aspen loss to
succession is greater than the pace of restoration at the spatial extent of the Forest. Prescribed fire benefits
aspen ecosystems and increases ecological integrity of aspen. However, as described in the fire and fuels
assessment, prescribed fire is not implemented at a pace and scale to have a broad impact.

Grazing from livestock and wild ungulates is a stressor in the aspen ecosystem and fencing and other
similar measures to prevent this browsing are difficult to do at large scales, with browsing also being an
important infection route for canker fungi. The reduction in beavers in the riparian aspen forests on the
Black Hills is a stressor given beavers stimulate aspen regeneration and restore ecosystem processes.

There is some concern about aspen regeneration. One recent forest health protection report found that the
number of aspen seedlings and saplings has declined on the Black Hills and this decreasing trend
continued into 2019 (Blodgett et al. 2020). Only about 25% of the acreage is in the youngest age classes
(0-40 years). And while there are aspen seedlings in the aspen forest type, the majority are seedlings of
other species. Given aspen is short-lived, the age class distribution indicates that about half the aspen is at
or nearing the end of its typical life span, with 55% estimated at 60 years or older.

Under a changing climate, as described more fully in Timberlake et al. 2022, there will be both beneficial
and detrimental effects to aspen on the Black Hills. Aspen resprouts after fire and will likely benefit if fire
becomes more prevalent in the future. But the species is also vulnerable to moisture stress and severe
drought conditions, which are tied to higher aspen mortality. Aspen in more xeric sites is particularly
vulnerable. Increases in temperature may be challenging for aspen as well.

Need for Change
The revised forest plan should:

e Continue with the emphasis on increasing the extent of the aspen ecosystem. A higher emphasis
on aspen restoration treatments and prescribed fire is needed in order to realize an increase given
recent decreases in the extent of this ecosystem.

o Focus on identifying aspen clones that are in decline or those that are in need of immediate
intervention as that is important to maintaining aspen in the Black Hills.

o Revisit the current objective of 92,000 acres of aspen. Additional direction tied to maintaining a
variety of aspen age classes, restoring a particular amount per year, or establishing particular areas
to focus on may be desirable.

e Maintain an emphasis on reintroduction of beavers and restoration of conditions that favor beavers
given their beneficial impacts on aspen regeneration, diversity, and ecosystem processes.
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Bur Oak

Introduction

Bur oak (Quercus macrocarpa) is a drought and fire tolerant tree. In the Black Hills, bur oak is at the
western most extent of its range (Burns and Honkala 1990; Shepperd and Battaglia 2002). Bur oak, often
in association with ponderosa pine, can be found in large stands in the northern and eastern parts of the
Black Hills (Marriot et al. 1999). Along the edges of the Black Hills, relatively large bur oak trees are
found in ravines and in riparian areas (USDA Forest Service 1996a). Bur oak can regenerate by seed or by
root or stump sprouting, and fire is an important factor in oak establishment (USDA Forest Service
1996a).

Key ecosystem services provided by the bur oak ecosystem include wildlife habitat and forage and
cultural value. Bur oak is important habitat and forage for many wildlife species, including Merriam’s
turkey (Shepperd and Battaglia 2002), white-tailed deer (Sieg and Severson 1996, Severson and Kranz
1978), and red-eyed vireo (Panjabi 2001). Native Americans ground acorns into meal to make mush,

soup, or bread. Bark from the roots of bur oak was medicinal for bowel trouble and the bark was also used
to make an astringent to treat wounds, sores, insect bites, poison oak, and other ailments. A compound
with wood and bark was also used to expel pinworms (Larson and Johnson 2007, USDA NRCS plant
guide for bur oak).

Three upland community types have been identified for bur oak in the Black Hills: bur oak/chokecherry -
western snowberry woodlands, bur oak/sedge woodlands, and bur oak/ironwood forest (Marriott and
Faber-Langendoen 2000a, Hall et al. 2002, Marriott and Faber-Langendoen 2000b) and are described in
appendix B. Some Black Hills Region 2 sensitive species and species of local concern, such as bloodroot
(Sanguinaria canadensis), are associated with the bur oak-ironwood community type (Hall et al. 2002).
All three of these community types are globally vulnerable, imperiled or critically imperiled as well as
imperiled or critically imperiled in Wyoming based on NatureServe rankings (Natureserve 2022). As a
species, bur oak is ranked as imperiled in Wyoming. However, it appears to be doing well in the Bear
Lodge Mountains.

There are geographic differences in bur oak across the Forest. Bur oak in the northwest part of the Black
Hills (Bear Lodge Mountains) tends to be scrubby and smaller in stature; bur oak areas in the northern
and eastern Black Hills tend to have larger trees. These larger bur oak trees tend to be more beneficial for
wildlife. While the shrub form of bur oak will produce acorns if they grow large enough, acorn production
is higher with larger bur oaks. In addition, the scrubby bur oak in the Bear Lodge Mountains heavily
dominates without much other plant diversity.

The main plan direction relevant to bur oak are two Landscape Vegetative Diversity (LVD) objectives:

201. *Manage for a minimum of 92,000 acres of aspen (double current aspen
acres), and 16,000 acres of bur oak (approximately 33 percent increase) in
current bur oak during the life of the Plan. The highest priority for hardwood
restoration is where conifers (e.g., spruce and pine) have out-competed aspen
adjacent to riparian systems that once supported beaver. Increases in bur oak
will be focused away from the Bear Lodge Mountains.

203. Manage 30 to 50 percent of each bur oak stand for 100-plus year old
trees.

The amount of bur oak is currently estimated at 30,292 acres and appears to be increasing in the Forest
(table 2, USDA Forest Service (2015)). Of the 30,292 acres of bur oak, 10,520 acres (35%) is in
Wyoming/on the Bearlodge district.
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One reason for this increase is that in the Bear Lodge Mountains, timber harvest of pine in mixed pine-
oak stands increases oak sprouting. In many cases planned silvicultural treatments in mixed pine-oak
stands result in these areas being temporarily dominated by oak and experiencing delayed pine
regeneration.

Ecosystem Drivers and Stressors

Key drivers and stressors influencing the distribution and abundance of bur oak include stand
development, fire and fire exclusion, livestock grazing, increasing deer and elk populations, timber
harvest of pine in mixed pine-oak areas, invading exotic competitors (Shepperd and Battaglia 2002,
Ripple and Beschta 2007, Gucker 2011), and climate change.

Bur oak is relatively intolerant of shade, and therefore may be displaced by more shade-tolerant associates
(Shepperd and Battaglia 2002, Sieg 1991). In addition, bur oak is fairly cold and drought tolerant
(Natureserve 2021). Literature indicates historic hybridization between bur oak and Gambel oak in the
Black Hills (Schnabel and Hamrick 1990, Maze 1968), which may explain the two different forms of bur
oak that are seen in the Black Hills.

In general, there are few insects or disease that cause serious damage to bur oak (Natureserve 2021) and
this is more specifically true on the Black Hills?.

Given its relative shade intolerance, bur oak tends to be seral to conifers in the Black Hills. Whether or
not this occurs is highly dependent on the presence or absence of fire and pine harvest. Bur oak is very
fire tolerant. Older trees have thick, fire-resistant bark and younger trees re-sprout after fire. In mixed
pine-oak stands, if the pine is not managed, it tends to shade out the oak and leads to the loss of the oak
component.

Given the rapid sprouting of bur oak after fire, and the need for large canopy gaps necessary for seed
establishment following disturbance, frequent fire or other disturbance is necessary for bur oak
persistence in many habitats. Loss of bur oak is much more likely through succession in undisturbed areas
(Gucker 2011), which in the Black Hills would lead to an increase in ponderosa pine.

Fire regimes in bur oak savannas are characterized by frequent, low-severity surface fires at intervals of
less than 25 years. Crown fires and severe surface fires are extremely rare, occurring at intervals of over
1,000 years. In addition, burning by Native Americans may have played a role in the maintenance of bur
oak in the area. In particular the Oglala Lakota, utilizing fire to drive and kill animals, used fire more
frequently than other tribes, leading to a noticeable increase in fire frequency in the prairie-forest mosaic,
including bur oak, around Devil’s Tower National Monument (Gucker 2011, Fisher et al. 1986).

Accordingly, reduced fire frequencies due to fire exclusion associated with European settlement have
been detrimental to bur oak. Fire exclusion over the past century has likely led to conifer encroachment in
bur oak stands and a decrease in the acreage of bur oak in the Black Hills. As stated in Parrish et al.
(1996), “It is reasonable to conclude that the acreage of the upland deciduous forest was greater prior to
1874 than it is today, although no data are available.” That being said, the overall trend given the high

24 The FY13-14 Black Hills monitoring report did not identify insect and disease damage to bur oaks (USDA Forest
Service 2015). Recent communication with local forest health protection staff indicates that Armillaria root rot is
the most noticeable insect and disease found in bur oak in the Forest. Four bur oak stands were examined in
Wyoming in the Black Hills and while Armillaria was present and causing mortality in all four stands, they noted
that Armillaria acts as a thinning agent but isn’t killing a large number of trees. Other insects were also feeding on
leaves and causing small galls on leaves, but were causing very minor damage (James Blodgett, email
communication).
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level of disturbance due to past timber harvesting in the Black Hills and the oak sprouting this encouraged
is unclear and may be positive, as evidenced by the recent increase in extent of bur oak.

Current management in bur oak in the Forest includes some prescribed fire to reduce fuels and/or benefit
wildlife. Use of prescribed fire improves seedbeds and stimulates oak sprouting (Shepherd and Battaglia
2002). One concern with prescribed burning in bur oak is that the timing of prescribed fire is often
different than the natural fire regime. Whereas historically fires would have occurred in the hotter drier
parts of the year, current prescribed burns occur in the shoulder seasons, when it’s cooler, and this may be
allowing sprouts to grow and oak to outcompete other species. In general, prescribed fire is supporting the
ecological integrity of bur oak in the Forest though likely not at a pace and scale to have a meaningful
impact.

Additional stressors in this ecosystem include grazing by livestock and wild ungulates and nonnative
invasive species, both of which can lead to reduced or no bur oak recruitment (Ripple and Beschta 2007,
Gucker 2011).

As described more fully in Timberlake et al. 2022, several climate change vulnerability assessments
conducted for the Midwest indicate that bur oak will remain stable or increase under climate change,
suggesting that the species will tolerate warmer conditions and drier growing seasons (Swanston et al.
2011, Janowiak et al. 2014, Handler et al. 2014, Brandt et al. 2014). Bur oak is fire tolerant due to its
thick bark, and its ability to resprout after burns suggests that it may fare well even under increased fire
conditions (Sieg 1991, Swanston et al. 2011). Precipitation extremes leading to drought and flood events
may also affect bur oak health. Bur oak is drought tolerant, although drought, combined with additional
stressors, such as grazing, may cause species decline (Sieg 1991). Bur oak is sensitive to flooding, and in
Missouri, the species experienced reduced shoot growth and seedling survival in flood conditions
(Kabrick et al. 2012).

The forest has noxious weeds that are impacting the bur oak ecosystem. A common invasive species in
this type is houndstongue (Cynoglossum officinale) given its high shade tolerance. The degree of invasive
species varies with whether bur oak is shrubby or tree form given this is associated with the amount of
shade, amount of ground cover, location in drainage bottoms, and disturbance from grazing.

Key Ecosystem Characteristics

Diversity of Bur Oak Size

FIA plot data provides the most current information on the species and size of trees in the bur oak
ecosystem (table 10) as well as bur oak trees across the forest (table 15 in appendix A). These data
indicate bur oak trees in the forest reach up to 157, with the majority in the smallest diameter classes.

Most of the trees in the bur oak ecosystem are bur oak (72%), with 15% being ponderosa pine and 13%
being other species - eastern hophornbeam, paper birch, green ash, Rocky Mountain juniper, and quaking
aspen (table 10, figure 8).
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Table 10. Number of live trees, by diameter class, bur oak forest type, on the Black Hills
National Forest, based on the 2017-2019 FIA data

[Sampling error percent (68% confidence level) is highly variable across species and size classes, ranging from 35 to

101%.]
Percen
Percent Percent t of Percent
of Total of Total Total of Total

Diameter Live Ponderosa Live Other Live Total All Live

Class Bur Oak Trees Pine Trees Species Trees Species Trees

1-2.9" 6,640,572 45.4% 908,962 6.2% | 1,272,357 8. 7% 8,821,891 60.3%

3-4.9" 2,113,754 14.4% - - 451,479 3.1% 2,565,233 17.5%

5-6.9" 1,330,045 9.1% 448,369 3.1% 52,749 0.4% 1,831,162 12.5%

7-8.9" 270,290 1.8% 200,389 1.4% 87,368 0.6% 558,046 3.8%
9-10.9" 143,390 1.0% 184,142 1.3% 52,748 0.4% 380,280 2.6%
11-12.9" 54,386 0.4% 87,611 0.6% - - 141,996 1.0%
13-14.9" 36,257 0.2% 154,968 1.1% - - 191,225 1.3%
15-16.9” - - 69,239 0.5% - - 69,239 0.5%
17-18.9” - - 36,257 0.2% - - 36,257 0.2%
19-20.9” - - 34,619 0.2% - - 34,619 0.2%

Total 10’588’62 72.4% | 2,124,557 145% | 1,916,699 | 13.1% | 14,629,949 | 100.0%

Live Trees By Species and DBH Class, Bur Oak Forest Type
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Figure 8. Diameter distribution of live trees, bur oak forest type, by species

Past studies, such as Sieg (1991), have indicated a lack of bur oak seedlings and saplings. While there
may be a concern that this species is becoming replaced by more shade-tolerant species in some areas,
Sieg (1991) also summarized how some bur oak stands on the western part of its range were regenerating
in both western North Dakota and South Dakota. The most current data available as to the size
distribution of bur oak in the Forest is the FIA plot data. This data indicates that the majority of the bur
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oak trees in the Forest are in the smallest diameter classes (table 10, table 15) and do not indicate a
concern regarding oak regeneration and recruitment. FIA seedling data for the bur oak forest type
indicates an average of just under 7000 seedlings/acre®®, with the majority being bur oak seedlings (65%)
and the rest being other species such as chokecherry, paper birch, serviceberry, eastern hophornbeam,
aspen, and ponderosa pine.

Mast Production

Mast production is a vital ecosystem service and is critical for some wildlife species dependent on this
type of food.

Detailed research specific to bur oak acorn production over time and space is generally lacking. Bur oak
is a masting species, producing large acorn crops in most but not all years. Age at first reproduction for
bur oak is reported as 35 years (Guyette et al. 2004). Bur oak is a long-lived tree and can live 300 to 400
years (Gucker 2011, Guyette et al. 2004). While bur oak may still produce seeds at older ages, the
optimum seed bearing years are reported as 75 to 150 (Gucker 2011).

Given the distribution of bur oak tree diameters and age-size relationship found in Sieg (1991)%, one
would conclude that the bur oak trees in the Forest do reach a size/age that will support mast production.

Snags and Downed Wood

Plan direction related to snags has been discussed previously in the ponderosa pine section. Of note here
is that current plan direction for hardwood stands such as bur oak is to:

b. *Retain at least six hardwood snags per acre in hardwood stands. Retain all
snags in hardwood stands with snag density of less than six per acre.
STANDARD

Current FIA data, though limited, indicates an average of about 10 snags/acre (5 and larger)?” in the bur
oak forest type.

Current FIA data also indicates an average of about 3.1 tons/acre of downed wood (coarse woody debris
only, 3”+)% in the bur oak forest type.

Summary of Ecological Integrity

To assess the ecological integrity of each ecosystem, it is helpful to first describe what that ecosystem
would be like if it had high ecological integrity. This provides a reference for comparison with current
ecosystem conditions and illuminates why an ecosystem may have high, low, or moderate ecological
integrity.

2 Sampling error percent (68% confidence level) is 24%.

26 Sieg (1991) examined bur oak in the foothills of the Black Hills at Fort Meade Recreation Area, south of the town
of Sturgis. The bur oak age distribution shown by this data was uneven, with peaks occurring in the 40- to 45-year-
old class and in the 80- to 85-year-old class. The average diameter of bur oak trees in this study was 7.5 inches (19.0
cm). Given the age at first reproduction for bur oak is reported as 35 years (Guyette et al. 2004) and the fact that bur
oak trees in the Forest reach sizes larger than 7.5 inches (reaching up to 15 inches), one would conclude that the bur
oak trees in the Forest do reach a size/age that will support mast production.

27 sampling error percent (68% confidence level) is 59%.

28 sampling error percent (68% confidence level) is 48%.
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Bur oak systems with high ecological integrity experience frequent fire, low amounts of grazing and
nonnative species, and have adequate bur oak recruitment, which leads to sufficient mast production, a
diversity of bur oak in terms of tree sizes, and the presence of downed wood and snags.

The ecological integrity of the bur oak ecosystem in the Forest is high and will likely continue to be high
in the future. Overall trends indicate it has been increasing in terms of acreage in the Forest. Data indicate
no issue with regeneration and recruitment and there is no concern about significant impacts from insects
or disease. Trees appear to be of sufficient size for mast production. It’s well-adapted to fire, with its thick
bark and ability to re-sprout after fire, and tolerant to drought, which will help maintain the species in the
Forest even under a changing climate. Given this, we anticipate no issues with maintaining bur oak on the
landscape and maintaining ecosystem services it provides, such wildlife habitat and forage and cultural
value. In fact, it may have an advantage under a changing climate.

While limited in acreage, the bur oak ecosystem on the Black Hills is an important one given the wildlife
species it benefits, the diversity it adds to the landscape, and the cultural importance of this species. In
addition, the bur oak-ironwood community type supports plant species of local concern such as bloodroot.

Need for Change
The revised forest plan should:

¢ Reuvisit the current plan objective regarding bur oak. It may need to be more nuanced in terms of
desired conditions and needs to adequately factor in the different bur oak forms and/or
communities.

¢ Revisit the plan direction regarding managing a portion of each bur oak stand for 100-plus year
old trees. It is difficult to track progress towards this plan objective. One potential need for change
would be to adjust this objective to something that is more easily tracked with FIA data or another
data source.

Rare Ecosystems and Species

While the forested ecosystems described above cover the majority of the forested areas on the Black
Hills, several rare ecosystems and tree species occur in the Forest and are discussed here. While limited in
area and amount, these species are vitally important to the diversity and ecological integrity of the Black
Hills as a whole and tie to the requirement that the revised plan must include plan components to maintain
or restore the diversity of native tree species similar to that existing in the plan area 36 CFR 219.9.

Current plan direction related to these types is a Landscape Vegetative Diversity (LVD) objective:

204. *Conserve and manage birch/hazelnut, lodgepole pine, limber pine, and
Douglas-fir.

Paper Birch (Betula papyrifera)

Outside of quaking aspen and bur oak, paper birch is the most common hardwood tree found in the Black
Hills.

Paper birch is a shade-intolerant, early seral hardwood. This medium-sized, fast-growing tree is typically
short-lived, rarely living more than 140 years (Safford et al. 1990). It is more common in the northern
parts of the Black Hills, with some scattered trees and small stands in the southern part of the Forest
(Blodgett et al. 2018).

While paper birch is sometimes found in ponderosa pine and other forest types, paper birch/beaked hazel
forest is a unique, montane dry riparian type found at upper elevations in the forest. As described in
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USDA Forest Service (2005), paper birch/beaked hazel forests tend to have dense canopies dominated by
paper birch. They occur in drainage bottoms (with or without streams) and on slopes with northern
aspects (Marriott and Faber-Langendoen 2000b). Emergent white spruce and ponderosa pine may be
present in these areas. Shrub diversity can be high, but beaked hazel often dominates the shrub layer.
Common herbaceous species include wild sarsaparilla, Lindley’s aster, mayflower, fairy bells, and
baneberry (Marriott and Faber-Langendoen 2000b). The paper birch/beaked hazel ecosystem provides
ecological conditions that support several emphasis plant species including bristle-stalk sedge (Carex
leptalea) and large round-leaf orchid (Platanthera orbiculata) (SAIC 2003b). This community type is
ranked as globally imperiled and critically imperiled in Wyoming (NatureServe 2022).

Current estimate of paper birch on the Black Hills NF is 18,649 acres, which is higher than a past estimate
(table 2). Paper birch trees on the Black Hills are generally small in size, reaching up to 13” in diameter
(F1A).

As described in Timberlake et al. (2022), assessments done outside of the Black Hills indicate that
suitability for paper birch will decrease, or severely decrease with a changing climate. Paper birch is
adaptable due to its ability to regenerate after fire, to disperse readily, and to live in a wide range of
habitats. However, it is vulnerable to top-kill by fire, as well as its shade and drought intolerance (Butler-
Leopold et al. 2018). While paper birch can persist in a wide variety of precipitation regimes (Safford et
al. 1990), it is likely moisture limited in the Black Hills (Sieg 1990), and further declines in moisture
availability will decrease suitability. Climate change may affect post-fire paper birch regeneration. Post-
fire paper birch recruitment may be negatively impacted by warming temperatures and increased fire
frequency combined with warming temperatures may decrease birch abundance (Timberlake et al. 2022).

Paper birch in the Black Hills exists as a small, disconnected population in the southernmost portion of its
central U.S. range, suggesting that it would be difficult for the species to expand to adjacent locations
with a changing climate (Timberlake et al. 2022).

Recent focused surveys done in birch stands by Forest Health Protection indicated dense stands with
small trees (mean diameter of 5.6 inches, mean live basal area of 44.8 ft2/acre, mean overstory of 1402
trees/acre). Mean stand age was 70 years and ranged from 47-124 years (Blodgett et al. 2018). Birch
lifespan is likely between 90 to 130 years in the Black Hills. Although birch is a short-lived species, many
of the stands still have a few years before they express significant age associated mortality (Blodgett et al.
2018). These surveys also indicated low mortality. Birch regeneration was not abundant given the dense
overstories and lack of management. While there were no observations of bronze birch borer (4Agrilus
amius) in the most recent survey (Blodgett et al. 2018), mortality from insects such as bronze birch borer
are expected to increase under climate change as trees become more drought-stressed (Timberlake et al.
2022).

Paper birch is also vulnerable to some root rotting pathogens such as Armillaria and white mottled rot
(Ganoderma applanatum, Safford et al. 1990, Lockman et al. 2016). These fungi make trees susceptible
to toppling and may also reduce growth (Safford et al. 1990, Lockman et al. 2016). Although Armillaria
root disease is likely the most common damage agent in birch in the Black Hills, mortality of the
overstory trees is well within expectations; thus Armillaria is helping with the natural thinning of the
relatively dense overstory (Blodgett et al. 2018). However, negative effects from pathogens such as these
may increase with climate change where trees are already drought stressed (Lockman et al. 2016). .

Paper birch, along with white spruce, are two species with isolated populations in the Black Hills located
well south of the remainder of their species range. As such, these two species are more vulnerable to
changes in climate. Even so, the Black Hills may continue to support refugia population of these species,
particularly in colder, wetter locations (Timberlake et al. 2022). .
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Paper birch, while rare in the Forest, provides forest diversity, with some wildlife species favoring birch
habitat (Mills et al. 2000). Like white spruce, its disjunct distribution indicates the Black Hills population
represents a unique element of biodiversity which extends to its understory associates. .

Rocky Mountain Juniper (Juniperus scopulorum)

Rocky Mountain juniper is a drought-tolerant species that grows in dry climates. In the Black Hills, there
are Rocky Mountain juniper woodlands and the species is also found in some ponderosa pine dominated
forests.

As described in Timberlake et al. (2022), juniper is a drought-tolerant species and will likely not be
adversely affected by reduced soil moisture resulting from climate change. High temperatures can
negatively impact juniper growth and regeneration (Halofsky et al. 2018). Climate change effects on fire
are more likely to affect juniper. Although mature juniper can survive low-intensity fires, juniper younger
than around 20 years are particularly susceptible to fires. More frequent fires resulting from climate
change may thus have significant adverse effects on juniper (Halofsky et al. 2018).

Current estimate of the extent of Rocky Mountain juniper on the Black Hills NF is 17,209 acres. This is
an apparent increase from a past estimate (table 2). It is likely juniper has increased in extent due to fire
exclusion and other factors such as climate change and grazing have allowed for the expansion of juniper
woodlands into meadows, grasslands, and other types (Scher 2002, USDA Forest Service RMRS 2021).

Limber Pine (Pinus flexilis)

Limber pine is a long-lived, slow-growing tree of small to medium size (Steele 1990). Limber pine is a
species of local concern on the Black Hills National Forest. In South Dakota, it occurs in isolated areas
scattered over a small geographic area of about 2 square miles in the Black Elk Wilderness of the Black
Hills National Forest and adjacent Custer State Park (Blodgett 2020). Recently many of these pines were
killed by mountain pine beetle (MPB; Dendroctonus ponderosae) and white pine blister rust (WPBR;
Cronartium ribicola), an exotic, invasive disease of 5-needle pines (Blodgett 2020, Blodgett 2019). There
are 32 documented live limber pine in the Forest, most of which are seedlings or saplings (Blodgett
2019). Limber pine is ranked as critically imperiled in South Dakota by NatureServe.

A variety of management activities have been done to help ensure persistence of this species in the Forest.
This includes branch pruning for white pine blister rust, bulk seed collections, verbenone pouches for
mountain pine beetle protection, individual “mother tree” seed collections and planting (Blodgett 2019).

A new limber pine population was established in 2017 in the Norbeck Wildlife Preserve of the Black Hills
National Forest. Two-year-old limber pine seedlings were planted in 2017 and in 2018 at 7 areas in the
preserve. Additional planting was completed in 20212° for a total of 455 planted seedlings. Seedling
survival rate is 95% (Blodgett 2022). Observations of these new seedlings suggest limber pine grows
better on "good" sites with deep soil and no competition, versus harsh, rocky, thin-soil sites (Blodgett
2020). Seedlings are still showing good growth (Blodgett 2022).

29 Seed used to produce the seedlings for the 2021 planting were collected in 2018 from Custer State Park. Seeds
were divided into two groups for storage: seed collected from mother-trees that had WPBR, and seed collected
from mother-trees with no WPBR. A consistent planting pattern was used to monitor seedlings for potential
WPBR resistance.

47



USDA Forest Service
Other Rare Ecosystems and Species

Lodgepole Pine

Lodgepole pine is a native species found primarily on the Northern Hills Ranger District in the Swede
Gulch area. Harvest has taken place in these stands. Lodgepole pine is regenerating but not prolifically.
Some mature lodgepole pine were attacked by mountain pine beetle during the most recent epidemic, but
most were not (USDA Forest Service 2015).

As mentioned in the assessment covering areas of tribal importance, lodgepole pine has tribal significance
as tipi poles were made of lodgepole pine harvested in the Black Hills, with approximately 19-21 poles
needed for a single structure.

Lodgepole pine is a very small component of the forest, estimated at less than 100 acres (FSVeg Spatial
2021). Lodgepole pine is ranked as imperiled in South Dakota by NatureServe (NatureServe 2022).

Current plan direction simply states to conserve and manage lodgepole pine. Range maps for this species
indicate that lodgepole pine in the Black Hills is at the extreme eastern edge of its range, disjunct from
rest of its range, and naturally rare in the Black Hills.

Douglas-Fir

Douglas-fir is not native to the Black Hills and was planted in past decades. Some of the Douglas-fir in
the Sunday Gulch area on Hell Canyon Ranger District, planted in the 1930s, was cut in favor of aspen
(USDA Forest Service 2015).

Douglas-fir is a very small component of the forest, estimated at less than 100 acres (FSVeg Spatial
2021).

Need for Change

Current plan direction simply states to conserve and manage birch/hazelnut, lodgepole pine, limber pine,
and Douglas-fir.

Given the desire to maintain this paper birch, plan direction should more explicitly describe how this
species will be managed. Birch regeneration could be facilitated by clearcutting or burning in and around
stands or removing conifers around birch stands. Coppice cuts, if desired, could be done in the near term
given current stand ages and given that older trees produce few sprouts (Blodgett et al. 2018).

Plan direction should more explicitly describe how limber pine will be conserved and/or managed to

ensure its continued existence in the Forest. This may include, among other management approaches,
branch pruning to control white pine blister rust spread and to prevent the diseases from reaching the
main stems (thus killing trees) and/or cone collections in good cone bearing years (Blodgett 2019).

Given the desire to maintain native tree species, plan direction should more explicitly describe how
lodgepole pine will be conserved and/or managed to ensure its continued existence in the Forest.

Current plan direction simply states to conserve and manage Douglas-fir. Given this species is not native
to the Black Hills, plan direction should more explicitly describe how Douglas-fir will be conserved,
managed, or removed.
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Summary of the Assessment of Ecosystem Integrity of
Forested Ecosystems

The Black Hills region is ecologically unique due to its convergence of grasslands, woodlands, forests,
and wetlands. It functions as a place for intermingling of species from disparate portions of North
America. Many of the species found here, such as paper birch and white spruce, are isolated and distant
from the rest of their range. While the landscape is dominated by ponderosa pine, there is a high amount
of biodiversity provided by other tree species and their understory associates.

Below is a summary of the ecological integrity of the four main ecosystems (table 11). Additional details
can be found in earlier sections.

Table 11. Summary of terrestrial ecosystem integrity and trends

Likely Future Ecosystem
Current Ecosystem Integrity Under Current
Ecosystem Integrity Management and Direction

Ponderosa Pine Low Low
White Spruce — Pure Spruce Moderate to High Moderate
White Spruce — Mixed-Conifer Moderate Moderate to Low
Aspen Moderate Low
Bur Oak High High

The ecological integrity of the ponderosa pine ecosystem is low and will likely continue to be low in the
future, assuming even-aged vegetation management continues to be the dominant practice, given the
following:

The extent of ponderosa pine on the Black Hills National Forest is declining while nonstocked
areas are increasing. This will continue as fire becomes more widespread as a result of climate
change. Fires, particularly mixed-severity fires with large areas of high-severity, such as the Jasper
fire, will likely occur more frequently given climate change and current stand conditions,
potentially converting more area to nonstocked. When high severity fires burn large areas, there
are limited seed trees and climate-driven drought conditions make it difficult for trees to establish.

While the most recent mountain pine beetle epidemic has ended, similar events will occur in the
future, especially given the changing climate. They will occur multiple times during a forest
rotation, having occurred historically approximately every 20 years.

Forest structure across the landscape has been simplified and is not as diverse as the historical
structure. Patch sizes are larger and more homogenous and tree density is higher but composed of
smaller trees. Current forest conditions are more uniform and continuous, with fewer gaps and
more even spacing, increasing the likelihood of crown fire. This is dissimilar to the uneven-aged
and spatially heterogeneous forest structure found historically. These conditions compromise
forest resilience and delivery of ecosystem services. This change in forest structure has likely also
led to a loss in the diversity and biomass of understory species.

There is a clear decline in late-successional habitat resulting from the recent mountain pine beetle
mortality. Additionally, timber management, mountain pine beetle activity, fire, tornados, or a
combination of these have converted more than 150,000 acres of moderately closed and closed
stands to non-stocked areas and open stand conditions.

Regeneration is prolific, but high intensity fires and climate change will likely lead to more areas
that do not regenerate and considerably more variable regeneration.
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e Abundance of snags and down wood appear to be similar to what likely occurred historically in
these forests.

One way to increase the ecological integrity of the ponderosa pine ecosystem would be to increase the
amount of uneven-aged management that is done as this would better mimic the heterogeneity that was
historically found in these forests.

The ecological integrity of the white spruce ecosystem is tied to its ecological niche and historical extent.
Key factors include:

e Asaresult of fire exclusion and other factors, the extent of white spruce has expanded and is
currently more than 50,000 acres compared to 15,000 acres historically.

o Areas of mostly pure spruce, where it existed historically on cool mesic sites, currently exhibit
moderate to high ecological integrity. The ecological integrity of the white spruce ecosystem on
these sites will likely be at least moderate in the future if current management levels and forest
plan direction continues. This is because these areas would tend to have longer fire return intervals
and a greater presence of stand-replacing fire and would therefore be less impacted by fire
exclusion. The white spruce on the Black Hills appears to be in good health with mortality that is
in the realm of natural or expected mortality levels. Climate change compromises the status of
white spruce ecosystems and therefore the future trend may be toward moderate ecological
integrity.

o Mixed-conifer areas would have had higher levels of pine and hardwoods under a more frequent
fire regime that was consistent with the natural range of variation. Many mixed-conifer areas that
have succeeded to spruce due to fire exclusion occur on gentler slopes and drier sites. These stands
currently exhibit moderate and declining ecological integrity. These sites would have higher
ecological integrity if restored to their historic species composition (pine with spruce and other
species such as aspen and paper birch) and structure, with fire acting in its natural role and
preventing these areas from succeeding to spruce.

e Tree size class and seedling plot data indicate there are many small trees and suggest that white
spruce regeneration and recruitment is occurring. There are enough seed sources and regeneration
that this species is capable of sustaining itself.

The ecological integrity of the aspen ecosystem is moderate and will likely be low in the future assuming
current management and direction.

Key factors in this moderate rating and its decrease to low in the future are:

e Aspen extent is declining in the Forest due to prolific pine regeneration and replacement by pine
and spruce in portions of the Forest. Fire exclusion has reduced disturbance and forest
management practices that favor pine over aspen have led to this reduction in the extent of aspen.
Aspen restoration treatments and prescribed fire are on a small scale and they are not contributing
to the ecological integrity of aspen to the degree needed to maintain or increase this species on the
landscape.

o Given this species is short-lived, the age class distribution indicates that about half the aspen is at
or nearing the end of its typical life span, with 55% estimated at 60 years or older. Only about
25% is in the youngest age classes (0-40 years).

A larger emphasis on aspen restoration treatments and prescribed fire would help change this trend.
The ecological integrity of the bur oak ecosystem is high and will likely continue to be high in the future.
Key factors in this high rating are:

e Bur oak has likely been increasing in terms of acreage in the Forest.
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Data indicates no issue with regeneration and there is no concern about significant impacts from
insects or disease. Trees appear to be of sufficient size for mast production.

It’s well-adapted to fire, with its thick bark and ability to re-sprout after fire, and tolerant to
drought, which will help maintain the species in the Forest even under a changing climate.
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Appendix A: Additional Tables

The ponderosa pine trees described in table 12 occur predominantly in the ponderosa pine forest type, but
a small amount occur in aspen or other forest types.

Table 12. Diameter distribution of ponderosa pine trees on the Black Hills National
Forest, based on the FIA data

[Sampling error percent (68% confidence level) for total number of ponderosa pine trees is 7% and is variable across
diameter classes, from 6% to 100%.]

Number of live
trees on forest
land, on the
Black Hills NF,

Diameter ponderosa pine | Percent
class species (%)
1-2.9" 119,641,473 45.4%
3-4.9" 43,646,756 16.6%
5-6.9" 27,366,944 10.4%
7-8.9" 26,072,006 9.9%
9-10.9" 18,073,631 6.9%

11-12.9" 11,691,421 4.4%

13-14.9" 6,828,024 2.6%

15-16.9” 4,683,903 1.8%

17-18.9” 2,643,514 1.0%

19-20.9” 1,550,546 0.6%

21-22.9” 727,395 0.3%

23-24.9” 230,214 0.1%

25-26.9” 55,820 <0.1%

27-28.9" 48,070 <0.1%

29-30.9” 18,129 <0.1%

31-32.9” 20,010 <0.1%
Total 263,297,855 100.0%
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Table 13. Diameter distribution of snags in the ponderosa pine forest type on forest land

on the Black Hills National Forest, based on the FIA data

[Sampling error percent (68% confidence level) for total standing dead trees is 8% and is variable across diameter
classes, from 11% to 73%.]

Number of Number of
standing dead standing dead
trees on forest trees per acre,
land, on the on forest land of

Black Hills NF, the Black Hills

Diameter ponderosa pine | Percent NF, ponderosa
class forest type (%) pine forest type
5-6.9" 3,909,545 23.6% 4.95
7-8.9" 4,429,912 26.7% 5.61
9-10.9" 2,802,530 16.9% 3.55
11-12.9" 2,272,524 13.7% 2.88
13-14.9" 1,605,300 9.7% 2.03
15-16.9” 909,597 5.5% 1.15
17-18.9” 434,251 2.6% 0.55
19-20.9” 184,141 1.1% 0.23
21-28.9” 33,172 0.2% 0.04
Total 16,580,972 100.0% 20.99

Table 14. Diameter distribution of snags in the white spruce forest type on forest land on
the Black Hills National Forest, based on the FIA data

[Sampling error percent (68% confidence level) for total standing dead trees is 35% and is variable across diameter
classes, from 30% to 108%.]

Number of
standing dead
trees on forest

land, on the
Black Hills NF,

Number of
standing dead
trees per acre,

on forest land of
the Black Hills

Diameter white spruce Percent | NF, white spruce
class forest type (%) forest type
5-6.9" 434,360 28.8% 8.00
7-8.9" 325,164 21.6% 5.99

9-10.9" 232,529 15.4% 4.28

11-12.9" 177,357 11.8% 3.27

13-14.9" 165,189 11.0% 3.04

15-16.9” 106,771 7.1% 1.97

17-18.9” 28,494 1.9% 0.52

19-20.9” 15,044 1.0% 0.28

21-28.9” 22,648 1.5% 0.42
Total 1,507,556 100.0% 27.77
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Table 15. Diameter distribution of bur oak trees in the Black Hills National Forest, based
on the FIA data

Number of live
trees on forest
land in the
Diameter Black Hills NF, Percent
class bur oak species (%)

1-2.9" 17,892,236 65.7%
3-4.9" 5,111,500 18.8%
5-6.9" 2,690,605 9.9%
7-8.9" 980,221 3.6%
9-10.9" 343,622 1.3%
11-12.9" 184,410 0.7%
13-14.9" 36,257 0.1%
Total 27,238,852 100.0%
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Appendix B: Black Hills Community Types

The Black Hills community types are described below, as they were in the Black Hills Phase II
Amendment FEIS (USDA Forest Service 2005).

Black Hills Ponderosa Pine Community Types

Marriott and Faber-Langendoen (2000a) identified 13 ponderosa pine community types that occur in
upland forests/woodlands of the Black Hills and two community types that occur as sparse vegetation.
Most pine forests at lower elevations of the black hills are classified within the dry coniferous forest and
woodlands ecological group. Pine forests occurring in moist habitat of lower elevations and at higher
elevations are considered within the mesic coniferous forest and woodlands ecological group (Marriott
and Faber-Langendoen 2000a). Pine communities that exist in association with limestone outcrops and
scree slopes are classified within the Black Hills sparse vegetation ecological group (Marriott and Faber-
Langendoen 2000a). Ponderosa pine community types, grouped by ecological group, are listed in table
16.

Table 16. Ponderosa pine ecological groups and community types

[Sources: Marriott et al. 1999, Marriott and Faber-Langendoen 2000a]

Ecological Group Community Type NatureServe Ranking®°

G4-Apparently Secure, S3 —
Vulnerable (Wyoming), S4-

Ponderosa Pine/Bearberry Woodland Apparently Secure (South

Dakota)
Ponderosa Pine/Sedge Woodland G3-Vulnerable, 5253-Imperiled
(Wyoming)
Ponderosa Pine/Rocky Mountain Juniper G4-Apparently Secure, S2S3 -
Dry Coniferous Forests Woodland Imperiled (Wyoming)
and Woodlands Ponderosa Pine/Oregon Grape Forest G3-Vulnerable
Ponderosa Pine/Western Wheat Grass Woodland | &3 VuInerable, S2S3-Imperiled
(Wyoming)
Ponderosa Pine/Bluebunch Wheat Grass G4-Apparently Secure, S37?-
Woodland Vulnerable (Wyoming)
G3-Vulnerable, S2? -Imperiled
Ponderosa Pine/Little Bluestem Woodland (Wyoming), S4-Apparently

Secure (South Dakota)

G4-Apparently Secure, S37?-
Vulnerable (Wyoming)

Ponderosa Pine/Common Juniper Woodland

Ponderosa Pine/Rough-leaf Rice Grass Woodland | G3-Vulnerable
G3 — Vulnerable, S2? -

Ponderosa Pine/Mountain Ninebark Forest

Mesic Coniferous Forests Imperiled (Wyoming)
and Woodlands Ponderosa Pine/Chokecherry Forest G3 - Vulnerable
G3-Vulnerable, S3-Vulnerable

Ponderosa Pine/Bur Oak Woodland .
(Wyoming)

G4-Apparently Secure, S27? -

Ponderosa Pine/Snowberry Forest Imperiled (Wyoming)

30 https://explorer.natureserve.org/
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Ecological Group Community Type NatureServe Ranking®°
Black Hills Sparse Ponderosa Pine Limestone ClIiff G4-Apparently Secure
Vegetation Ponderosa Pine Scree Slope G4-Apparently Secure

Dry Coniferous Forests and Woodlands

Dry coniferous forests and woodlands are relatively open forests with less than 50-percent canopy cover.
This ecological group dominates in the Black Hills (Marriott and Faber-Langendoen 2000a). Ponderosa
pine/bearberry, ponderosa pine/sedge, and ponderosa pine/little bluestem comprise most of the dry
coniferous forest cover at higher elevations. Ponderosa pine/sedge, ponderosa pine/little bluestem, and
ponderosa pine/western wheat grass communities are the most extensive types at lower elevations. Three
other ponderosa pine types—ponderosa pine/Rocky Mountain juniper, ponderosa pine/bluebunch wheat
grass, and ponderosa pine/Oregon grape—are locally significant at lower elevations of the Black Hills;
much of it occurs on private lands not administered by the Forest (Marriott and Faber-Langendoen
2000a). Detailed environmental and vegetation descriptions of community types are provided in Marriott
and Faber-Langendoen (2000a).

Mesic Coniferous Forests and Woodlands

Mesic coniferous forests dominate at higher elevations of the Black Hills. These forests typically have
canopy cover greater than 60 percent. The most extensive high-elevation types are ponderosa
pine/bearberry, ponderosa pine/common juniper, and ponderosa pine/rough-leaf rice grass. Ponderosa
pine/mountain ninebark and ponderosa pine/chokecherry types occur in scattered locations in the southern
and central Black Hills, and ponderosa pine/bur oak is relatively common at middle and lower elevations
of the northern and eastern Black Hills (Marriott and Faber-Langendoen 2000a).

Black Hills Sparse Vegetation

Marriott and Faber-Langendoen classify sparse vegetation in the Black Hills based on vegetation and rock
substrate. Two ponderosa pine types are categorized within this ecological group: ponderosa
pine/limestone cliff and ponderosa pine/scree slope. Ponderosa pine/limestone cliff type occurs in
scattered patches on the limestone plateau and the Minnekahta Hills, and the ponderosa pine/scree slope
type exists in limited locations off National Forest System (NFS) land in the central-core area (Marriott
and Faber-Langendoen 2002a).

Black Hills White Spruce Community Types

There are two white spruce upland community types recognized in the Black Hills: white
spruce/twinflower (Picea glauca/Linnaea borealis) and white spruce/grouseberry (Picea
glauca/Vaccinium scoparium) (Marriott and Faber-Langendoen 2000a, Shepperd and Battaglia 2002).
Marriott et al. (1999) and Marriott and Faber-Langendoen (2000b) also recognized a riparian-type, white
spruce alluvial Black Hills forest as a third community.

The white spruce/twinflower community type is ranked as G2-Imperiled and S2 -Imperiled (Wyoming)
by NatureServe. It is generally found at elevations of 5,800 to 6,400 feet within high, wet habitats on
northwest to northeast aspects. Important understory shrubs in this community type include common
juniper (Juniperus communis); prickly rose (Rosa acicularis); russet buffaloberry (Shepherdia
canadensis); and white coralberry (Symphoricarpos albus). Grasses and forbs include Kentucky bluegrass
(Poa pratensis); rough-leaved rice grass (Oryzopsis asperifolia); wild strawberry (Fragaria virginiana);
sweet-scented bedstraw (Galium triflorum); American sweetvetch (Hedysarum alpinum); and longspur
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violet (Viola adunca). Mosses and lichens are common (Shepperd and Battaglia 2002, Marriott and Faber-
Langendoen 2000a). Grouseberry is absent from this community type (Shepperd and Battaglia 2002).

The white spruce/grouseberry community typically occurs at elevations ranging from 5,700 to 6,700 feet
in cooler, moist habitats on loamy, calcareous soils (Shepperd and Battaglia 2002). It is ranked as G1-
Critically Imperiled and S2-Imperiled (Wyoming) by NatureServe. Besides grouseberry, other understory
shrubs in this community type include bearberry; Oregon grape (Mahonia repens); common juniper;
prickly rose; wild spiraea (Spiraea betulifolia); and white coralberry. Common grasses and forbs include
rough-leaved ricegrass, Kentucky bluegrass, yarrow (Achillea millefolium), and pussytoes (Antennaria
spp.) (Marriott and Faber-Langendoen 2000a, Shepperd and Battaglia 2002).

Marriott et al. (1999) gathered information on eight occurrences of the white spruce alluvial Black Hills
forest community type, which is ranked as G2-Imperiled by NatureServe. This type occurs in very mesic
drainages at high elevations on the limestone plateau and the central core and at lower elevations in wetter
portions of the northern Black Hills (Marriott et al. 1999, Marriott and Faber-Langendoen 2000b). The
understory is highly variable. Small spruce, aspen, ponderosa pine, boxelder (Acer negundo), and paper
birch (Betula papyrifera) often form a sub-canopy (Marriott and Faber-Langendoen 2000b). Some sites
have an understory of riparian shrubland and wet meadow types with species such as beaked (Bebb’s)
willow (Salix bebbiana), water birch (Betula occidentalis), Canadian reed grass (Calamagrostis
canadensis) and Nebraska sedge (Carex nebrascensis) (Marriott and Faber-Langendoen 2000b). Other
common understory species include Wood’s rose (Rosa woodsii), baneberry (Actaea rubra), red-osier
dogwood (Cornus sericea), wild sarsaparilla (Aralia nudicaulis), fringed loosestrife (Lysimachia ciliata),
several species of violets (Viola spp.), and horsetails (Equisetum spp.) (Marriott and Faber-Langendoen
2000D).

Black Hills Aspen Community Types

There are four aspen community types in the Black Hills: aspen/beaked hazel, aspen/bracken fern,
aspen/spiraea, and aspen/chokecherry (Marriott et al. 1999). Aspen/beaked hazel is ranked as G3-
Vulnerable and S1S2 — Critically Imperiled (Wyoming) by NatureServe. Aspen/chokecherry is ranked as
G3-Vulnerable and S2S3-Imperiled (Wyoming). Aspen/bracken fern is ranked as G4 — Apparently Secure.
Aspen/spiraea is ranked as G4 — Apparently Secure, but is listed as S3 — Vulnerable in Wyoming.

The aspen/chokecherry type is a dry riparian®' community type. The other community types are found in
uplands at higher elevations and are best developed in the Central Core, Limestone Plateau, higher
Minnekahta Foothills, and Bear Lodge Mountains (Marriott et al. 1999). Aspen also occurs in association
with white spruce, ponderosa pine, and ironwood, although these are not distinct community types
(Marriott et al. 1999). Common understory species in aspen stands include beaked hazel, paper birch, bur
oak, western serviceberry, Oregon grape, wild honeysuckle, chokecherry, pink shinleaf, prickly rose, red
raspberry, wild spirea, white coralberry, wild sarsaparilla, Lindly’s aster, wild strawberry, sweet-scented
bedstraw, and wild lily-of-the-valley (Marriott et al. 1999).

Black Hills Bur Oak Community Types

Three upland community types have been identified for bur oak in the Black Hills: bur oak/chokecherry -
western snowberry woodlands, bur oak/sedge woodlands, and bur oak-ironwood forest (Marriott and
Faber-Langendoen 2000a, Hall et al. 2002).

31 Dry riparian associations differ from other riparian plant associations because they typically occur in moist areas
on the lowermost slopes and bottoms of drainages and may not be associated with open water or a stream (Marriott
and Faber-Langendoen 2000b).
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Bur oak/chokecherry - western snowberry occurs along the northern periphery of the Black Hills
(Marriott and Faber-Langendoen 2000a). It is ranked as G3-Vulnerable and S2S3-Imperiled (Wyoming)
by NatureServe. Other tree species such as green ash, American elm, ponderosa pine, and paper birch
often occur in the understory of this community type along with several shrub and forb species that
include Oregon grape, chokecherry, red raspberry, poison ivy, dryspike sedge, Kentucky bluegrass, and
bedstraw (Marriott and Faber-Langendoen 2000a). The bur oak/sedge community is found on the
outermost hogback in the northern and northeastern Black Hills, primarily on private lands (Marriott and
Faber-Langendoen 2000a). it is ranked as G1-Critically Imperiled and S1-Critically Imperiled (Wyoming)
by NatureServe.

The bur/ironwood is a low-elevation dry riparian type. It is ranked as G2-Imperiled and S2-Imperiled
(Wyoming) by NatureServe. Bur oak/ironwood forests occur in mesic drainage bottoms, with or without
flowing streams, and usually do not occur immediately adjacent to streams (Marriott and Faber-
Langendoen 2000b, Marriott et al. 1999). The overstory canopy tends to be open (25- to 60-percent
cover), with the sub-canopy often closed (60- to 100-percent cover). The understory is variable; the most
common shrub species are western snowberry and chokecherry (Marriott and Faber-Langendoen 2000b).
Some Black Hills Region 2 sensitive species and species of local concern, such as bloodroot (Sanguinaria
canadensis), are associated with this community type (Hall et al. 2002).
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