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1.

Stressor or Driver Description

MIXED CONIFER INTERFACE:
Natural Vegetation Succession (Driver): Seventy-five percent of the aspen in the western United
States occurs in the states of (50%) Colorado and (25%) Utah (Bartos 2001). The composition of these
seral aspen communities changes over time as the community progresses in the course of normal
succession toward dominance by conifers. As conifers gain dominance less light penetrates to the forest
floor, and undergrowth shrubs and herbs decrease in both variety and abundance (Mueggler 1988).
Aspen is considered a disturbance species perpetuated on site by fire, disease, or other such
occurrences (Bartos 2001). As a seral species, it may dominate the forest community for many decades
following severe disturbance, but will gradually decline as the conifers become reestablished (Mueggler
1988). The importance of aspen, besides adding diversity to the landscape, aspen also provides water,
forage, wood products, and so on for use by the public (Bartos2001).
Figure 1. Conceptual model of disturbance and succession

Shrub-grass-forb meadow

Aspen
Large scale disturbance (fire/beetle)
outbreak)

Fir and spruce

Spruce and fir

Small scale disturbance
(fire/beetle/harvest)

Spruce dominated climax
with fir as a subordinate,
sparse understory
Based on Jenkins 1998

Tree Encroachment, Specifically Conifer Encroachment on Aspen (Stressor): Before European
settlement, coniferous forests of the interior west were influenced by many disturbance agents (fires,
insects, diseases, and herbivory), which maintained a diversity of successional stages and vegetative
types across landscapes (Hood and Miller 2007). Activities after settlement, such as fire suppression,
grazing, and logging have altered these disturbance regimes. As a result, forest structure and species
composition have departed from historical conditions on many landscapes and this has led to increased
forest densities, forest type conversions, and greater contiguity of many western forests. Aspen is an
early seral tree species in the mixed conifer zone that relies primarily on vegetative suckering to
regenerate. Lack of disturbance allows conifer tree encroachment, which results in less aspen, increased
acreage of conifer stands that are less diverse, and forest stands that are structurally continuous (less
mosaic-like). These changed conditions make the forest more susceptible to large-scale insect
infestations, disease outbreaks, and severe wildland fires than in the past, possibly endangering overall
forest ecosystem health (Hood and Miller 2007).
WOODLAND INTERFACE:
Natural Vegetation Succession (Driver): Sagebrush and woodland (Gambel oak and pinyon-juniper)
communities can have different states or levels of co-dominance within the overall successional dynamics
of the sagebrush, woodland, and mixed conifer ecosystem complex of a particular landscape area (Hood
and Miller 2007). At any woodland location on the landscape, its successional status and associated
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ecosystems are the result of complex interactions of topography, soils, environmental conditions, past
patterns of disturbance, and how successional processes have operated through time (Hood and Miller
2007).
Tree Encroachment, Woodland Expansion into sagebrush Grassland and Mixed Conifer
(Stressor): Gambel oak and pinyon-juniper density has substantially increased since settlement due to
grazing and fire suppression practices. Historically, in southern Utah, woodland trees probably occupied
about one third of the area currently occupied (Hood and Miller 2007). Woodland expansion results in a
decline in grassland and sagebrush communities. The resulting expansion and increasing dominance
and density of the trees in woodlands often have continuous canopy cover, which can support high
intensity crown fires under high wind conditions. These adjacent, expansion woodland sites can now drive
fire behavior (Hood and Miller 2007). This is also true in adjacent dry mixed conifer communities with
dense Gambel oak or pinyon-juniper understories where the associated ladder fuels contribute to large
stand-replacing fires.
RIPARIAN INTERFACE:
Natural Vegetation Succession (Driver): Succession patterns of herbaceous and deciduousdominated riparian vegetation vary among settings in the Manti-La Sal NF. At lower elevations, flood and
wildfire disturbance create conditions for early-seral woody species such as narrowleaf cottonwood,
Fremont cottonwood, and willows (Baker 1990). Under natural conditions floods occur frequently,
maintaining a variety of seral classes near stream channels. Deciduous trees and shrubs and many
perennial herbaceous species vegetatively recover from fire, unlike conifers.
Tree Encroachment on Riparian (Stressor): Replacement of deciduous species by conifers alter the
structure and function of the riparian system. The increase in conifers into the riparian zone can increase
the susceptibility to fire and other disturbances. Conifers provide less streambank stability than deciduous
and herbaceous plants such as willows and sedges (Winward 2000). Increased density of
trees/vegetation in surrounding watershed can lower water tables and available water.

2.

Indicators

MIXED CONIFER INTERFACE:
Acres of aspen, type and size of disturbance are indicators used to measure stress on aspen in the mixed
conifer interface.
WOODLAND INTERFACE:
Acres affected by woodland expansion are the primary indicator used to measure of the stress on other
vegetation types (e.g. grasslands, sagebrush lands and mixed conifer, particularly ponderosa pine).
RIPARIAN INTERFACE:
Seedling sapling counts in relation to the amount of acres in the riparian vegetation type are the indicator
and measure for assessing levels of stress from tree encroachment.

3.

Scale

Spatial scale: Vegetation types Forest-wide (aspen and mixed conifer, woodlands, and riparian)
MIXED CONIFER INTERFACE:
Spatial Scale: Vegetation Types (USDA 2016d)
1) Spruce/fir 54,754 acres - Mid to high elevation 8,000 - 10,000ft. Aspen, subalpine fir, blue and
Engelmann spruce.
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2) Aspen and mixed conifer 342,739 acres - Low/mid elevation 6,000 - 8,000ft. Aspen, subalpine fir,
ponderosa pine, Douglas fir, white fir, pinyon pine, gambel oak, juniper.
3) Mixed conifer (dry) 106,133 acres 6,000 - 8,000ft. Aspen, Douglas fir, white fir, limber pine,
pinyon pine, juniper and gambel oak.
Temporal Scale: 1991-current 25 years
WOODLAND INTERFACE:
Spatial Scale: Vegetation Types
1) Mixed conifer (dry) 106,133 acres Low/mid elevation 6,000 - 8,000ft. Aspen, Douglas fir, white fir,
limber pine, pinyon pine, juniper and gambel oak.
2) Woodlands Low/mid elevation 6,000 - 8,000ft. Aspen, pinyon pine, gambel oak, ponderosa pine,
juniper.
3) Sagebrush/grasslands Low/high elevation 6,000 - 10,000ft.
Temporal Scale: 1924-current 92 years
RIPARIAN INTERFACE:
Spatial Scale: Vegetation Types
1) Riparian/Wetlands Low/high elevation 6,000 - 10,000ft.
Temporal Scale: 2011-current 5 years
Figure 2. Geographic display of tree encroachment interface
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4.

Existing Condition of the Indicators

MIXED CONIFER INTERFACE:
Unpublished data provided by the Rocky Mountain Research Station’s Forest Inventory and Analysis
Project showed the Manti-La Sal National Forest historically had 338,008 acres of aspen and currently
has 158,866 acres, a 53 percent decline in acres of aspen. From that same study Utah showed a 51
percent decline from historic 2,930,684 acres to current 1,427,973 acres (Bartos 2001). The 1915 and
1965 timber inventories on the Manti Division showed that aspen declined 34 percent from 194,245 acres
to 127,831 acres; from which the Forest estimated that 1600 acres would need to be treated annually to
return aspen to historic conditions (USDA, 1986). All documented fires prescribed and natural, timber
harvests, fuels treatments and insects and disease averaged over the past 30 years show approximately
1200 acres annually being effectively treated (USDA, 2016).
Figure 3. Example of stable aspen
There are approximately 96,017 acres
on the forest that are in stable aspen
state. Stable (properly functioning)
aspen that has a “skirt” or “fairy ring” of
regeneration and is replacing itself
(Bartos 2001). The stems are of
various ages that resulted from pulses
of regeneration that occurred at various
times in the past. Generally, an
individual standing near a stable clone
has difficulty seeing into or through it
(Bartos 2001). On the Manti-La Sal
stable aspen are found on south facing
slopes containing shrub, forb
grasslands.
Figure 4. Example of aspen and
mixed conifer interface.
There are approximately 246,722 acres
in transition state. Figure 4 shows
conifer-dominated aspen which
accounts for a great deal of the decline
of aspen across the forest.
Existing conditions indicate that most
aspen stands will eventually be
replaced by conifers, sagebrush, or
possibly other shrub communities
(Bartos and Campbell 1998). Based on
the assessment done in 2006 (PFC), if
aspen are less than 15 percent of the
composition, stands are at risk of
becoming converted to conifers stands.
WOODLAND INTERFACE:
The expansion of woodlands now cover an average of three to four times the pre-Euro-American
settlement area. These areas represented some of the more diverse and productive sagebrush
ecosystems in the region and currently support, or will support, some of the highest levels of tree
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dominance and fuel loads. Consequently, sagebrush communities continue to decline as tree dominance
continues to increase (Despain and Mosley 1990). The rate of the transition from sagebrush ecosystem
to tree-dominated woodland is variable depending on the site potential. In general, a minimum of 60 to
90 years is required for trees to dominate a site (Barney and Frischknecht 1974).
With a reduction in fire frequency, tree seedlings are able to survive and the areas of woodlands expand.
Additionally, livestock grazing that removed the herbaceous vegetation or fine fuels carrying fire
(Heyerdahl et.al. 2001), and wet conditions that created an ideal situation for tree establishment.
Figure 5. Expansion into mixed conifer
(Photo taken in Ephraim Canyon):
Gambel oak (Quercus gambelii), and Rocky
Mountain juniper (Juniperus scopulorum)
expanding beneath an open canopy of
ponderosa pine (Pinus ponderosa) on the MantiLa Sal National Forest. In addition to
expansion, stand density has increased resulting
in increased vulnerability to crown fire
(Kaufmann et.al. 2005). Ponderosa pine forests
have gained some acreage from riparian zones,
aspen, sagebrush, and mountain brush, but
have lost significant acreage to Douglas-fir and
white fir invasion (Kuafmann et.al. 2005).
Figure 6. Expansion into sagebrush and
grassland (photograph taken at Orange Olsen):
Changes in distribution of sagebrush
communities over the last 150 years came
primarily in the form of reductions rather than
expansions (Hood and Miller 2007). Much of the
woodland expansion has been into the more
productive sites (for example, canyon bottoms
and swales). In the absence of fire, the trees are
well adapted and competitive in these more
productive locations (Hood and Miller 2007). As
the canopy of the woodlands close, understory
plants, especially shrubs, rapidly decline (Fire
Science 2008).
RIPARIAN INTERFACE:
Though a variety of deciduous trees and shrubs are still present in riparian zones, conifer encroachment
is expected to continue in the absence of fire disturbance. Following more than 100 years of fire
suppression, increases in conifers are changing the structure and composition of riparian forests. A
variety of seral stages are currently present, but encroachment could limit seral stage diversity in the
future (ANF 2009b). At higher elevations, conifer encroachment into willow-dominated riparian zone has
occurred within the fire return interval, which can exceed 200 years. Wildfire return intervals of 100 years
or less prevent displacement of deciduous and herbaceous communities by conifers that encroach from
upland communities, maintaining deciduous and herbaceous-dominated composition. Beaver dams
create saturated soil conditions, which reduce growth and survival of established conifers and prevent
establishment of young conifers (Ashley National Forest, unpublished data). Historical removal of beaver
from watersheds may therefore encourage conifer encroachment into floodplains of the Manti-La Sal NF.
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5.

Trends

MIXED CONIFER INTERFACE:
Aspen is an early seral tree species in the mixed conifer zone. Because of this, we see numerous
situations where aspen clones have been, or are being replaced by other vegetation types such as
subalpine fir, sagebrush (Bartos 2001), or other species that have potential to dominate areas where
aspen has historically occurred. Aspen succession to conifers is in response to natural forces. Some of
these forces (e.g. fire) that have been altered by human intervention (fire suppression practices) give
more shade-tolerant conifers a marked advantage (Bartos 2001). Numerous landscapes throughout the
West that were once dominated by aspen are now in late successional stages dominated by mixed-conifer
species (Bartos and Campbell 1998). This trend is also true on the Manti-La Sal National Forest.
Repeat photos are one way to evaluate changes on the landscape, especially with the loss of aspen. The
Rocky Mountain Research Station’s Forest Inventory and Analysis Project (FIA) has collected data on the
current and historical acreage of aspen in the Interior West. The historical data are a result of summing all
acres that currently contain at least one aspen either living or dead. Utah shows at least a 60% decrease
in aspen domination since the arrival of Europeans. Similar trends (50–96% decline) have been
observed throughout the western United States (Bartos 2001). Without disturbance conifers will
eventually dominate most aspen stands.
On the Wasatch Plateau of Utah, undergrowth production can be reduced by 50% when conifers make up
as little as 15% of the total tree basal area (Bartos 2001). In another study, Mueggler (1988) observed
that undergrowth production was reduced 67% when conifers made up 15% of the total tree basal area.
Once conifer invasion approaches 50% of the total tree basal area in aspen stands, undergrowth
production is only a small fraction of what it once was on these formerly excellent grazing lands (Bartos
2001).
Figure 7. Aspen trend data for the Manti La-Sal National Forest (USDA 2016c)
Acres of Aspen Affected by Defoliation and Decline
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Increasing aspen decline and dieback due to insect and disease agents has been mapped since 1997.
Information on agents involved in dieback and decline was summarized recently (USDA 2012). This
dieback and decline was part of a trend of increasing damage reported across the western United States.
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Decline and dieback peaked in 2007. Decline and dieback damage was largely caused by a complex of
canker diseases and insect borers, but defoliators played a role in some areas (USDA 2012).
WOODLAND INTERFACE:
Pre-settlement trees were generally widely scattered and more common in lower elevation stands with
greater surface rock cover and higher solar exposure (Fire Science 2008). Increased densities of small,
young trees, build-up of surface fuels, and large areas of contiguous forests. With the loss of fine fuels
(grass) for frequent fire, ponderosa pine was able to expand into ecotonal communities such as
sagebrush and mountain brush. Since Euro-American settlement, increasing homogeneity of the
vegetation has resulted in increased fuel loads and continuity. The vegetation heterogeneity that resulted
from differences between sagebrush species and subspecies is generally disappearing (Miller and
Tausch 2001).

Medicine Tree
Tree Landscape
Landscape Area
Area
Medicine

Figure 8. Joes Valley 1924 prior to contsruction of reservoir

Joes Valley
Valley Mitigation
Mitigation Area
Area 1924
1924 prior
prior to
to construction
construction of
of reservoir.
reservoir.
Joes

Figure 9. Joes Valley 2006 (by Niebergall)

Recapture of 1924 Joes Valley Mitigation Area photo 1924 by Niebergall 2006

Recapture
1924 Joes Valley Mitigation
Area
photoDue
1924
bylack
Niebergall
2006 figure 9
Figure
8 showsofsagebrush/grassland
were dominant
in 1924.
to the
of disturbance
shows the expansion of pinyon and juniper on sagebrush and grasslands sites. Woodland development
across sites that can be separated into three phases phase one, trees establish, and seedling and sapling
trees are scattered throughout mountain big sagebrush and perennial grasses. In phase two, trees rapidly
encroach and codominate with shrubs and herbs. Growth rates of trees increase until they mature; then
the growth rate declines as the canopy closes. In phase three, trees dominate (2008 Fire Science).
Currently, there are approximately 270,723 acres in phase 1 (43%), 171,082 acres in phase 2 (27%), and
193,905 acres in phase 3 (30%). Acres in phase 2 are potential for encroachment.
RIPARIAN INTERFACE:
Figure 10 shows seedlings and saplings counted in greenline vegetation studies (USDA 2016) conducted
in the Moab/Monticello and Ferron/Price Ranger Districts in 2011 and 2016. There were 10 surveys
conducted each year in the Moab/Monticello District and 18 in the Ferron/Price district. Results from
greenline monitoring data show conifers establishing in riparian zones in the Moab/Monticello and
Ferron/Price Ranger Districts. Examination of data and photo points covering a longer record is needed,
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however, to determine if changes in composition, structure, and seral stages have occurred in recent
decades. In 1986 riparian acreage comprised approximately 1 percent of the forest area, currently
riparian acreage shows approximately 1 percent of the forest acreage.
Figure 10. Conifer encroachment in riparian areas on Moab and Price Districts
Seedling/Sapling Count in Riparian Areas
Moab/Monticello Ranger District

Seedling/Sapling Count in Riparian
Areas Ferron/Price Ranger District
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Resources Affected

MIXED CONIFER IINTERFACE:
Aspen is portrayed as an excellent indicator of ecological integrity as well as landscape health (Jones
et.al. 2005). Some consider aspen a keystone species (e.g., “the removal of a keystone species causes
a substantial part of the community to change drastically”). Thus, the importance of aspen on the western
landscape cannot be over emphasized (Bartos 2001).
Values attributed to the aspen system include, but are not limited to, forage for livestock, habitat for
wildlife, water for downstream users, esthetics, recreational sites, wood fiber, and landscape diversity
(Bartos 2001). When the aspen system is not functioning properly, many of these values are
compromised (Bartos 2001).
Water yield: Generally, when conifers replace aspen there is a potential for a decrease in water yields.
Gifford and others predicted a decrease of 3 to 7 inches in water yields when conifers replace aspen.
When aspen dominated landscapes convert to mixed-conifer (i.e. every 1,000 acres that convert) 250 to
500 acre-feet of water is transpired into the atmosphere and not available for streamflow or undergrowth
production (Bartos and Campbell 1998). An estimated 500 to 1,000 tons of undergrowth biomass is not
produced (Bartos and Campbell 1998). This loss of water means that it is not available to produce
undergrowth vegetation, recharge soil profiles, or increase streamflow. In dry climates, such as the Great
Basin, this loss of water is substantial and is of great concern to the public (Bartos 2001).
Grazing: Undergrowth vegetation associated with aspen forests is generally considered prime grazing for
domestic livestock. When conifers replace aspen there is a marked decline in forage production.
Mueggler (1988). When aspen lands change to either conifer or sagebrush dominance, marked changes
in both flora and fauna occur (Bartos 2001). Not only is there a loss of forage production as detailed
above, but there is a substantial decrease in plant species richness when there is a loss of aspen.
Aspen-dominated sites are considered to be high in biodiversity, second only to riparian areas on western
sites (Bartos 2001).
Wildlife: when conifers invade aspen stands and aspen succeed to conifers there is a decline in available
forage. However, conifers provide protective cover, shade, and habitat. Aspen stands provide excellent
habitat for many small mammal and avian wildlife species (Bartos 2001). Aspen and mixed conifer
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stands contain a variety of structural characteristics which affect a number of terrestrial and aquatic
species. Depending on the composition of aspen and conifer, certain wildlife species are negatively
impacted while others are benefited. A balance of aspen and conifer or mosaics of conifer and aspen
cover should be considered (Stam et.al. 2008).
Wood Fiber: Currently there are no active markets for subalpine fir and aspen, as timber species on the
forest. Subalpine fir and aspen have very low value. Currently utilization of aspen is fuelwood.
WOODLAND INTERFACE:
As the trees dominate a site, there is a decrease in the herbaceous species and losses in forage
production, an increase in soil erosion, and changes in soil fertility. Woodland expansion changes wildlife
habitat. With tree expansion and increasing dominance there has been an increase in homogeneity and
a loss of resiliency (Hood and Miller 2007).
In the mixed conifer zone increasing density of Gambel oak, pinyon pine, and juniper competes with
ponderosa pine, Douglas-fir, and white fir and creates ladder fuels that contribute to severe wildland fire.
RIPARIAN INTERFACE:
Abella and others (2007) state that the hydrology of springs and riparian areas is a characteristic that has
been heavily modified by Euro-American settlement. Diversion and tree density increases alter water
balances and one study referenced showed that streamflow increased an average of 22% per year after
thinning of ponderosa pine in one watershed. Severe stand-replacing fire in encroached watersheds and
riparian areas can also effect watershed health and productivity.
Grazing: Riparian vegetation typically has high species diversity and high forage production for wildlife
and livestock. Conifer encroachment can reduce species diversity and reduce the forage productivity.
This decrease in vegetation species diversity can modify the habitat value for certain desired wildlife
including migratory birds.
Wildlife: Replacement of deciduous species by conifers can have ecosystem consequences because
numerous species of wildlife use deciduous trees for nesting and foraging (Smith and Finch 2014)

7.

Management Tools

MIXED CONIFER INTERFACE:
The following risk factors may indicate that the landscape is not in properly functioning condition and at
risk of loss:
1) Conifer understory and overstory cover >25 percent (Bartos and Campbell 1998),
2) Aspen canopy cover <40 percent (Bartos and Campbell 1998),
3) Dominated aspen trees >I00 years of age (Bartos and Campbell 1998),
4) Aspen regeneration ~500 stems/acre 5-15 feet tall (Bartos and Campbell 1998),
5) Sagebrush cover >10 percent (Bartos and Campbell 1998).
There are many treatment options (fire, cutting, fencing, spraying, ripping, chaining, and others) that can
be used for aspen and conifer management. Aspen has often been characterized as an asbestos forest
type (one that is hard to burn); however, mixed conifer in aspen stands will carry fire very well. Suckering
must not be initiated until excessive browsing is controlled, treatments should be greater than 500 acres
(Bartos and Campbell 1998).
WOODLAND INTERFACE:
Effectively restoring a mix of sagebrush and woodland dominance at the landscape level also requires the
restoration of the former landscape heterogeneity that makes a dynamic stability with fire possible.
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Prescribed fire in pinyon-juniper has been used to control the establishment of trees, increase forb
productivity, increase habitat diversity, control invasion of other conifers, alter herbivore distribution,
enhance forage palatability and nutritive quality, and prepare sites for reseeding (Bunting 1990).
Chaining and thinning are the most commonly used mechanical methods to reduce tree cover. The size,
type, and arrangement of the chain can be varied to accomplish different objectives and control the size
and amount of trees removed (Stevens and Monsen 2004).
Mastication is another increasingly popular mechanical thinning method. Because mastication is such a
new treatment, the ecological effects are largely unknown and warrant future research.
Herbicides to control encroaching pinyon and juniper trees are another alternative to reduce tree cover.
Basal spraying of herbicides allows for highly selective application with little effect on non-target species
Tebuthiuron (Spike) and picloram (Tordon) are commonly used herbicides in these systems (Parker
et.al.1995).
RIPARIAN INTERFACE:
Maintaining a healthy riparian area requires the maintenance of the diversity of species.
 Thinning - Chainsaw felling or mastication of undesirable trees or other shrubs has been used to
control the establishment of conifer trees into a deciduous dominated riparian area as well as
invasive woody species such as tamarisk.
 Prescribed Fire – can be used in certain circumstances to control the establishment of conifer
trees, increase forb productivity and habitat diversity.

8.

Stressor Accumulation

MIXED CONIFER INTERFACE:
Stressors that cumulatively affect the succession of this vegetation type include; wild/domestic browse
and grazing, fire suppression, prescribed fire, insects/disease, developments/WUI, climate change (i.e.
increasing temperatures and drought), and timber harvest. In situations where aspen is being replaced
by conifer or other vegetation, these type conversions are modifying the sites dramatically. In most areas
of the West, these modified aspen clones should be considered top priority for restoration (Bartos 2001).
Climate change results in stress to aspen that in conjunction with other stressors (insects, disease,
browsing, and etc.) can accelerate aspen decline. Anderegg and others (2011) determined that aspen is
sensitive to climate-induced dieback. The paper states “results indicate that hydraulic impairment of
distal branches and roots plays an important role in recent drought-driven aspen die-off, with root
mortality possibly preceding canopy mortality.” This hydraulic impairment is referred to as cavitation.
Root mortality limits the ability of the clone to sucker and regenerate.
Similar incidences of aspen dieback or decline have occurred on the Manti-La Sal National Forest (USDA
Forest Service 2012).
WOODLAND INTERFACE:
Woodland expansion may be facilitated by the increasing CO2 in the atmosphere (Johnson et.al. 1993).
Climate change (increased temperature and repeated drought) contributes to fire susceptibility.
RIPARIAN INTERFACE:
Stressors that cumulatively affect the succession of this vegetation type include; wild/domestic browse
and grazing, fire suppression, prescribed fire and other fuel treatment, insects/disease,
developments/WUI, climate change (i.e. increasing temperatures and drought), increased tree density
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within the watershed, and timber harvest. In situations where aspen is being replaced by conifer or other
vegetation, these clones should be considered priority for restoration (Bartos 2001).
Climate change (increased temperature and drought) can result in drying and lowered water tables that
can allow encroachment of conifer into floodplains, wet meadows, and streamside riparian areas.

9.

Identify any data gaps


Limited survey and monitoring of aspen decline – existing data is limited to FHP aerial survey and
air photo interpretation.



Long and short term trend monitoring would be needed from mastication in the pinyon juniper
woodlands and mixed conifer vegetation types.



Currently there are no data of the status of the alpine vegetation type. As climate changes there
is speculation trees will continue to advance up the elevation gradient. If this theory is correct,
future data would need to include this encroachment.



Long term large scale trend data in the riparian vegetation type of conifer encroachment is not
available.



Aerial insect and disease detection surveys are conducted annually to detect and monitor annual,
visible, vegetation damage primarily caused by insects. Aerial detection surveys are intended to
detect new activity, to monitor the trend of ongoing activity, to provide general location
information, and to subjectively rate levels of defoliation. The numbers do not reflect the current
year's beetle population or number of currently attacked trees. Observers have just a few
seconds to recognize, identify, and document observed activity. Air turbulence, cloud shadow,
haze, smoke, and observer experience can all affect the quality of the survey.



There are currently no scientific or documented strategies for treatments regarding encroaching
conifers in riparian areas.
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