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INTRODUCTION 

On September 20, 2007, I accompanied a Walla Walla Ranger District interdisciplinary team 

(IDT) when it reviewed aspen plant communities in the Elk Flat area. The IDT visited Elk Flat 

during field reviews for Cobbler II Timber Sale and Fuels Reduction Project (USDA Forest Ser-

vice 2010). Aspen plant communities at Elk Flat have special significance as perhaps the single 

largest concentration of aspen in the Blue Mountains. 

This white paper provides specific observations about aspen communities at Elk Flat, aspen 

ecology and management in general, and it elaborates on comments I made during the September 

2007 field trip. The white paper has three objectives: 

1. After returning home from the field trip, I was able to locate reports from ecologists, en-

tomologists, and a pathologist; they were prepared after previous field reviews of the Elk 

Flat aspen area. I scanned this material and included it here as enclosures. 

2. In many instances, biology and ecology of quaking aspen is quite different from that of 

our conifer species, and I would like to discuss how these differences could influence our 

future stewardship of the Elk Flat area and its aspen communities. 

3. I would like to make readers aware of historical mapping sources offering clues about 

what the Elk Flat area used to be like; these sources could help land managers decide 

whether Elk Flat aspen communities have been deteriorating through time. 

ASPEN  DISTRIBUTION 

Aspen (Populus tremuloides Michx.) is the most widely distributed forest tree species in 

North America; it occurs in temperate and boreal forests ranging from northeastern Canada west 

to northwestern Alaska, and then south in montane and subalpine vegetation zones of the Rocky 

Mountains. Outlier populations of quaking aspen are found as far south as northern Mexico 

(Howard 1996, Jones 1985). 

In the United States, we refer to P. tremuloides as quaking aspen, but the same species is 

called trembling aspen in Canada. 

When considering the range of its close relative from Asia, Europe, and North Africa – the 

European aspen (Populus tremula) – aspen undoubtedly has the broadest distribution of any tree 

species in the world (Perala 1990). 

Although aspen’s global distribution is impressive, the Blue Mountains occur near the pe-

riphery of its range in western North America (Perala 1990). When consulting “Atlas of United 

States Trees” (Little 1971), aspen’s Blue Mountains distribution is shown as four discrete con-

centrations bearing little semblance to its actual distribution or extent in our local area (fig. 1). 

Umatilla National Forest compiles and maintains a geographic information system database 

and associated geospatial layer depicting known occurrences of aspen on the Forest. For the 

Umatilla NF, a GIS analysis would undoubtedly show that the average size of aspen-dominated 

stands is half an acre or less. 
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Figure 1: Distribution of quaking aspen for the Blue Mountains section, as shown in the “Atlas of 

United States Trees” (Little 1971). Little’s atlas was prepared for the entire United States,2 so its 

broad-scale information is likely to be inaccurate for fine-scale areas such as the Blue Mountains. 

This presents a dramatic contrast with aspen elsewhere in the western United States, particu-

larly for Utah, Colorado, southeastern Idaho, and northwestern Wyoming, where aspen forest 

frequently occurs in large stands and occupies substantial portions of the landscape on occasion. 

In central or northwestern Colorado, for example, an aspen stand covering 50 acres is consid-

ered normal or even smaller than average (fig. 2), and yet the spatial extent of aspen in the Elk 

Flat area (estimated to be 50 acres) is traditionally characterized as the largest aspen stand in the 

Blue Mountains province. 

A typical reaction to the Elk Flat aspen communities is provided by Elizabeth Crowe, a pre-

vious associate Area Ecologist, when she noted that “Elk Flats has the largest extended collec-

tion of aspen stands I’ve seen on National Forest land in the Blue Mountains” (enclosure 2). 

Although we don’t know for certain why aspen currently occurs as such small stands in the 

Blue Mountains, I suspect our contemporary aspen communities have retreated to their moist-site 

refugia in response to a century of ungulate browsing, fire exclusion, and conifer invasion. 

 
2 Digitized tree range maps from Elbert Little’s “Atlas of United States Trees” are provided for 35 species occurring 

in the Blue Mountains section at this website: http://www.fs.fed.us/r6/uma/nr/silv/range-maps.shtml 

http://www.fs.fed.us/r6/uma/nr/silv/range-maps.shtml
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Figure 2: Large aspen stand in the East Williams Creek area, Wet Mountains, San Carlos Ranger 

District, Pike and San Isabel National Forests. For many areas in Utah, Colorado, and northwest-

ern Wyoming, quaking aspen occurs in large stands, although an individual stand commonly con-

tains more than one clone. In the Blue Mountains, aspen tends to occur as very small stands cov-

ering a fraction of an acre (Swanson et al. 2010). 

Recent concerns about a possible decline in quaking aspen forests identified that “aspen 

clones in the southwestern United States, as well as in other areas on the edge of aspen’s range, 

are of particular concern to forest managers because drastic reductions in aspen acreage have oc-

curred (Bartos 2000) in these areas” (Guyon 2006). Since the Blue Mountains also occur near the 

edge of aspen’s range, Guyon’s (2006) statement applies equally well to our aspen stands. 

ASPEN  BIOLOGY 

Aspen is a deciduous, broadleaved tree species, a group often referred to as hardwoods. As-

pen is unique among the major western tree species, and even among our native broadleaves, in 

that it reproduces almost exclusively from root sprouts called suckers. 

Unlike many other broadleaved species, mature aspen trees do not produce “true sprouts” 

from stumps or stem bases, although small aspen trees occasionally produce basal stem sprouts. 

When clumped aspen occur, this is often their genesis – small aspen trees were wounded early in 

life, and they responded to the injury by producing basal stem sprouts. 

This regeneration trait is a major difference between aspen and other common broadleaved 

species – black cottonwood, water birch, mountain alder, and bitter cherry reproduce vegeta-
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tively using sprouts produced from the lower stem area of mature trees, whereas vegetative re-

production for aspen occurs almost exclusively as suckers from the root system. 

Reproducing primarily from root suckers results in another unique situation for aspen: a 

clonal life history allowing a very long potential age for any individual clone. For this interesting 

evolutionary strategy, the genetically unique organism consists of a root system called the genet, 

and it produces successive generations of root suckers called the ramets, which then develop into 

mature trees (Perala 1990). 

Although an individual cohort of aspen ramets is relatively short-lived (60 to 100 years), es-

pecially in contrast to the multi-century longevity of many of its conifer associates, the under-

ground genet may be thousands of years old. 

Some clones in the intermountain west might approach 10,000 years of age (and perhaps 

more than a million years according to Barnes 1975), thus producing a hundred or more genera-

tions of ramets from one root system. 

It is believed that an ancient aspen clone has existed for perhaps thousands of years in the 

Morsay Creek drainage of the North Fork John Day Ranger District (Shirley and Erickson 2001). 

Since aspen trees are a clone connected by a parent root system, a clone is male or female, 

but not both. Aspen is a dioecious species with clones being either male or female, rather than 

being monoecious with both reproductive structures produced on the same tree (or clone). This 

illustrates another difference between aspen and conifers because all major conifers of the Blue 

Mountains are monoecious. 

Another clonal feature is that many tree characteristics vary markedly from one clone to an-

other, such as leaf shape and size, bark color, branching habit, autumn leaf color, disease re-

sistance, and so forth. 

Since clones intermingle, variations in one or more of these characteristics can often be used 

to accurately identify different clones in the field, and to do so without incurring the cost of ge-

netic testing such as isoenzyme analysis (fig. 3). 
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Figure 3: Genetic variation in quaking aspen. 

Stems in a clone will exhibit a relatively consistent 

expression of any trait under genetic (rather than 

environmental) control. Leaf shape and size, bark 

color, branching habit, autumn leaf color, and dis-

ease resistance are examples of traits for which ge-

netic control has been described (Barnes 1975, Cot-

tam 1954). The clone above exhibits poor self-

pruning of dead branches, and this trait is obvious 

enough to separate this clone from adjacent ones in 

the same area. Note that self-pruning and live 

branching are separate traits: some clones have 

short live branching (upper third of stems only) and 

good self-pruning of dead branches, while others 

exhibit short live branching and poor self-pruning 

of dead branches. Bark color is supposedly an indi-

cator of clone vigor (Shepperd 1981), but my expe-

rience is that bark color is often a genetic trait, with 

yellow-barked clones (upper right) easily separated 

from white- or green-barked clones (lower right) in 

stands where different clones intermingle. Delinea-

tion of clones on the basis of phenotypic traits is 

not foolproof; isoenzyme analysis is generally 

more reliable (Morgenstern 1996).  
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ASPEN  REGENERATION 

Hopefully, an aspen biology discussion (page 3) successfully communicated that aspen is a 

uniquely interconnected tree species, and that sharing a common root system results in above-

ground stems exhibiting a remarkable degree of uniformity when compared with high amounts 

of phenotypic variation typically observed for our conifer species. 

The interconnectedness of aspen results in some unusual considerations when attempting to 

promote or enhance aspen regeneration. Sucker production from a clone’s root system is sup-

pressed by a plant growth hormone called auxin (Schier 1973). Auxin is produced by the aerial 

parts of the tree, including the stem. In forestry terminology, the hormonal control exerted by a 

stem over the root system is called ‘apical dominance’ (Schier et al. 1985). 

When auxin movement into roots is halted or reduced by cutting, burning, girdling, killing, or 

defoliating the stems, auxin levels in the roots decline rapidly. Auxin acts to suppress sucker pro-

duction, whereas another growth hormone called cytokinin is produced by the root system and it 

acts to promote sucker initiation and development. High ratios of cytokinin to auxin favor sucker 

initiation, but low ratios inhibit it (Schier 1973, 1975; Schier et al. 1985). 

This constant tension between two growth hormones, one inhibiting suckers and the other 

stimulating them (fig. 4), has an important influence on the circumstances under which we can 

expect to obtain a new cohort of aspen trees. In fact, a research silviculturist suggested that suc-

cessful aspen regeneration is best obtained by using an aspen regeneration triangle – hormonal 

stimulation, proper growth environment, and sucker protection (Shepperd 2001). 

After a change in hormone balance triggers a new aspen cohort, carbohydrate reserves stored 

in the root system (starches, etc.) supply the energy needed for sucker initiation and early devel-

opment. An elongating sucker is entirely dependent upon the parent root system until it emerges 

from the soil and can begin photosynthesizing on its own (Schier and Zasada 1973, Tew 1970). 

Low carbohydrate reserves allow fewer root buds to initiate into suckers, or it results in some 

of the elongating suckers not being able to reach the soil surface, and either outcome contributes 

to a sparse stand of aspen regeneration (Schier et al. 1985). 

A land manager could decide to actively intervene in a stand’s development by killing the 

overstory aspen trees, thus preventing further auxin production, in order to promote a new cohort 

of young aspen stems. This approach involves risk, however, because carbohydrates produced by 

overstory trees nourish the root system, so if killing the overstory aspen trees does not promote 

suckering, then both the root system and the clone might be lost from this tactic. 

An extensive root suckering discussion is provided because aspen seldom regenerates from 

seed. Even when male and female clones occur in close proximity, which is not a foregone con-

clusion in the Blue Mountains where aspen occurs in isolated stands and a stand does not always 

contain more than one clone, the seed catkins are produced in early spring when snow is still on 

the ground, and aspen seeds deteriorate rapidly after being dispersed (McDonough 1985). 
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Figure 4: Auxin and cytokinin relationships 

for quaking aspen ecosystems (diagrams re-

produced from Miller 1996). Many aspects of 

the regeneration ecology of quaking aspen are 

controlled by plant growth hormones. Auxin 

appears to have a predominant regulating role, 

although gibberellin, cytokinin, abscisic acid, 

ethylene, and other hormones are also involv-

ed (Kozlowski and Pallardy 1997). Auxins, 

which are produced by aerial parts of the tree, 

exert control over the root system. Photosyn-

thate, consisting of carbohydrates and other 

organic compounds created during photosyn-

thesis, moves downward with auxins toward 

the root system through a tree’s phloem. Plant 

growth hormones called cytokinins are pro-

duced by the root system. Cytokinins and wa-

ter move upward toward the foliage through a 

tree’s xylem (lower image). The ratio of aux-

ins to cytokinins controls sucker production in 

aspen stands: high ratios of cytokinins to aux-

ins favor sucker initiation (upper left), whereas 

high ratios of auxins to cytokinins inhibit as-

pen suckering (upper right). 
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In western Canada where seed viability has been studied, aspen seeds remained viable for 

only 2 to 4 weeks (McDonough 1985), and this short viability period provides another difference 

between aspen and our native conifers, all of which have much longer seed viability than aspen. 

This means that aspen seed dispersed onto a snowpack might not remain viable long enough for 

conditions to change in favor of seed germination (unless wind moves it off the snowpack). 

ASPEN  ECOLOGY 

At Elk Flat, aspen is primarily associated with three ecological settings: 

1. A riparian setting located in wet basins or on wet flats (this is the quaking aspen/bluejoint 

reedgrass plant community type) 

2. A transitional ‘fringe’ setting found along the edges of meadows, and 

3. An upland setting where existing conifer density typically exceeds aspen density (fig. 5). 

In many examples of the aspen/conifer type at Elk Flat, aspen occurs solely as skeletons 

(down gray stems clearly recognizable as aspen) because living aspen is no longer present in 

these stands. [If aspen surveys are conducted, I suggest that presence of aspen skeletons be rec-

orded because this information can be helpful for deciding where to reestablish (plant) aspen.] 

Throughout the western United States where aspen and conifers coexist, the vegetation pat-

tern often features a mosaic of forest and small meadows (fig. 6). The succession in these areas is 

generally from meadow to forest, but destruction of a forest stand by wildfire frequently sets the 

area back to meadow (Daniel et al. 1979, page 284; Schimpf et al. 1980). I believe the Elk Flat 

area might fit this successional model. 

“Where aspens occur on the margins of a stand, they advance into the meadow by means of 

root suckers, provide shade, reduce gopher concentrations, and give a favorable seedbed and 

growing conditions for the establishment of the conifers” (Daniel et al. 1979; pages 284, 286). 

Many conifers exist in Elk Flat aspen stands, having invaded from adjacent sites in the Cool Wet, 

Cool Very Moist, and Cool Moist plant association groups (Powell et al. 2007). 

“Tolerance is a forestry term for expressing the relative capacity of a tree to compete under 

low light and high root competition. Tolerant trees reproduce and form understories beneath can-

opies of less tolerant trees or even beneath their own shade. Intolerant trees reproduce success-

fully only in the open or where the canopy is greatly broken. A knowledge of tolerance and its 

implications for competitiveness and growth is fundamental to good silviculture and should sup-

port every management decision” (Daniel et al. 1979).3 

When considering how the tree species at Elk Flat have been rated according to tolerance, we 

find that subalpine fir is classed as very tolerant, Engelmann spruce and grand fir are tolerant, 

Douglas-fir and western white pine are intermediate, ponderosa pine and lodgepole pine are in-

tolerant, and western larch and quaking aspen are very intolerant (Daniel et al. 1979, table 13-2). 

 
3 Daniel et al. (1979) use tolerance in a broader sense than just shade tolerance. After root-trenching studies de-

scribed by Zon (1907), tolerance was used to refer to a species’ ability to tolerate both shade and root competition. 
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These tolerance ratings support my contention that Elk Flat aspen communities owe their ex-

istence to two ecosystem processes: 

1. Stand-initiating disturbance events such as wildfire, which function as ‘destruction’ 

agents and initiate a new plant succession beginning with meadow (fig. 7); and 

2. Forest stand dynamics, where succession and other life history traits of individual tree 

species control how post-disturbance plant communities evolve through time. 

As an intolerant species, aspen will only regenerate and develop successfully in open envi-

ronments. Aspen’s suckering ability allows it to quickly produce a profuse amount of reproduc-

tion ideally suited for exploiting meadows or open, early-successional conditions. But to thrive 

or just develop acceptably, aspen suckers require an environment relatively free of competition 

from other tree species,4 particularly from conifers and other species more tolerant than aspen. 

Since all of the conifers in the Elk Flat aspen communities are more tolerant than aspen (in-

cluding western larch), they represent a significant competition risk to the long-term health and 

vigor of the Elk Flat aspen stands (fig. 8). This means that as plant succession progresses, as-

pen’s initial competitive advantage wanes because shading, soil acidity, and other environmental 

conditions gradually evolve in favor of the tolerant conifers (Bartos and Amacher 1998, Cryer 

and Murray 1992). 

Although human society has decided to suppress the primary disturbance process responsible 

for maintaining aspen communities at Elk Flat (stand-initiating wildfire), we could choose to 

mimic a fire effect by removing conifers from successionally advanced aspen stands. If we de-

cide to pursue this course of action, it should be implemented before aspen is completely lost 

from the Elk Flat area. 

Intervening to sustain aspen at Elk Flat acknowledges that for the evergreen-dominated for-

ests of western North America, aspen provides far more value for aesthetics and biological diver-

sity than would be expected from its relatively minor abundance on the landscape. When consid-

ering inventory information compiled for the Umatilla National Forest (Christensen et al. 2007), 

which shows the Forest supporting at least a billion conifer stems and broadleaf/hardwood stems 

numbering only in the thousands, special management effort and emphasis for aspen (and cotton-

wood, birch, alder, and cherry) is clearly warranted. 

Some have suggested that aspen functions as a keystone species, providing essential ecosys-

tem services for a very large suite of plants and animals (Rogers et al. 2007, Shepperd et al. 

2006). It is my opinion that aspen stands at Elk Flat provide ecosystem services and values that 

are disproportionately greater than aspen’s limited abundance on the Walla Walla Ranger Dis-

trict (fig. 9). 

 
4 Note that competition between aspen suckers seems to have little inhibitory effect on stand development. As a very 

intolerant species, aspen is an effective self-thinner, and research has shown that manual thinning of dense aspen 

regeneration is not only unnecessary but might actually be counterproductive by contributing to disease spread. This 

is another difference between aspen and conifers because early thinning of young conifer stands can be very im-

portant, particularly for intolerant conifers with high susceptibility to stagnation. Stagnation seldom, if ever, occurs 

in aspens (Perala et al. 1999), and in other intolerant western broadleaved tree species. 
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Figure 5: At Elk Flat, aspen occurs in three eco-

logical settings representing a continuum of soil 

moisture conditions: a riparian type on wet flats 

(upper); a meadow fringe type (right); and an up-

land aspen/conifer type. The riparian setting is a 

quaking aspen/bluejoint reedgrass (POTR/CACA) 

plant community type (Crowe and Clausnitzer 

1997). In the upper image, lush herbaceous cover 

includes sedges adjacent to a shallow, meandering 

stream channel, with bluejoint reedgrass just be-

yond the sedge zone. POTR/CACA sites have 

fine-textured soils and are often saturated for 

some of the growing season (Crowe and Clausnit-

zer 1997). Aspen and bluejoint reedgrass tolerate 

poorly drained soils because they are shallow-

rooted and regenerate vegetatively (Powell 2008). 

Although aspen tolerates poor drainage for short 

periods, it prefers unsaturated conditions (Com-

eau et al. 1996). Poor drainage is a primary factor 

causing low aspen density on POTR/CACA sites 

(as shown above), although bluejoint reedgrass is 

known to suppress tree regeneration. A meadow 

fringe type (right, with Lia Spiegel and Bill Collar 

pictured) may also be relatively lush, but it is not 

dominated by wet-site indicators such as riparian 

sedges, rushes, or bluejoint reedgrass. An upland 

aspen/conifer type is not shown here. 
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An aspen clone on the Bear 

Valley (now Blue Mountain) 

Ranger District of the Mal-

heur National Forest. Note 

that this aspen stand occupies 

a relatively small acreage, as 

is typical for the Blue Moun-

tains, and that it occurs as a 

fringe type around a meadow 

where the plant composition 

consists of graminoids and 

willow clumps. 

 

An aspen clone in the Jarboe 

Meadow area of the Walla 

Walla Ranger District, Uma-

tilla National Forest. Once 

again, this aspen stand occu-

pies a small acreage and oc-

curs primarily as a meadow 

fringe type. In this instance, 

the meadow is wetter than 

the Bear Valley example, 

with the plant composition 

featuring wet-site plants such 

as California false hellebore 

(Veratrum californicum) and 

common cowparsnip (Hera-

cleum maximum). 

Figure 6: Aspen communities in the Blue Mountains tend to occur most often as a meadow fringe type, 

suggesting that plant succession in these areas is generally from meadow to forest, and that destruction of 

a forest stand by wildfire frequently sets the area back to meadow (Daniel et al. 1979, Schimpf et al. 

1980). Aspen’s affinity for meadow margins is at least partly due to its soil tolerance: although aspen can 

tolerate heavy soils with high water tables or anaerobic conditions for short periods (see fig. 5; Comeau et 

al. 1996, Landhausser et al. 1998, Perala 1990), it prefers meadow margins because they tend to have 

lighter soils and better drainage than meadow interiors. For proper root function, aspen requires unsatu-

rated soils at least seasonally. 

At Elk Flat, conifer communities adjoining aspen stands tend to consist of moist plant associations 

such as grand fir/Pacific yew/queencup beadlily, grand fir or subalpine fir/false bugbane, and grand fir or 

subalpine fir/queencup beadlily. Mound topography in these conifer sites often supports slightly drier, co-

nifer-dominated microsites featuring big (black) huckleberry (Vaccinium membranaceum). 
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Figure 7: Maps showing geographical extent of a large forest fire occurring about 1850 (in the map to the 

right, the 62 road, the Wenaha-Tucannon Wilderness boundary, and Elk Flat are shown for orientation pur-

poses). The fire perimeters (right) were digitized from a map compiled by Thompson and Johnson 1900 

(left), and included with a report called “The Forests of Oregon” by Henry Gannett in 1902. A large fire of 

more than 68,000 acres is shown in white on the original map (left, upper center) and in green on the GIS 

map (right). Calculated fire size (68,144 acres) includes only the large, contiguous fire area; adjacent 

smaller fires, also depicted with green shading, are not included in the total. A large fire in this vicinity was 

described in an early examination report for a proposed Wenaha Forest Reserve (Kent 1904): “Practically 

every portion of the reserve has suffered more or less from fire. The largest and most important of these was 

one which came from the present Umatilla Indian Reservation about fifty years ago, burned up the river 

Umatilla, into the reserve, then turned north along the west slope across the heads of the Walla Wallas, and 

reached as far as the head of the Wenaha.” The large fire depicted here (right) apparently occurs within the 

area Kent described, but it is obviously smaller than what would be expected from his narrative. 

I believe the large fire described in Kent’s report might have been responsible for the last significant 

episode of aspen regeneration at Elk Flat, more than 160 years ago now. If my assumption is correct, then 

the advanced degree of deterioration exhibited by Elk Flat aspen stands is not surprising because this fire-

free interval (160 years) exceeds the upper limit of a 20-130 year fire frequency proposed by Noble and 

Slatyer (1980) as being necessary for maintaining aspen plant communities in the northern Rocky Moun-

tains. Fire-free periods exceeding 130 years result in quaking aspen becoming inconspicuous in mixed 

forests containing both aspen and conifers, and this result is expected because aspen’s competitive ad-

vantage over conifers (vegetative reproduction) is lost without moderately frequent disturbance events of 

stand-initiating intensity (Noble and Slatyer 1980, Shepperd and Smith 1993). [Note that abundant down 

logs found in conifer stands adjoining the aspen communities also suggests a long, fire-free interval.] 
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Figure 8: Selected vigor issues associated with the 

Elk Flat aspen communities. In the late 1990s, a 

persistent outbreak of satin moth affected Elk Flat 

aspen stands. Satin moth caused either complete 

defoliation (upper right) or a ‘lollipop’ crown re-

sulting from limited refoliation after satin moth 

feeding moderated (above). A satin moth outbreak 

imparted an unhealthy appearance to Elk Flat as-

pen stands; it is possible that satin moth functioned 

as a death knell, especially for low-vigor trees (as 

forest tent caterpillar sometimes does in the Rock-

ies). Satin moth biology and impacts are compre-

hensively described in two insect and disease eval-

uations (enclosures 4 and 5). Another major influ-

ence on aspen health and vigor is a dense ingrowth 

of shade-tolerant conifers (lower right, with Bill 

Collar trying valiantly to protect a veteran aspen 

tree from an unrelenting conifer onslaught). Grand 

fir, subalpine fir, and Engelmann spruce are three 

conifer species of high concern as aspen competi-

tors, and all three are abundant at Elk Flat. 
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Figure 9: Aspen provides a variety of ecosystem services. Quaking aspen is aesthetically attractive (upper 

half: Elk Flat area on September 30, 1997), particularly since it occurs in an evergreen-dominated region 

where limited amounts of fall color from shrubs, broadleaf trees, and a deciduous conifer (western larch) are 

widely appreciated. Aspen provides many values for wildlife and biodiversity – elk use aspen’s bark as a 

food source during winter (lower left, showing a distinctive stem pattern caused by chronic elk barking inju-

ries) and to rub velvet off their antlers; cavity-nesting birds make extensive use of aspen because of its thin 

bark and high frequency of stem decay caused by white trunk rot (Phellinus tremulae) (see fig. 13), thus 

making cavity excavation easier (lower right). 

This white paper provides an extensive bibliography of aspen literature; many items in an “Aspen Ref-

erences and Literature Cited” section describe aesthetic, wildlife, and biodiversity characteristics and values 

associated with aspen ecosystems. 

  



 17 

ASPEN  MANAGEMENT 

My comments in this Aspen Management section apply only to ‘meadow fringe’ and ‘upland 

aspen/conifer’ types described in an Aspen Ecology section (and see fig. 5). I assume that no ac-

tive management activities would occur in a ‘riparian’ type at Elk Flat, although removing coni-

fers from riparian stands (winter log?) would greatly improve aspen longevity and vigor. 

As discussed during a Cobbler II field trip, auxin produced by overstory aspen not only con-

trols whether new suckers are produced by a clone’s root system, but it also influences vigor of 

any existing suckers, and this occurs primarily by suppressing sucker height growth rates. 

As an example of this situation, it is common in the Blue Mountains to see two-layer aspen 

stands featuring an open cohort of overstory aspen, and a relatively sparse cohort of short aspen 

suckers. This two-layer structure demonstrates that the auxin/cytokinin ratio is a continuum, and 

that the amount of aspen suckering varies in response to overstory mortality because it controls 

how much auxin is produced (fig. 4). As overstory mortality causes reduced auxin production, 

limited amounts of aspen suckering occur and this ultimately results in a two-layer structure. 

The suckers in a two-layer stand generally have low vigor, and although some of the reduced 

vigor is caused by chronic ungulate browsing or conifer encroachment, much of it reflects con-

tinuing influence from auxin produced by overstory aspen trees (fig. 4). 

In light of the fact that overstory aspen trees use auxin to suppress aspen suckers, some Blue 

Mountain land managers have considered root-trenching treatments as one option for releasing 

aspen reproduction, so it can grow more quickly to a resilient size class. When used elsewhere, 

trenching was accomplished using a crawler tractor with a ripper attachment (Shepperd 1996). 

Trenching is an intuitively attractive treatment option for at least four reasons: 

• By severing the connection between parent roots and the suckers, it would release the un-

derstory aspen from auxin suppression without having to kill the overstory trees to do so; 

• It would allow the live overstory aspen trees, which are valuable for aesthetics, wildlife 

habitat, and other benefits, to coexist with an understory cohort of aspen suckers; 

• Removing auxin suppression would allow sucker height growth to approach its ecologi-

cal site potential (3 to 6 feet per year is not unrealistic for ideal conditions); and 

• If high rates of sucker height growth could be promoted, then young aspen stems would 

move more quickly into a height zone where they are immune to ungulate herbivory. 

Trenching was occasionally discussed as a possible aspen rejuvenation treatment at meetings 

of the Hardwoods Network (an ad hoc group of hardwoods devotees), but I am unaware if it was 

actually implemented in the Blue Mountains and, if so, whether it was successful. 

Although auxin production from overstory aspen is one factor affecting sucker vigor (fig. 4), 

and I believe its influence is often overlooked, it is by no means the only constraint on sucker de-

velopment. Encroachment by conifers (Jones et al. 2005, Kaye et al. 2005) and browsing by un-

gulates (McCain et al. 2003, Ripple and Beschta 2005, White et al. 1998) are two other factors 

influencing aspen sucker vitality (Shepperd 2001). 
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CONIFER  REMOVAL 

Options need to be considered for removing encroaching conifers from Elk Flat aspen com-

munities! How much conifer removal would be enough? This issue may not have been examined 

specifically for the Blue Mountains (but see “Aspen Management in the Blue Mountains” section 

of Swanson et al. 2010), but when aspen-to-conifer succession was studied in central Utah, it was 

found that “conifers can make up at least half of the stocking in mixed stands without apparent 

harm to the aspen clonal root system” (Shepperd et al. 2001a). 

I believe a 50% conifer threshold described by Shepperd et al. (2001a) should function as an 

upper bound because aspen in central Utah is more abundant, and has better overall integrity, 

than Blue Mountains aspen. Since Blue Mountains aspen is relegated to small stands at an edge 

of aspen’s North American range, it has less resilience than aspen in Utah or Colorado, and I be-

lieve it is less tolerant of conifer encroachment here than there. 

And why is conifer removal even necessary? This question has at least two answers. An ear-

lier ecology section described how aspen is a very intolerant tree species, and it will eventually 

be out-competed by other species with more tolerance. For Elk Flat, every other tree species has 

more tolerance than aspen, so they all represent a significant risk to aspen’s long-term viability. 

The physiological reason for removing conifers is demonstrated by a research study, which 

found that small conifers exhibit greater water stress (midday xylem water potential) when grow-

ing under a conifer overstory than an aspen overstory. In this study, small conifers functioned as 

water-stress indicators, and they clearly showed that large conifers use more soil moisture than 

large aspens (Schimpf et al. 1980). 

The Schimpf et al. (1980) study also suggests that allowing conifers to continue to encroach 

at Elk Flat will result in less available soil moisture than if the area supported other plants, in-

cluding aspen. This is one reason for why the undergrowth of aspen stands is generally lusher 

than for conifer communities. A lush, floristically diverse undergrowth results in aspen stands 

having high value for livestock forage, wildlife browse, and wildflower enjoyment. 

Conifer removal should occur as soon as possible to prevent further deterioration of aspen 

root system vigor. If root system vigor is lost, aspen itself will be lost (fig. 10), and experience 

elsewhere suggests we would then need to plant aspen to reestablish it at Elk Flat. [An “Aspen 

References and Literature Cited” section provides sources describing experience in the West 

about removing conifers to benefit aspen, such as Di Orio et al. 2005 and Krasnow et al. 2012.] 

Perhaps the most recent event contributing to impaired clonal vigor was an intense outbreak of 

satin moth, imparting an unhealthy appearance to aspen communities (fig. 8 and enclosures 4-5). 

Some people believe that a viable aspen root system will continue to exist underground 

where an aspen grove once stood. This is a fallacy, and it ignores a physiological reality that as-

pen roots are living tissue: to remain alive, their respiration demands require carbohydrate re-

plenishment from photosynthesizing foliage. Once aspen is gone from a site, it is gone – there is 

no slumbering root system underground, waiting for a future wildfire to awaken it! 
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Figure 10: Deteriorated aspen clone on the Heppner Ranger District. This clone was burned 

in the Wheeler Point wildfire in 1996, and most of the overstory trees died as a result of their 

fire-caused injuries (occasional trees survived, as shown at far right). When this image was 

acquired a year or two after the fire, there were no aspen suckers under the dead overstory 

trees, indicating that (1) clonal vigor had declined to a point where the root system could no 

longer produce any suckers, or (2) any limited amount of suckering was immediately remov-

ed by ungulate herbivory. In most instances, aspen responds to fire by producing a profusion 

of suckers, but this image shows that fire can kill clones when their pre-fire vigor was at very 

low levels. If an objective is to reestablish a viable aspen clone on sites such as this one, it 

would be necessary to fence the area and then outplant aspen seedlings or rootstock. 

I recommend that conifers be removed for a distance of 1 to 1½ tree heights beyond the cur-

rent extent of aspen root system to allow sunlight to reach the soil surface, helping promote as-

pen suckering and subsequent sucker development. Conifer removal was also recommended by 

Charlie Johnson, Craig Schmitt, Don Scott, and Lia Spiegel: see enclosures 1 and 3-5. 

As noted in a Forest Supervisor letter of September 5, 2003 (Blackwood 2003), it might be 

necessary to amend the Forest Plan to remove conifers over 21" dbh because retaining them is 

emphasized by the Eastside Screens (Jeff’s letter is provided as Enclosure 7; aspen restoration is 

example #5 in the letter). If an amendment is needed to remove conifers, perhaps it could be co-

ordinated with changing Elk Flat’s management designation (see Forest Plan Context section). 

It was clear during various field trips that some reluctance to consider timber harvest for co-

nifer removal is related to perceived risk to soil and water associated with harvest equipment. I 

wonder if the District could address this reluctance by considering a fuelwood option where 

felled conifers are cut into short bolts, and then removed from an area by hand or ATV? Or, bet-

ter yet, why not consider a winter-logging operation, or horse logging during mid to late fall? 
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PLANTING  ASPEN 

If living aspen are completely gone from an area, then planting would need to occur to 

reestablish it (figure 10 provides an example of a situation where aspen planting is apparently 

needed to restore an aspen clone killed by stand-replacing wildfire). Aspen planting has occurred 

on the Walla Walla RD since at least the early 1990s when Larry Frank tried it along Oregon 

Highway 204 after a January 1990 windstorm. 

More recently, Betsy Kaiser has been planting a variety of broadleaved tree and shrub spe-

cies while experimenting with alternative stock types, mulch mats for vegetation control, and 

fencing options to mitigate ungulate herbivory (fig. 11). 

I commend this experimentation because we should not only continue to monitor our tradi-

tional approaches (such as buck-and-pole fencing to exclude primarily elk), but when presented 

with opportunities to evaluate new options that might be more cost effective or persist longer 

than contemporary practices, I believe we should enthusiastically embrace them. 

ASPEN  FENCING 

Elk and deer use aspen forest in different ways. Elk obtain much of their summer food supply 

from grasslands and mountain parks, while deer typically feed in shrublands and forested stands, 

including aspen (Turner and Paulsen 1976). In the Rockies, elk will use aspen stands in much the 

same way as meadows when meadows aren’t present. 

Although elk feed extensively on grasses and forbs, they will switch to woody browse (in-

cluding aspen) after herbaceous plants have cured in late summer or in winter when snowpack 

depths exceed 20 inches (DeByle 1985). Deer consume browse throughout much of the year, but 

they will switch to succulent herbaceous forage in spring and early summer (Kufeld 1973, 

Kufeld et al. 1973). 

Buck-and-pole, A-frame-style fencing has been widely used on the Umatilla National Forest 

for more than 15 years now to mitigate impacts from ungulate herbivory of aspen suckers 

(Shirley and Erickson 2001). Fencing has also been recommended by Area Ecologists for the 

Blue Mountains (enclosure 2). 

Fencing is often included with other activities in an integrated aspen restoration plan. When 

conifers need to be removed from aspen stands such as the ones at Elk Flat, selling them for 

wood products could generate enough revenue to pay for the ungulate-exclusion fencing. If some 

of the conifers that need to be removed are suitable as buck-and-pole fencing material (such as 

pole-sized lodgepole pines), they could obviously be retained onsite for this purpose. 

Another possible mitigation measure is to cut conifers and concentrate their stems in such a 

way as to form barriers, thus discouraging ungulate access to aspen suckers. This measure has 

worked well in some areas of the western United States to create temporary aspen refugia, allow-

ing enough suckers to escape herbivory and thereby successfully perpetuate the clone (de Chan-

tal and Granström 2007, Forester et al. 2007, Ripple and Larsen 2001). 
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Figure 11: Example of a fencing alternative being evaluated on the Walla Walla Ranger Dis-

trict for establishment of broadleaved tree and shrub species (individuals included in the pho-

tograph are Kathy Campbell, Betsy Kaiser, and Vicky Erickson, from left to right). Although 

buck-and-pole fencing has traditionally been used on the Umatilla National Forest, the Walla 

Walla Ranger District is currently evaluating alternative materials such as steel wire and plas-

tic mesh. Landscape fabric, mulch mats from recycled plastic, and other options for mitigat-

ing the effects of competing vegetation are also being evaluated in these establishment trials. 

During a September 20, 2007 field trip, Bill Collar commented that use of wood concentra-

tions (jackstraws) has been tried on the Walla Walla Ranger District as a way to protect aspen 

suckers, but with limited success. 

Slash piles, natural accumulations of woody debris, or conifer trees felled with a ‘hinge’ 

technique have been somewhat effective at protecting aspen suckers on the North Fork John Day 

Ranger District. These treatments or techniques were most effective when they were kept small, 

encouraging native ungulates to go around them rather than through them (Shirley and Erickson 

2001). 

Regardless of which mitigation measures are implemented, it is important to address ungu-

late herbivory. In the southwestern United States, another region where aspen clones are small 

and isolated, aspen is quite vulnerable to herbivory, particularly when animals can converge in 

small, highly stressed clones (Guyon 2006). This caution about herbivory demonstrates that to be 

successful, mitigation measures must be closely aligned with the aspen regeneration triangle – 

hormonal stimulation, proper growth environment, and sucker protection (Shepperd 2001). 



 22 

POTENTIAL  FUEL  LOADING 

During a September 2007 field trip, a discussion ensued about cutting or girdling conifers 

and leaving them onsite as an option for avoiding potential timber harvest risks to soil and water 

resources. Although this strategy is compatible with an objective of killing conifers to help sus-

tain aspen at Elk Flat (figure 13 in Enclosure 7 shows a conifer girdling treatment to benefit as-

pen), it could result in fuel loadings that are problematic in terms of future wildfire risk. 

To evaluate the fuel loading issue, we took two stand examinations completed in the immedi-

ate vicinity of Elk Flat, and then used the Fire and Fuels Extension of the Forest Vegetation Sim-

ulator to calculate their standing wood biomass in tons per acre. I compared the calculated bio-

mass for four levels of conifer felling with an optimum range of coarse woody debris (CWD) re-

flecting acceptable risks of fire hazard and fire severity. Biomass amounts occurring within the 

optimum range represent acceptable wildfire risk; amounts outside the range would be viewed as 

problematic from a fuel loading perspective. 

For a fuels analysis, two stands were used because they reflect a range of stand density, and 

stand density is an important consideration because it dictates how much CWD would ultimately 

be created by either of the non-harvest treatments discussed during a September 2007 field trip: 

• Conifer felling in place, assuming no removal by either commercial timber harvest or 

fuelwood cutting, resulting in immediate creation of down wood. 

• Conifer girdling resulting in rapid creation of standing dead trees, and delayed production 

of down wood after girdled trees topple over. 

Table 1 presents results of a fuel loading analysis. Four percentages of standing biomass 

were selected to reflect a range of conifer felling or girdling. To be consistent with published val-

ues for an optimum range of CWD (Brown et al. 2003), only the biomass values associated with 

live and dead wood greater than 3 inches in diameter were used for this analysis. 

Table 1 shows that for an Elk Flat stand with relatively low conifer density (a basal area of 

132 square feet per acre), up to half of the conifers could be felled or girdled and the resulting 

CWD (woody fuel) would remain within an optimum CWD range for ‘cool moist’ forests (Pow-

ell et al. 2007). 

Table 1 shows that for an Elk Flat stand with relatively high conifer density (a basal area of 

283 square feet per acre), only about 25% of the conifers could be felled or girdled and have re-

sulting CWD (woody fuel) remain in an optimum CWD range for ‘cool moist’ forests (Powell et 

al. 2007). 

Table 1 indicates that for Elk Flat, conifer felling or girdling at levels greater than 50 percent 

of the existing basal area would result in fuel loadings that present unacceptable risks of fire 

hazard and fire severity (Brown et al. 2003). 

Results in table 1 suggest that if conifer removal by timber harvest or fuelwood cutting is not 

considered to be a viable alternative, then fuels treatment (such as hand piling and burning) could 

be needed to mitigate additional fuel loadings created by conifer felling or girdling. 
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FOREST  PLAN  CONTEXT  FOR  ASPEN  MANAGEMENT 

The aspen communities at Elk Flat were an important reason for the area’s allocation as a 

proposed Research Natural Area (RNA) in the Forest Plan (USDA Forest Service 1990), but it 

was suggested by Charlie Johnson, a previous Area Ecologist, that a ‘special interest area’ desig-

nation might provide more options to sustain aspen on this site (enclosure 1). 

Table 1: Estimated amounts of standing dead and live woody biomass (greater 

than 3 inches in diameter) for two forest stands located in the vicinity of aspen 

communities at Elk Flat. 

Conifer Amount 

Felled or Girdled 

(percentage) 

Biomass of 

Felled or  

Girdled Trees 

(tons/acre) 

Optimum 

Range of 

CWD 

(tons/acre) 

Comparison Result 

(Biomass Felled vs. 

Optimum Range) 

Stand 6880281 (basal area=132 ft2/acre; total fuel biomass=115 tons/acre) 

25% 15.5 10-30 Within the range 

50% 31.0 10-30 Just above the range 

75% 46.6 10-30 Above the range 

100% 62.2 10-30 Well above the range 

Stand 6950788 (basal area=283 ft2/acre; total fuel biomass=105 tons/acre) 

25% 23.4 10-30 Within the range 

50% 46.8 10-30 Above the range 

75% 70.3 10-30 Well above the range 

100% 93.7 10-30 Well above the range 

Sources/Notes: based on two Walla Walla stand examinations extracted from 

FSVeg database. Biomass amounts (second column) pertain to standing dead or 

live wood greater than 3 inches in diameter, as reported in ‘All Fuels Report’ 

from Fire and Fuels Extension to the Forest Vegetation Simulator (Reinhardt and 

Crookston 2003). An optimum range of coarse woody debris (CWD) is derived 

from Brown et al. (2003; see figure 2b for cool forest types on page 7 in that 

source). ‘Total fuel biomass’ reported for each analysis stand reflects all fuel bio-

mass, including both standing wood and surface fuel components. 

Charlie Johnson provided at least three reasons for why an RNA designation might be inap-

propriate for Elk Flat (enclosure 1). Charlie’s reasons involve biological or ecological concerns 

only; none of his reasons relate directly to whether RNA standards and guidelines from the For-

est Plan (management area D2, specifically) are compatible with aspen restoration. 

Timber standards for RNAs state that “timber management use and practices are excluded. 

Cutting and removal of vegetation is prohibited, except as part of an approved scientific investi-

gation. Firewood cutting is not permitted” (USDA Forest Service 1990, page 4-176). 

In the absence of an approved research project with a study plan allowing or requiring vege-

tation manipulation, I believe RNA timber standards will significantly constrain the active man-

agement alternatives you could consider for restoring, and then sustaining, Elk Flat aspen com-

munities. 
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I believe that RNA fuels standards constrain aspen restoration options to a similar extent as 

the RNA timber standards. 

I recommend you amend the Forest Plan so it allocates the Elk Flat aspen communities to 

something other than an RNA (D2) designation. If this happens, I hope you select a replacement 

allocation permitting a wider range of aspen restoration alternatives than is currently available. 

ELK  FLAT  HISTORY 

Not only is Elk Flat considered to have special significance as perhaps the largest aspen stand 

in the Blue Mountains, but a review of historical references indicates that it might always have 

been that way (enclosure 6 provides historical mapping sources pertaining to Elk Flat). 

Elk Flat area was administered by the Wenaha National Forest, headquartered in Walla 

Walla, until November of 1920 when the Wenaha and Umatilla National Forests were combined 

into a present Umatilla National Forest. 

When George A. Bright completed an extensive reconnaissance of Wenaha National Forest 

in 1913, he included a photograph of the Elk Flat meadow and its associated aspen communities 

(Bright 1914). The plate and caption from Bright’s report is reproduced on the next page (Bright 

and Powell 1994). 

It is interesting that close scrutiny of Unser’s 1913 photograph could suggest that clonal 

vigor was higher in 1913 than it is now: note that the middleground clone on the right side is rel-

atively dense, has very little obvious conifer invasion, and has many aspen stems with what ap-

pear to be relatively dense crowns having normal shapes and long crown ratios of 50 percent or 

more. 

Also in the 1913 image, note the presence of pointed conifer crowns in the far background 

portion, indicating that aspen was occurring as a meadow fringe type in this particular locality 

(as is the case today), that fringe-type aspen seems to have high vigor (as based on its crown 

characteristics), that ungulate browsing appears to have been limited because aspen trees along 

the meadow fringe have long, full crowns, and there appears to be a relatively high amount of 

size-class diversity because intermediate-size aspen trees are obvious in this portion of the photo-

graph. 

I took a photograph in September 2001 from approximately the same location as Unser’s im-

age in 1913 (fig. 12). Differences between the 1913 and 2001 photographs are apparent: 

1. The small grove of mature aspen in the foreground of Unser’s image are now gone. 

2. Most of the middleground aspen now seem to be mature and had been defoliated by satin 

moth as of 2001 (although the small area of aspen regeneration in this portion of the im-

age was not defoliated). 

3. Conifers seem to be closer to the meadow edge in 2001 than they were in 1913. 
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“Plate 21: Elk Flat. A typical meadow in Sec. 5, T. 5 N., R. 41 E., W. M. Note 

the large size and abundance of quaking aspen” (photograph taken by M.N. Un-

ser in 1913; quoted portion is taken verbatim from Bright’s report). 

 
Figure 12: Contemporary photograph apparently providing a similar perspec-

tive as Unser’s 1913 photograph (taken by Dave Powell, September 2001). Note 

how mature aspen stems in the foreground of Unser’s image are now gone; most 

of the middleground aspen are now mature (as would be expected after 80 years 

for a short-lived tree species such as quaking aspen – refer to fig. 13); much of 

the middleground aspen was defoliated and possibly killed during a recent satin 

moth outbreak; and conifers growing behind the aspen appear to be closer to the 

meadow fringe now than they were in 1913. 
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Figure 13: Forest health issues associated with 

quaking aspen. Stems (ramets) of quaking aspen 

are short-lived, averaging about 80-90 years in the 

central and southern Rocky Mountains (Perala 

1990). Since longevity of a ramet generation is 

typically controlled by onset of diseases such as 

stem decay, quaking aspen is often managed by us-

ing the concept of a pathological rotation. Several 

insects affect aspen, ranging from relatively incon-

sequential ones such as poplar vagabond aphid 

(Mordwilkoja vagabunda; upper left, resulting in 

an unusual, apple-sized gall on a branch) to poplar 

borers that often kill mature trees. Defoliating in-

sects such as forest tent caterpillar, large aspen 

tortrix, and satin moth can be important health is-

sues in aspen forests (fig. 8 shows satin moth defo-

liation). Aspen is affected by a plethora of dis-

eases, ranging from a variety of stem cankers 

(sooty-bark canker, ceratocystis canker, hypoxylon 

canker, and cytospora canker are four important 

ones) to stem and butt decays. The most common 

stem decay organism affecting aspen is white trunk 

rot (Phellinus tremulae), which is easily recog-

nized by distinctive, hoof-shaped conks (upper 

right). Stem decay present in the lower bole (butt) 

of aspen trees is often caused by white mottled rot 

or artist conk (Ganoderma applanatum). Animals 

often damage quaking aspen forests; aspen is a fa-

vorite food source for beavers (right), and elk like 

to feed on its bark during winter (fig. 9). 
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A set of paired photographs on page 24 (fig. 12) can help us decide whether aspen clones at 

Elk Flat are in a deteriorated condition. Five criteria have been used to assess aspen deterioration 

(Bartos and Campbell 1998, Schier and Campbell 1980), and they can be readily evaluated for 

Elk Flat aspen communities: 

ASPEN DETERIORATION CRITERIA  RESULT FOR ELK FLAT ASPEN COMMUNITIES  

1. Is conifer canopy cover > 25%? For most of the 50 acres that historically supported aspen 

at Elk Flat, current conifer canopy cover exceeds 25%. 

2. Is aspen canopy cover < 40%? For most of the 50 acres that historically supported aspen 

at Elk Flat, current aspen canopy cover is less than 40%. 

3. Are dominant aspen trees > 100 years 

old? 

As shown in fig. 8, some dominant aspen trees at Elk 

Flat likely exceed 100 years, although others seem to be 

less than 100 years; stand age easily exceeds 100 years if 

my assumption about fire history is correct (see fig. 7). 

4. Is density of aspen regeneration (5-15' 

tall) < 500 trees per acre? 

Although some areas of aspen regeneration exist, much 

of it is hedged to less than 5' tall, and density of aspen 

regeneration is often less than 500 trees per acre. 

5. Is aspen mortality occurring at high  

levels? 

Much recent aspen mortality exists in the Elk Flat area, 

some of which presumably resulted from an intense satin 

moth outbreak. Without objective criteria for what quali-

fies as a ‘high level,’ I am uncertain if this level of recent 

mortality qualifies as high (but I suspect it does). 

 

I believe the aspen deterioration criteria described above can provide a basis for establishing 

a desired future condition for aspen stands in the Elk Flat portion of Walla Walla Ranger Dis-

trict. 

Desired conditions contributing to a sustainable composition and structure for aspen stands 

include these five characteristics: 

1. Conifer canopy cover is less than 25 percent. 

2. Aspen canopy cover is greater than 40 percent. 

3. Dominant aspen trees are less than 100 years old (less than 80 years is preferable). 

4. Density of aspen regeneration (5-15' tall) is greater than 500 trees per acre. 

5. Aspen mortality is occurring at no more than moderate levels. 

I hope these comments can make a positive contribution to ongoing discussions about op-

tions for rejuvenating Elk Flat aspen communities, and then sustaining them into the future. 

Enclosures I’ve included with this white paper demonstrate that long-standing concern about 

Elk Flat aspen communities has been wide ranging (spanning several disciplines). This concern 

is warranted when considering that Elk Flat is perhaps the largest aspen stand in the Blue Moun-

tains. Unfortunately, long-held concerns have not yet resulted in comprehensive aspen restora-

tion actions at Elk Flat (including removal of encroaching conifers), but I am confident that the 

Cobbler project can finally accomplish this elusive objective! 



ENCLOSURE 1: CHARLES JOHNSON EMAIL MESSAGE 
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Charles G Johnson 
06/03/00 05:44 PM 

To:  Edwin V Pugh/R6/USDAFS@FSNOTES, Delanne B Ferguson/R6/USDAFS@FSNOTES, Mary Gib-
son/R6/USDAFS@FSNOTES, David C Powell/R6/USDAFS@FSNOTES, Randy 
Dohrmann/R6/USDAFS@FSNOTES, Nancy P Berlier/R6/USDAFS @ FSNOTES, Susan E 
Beall/R6/USDAFS@FSNOTES, Craig R Busskohl/R6/USDAFS@FSNOTES 

cc:  Angelica G Johnson/R6/USDAFS@FSNOTES, Jeff D Blackwood/R6/USDAFS@FSNOTES, Sarah 
Greene/PNW/USDAFS@ FSNOTES 

Subject: 

Hi everybody – I reflected on questions posed to me about the successional status of the aspen at Elk 
Flats as I drove home. I frankly give better answers on reflection instead of instantaneously after a 
question is posed. So hopefully you will accept this response as a better one than that which I gave in 
the field. 

The aspen at Elk Flats meadow is ecotonal (transitional) between forest and wetland (meadow) ecosys-
tems. All ecotones are “tension zones” where plants are in ecological transition between the neighboring 
plant communities. So we can speculate that the aspen here once was more extensive (connected) and 
was not being overtaken by the forest as it now is. The aspen is not seral to forest here – nor is it a part 
of the sedge-grass meadow community. It is unto itself as an ecotonal community. When a disturbance 
or a set of climatic conditions give it a nudge – it may respond with increased vigor – or conversely – be 
further deteriorated toward loss from the site. 

I was happy with the group’s decision. I was not very pleased with what I saw on the ground. I was arriv-
ing with a 15-year old memory of how it once appeared. Some of the memory was weak and I’d glamor-
ized the setting over time!  I believe what we want for an RNA is an area that is about 300-500 acres 
(minimum) and encompasses aspen that is not ecotonal, not successional to a forest plant association, 
and which provides a balanced age/structure in the clones within the “area”. I will seek, with other help-
ers, potential RNAs which contain aspen as part of the southern Blue-Ochoco sage-grass ecosystem, as 
part of the northern Blue-Wallowas shrub-grassland ecosystem, and hopefully a place where aspen is 
part of a forested ecosystem and can be maintained by disturbances which have allowed it to persist. 

I think Mary may have suggested the key to the Elk Flats aspen. It makes sense to me to manage this 
small area to retain and re-invigorate the clones. This could then carry a “special interest area” desig-
nation. I support that concept rather than to “force” the RNA designation. 

I’d like to acknowledge that the group was well prepared for the discussions we had. I was singularly im-
pressed with the “new” Ranger. Mary not only had been provided with good staff work but had a total 
grasp of the situation and delivered. I’ve seen a lot of Rangers defer to staff help to be the deliverers. I 
think its the job of the Ranger to make the suggestions and then be timely with presentation of viewpoints 
and finally with the decision. You did that Mary – and you did it well. I look forward to our next interaction. 
I’m off to Mill Creek.... Charlie 

Charles G. Johnson Jr. 
Plant Ecologist 
Malheur, Umatilla and Wallowa-Whitman N.F. 
charlesjohnson@fs.fed.us 
541-523-1362 

mailto:charlesjohnson@fsied.us


ENCLOSURE 2: ELIZABETH CROWE STAND REVIEW 

 

 29 

Cottonwood and Aspen Stand Review 
Walla Walla Ranger District 

Elizabeth A. Crowe 
October 26, 1998 

On September 14 and 15, 1998 Pattie Bosch and I visited numerous black cottonwood (Populus 

trichocarpa) and quaking aspen (Populus tremuloides) stands on the Walla Walla Ranger Dis-

trict to examine and discuss concerns about the stands including: the possibility for regeneration 

of black cottonwood stands, the low rate of survival of black cottonwood rooted cuttings that had 

been planted on known or suspected black cottonwood sites, and possible stand treatments to en-

courage regeneration and vigor of aspen stands that have not yet been treated. Attached is a 

chapter from Biology of Populus (Stettler and others, 1996) on the life history, ecology and con-

servation of cottonwoods that contains good information on how cottonwood stands are initiated 

and populations perpetuated. 

The cottonwood stands generally occurred in three different environmental settings and conclu-

sions about them were based on these settings and current stand development. 

1. On Phillips Creek there was some concern about cottonwood regeneration along a stream 

reach within a historic clearcut. We looked at the stream channel itself which has a moderate gra-

dient and a gravel-cobble bed substrate and the tendency to form some overflow channels. This 

is a stream system on which I would expect to see some regeneration of cottonwood so long as 

there is adequate sunlight for germination and growth of seedlings. The regeneration we saw 

looked very vigorous and quite abundant given the extent of establishment sites along the creek. 

2. In the headwaters of Sheep Creek we looked at a site within a buck-and-pole exclosure that 

had been planted with cottonwood cuttings. There was very little survival of these cuttings, prob-

ably because of the prolonged soil saturation on the site through the growing season. Although 

cottonwood roots are adapted to standing in water during the normal spring flooding period, the 

root systems are not adapted for poorly aerated and wet soil conditions throughout the growing 

season. On sites where cottonwood usually establishes, the substrate is generally coarse textured 

(a mix of coarse sand, gravel and/or cobble), and allows for aeration of the roots as spring flood-

waters recede. The soil on this site appears to be fairly fine-textured and would hold a lot of wa-

ter even after snowmelt and springs rains are finished. Although there are a couple of older cot-

tonwood trees growing in a couple of sites up the drainage from this exclosure, they appear to 

have become established during a geomorphic event that either scoured or deposited material on 

microsites allowing for the establishment of some cottonwood seedlings. Without another event 

of this nature, it is unlikely that there will be a self-perpetuating population of cottonwood in this 

headwater area. 

3.  In the upper reaches of a tributary to Proctor Creek are extended stringers of black cotton-

wood stands that have little regeneration. Most of the younger aboveground stems appear to be 

suckers from the root systems of older trees and are heavily browsed. Stream channels associated 

with these sites are interrupted and intermittent or non-existent. I believe that these stringer 

stands were established after a large fluvial geomorphic event occurred in these drainages that 
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deposited a lot of sediment through overland flow and that cottonwood seeds subsequently colo-

nized the site. There doesn’t appear to be any regular flooding or disturbance in this small stream 

system that would perpetuate the establishment of new stands. New stand establishment is neces-

sary for the population to be sustained without human intervention. I don’t think that suckers 

from the roots of older trees will sustain the population indefinitely, especially as conifers be-

come more abundant on the site and shade the cottonwoods. 

The two aspen sites that we looked at were: 

1. The “above the road site” in which the stand appears to be expanding down the slope away 

from its point of origin and has a great deal of shrub cover, primarily common chokecherry 

(Prunus virginiana) and Sitka alder (Alnus sitchensis). The aspen trees may be stressed not only 

by competition from the shrubs but also by being “forced” to the lower part of the slope which is 

drier than the upper part. The recommendation here is to remove some of the shrub competition 

through fire and/or cutting to try to increase aspen regeneration in this stand. POTR-018 

2. The other site we visited was Elk Flats which has the largest extended collection of aspen 

stands I’ve seen on National Forest land in the Blue Mountains. The survival of this population 

does not appear to be in jeopardy, but if the District decides to increase successful regeneration 

from the clones, fencing would seem to be a good option. There is a lot of suckering from the 

stands that we examined, but the suckers are being heavily browsed by ungulates.  POTR-001 

References 
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and its Implications for Management and Conservation. NRC Research Press, Ottawa, Can-
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United States 

Department of 

Agriculture 

Forest 

Service 

Forestry and Range 

Sciences Laboratory 

 

1401 Gekeler Lane 

La Grande, OR  97850 

(503) 963-7122 

 
Reply To: 3420 Date: July 13, 1992 

  
Subject: Aspen Viability, Umatilla NF 

  
To: District Ranger, Walla Walla RD 

 

On June 25, I met with Leona Brown and Christina Bauman to assess health of a number of as-

pen (Populus tremuloides) clones around the District, as well as a single stand containing North-

west paper birch (Betula papyrifera var: subcordata). This memo will report on the aspen condi-

tion. Most stands visited were in the northeast portion of the District. 

Aspen communities in the northern Blue Mountains are relatively common but are usually quite 

small; possibly prior to the changes which have occurred this last 100 years, aspen was more 

common and consisted of larger stands. Aspen is almost always found associated with seeps, ri-

parian, and other wet sites where subsurface moisture is available throughout most of the grow-

ing season. There is a wide-range of viability of these specific communities. Many seem to be 

relatively healthy, while others are dying with little or no regeneration becoming established. 

The sites that we visited on the Walla Walla RD were in comparatively good condition, although 

regeneration was marginal in one area. 

Silviculture of aspen in the Blue Mountains has not received much attention. For the most part 

this is because aspen is rarely, if ever, managed as commercial timber in this area. Most 

knowledge of aspen silvics and stand silviculture comes from the Lake States and the central and 

southern Rocky Mountains. 

Judging from the very limited microsites that currently support aspen in the Blue Mountains, it is 

probable that any significant disturbance which alters the site will have a potentially detrimental 

impact on the trees. In areas where aspen occupies a wider range of sites we would expect much 

more resiliency. The suppression of natural fire in the Blue Mountains in the last century proba-

bly has probably adversely affected aspen viability. Grazing by sheep and cattle and browsing by 

elk certainly also caused a substantial impact during this last century. The following specific fac-

tors need to be considered in aspen management: 

1. While aspen is intolerant of fire, burning does simulate sucker production; thus while a 

burn may kill residual trees in a clone, sucker production will give rise to a new stand of 

stems. Light burning is known to reduce competition, especially from conifer ingrowth.  

Fire is especially valuable in rejuvenating deteriorating stands. 

2. Aspen occurrence is closely related to the moisture regime of the site. Management activ-

ities which alter the water table or availability of water will affect clone health. Increased 

stocking of conifers in and adjacent to aspen clones probably contributes to decreased 

availability of moisture. This is a direct result of fire suppression. 
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3. Aspen is a relatively short-lived tree, although individual clones which are maintained as 

biomass below-ground may survive for thousands of years. As stands of stems die, regen-

eration, in the form of suckers, must become established for the clone to survive. Graz-

ing, suppression by conifer ingrowth, lack of disturbance, etc. may hinder sucker devel-

opment and survival. 

4. In the Blue Mountains, aspen is considered site permanent, while in other parts of its 

range it plays an early successional role and is transient with the absence of disturbance. 

5. Cutting is known to promote the production of suckers, especially when used with fire. 

To be effective, cutting needs to be heavy. 

6. Introduction of cattle and sheep into the system, as well as the building of large elk herds, 

has had considerable impact on clone viability, especially with regard to sucker survival. 

Protection of certain sites by excluding animals may be needed. It may even be possible 

to protect established/reestablished aspen on wet sites by fencing. 

Pests and Pest-Caused Damage  

Aspen is prone to a variety of insect-caused damage, and canker and decay diseases. Considera-

ble differences in susceptibility is observed between clones with some of these pests. Although 

we didn’t see evidence of aspen trunk rot, caused by Phellinus tremulae, on this trip, I have seen 

this stem decay in other locations in the Blue Mountains. I’m sure it occurs on the Walla Walla 

District. 

Ink spot, caused by Ciborinia whetzelii, is a leaf disease of aspen that was found at one of the 

visited sites. A low level of infection was seen; this disease being annual and dependent upon 

spring temperature and moisture for level of severity. During years of severe infection, trees will 

lose affected leaves prematurely. 

Shepherd’s crook, caused by Pollaccia radiosa, was also seen at at least one site. This disease 

causes a leaf and shoot blight that usually kills or deforms the terminal growth. 

Aspen leaf rust, Melampsora medusae, was seen at at least one stop. This rust alternates between 

aspen and various conifer hosts. Damage to aspen is infrequent and only occurs when unusually 

severe infection occurs. Leaves may prematurely drop. 

Some unidentified cankers were found that were predisposing trees to windbreak and decay in 

one area. 

Insect pests are quite common on aspen. Some leaf-roll damage was seen. While not found on 

this trip, we have confirmed Mourningcloak butterfly (Nymphalis antiopa) infestation in some 

Blue Mountain aspen this year. Infestations result in rapid defoliation which can kill trees. 

Recommendations 

While pests of aspen are affecting some trees, not all impacts are detrimental. Cavity-nesting 

birds use aspen with stem decay. In relative terms, the majority of the aspen stands I’m familiar 
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with in the Blue Mountains are healthy from an insect and disease perspective. Of more signifi-

cant concern is the lack of regeneration in some stands, sometimes coupled with advanced degra-

dation of the mature aspen on the site. We have largely ignored aspen communities in the past; 

use of silvicultural treatments including cutting and/or fire and protection from grazing, should 

be initiated and monitored so we will know what treatments work best in this region for main-

taining and rejuvenating these valuable stands. 

Several options should be investigated for managing stands/sites in need of treatment. Conifer 

ingrowth should be removed in most situations. On most sites conifers are young, indicating they 

are invaders, probably due to lack of recent fire activity. These conifers should be completely 

thinned out. Where aspen regeneration is lacking, light fire should be used to simulate sucker 

sprouting and fencing done to exclude grazing/browsing animals. Excess fuels need to be re-

moved from around trees to be saved. Declining trees could purposely be killed by fuel place-

ment. In stands in need of complete rejuvenation, a combination of clearcutting and light fire 

should provide maximum sprouting. Cutting of aspen over a large area should be avoided since 

in some communities it’s been shown to allow the water table to excessively rise, retarding re-

generation. 

While I’ve taken a shot at some silviculture options; Dave Powell, Forest Silviculturist, should 

be consulted prior to any planning/action. He has extensive experience in aspen ecology and sil-

viculture from his tenure in Region 2. 

 

Craig Schmitt 

Zone Pathologist 

cc: Leona Brown, Walla Walla RD 

Dave Powell, UMA 

Charlie Johnson, WAW 

Don Scott 

Bruce Kaufman, WAW 
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La Grande, OR  97850-3456 

(541) 963-7122 

 
Reply To: 3420 Date: October 4, 1999 

  
Subject: Technical Assistance: Elk Flat Aspen, Walla Walla RD, Umatilla NF 

  
To: District Ranger, Walla Walla RD 

 
On September 30, 1999, we visited the District to review insects, diseases, and general condi-

tions in the large aspen community adjacent to Elk Flats, which is about 4 miles northeast of 

Lookout Mountain, west of the 62 Road. There were preliminary reports of defoliation and ex-

cessive mortality of aspen in this area. Aspen are common over several hundred acres in and ad-

jacent to the meadows and seasonal stream courses near Elk Flats. We walked through a repre-

sentative portion of this community to determine the condition of the vegetation as well as the 

various biotic disturbance agents and their incidence. 

Aspen older than 80 years usually hosts ever-increased levels of insect and disease incidence and 

associated mortality. While there are differences between the longevity of clones, a variety of 

factors contribute to the life span of stems. Biotic mortality-causing agents most often are canker 

diseases, wood borers, stem decays, and root diseases. Aspen communities in the Blue Moun-

tains host seemingly high levels of these assorted insects, diseases, and their related activities. 

Community conditions and disturbance activity 

Judging from the different habits, phenology, etc., there are an abundance of different clones, 

most of which are fairly small, which comprise this entire aspen community. While most of the 

stems are mature, there are some smaller 1 to 4" diameter stems, usually in even-age groups. 

While we did not bore any individuals to determine age, several trees scarred with carved dates 

indicate that larger/older individuals date to the 1800's. Scattered mortality to individual stems 

has been occurring for a long time. There are standing as well as dead/down aspen stems 

throughout this area.  There is no evidence of any cultural work done in any of the portions of 

this community that we visited. The last fire was likely in the 1800's, as there is no evidence of 

fire scars on residual trees.  

Epidemic defoliation by satin moth (Leucoma salicis) was observed throughout this area. Vari-

ous clones, and to a lesser degree, individuals within clones had dramatically different degrees of 

defoliation; ranging in loss of foliage from none to complete, and everything in between. At the 

time of our visit, first instar larvae were seen on foliage and bark where they were preparing to 

overwinter. While there was some feeding by this current generation, nearly all of the 1999 foli-

age damage had been done earlier this season by the previous generation of larvae. We also ob-

served rather abundant braconid wasp cocoons (probably Apanteles solitarius, which is a particu-

larly effective biological control for satin moth), which indicate an active population of parasites. 

These insects will likely control the population of the satin moth within the next several years. 

We do not know how long this outbreak has been occurring, but the number of braconids indi-

cate that they have had an ample supply of hosts (satin moth larvae) for awhile. 
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The satin moth is a foreign insect that was introduced into the United States and Canada in the 

early 1900's from Europe. It has one generation per year. The adult moth flies in July and depos-

its eggs in flattened oval masses, covered with a white satiny secretion, on the boles of host trees 

and various other objects. The larval stage feeds on both poplars and willows. In the Blue Moun-

tains, certain locations or clones of our quaking aspen resource are periodically partially, or com-

pletely, defoliated by the larval feeding. The young larvae that hatch from egg masses feed for a 

short time on aspen leaves, then spin silken hibernacula in bark crevices where they pass the 

winter. With spring leafing-out of aspen, the larvae become active and continue to feed, and 

cause essentially the bulk of defoliation during this spring and early summer feeding period, 

eventually reaching maturity and pupating in June. They pupate in loosely woven cocoons at-

tached to leaves, twigs, or other objects. 

Satin moth populations are largely brought in check by a combination of introduced and native 

parisitoids that build up in the population over the course of a few years. Although some trees in 

the Elk Flats clone were completely defoliated this season, they will most likely survive and re-

foliate next year. While tree mortality can occur when high populations severely damage trees in 

new, outlying areas for several years in a row, we have not seen examples of this level of damage 

in the Blue Mountains. Natural enemies typically bring about the collapse of outbreaks, and 

maintain populations in check for a period of years. Satin moth infestations develop periodically 

in most of our aspen stands, but are usually soon brought into check and regulated by these para-

sitoids. 

A rather high proportion of stems in most clones had white trunk rot, as indicated by Phellinus 

tremulae conks on boles of infected trees. Affected trees will have a soft white stem decay 

throughout most of the length of the bole. Such trees are often excavated by cavity nesters and 

serve as wildlife trees. Additionally, excavation by birds weakens the stem and such trees often 

break mid-bole. Since decayed, broken and dead and down trees contribute to stand diversity and 

provide for wildlife habitat, such disease activity is desirable at endemic levels and should be en-

couraged.  

Blue Mountain aspen frequently has a rather high incidence of various stem cankers caused by 

several different pathogens. These often eventually result in girdling of the stem, killing the top 

and causing stem breakage. While some cankering was observed at Elk Flat, the incidence was 

considered relatively low. 

Root diseases increase in severity as stems become older. Shoestring root rot, caused by Armil-

laria mellea, was suspected as causing some of the mortality in this area. Dead and down trees 

with signs of Armillaria infection, especially emerging honey mushrooms in the fall of the year, 

are good indicators of infection. Older aspen generally have a rather high incidence of root dis-

ease, and the level observed here at Elk Flats was not excessive. 

Most of the aspen mortality in the Elk Flat area was believed due to the bronze poplar borer 

(Agrilus granulatus liragus). These insects prefer overmature individuals, stems weaked by site 

or other biotic factors (including stem decay). Borers will mine the cambium, causing girdling 

and death of large branches, or the entire crown; thus the tree. Most of the dead stems had cam-
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bium killed by galleries of the bronze poplar borer that had been etched into the sapwood. Mor-

tality levels are probably slowly increasing as the age of stems in this community continues to 

increase. There does not appear to be any dramatic recent increase in tree mortality. 

Discussion on community health and future management 

We are unsure of the history of the satin moth epidemic in this community. We have seen very 

little similar activity this year in other aspen communities in the Blue Mountains, although satin 

moth hot-spots were noted in several other areas in 1997 and 1998. Although this is a non-native 

insect, natural parasites have become established and are present in this stand. Hopefully this 

outbreak will end in the next year or two. Damage is mostly temporary, although continually 

weakened trees will host other opportunistic agents such as wood borers, which readily cause 

mortality. We do not believe that much of this type of damage has yet happened in this commu-

nity. 

Healthy aspen communities have full diversity in age classes of stems. Disturbance associated 

with fire and removal/or death of old overstory is often needed to allow abundant suckering. This 

community is probably somewhat deficient in recruitment of younger age classes of stems. 

Sprouting was abundant in many areas, but browsing damage has been rather heavy. Fencing or 

other methods of protecting sprout development might be considered and well suited for this site. 

If there are any questions regarding this evaluation, please contact either of us.  

 

Craig L. Schmitt Donald W. Scott 

Service Center Pathologist Service Center Entomologist 

 

cc:  Bill Collar, Walla Walla RD 

 Dave Powell, Umatilla NF 

 Suzanne Rainville, Wallowa-Whitman NF 

 Vicki Erickson, Umatilla NF 

 Jane Hayes, PNW La Grande 

 Don Scott 

 Craig Schmitt 
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La Grande, OR  97850-3456 

(541) 963-7122 

 
File Code: 3420 Date: December 29, 2003 
Route To: Silviculture 

  
Subject: Elk Flat Aspen Technical Assistance 

  
To: District Ranger, Walla Walla RD, Umatilla NF 

 

September 30 I visited Elk Flat with Bill Collar to evaluate the health of the aspen clones there. 

Over the past 13 years both Craig Schmitt and Don Scott with the Pest Management Service 

Center have reviewed the Elk Flat aspen but this was my first visit. The most recent visit by 

Craig and Don was in September 1999 and is documented in a technical assistance letter dated 

October 4, 1999. During this visit epidemic defoliation by the satin moth (Leucoma salicis) was 

observed throughout this area. My visit was prompted by concern from several district folks that 

the aspen were declining much more quickly now than in years past. This area of aspen is one of 

the largest in the Blue Mountains and contains the largest clone in the Blue Mountains. There is 

widespread concern for these aspen due to their contributions to vegetative diversity and their 

importance to wildlife. 

We walked through various pure aspen clones, noting damage and mortality, and we also walked 

through stands that included mixed conifers with scattered aspen and aspen clumps present. 

There were pure aspen clones of various sizes. There were some areas with thick aspen regenera-

tion about 3-4 feet tall. One stand comprised trees no taller than 15 feet, another was uniformly 

10" diameter trees, and there were stands with mature trees of various sizes, including a few over 

25" diameter. The mixed species stands were comprised of mainly lodgepole pine, Engelmann 

spruce, grand fir, aspen, and a few cottonwoods. The species in these mixed stands were very 

similar in size and both stumps and large trees were lacking. Although we have no information 

on tree age, it appeared that much of the stand had originated at about the same time. Much of 

the area with aspen was obviously very wet periodically, with mudflats and very deep hoof 

tracks dried in the mud. 

Throughout the Elk Flat area there was evidence of damage from several insect and disease 

agents. We found evidence of some leaf feeding earlier in the summer, presumably by satin 

moth. There were also Cytospora cankers, sooty bark cankers (Encoelia pruinosa), and white 

trunk rot (Phellinus tremulae) on several dead, dying, and apparently healthy trees. Aspen are 

frequently host to many insects and diseases but if stands are kept vigorous by repeated recruit-

ment of young trees into the overstory, aspen stands can be maintained. While no agent ap-

peared of primary importance, dead and dying mature aspen were evident throughout. These 

various agents along with the past several years of drought and continuing conifer encroachment 

into these stands are all combining to stress the aspen trees in this stand. Because no single bio-

logical agent is responsible for this widespread decline, I recommend removing the conifer com-

petition throughout this area to increase the vigor of the aspen. 
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I found very little evidence of current satin moth damage in any of the trees. The time of the 

visit should have coincided with the presence of first instar larvae. Yet we found no larvae on 

foliage or bark. The first instars skeletonize leaves. This damage is visible as gaps in the green, 

upper layers of the leaves. These gaps appear as holes in the leaves but on close examination the 

lower leaf layer remains as a thin, transparent layer along with the leaf veins. Some of the leaves 

had begun to fall and we found very little evidence of feeding on the leaves on the ground. 

Some of the leaves had some earlier feeding damage, but it was restricted to ¼ or 1/3 of any 

given leaf. Trees that still retained most of their leaves showed no evidence of defoliation earlier 

in the season. Leaves appeared full-sized and crowns were not thin. 

Satin moth is known to cause top-kill and mortality after repeated severe infestations. Many of 

the overstory trees had clumpy or lollipop-like foliage, almost like a brooming effect where the 

leaves in the canopy appeared to originate from one area. One of these trees so affected had re-

cently fallen down. An examination of the broomed area yielded few clues. There was a slight 

swelling on the branch, no insect feeding damage either on the foliage or the branches and bole. 

While not precisely the type of damage recorded from previous satin moth infestation, we tenta-

tively have attributed this branch brooming to chronic satin moth defoliation in years past. 

Satin moth is an exotic insect introduced into the United States and Canada in the early 1900’s 

from Europe. The larval stage feeds on native and planted poplars and willows during the early 

summer and fall. Many areas are periodically partially or completely defoliated. Several para-

sitic insects have been introduced to control the satin moth and frequently contribute to popula-

tion collapses. Although top-kill and mortality can result from repeated infestations, this has not 

been known to happen in the Blue Mountains. This insect continues to expand its range into 

eastern British Columbia and now regularly defoliates native aspen communities when earlier it 

was only known on park, shade, and windbreak trees. 

Many living trees with no symptoms, and dead trees, had cankers, probably Cytospora, on their 

main stems. Frequently, obvious canker margins running vertically up the bole for several feet 

could be seen discoloring the bark a reddish brown. Some cankers covered nearly 50% of the 

circumference of the bole. Cytospora is an opportunistic pathogen, attacking plants predisposed 

to infection by stressors such as flooding, drought, or other pathogens. This fungus overwinters 

in cankered bark and spreads via spores dispersed by wind, rain, insects, or birds. Infection oc-

curs only through bark wounds, dead tips, or branch stubs. Because it is opportunistic, it has 

probably increased in this stand following the past several drought years. 

Sooty bark canker and Phellinus decay are scattered throughout this stand, although not at 

alarming levels. These are common diseases of aspen, becoming more prevalent in older trees 

(>60 yrs). Sooty bark canker is probably responsible for some of the mortality here, while Phel-

linus is responsible for much of the aspen breakage. Infection occurs through wounds and it is 

generally believed that older trees are more susceptible. 

Trees smaller than 5 inches in diameter had no evidence of insects or diseases yet. However, the 

larger trees showed quite a lot of damage from antler rubbing. These wounds provide infection 

sites for cankers and decay and if the wounding continues it can cause girdling. Action to protect 

some of these younger trees should be taken before they are lost to wildlife damage. Much of the 
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3-5 foot tall regeneration showed very little browsing damage. Current losses in the younger as-

pen age classes are very small and these replacement trees look good. 

However, there was quite a bit of mortality in trees around 10" dbh. Some of these trees had 

visible cankers, a few trees had some insect borer activity. This mortality did not occur as a 

patch of contiguous trees, but rather as individual trees in this mature size class, scattered 

throughout several stands. In many of these stands, the dying trees were nearly the largest 

trees in the stands. The lack of larger trees or stumps here suggests larger trees have not oc-

cupied this site in any numbers for some time. 

As no single factor could be implicated in the deaths of these overstory trees, a combination of 

factors is probably responsible. The Blue Mountains have experienced below normal precipita-

tion for the past 5-6 years. In addition, the past few winters have been warmer than average. 

These weather changes in combination with the conifer competition in these stands are consider-

able stressors on these aspens. The aspen cankers and decays present here are causing elevated 

mortality due to the drought and conifer competition. In addition, some of these trees may be 

dying outright from drought. Removing the conifer competition will allow more moisture for 

the aspens and should alleviate some of the drought stress. In addition, protecting some of the 

replacement immatures from antler rubbing and browsing will ensure future stands of aspen in 

this area. 

If you have any questions regarding this evaluation, please contact me. 

 

Lia H. Spiegel 

Service Center Entomologist 

cc: Su Meredith, Walla Walla RD 

Betsy Kaiser, Walla Walla RD 

Bill Collar, Walla Walla RD 

Bob Rock, WAW 

Dave Powell, UMA 

Don Scott 

Craig Schmitt 
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Early in the 1910s, District (Regional) Forester issued instructions and an outline for how an 

extensive reconnaissance was to be completed for Pacific Northwest national forests (USDA 

Forest Service 1912). An extensive reconnaissance process was designed to produce a report, 

and a map atlas, for every national forest in Pacific Northwest District (Region). 

An extensive reconnaissance report describes both the physical characteristics (topography, 

climate, minerals, etc.) and the natural resources of a national forest, such as forage, timber, and 

water resources, and their possibilities for development. An extensive reconnaissance report can 

be thought of as an historical analogue of our current Forest Plan, although it was not prepared 

by an interdisciplinary team and it did not include any explicit public participation. 

Most extensive reconnaissance reports included photographs to illustrate key features of a 

Forest by depicting scenes of general interest and showing springs, telephone lines, trails, ranger 

stations, and other improvements. 

One requirement of the reconnaissance process was to prepare a map, which could then help 

support future development of a national forest. Since the mapping requirement was mandatory, 

each reconnaissance map was prepared by using a consistent legend and color scheme. 

Although early examples of range-oriented mapping are common, the most accessible map 

for the northern half of Umatilla National Forest has a timber emphasis. This limits our potential 

use of this early mapping because its classification scheme utilizes timber volume instead of for-

est type or some other vegetation taxonomy allowing a more direct comparison of current and 

historical conditions. 

Contemporary Umatilla National Forest boundaries were previously contained within three 

national forests: Umatilla, Wenaha, and Whitman. Extensive reconnaissance maps were located 

for all three national forests at the National Archives in College Park, Maryland, and copies were 

made and subsequently digitized so that thematic data from the maps would be available in GIS. 

Note that base map data – elevation of known points, names and approximate locations of old 

ranger stations, locations of homesteads (including homesteader names), names of watercourses, 

range (livestock) driveways, and other interesting map annotations were not digitized. 

To provide full spatial coverage for contemporary Umatilla National Forest, a total of 27 

hand-colored Atlas Folio sheets, each measuring 18 inches by 21 inches, were copied and digit-

ized (not counting legends, which were always provided on separate sheets). 

Elk Flat area is clearly depicted as a forested meadow on a 1914 map sheet for Wenaha Na-

tional Forest (Kendall 1914). The legend from Kendall’s 1914 map, a vicinity portion showing 

Elk Flat area, and an entire map sheet containing Elk Flat and its vicinity are provided on the 

next two pages. 

Vicinity maps for Elk Flat area were also clipped from Wallowa County forest type maps 

published in 1936 (Buell et al. 1936) and 1957 (Spada et al. 1957), and they are provided after 

the 1914 map sheet. 

General Land Office (GLO) survey notes were recently analyzed for Umatilla National For-

est (Powell 2013). A map is provided after the 1936/1957 vicinity maps showing areas where as-

pen abundance and size were great enough for GLO surveyors to select it as a bearing tree at sec-

tion corners or quarter-corners. 
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Legend for an extensive re-

connaissance map for 

Wenaha National Forest by 

W.H. Kendall (Kendall 

1914). Kendall’s map in-

cludes 11 folio sheets, each 

measuring 18 inches by 21 

inches. One map sheet was 

the legend shown here; the 

other ten sheets depict a tim-

ber volume classification for 

Wenaha National Forest 

(note: current Umatilla Na-

tional Forest ranger districts 

of Pomeroy and Walla Walla 

were contained in Wenaha 

National Forest prior to No-

vember 1920). 

 

Portion of map sheet #5 

showing Elk Flat and vicin-

ity. Note that an Elk Flat 

meadow system is clearly 

shown on Kendall’s 1914 

map, and he added tree sym-

bols to yellow meadow shad-

ing to denote that Elk Flat 

also contained quaking aspen 

communities (Kendall does 

not definitely state that tree 

crown squiggles shown on 

his map are for aspen, but we 

know it to be quaking aspen 

from Bright’s reconnaissance 

report and Unser’s photog-

raphy (Bright 1914)). 
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Map sheet #5 from W.H. Kendall’s extensive reconnaissance mapping for Wenaha National Forest (Ken-

dall 1914). These folio sheets were punched along their edges for use with an atlas system containing 

sheets for roads and trails, grazing, timber, land ownership, and other features or resources. 
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Elk Flat area on 1936 forest 

type map for north part of 

Wallowa County, Oregon 

(Buell et al. 1936). Elk Flat is 

located approximately in the 

center of this vicinity excerpt 

from a larger map (entire 

map sheet measures 36 

inches by 82 inches). Elk Flat 

occurs in type number 2 de-

noted by a yellow color; defi-

nition for this type from the 

map’s legend is: “Other non-

forest land; cultivated pas-

ture, grass, grass swamp, 

sagebrush, and brush lands.” 

 

Elk Flat area on 1957 forest 

type map for Wallowa 

County, Oregon (Spada et al. 

1957). Once again, Elk Flat 

and its vicinity are located 

approximately in center of 

this excerpt from a larger 

map sheet. Elk Flat occurs in 

a yellow area with a map 

symbol of G, which is shown 

in the map legend as a non-

forest type (grass and brush) 

with a definition of: “grass or 

brush non-forest land, not a 

part of a farm unit.” 

Elk Flat area as depicted on 1936 and 1957 forest type maps. Although these maps were cropped from 

larger map sheets and are not to the same scale, there are obvious differences between how an Elk Flat 

meadow system is depicted on these two images. Legends for these 1936 and 1957 maps are described in 

Powell 2012 (see appendixes A and C in that source). 
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Quaking aspen distribution as estimated from General Land Office (GLO) surveys completed on Uma-

tilla National Forest between 1879 and 1887. This map shows that quaking aspen was selected as a 

bearing tree by GLO land surveyors for several areas on Heppner and North Fork John Day Ranger 

Districts, but apparently it was not selected for this purpose on north-end ranger districts of Umatilla 

National Forest. 

Note: GLO survey maps are available for birch, black cottonwood, bitter cherry, and a total of 18 tree 

species; they are available from the Forest’s history website and are presented as appendix D in white 

paper #41: “Using General Land Office Survey Notes to Characterize Historical Vegetation Condi-

tions for Umatilla National Forest.” 
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United States 

Department of 

Agriculture 

Forest 

Service 

Umatilla 

National 

Forest 

2517 S.W. Hailey Avenue 

Pendleton, OR 97801 

541-278-3716 
 

File Code: 2430 Date: September 5, 2003 
Route To: (2600) 

  
Subject: Guidance for Implementing Eastside Screens 

  
To: S.O. Staff and District Rangers 

  

OPTIONAL REPLY DUE SEPTEMBER 19, 2003 

 

We recently received a letter from the Regional Office (R.O.) providing guidance about imple-

menting the Eastside Screens (see R.O. 2430 memo of June 11, 2003; copy enclosed).  Note that 

the Eastside Screens are Regional Forester’s Forest Plan Amendment #2 and Umatilla National 

Forest Land and Resource Management Plan Amendment #11.  What did the R.O. letter of June 

11th intend to accomplish?  Basically, it set aside two previous direction letters (R.O. letters of 

October 2 and December 23, 1997) relating to scenario A of the Eastside Screens. 

Scenario A is part of the wildlife screen; it refers to situations where one or both of the late-old 

structure (LOS) components are below their historical range of variability (HRV).  Note that ta-

ble 1 of the Eastside Screens refers to LOS components as “multi strata with large trees” (MSLT) 

and “single stratum with large trees” (SSLT).5  Scenario A prohibits any timber harvest activity 

in an LOS component that is below HRV. 

Scenario A does allow timber harvest activity in LOS under two circumstances: 1) to transform 

some portion of an LOS component that is within or above HRV into an LOS component that is 

deficient (transforming MSLT into SSLT, for example), and 2) to maintain or enhance existing 

conditions in LOS stands that are within or above HRV. 

Scenario A objectives for non-LOS situations is to “maintain all remnant late and old seral and/ 

or structural live trees  21 dbh that currently exist” (see item 2 a under scenario A), and to 

move non-LOS stands toward an LOS condition as appropriate to meet HRV. 

The 1997 direction letters clarified that site-specific Forest Plan “amendments to cut 21-inch 

trees, in scenario A, should be done only where there is a biological urgency and unusual circum-

stance dictating the need for cutting large trees” (quote from R.O. letter of December 23, 1997).  

The net effect of these letters was to prohibit amendments for scenario-A situations where large 

trees were proposed for removal, regardless of whether or not they occurred within LOS. 

By rescinding the 1997 direction letters, the R.O. letter of June 11th encouraged us to once again 

consider site-specific Forest Plan amendments in situations where active management treatments 

could help meet the LOS objectives of the Eastside Screens.  In particular, the June 11th letter 

 
5 After version 2 of the Eastside Screens (Regional Forester’s Forest Plan Amendment #2) was released, the names 

for these structural classes changed: “multi strata with large trees” is now called “old forest multi strata” and “single 

stratum with large trees” is now called “old forest single stratum.” 
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provided five examples of situations for which site-specific Forest Plan amendments might be 

appropriate. 

The intent of the accompanying enclosure is to elaborate on the Region’s five examples by 

providing guidance about their potential application on the Umatilla National Forest. 

To help implement site-specific Forest Plan amendments consistently, I am establishing a Forest 

screens team to review amendments as they are developed; team membership is as follows: 

Screens Coordinator (currently the Forest Silviculturist), Forest Planning Staff Officer, and For-

est Wildlife Biologist. 

If you have examples of situations where a site-specific Forest Plan amendment would now be 

considered, when it would not have been prior to the June 11th letter, please let us know by the 

optional reply due date and arrangements will be made to have them reviewed by the screens 

team. 

Please contact Dave Powell (278-3852) with any questions or clarifications about anything men-

tioned in this letter or its enclosures. 

 

 

 

 

/s/ Jeff D. Blackwood   

JEFF D. BLACKWOOD   

Forest Supervisor   

 

Enclosures 

cc:  Charles F Gobar, David C Powell
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ENCLOSURE: Umatilla National Forest Guidance for Implementing Eastside Screens 

1. First example from R.O. June 11th letter: “Moving multiple-layered ponderosa pine stands towards 

LOS of a single layer where the pine are competing with grand fir or other shade-tolerant species his-

torically held in check by wildfire.” 

This example refers to situations where fire suppression and other factors promoted development of 

multi-layered old forest (MSLT) on dry sites instead of the single-stratum condition (SSLT) produced 

by a properly functioning fire regime (surface fires occurring every 5-20 years). 

Recent mid-scale vegetation assessments (primarily at the watershed or project scales) indicate that 

the Region’s first example is widely applicable on the Umatilla National Forest, so it is discussed in 

considerable detail.  First, consider these four examples pertaining to LOS components (MSLT and 

SSLT) on dry-forest sites, and their relationship to HRV:6 

Analysis Area 

Multi Strata 

With Large Trees 

MSLT (HRV: 5-20%) 

Single Stratum 

With Large Trees 

SSLT (HRV: 15-55%) Interpretation 

Umatilla Watershed Current Percentage: 25% Current Percentage: 4% 
MSLT is above HRV; 

SSLT is below HRV 

Tucannon Water-

shed 
Current Percentage: 16% Current Percentage: 10% 

MSLT is at high end of 

HRV; SSLT is below 

HRV 

Grande Ronde-Ron-

dowa Watershed Current Percentage: 18% Current Percentage: 10% 

MSLT is at high end of 

HRV; SSLT is below 

HRV 

Bologna Basin 

Analysis Area Current Percentage: 29% Current Percentage: 13% 

MSLT is well above 

HRV; SSLT is just below 

HRV 

According to the Eastside Screens, these examples fall under scenario A because at least one LOS 

component is below HRV (SSLT was below HRV in every instance).  Note that a situation where all 

of the LOS in a biophysical environment is within or above HRV is addressed as scenario B in the 

wildlife screen (for scenario B: if one LOS component occurs in a biophysical environment, it must 

be within or above HRV; if both LOS components occur in a biophysical environment, each of them 

must be within or above HRV). 

Vegetation assessments for dry-forest sites have shown that the SSLT component is almost always 

below HRV, as illustrated in the examples above.  Often, the problem is not a lack of large trees; it is 

that many small trees now coexist with the large trees in a “multi strata” arrangement rather than the 

“single stratum” configuration maintained by a short-interval fire regime. 

To help recover the SSLT component, understory thinning, either alone or in combination with pre-

scribed fire, is often recommended as a restoration treatment; the objective is to remove or kill 

enough of the understory trees (in an MSLT stand) to restore a single-layer condition featuring large 

 
6 By definition, dry-forest sites occur in the “warm dry” or “hot dry” plant association groups, or in the “dry upland 

forest” potential vegetation group.  On the Umatilla National Forest, plant association groups or potential vegetation 

groups are used as the “biophysical environments” referred to in the Eastside Screens. 
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trees.  If timber harvest is needed to help accomplish this objective, and if the MSLT component be-

ing considered for treatment is within or above HRV, then a site-specific Forest Plan amendment is 

not needed unless large trees (those  21 inches dbh) are planned for removal. 

Consider the Umatilla watershed example in the table above: depending upon the management objec-

tives, it might be appropriate to use understory thinning to transform 11% of the MSLT condition to 

SSLT.  After completing this treatment, the watershed’s MSLT percentage would be 14% (well 

within the historical range of 5-20%) and its SSLT percentage would have increased to 15% (at the 

low end of the historical range of 15-55%, but at least it is within the range now). 

This thinning proposal for the Umatilla watershed meets Eastside Screens direction to have “NO NET 

LOSS OF LOS” in a biophysical environment: total LOS was 29% before treatment and 29% after-

ward (this “no net loss of LOS” requirement is the main reason that regeneration harvest prescriptions 

are not permitted when moving stands from multi-strata LOS to single-stratum LOS under scenario 

A).  A site-specific Forest Plan amendment would not be needed for this thinning treatment unless 

large trees ( 21 inches dbh) are planned for removal. 

If the recommended treatment were understory thinning, then why would large trees be identified for 

removal anyway?  Depending upon stand conditions, understory thinnings may also prescribe that 

trees of undesirable species or condition7 be removed from the upper canopy, although such removals 

would comprise a minor or incidental portion of the total treatment. 

Large trees with insect or disease issues limiting their capability to contribute to an area’s desired fu-

ture condition, or late-seral species occurring in proportions exceeding HRV with respect to species 

composition, are two examples of situations where minor numbers of large trees may be designated 

for removal within the context of an overall thinning prescription. 

If incidental removal of large trees occurs, however, it is assumed that the post-treatment stand will 

contain a large-tree component sufficient to qualify it as LOS (in other words, the stand was LOS be-

fore treatment and it is still LOS after treatment), and that a site-specific Forest Plan amendment will 

be processed to disclose that some portion of the large trees are proposed for removal, and to de-

velop the rationale for their removal. 

Depending upon the objectives established for an area, understory thinning might also be an appropri-

ate treatment recommendation for other multi-layer structural classes: multi strata without large trees 

(now called “young forest multi strata” or YFMS) and understory reinitiation (UR).  The Screens rec-

ommends that vegetation manipulation occur in the YFMS and UR condition “in a manner that moves 

it towards these (LOS) conditions as appropriate to meet HRV” (see item 2 b under scenario A). 

For YFMS and UR stands, understory thinnings are permissible without a site-specific Forest Plan 

amendment because neither condition qualifies as LOS, and because it is assumed that understory 

thinning would not remove any trees whose diameter is 21 inches or more. 

Note that a Forest Plan amendment would be necessary if large trees ( 21 inches dbh) are planned 

for removal under scenario A, regardless of whether or not the treatment occurs in LOS. 

 
7 A determination of desirable or undesirable trees is based on the land management objectives for an area.  Trees 

whose existing characteristics contribute to meeting the objectives of an area are desirable; undesirable trees lack 

such characteristics.  This means that when local management objectives (including desired future conditions from 

the Forest Plan) change from one area to another, then the result could be a different outcome with respect to which 

trees are desirable or undesirable. 
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2. Second example from R.O. June 11th letter: “Maintaining shade-intolerant desirable trees < 21 in dbh 

where their recruitment into the > 21 inch class is reasonably foreseeable in the near future, and when 

giving preference to them better meets LOS objectives.” 

This example refers to situations where tree size may not be an issue (enough large trees are present 

in an area to qualify as LOS), but species composition is viewed as a problem in the context of HRV. 

Historical data sources for the Umatilla National Forest show that generally 70% or more of the tree 

composition on dry sites consisted of ponderosa pine (see Munger 1917).  Selective timber harvest of 

the largest, most valuable pines; killing of stressed pines in overcrowded, multi-strata stands by bark 

beetles; and other factors have contributed to a reduction of ponderosa pine on these sites. 

Fire suppression allowed Douglas-fir, grand fir and other species with low fire resistance to invade 

dry-forest sites.  A fire history study for the Tucannon watershed, for example, showed that 40 indi-

vidual fire events occurred in the study area, with the first fire occurring in 1583 and the last one in 

1898 (Heyerdahl 1997).  In the Tucannon watershed, it is definitely possible for fast-growing (domi-

nant) grand firs and Douglas-firs to reach or exceed the large-tree class ( 21 dbh) during this 105-

year fire-free interval (between 1898 and 2003). 

HRV information indicates that the historical tree species composition associated with dry-forest sites 

was as follows: ponderosa pine, 70-90%; Douglas-fir, 8-14%; and grand fir, 1-5%.  These HRV 

ranges reflect the tree species composition associated with a properly functioning fire regime. 

Some dry-forest sites currently have “shade-intolerant desirable trees” (primarily ponderosa pine with 

perhaps minor amounts of western larch) occurring in a diameter class ranging between 15 and 21 

inches; many of these trees will grow into the large-tree size class ( 21 inches dbh) in the near fu-

ture, depending upon forest (tree) density levels and other factors affecting their growth rate and sur-

vival potential. 

On dry-forest sites, a treatment proposal may be to remove minor or incidental numbers of large 

grand fir and Douglas-fir trees to accomplish three objectives: (a) reduce inter-tree competition so 

that medium ponderosa pines and western larches (trees from 15 to 21 inches dbh) can continue to 

grow into the large-tree class; (b) to begin to move the species composition toward appropriate per-

centages as based on HRV (grand fir, 1-5% and Douglas-fir, 8-14%); and (c) to remove late-seral spe-

cies with low fire resistance so that surface fire, an important ecosystem process, can be reintroduced 

in the near future. 

A site-specific Forest Plan amendment would not be needed to implement this treatment proposal for 

non-LOS stands or for LOS stands that are within or above HRV, unless large grand fir and Douglas-

fir trees ( 21 inches dbh) were planned for removal. 

A site-specific Forest Plan amendment would be needed if commercial thinning or other timber har-

vest activity were proposed for an LOS component that is below HRV, even if the treatment does not 

result in removal of large trees. 

3. Third example from R.O. June 11th letter: “Harvesting > 21 inch dbh mistletoe-infected trees when 

doing so best meets long-term LOS objectives and does not eliminate currently important wildlife 

habitat.” 

This example refers to situations where scenario A precludes removing large, mistletoe-infected trees 

when their presence interferes with accomplishing land and resource objectives (desired future condi-

tions) for an area. 
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Dwarf mistletoes are parasitic plants that derive their nourishment (primarily water and nutrients) 

from host trees; they can eventually kill their host.  Dwarf mistletoes often predispose host trees to 

attack or mortality from other disturbance agents such as pathogens or wildfire.  On dry sites, for ex-

ample, Douglas-fir trees with long mistletoe brooms often function as ladder fuels, increasing the 

probability that surface fire will transition to crown fire.  These characteristics of dwarf mistletoe in-

fection often result in forest health concerns, particularly when existing mistletoe occurrence exceeds 

historical levels (i.e., mistletoe is above HRV). 

Dwarf mistletoes and other insects, pathogens, and parasites are important components of biodiversity 

and wildlife habitat.  Not only do they contribute to nutrient cycling, productivity, and other ecosys-

tem processes, but they also create wildlife habitat (dead trees and cavities in living trees) and serve 

as a direct food source for many wildlife species. 

Several studies found that bird diversity and abundance was greater in forests infected with dwarf 

mistletoe.  In general, it was found that dwarf mistletoe was not being used as food – its berries are 

small and hard – but the “witches brooms” it caused provides nesting and roosting sites, and serves as 

habitat for butterflies, moths, and for some of the other insects that birds feed on.  Another study 

found that both bird abundance and species richness was positively correlated with the level of dwarf 

mistletoe infection, and that this pattern was consistent among 24 of 28 avian species. 

A treatment proposal may be to remove some proportion of the mistletoe-infected trees when their 

retention would interfere with accomplishing the land and resource objectives established for an area 

(including its desired future condition).  It is assumed that mistletoe-infected trees would be retained, 

in proper places and at appropriate times, to provide ecosystem benefits. 

A site-specific Forest Plan amendment would not be needed to implement this treatment proposal for 

non-LOS stands or for LOS stands that are within or above HRV, unless large mistletoe-infected trees 

( 21 inches dbh) were planned for removal. 

A site-specific Forest Plan amendment would be needed for mistletoe-treatment projects if any timber 

harvest activity were proposed for an LOS component that is below HRV, even if the treatment does 

not result in removal of large trees. 

4. Fourth example from R.O. June 11th letter: “Fuel reduction when in scenario A to protect older trees 

(e.g., removal of smaller ‘ladder’ fuels).” 

This example refers to situations where fire suppression and other factors allowed small trees to be-

come established beneath an overstory of large trees.  The need to remove smaller ladder fuels is par-

ticularly pressing for sites in the “wildland-urban interface” where homes and other developments are 

at risk from uncharacteristic wildfire behavior. 

Understory thinning is frequently recommended to remove ladder fuels.  Understory thinnings can be 

implemented in at least two ways: on an area basis, or around individual trees.  In the first method, 

understory trees are thinned across an entire stand with relatively uniform composition and structure.  

Area-wide understory thinning can be especially useful before initiating a prescribed fire program. 

The second method of understory thinning involves removing small trees from around individual 

overstory trees to prolong their survival by decreasing inter-tree competition, and by addressing their 

proximity to ladder fuels.  Trees growing under reduced competition have high vigor and increased 

longevity because they are better able to ward off insect and disease attacks, mainly by producing ele-

vated levels of phenols, terpenes and other defensive chemicals. 
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A site-specific Forest Plan amendment would not be needed to implement this understory thinning 

proposal for non-LOS stands or for LOS stands that are within or above HRV, unless large trees ( 

21 inches dbh) were planned for removal. 

A site-specific Forest Plan amendment would be needed for ladder-fuel reduction projects if any tim-

ber harvest activity were proposed for an LOS component that is below HRV, even if the treatment 

does not result in removal of large trees. 

5. Fifth example from R.O. June 11th letter: “Overstory removal of shade tolerant species to protect rare 

or declining understory elements, such as aspen or rare herbaceous plants.” 

This example refers to situations where conifers have invaded remnant and declining aspen clones, 

further contributing to their high stress and low vigor.  Some proportion of the conifer component 

would be retained for biodiversity, snags, and as replacement trees, but removing many of the conifer 

trees (including some that are over 21 dbh) is necessary and ecologically appropriate in order to re-

store the resilience and integrity of a rare landscape component (quaking aspen clones). 

This issue may also apply to other deciduous vegetation, such as black cottonwood, that is declining 

due to suppression of fire or other disturbance processes. 

Some of this aspen work was already occurring before the R.O. letter of June 11th because a compel-

ling case could be made for biological urgency and ecological uniqueness, which allowed some site-

specific Forest Plan amendments to go forward even under the restrictive guidance of the 1997 direc-

tion letters (Burns Ranger District, Malheur National Forest). 

Aspen and other hardwood communities present unusual complexity because they often occupy areas 

of an acre or less.  This means that aspen tends to occur as inclusions within larger conifer stands, and 

this limits the opportunity to consider aspen as a separate biophysical environment and to determine 

whether any individual aspen clone is LOS or not (from the perspective of the Eastside Screens). 

Due to aspen’s status as a limited vegetation component at a landscape scale, it has generally not been 

feasible to analyze it in the context of its own biophysical environment; this means that aspen has 

generally been handled as a non-LOS component with respect to scenario A of the Eastside Screens. 

In situations where an aspen clone is declining due to conifer invasion, a restoration proposal may be 

to remove some proportion of the invading conifers, along with associated practices such as fencing 

to protect aspen regeneration from ungulate browsing.  It is assumed that appropriate numbers of co-

nifers would be retained as snags and green replacement trees during these treatments. 

A site-specific Forest Plan amendment would not be needed to implement this aspen restoration pro-

posal unless large conifer trees ( 21 inches dbh) were planned for removal. 
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[Author’s comments: As author of this white paper, I offer these background comments regard-

ing “Enclosure 7: Forest Memo about Screens guidance.” 

When an Umatilla NF Forest Plan was approved in June of 1990, the concept was that it would be 

a dynamic resource – the Plan would function as a ‘living’ document, being updated frequently. Dur-

ing training sessions and workshops about how to use and implement the new Forest Plan, for exam-

ple, employees were advised that Forest Plan amendments would occur often and were expected, and 

frequent amendments should not be viewed as ‘failings’ or ‘weaknesses’ of the Plan. 

As new science was released, and as employees gained experience with standards and guidelines 

during Forest Plan implementation, Plan amendments would be used to keep the Plan current and up 

to date. 

But, within five years of its release, broad-scale, Regional amendments to the Forest Plan were 

approved – Eastside Screens were approved in 1994 (Regional Forester’s Forest Plan Amendment #1) 

and 1995 (Regional Forester’s Forest Plan Amendment #2), and PACFISH was approved in March 

1994 (which became Umatilla NF Forest Plan Amendment #10). 

This Enclosure 7 provides Forest-level guidance about responding to Regional Office direction, 

received as a June 11, 2003 memorandum, regarding site-specific Forest Plan amendments to the 

Eastside Screens portion of Forest Plan, especially for the Wildlife Screen or standard, which is item 

#6 of the Screens. 

Since the Eastside Screens are sub-Regional in nature (they amend Forest Plans for all national 

forests in eastern Oregon and eastern Washington), any site-specific Forest Plan amendments involv-

ing an Eastside Screen standard tend to elicit more scrutiny, and potential litigation (especially from 

special interest groups), than non-Screens amendments. For this reason, and to whatever extent they 

can, line officers tend to avoid Forest Plan amendments involving Screens standards. 

Fifth example in the RO’s memo of June 11, 2003 deals specifically with removing conifers to 

benefit (‘protect’) aspen communities. Forest Supervisor Jeff Blackwood’s letter to Umatilla NF per-

sonnel, dated September 5, 2003 (this memo is Enclosure 7), encourages employees to consider re-

moving ‘invading conifers’ whenever an aspen clone is deteriorated or in decline due to conifer inva-

sion (encroachment), and to implement this tactic even if a Forest Plan amendment is necessary. 

Unfortunately, Forest Supervisor Blackwood’s encouragement to arrest aspen decline by remov-

ing intermingled conifers was not widely followed, especially for situations where conifers to be re-

moved are greater than 21-inches in diameter at breast height. 

Removing trees that are 21" dbh or greater generally requires a site-specific Forest Plan amend-

ment related to scenario A of the Wildlife Standard (item #6 of the Screens), and line officers are re-

luctant to propose Screens-related Forest Plan amendments for reasons described above. 

Eastside Screens pertain to timber sales only, however, so killing conifers over 21" dbh is permis-

sible by using alternatives other than a timber sale. Therefore, some land managers decide to kill large 

conifers, and leave them in place, by using a technique called girdling (e.g., removing a ring of bark 

and cambium (phloem and xylem) around the full circumference of a stem, which disrupts transport 

of water and carbohydrates within a tree), in lieu of removing trees by using a timber sale. 

Girdling also offers a benefit of providing additional snags, and since many landscapes are snag-

deficient, girdling, and the conifer snags it creates, is sometimes viewed as a ‘win-win’ situation. 

Figure 14 shows how girdling was implemented for a project area (Wildcat) on south end of 

Umatilla National Forest, Heppner Ranger District.] 
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Figure 14: Conifer girdling to favor (benefit) relict aspen trees. This stand in the Wildcat project area, 

Heppner Ranger District, had conifer trees that needed to be removed to address aspen decline issues.  

The conifers, however, were too large (greater than 21" dbh) to be removed in a timber sale, unless a site-

specific Forest Plan amendment was approved to permit deviation from scenario A standards associated 

with a Wildlife Screen (Wildlife Screen is item #6 of the Eastside Screens Forest Plan amendment). 

An original Wildcat decision notice included a FP amendment to remove large conifers from aspen 

stands. But, after a Wildcat decision was withdrawn (following litigation), the line officer decided that a 

prudent course of action was to girdle large conifers competing directly with aspen and, after they died, 

they would function as snags, helping address a snag deficit for the Wildcat landscape. 

For situations where conifers encroach into aspen stands (a common circumstance), and yet some of 

the conifers are too large to remove with a timber sale because of Eastside Screens requirements (unless 

authorized by a site-specific, Forest Plan amendment), girdling can be a viable treatment alternative. 

Note that girdling can be effective, but it is not a common practice and without prior experience, it 

can be difficult to implement correctly (if girdle ‘bands’ are too narrow, then prompt tree death may not 

result from a girdling treatment). For this reason, post-treatment effectiveness monitoring should occur to 

ensure that girdling outcomes are similar to what is anticipated. 
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This section includes literature cited in the text, along with other references having relevance to ecol-

ogy and management of aspen forests in the Blue Mountains of northeastern Oregon, southeastern Wash-

ington, and west-central Idaho. 

Cautionary note about aspen references: users of literature in this section should consider that aspen is 

a wide-ranging species and that aspen research spans all of western North America, including a broad ge-

ographical area ranging from British Columbia to Black Hills of South Dakota, Colorado’s Front Range, 

southwestern U.S. (Arizona and New Mexico), and Sierra Nevada Mountains of California. 

I believe it is useful for practitioners to be aware of a wide breadth of aspen research, and I have at-

tempted to provide a relatively diverse array of sources in this section. 

With few exceptions, sources contained in this References section are available from the World Wide 

Web in digital form, and a Digital Object Identifier (doi) is included for these items whenever possible. 

[Digital object identifier is an international system used to uniquely identify, and link to, electronic 

versions of scientific information, primarily journal articles. A doi can be thought of as a ‘catalog num-

ber’ for journal articles and other non-book sources.] 

All doi links pertain to formally published sources only; local analysis protocols, white papers (like 

this one), monitoring reports, and similar items will not have a doi. 

For recent USDA Forest Service research reports (general technical reports, research papers, research 

notes, conference proceedings, etc.), a doi may also be available. But most reports do not yet have a doi, 

so a doi is not included for reports in this References section. 

For FS research items, however, this section provides a weblink for the online Treesearch system, be-

cause most FS research reports are available for download there. 

When preparing a white paper, one of my objectives is to help users locate any of its references or lit-

erature citations. For journal articles or books, I provide a doi or isbn number whenever one is available. 

For other reference materials, a weblink is provided, although I realize that weblinks have not been stable 

and tend to have a disturbingly short lifespan (USDA Forest Service Treesearch links, however, have 

been quite stable thus far). 

Alban, D.H. 1982. Effects of nutrient accumulation by aspen, spruce, and pine on soil properties. Soil 

Science Society of America Journal. 46(4): 853-861. 

doi:10.2136/sssaj1982.03615995004600040037x 

Alban, D.H. 1985. Volume comparison of pine, spruce, and aspen growing side by side. Res. Note NC-

327. St. Paul, MN: USDA Forest Service, North Central Forest Experiment Station. 6 p. 

https://www.fs.usda.gov/treesearch/pubs/11814  

Alban, D.H.; Perala, D.A.; Schlaegel, B.E. 1978. Biomass and nutrient distribution in aspen, pine, and 

spruce stands on the same soil type in Minnesota. Canadian Journal of Forest Research. 8(3): 290-

299. doi:10.1139/x78-044 

Alban, D.H.; Perala, D.A.; Jurgensen, M.F.; Ostry, M.E.; Probst, J.R. 1991. Aspen ecosystem prop-

erties in the upper Great Lakes. Res. Pap. NC-300. St. Paul, MN: USDA Forest Service, North Cen-

tral Forest Experiment Station. https://www.fs.usda.gov/treesearch/pubs/10783  

Alexander, R.R. 1985. Major habitat types, community types, and plant communities in the Rocky 

Mountains. Gen. Tech. Rep. RM-123. Fort Collins, CO: USDA Forest Service, Rocky Mountain For-

est and Range Experiment Station. 105 p.  

https://archive.org/download/CAT86866757/CAT86866757.pdf  

https://www.fs.usda.gov/treesearch/pubs/11814
https://www.fs.usda.gov/treesearch/pubs/10783
https://archive.org/download/CAT86866757/CAT86866757.pdf


 

 55 

Alexander, R.R. 1988. Forest vegetation on national forests in the Rocky Mountain and Intermountain 

regions: habitat types and community types. Gen. Tech. Rep. RM-162. Fort Collins, CO: USDA For-

est Service, Rocky Mountain Forest and Range Experiment Station. 47 p. 

https://www.fs.fed.us/rm/pubs_series/rm/gtr/rm_gtr162.pdf  

Alexander, M.E. 2010. Surface fire spread potential in trembling aspen during summer in the boreal for-

est region of Canada. Forestry Chronicle. 86(2): 200-212. doi:10.5558/tfc86200-2 

Amacher, M.C.; Johnson, A.D.; Kutterer, D.E.; Bartos, D.L. 2001. First-year postfire and postharvest 

soil temperatures in aspen and conifer stands. Res. Pap. RMRS-RP-27-WWW. Ogden, UT: USDA 

Forest Service, Rocky Mountain Research Station. 24 p. 

https://www.fs.usda.gov/treesearch/pubs/4622  

Anderegg, W.R.L.; Plavcová, L.; Anderegg, L.D.L.; Hacke, U.G.; Berry, J.A.; Field, C.B. 2013. 

Drought's legacy: multiyear hydraulic deterioration underlies widespread aspen forest die-off and por-

tends increased future risk. Global Change Biology. 19(4): 1188-1196. doi:10.1111/gcb.12100 

Anderson, G.W. 1972. Development of Hypoxylon mammatum cankers on artificially shaded aspen 

stems. Forest Science. 18(4): 316-318. doi:10.1093/forestscience/18.4.316 

Anderson, G.W.; Anderson, R.L. 1968. Relationship between density of quaking aspen and incidence 

of hypoxylon canker. Forest Science. 14(1): 107-112. doi:10.1093/forestscience/14.1.107 

Anderson, G.W.; Martin, M.P. 1981. Factors related to incidence of hypoxylon cankers in aspen and 

survival of cankered trees. Forest Science. 27(3): 461-476. doi:10.1093/forestscience/27.3.461 

Anderson, G.W.; Hinds, T.E.; Knutson, D.M. 1977. Decay and discoloration of aspen. Forest Insect 

and Disease Leaflet 149. Washington, DC: USDA Forest Service. 4 p. 

[This FIDL was superseded by Worrall and Fairweather 2009.] 

Anderson, R.L.; Anderson, G.W.; Schipper, A.L., Jr. 1979. Hypoxylon canker of aspen. Forest Insect 

and Disease Leaflet 6. Washington, DC: USDA Forest Service. 7 p.  

https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fsbdev2_043660.pdf  

Aspen Panel. 1985. Guidelines for managing aspen: A report submitted to Rocky Mountain Regional 

Forester James F. Torrence. Lakewood, CO: USDA Forest Service, Rocky Mountain Region. 28 p.  

Guidelines_for_managing_aspen  

Bailey, J.K.; Whitham, T.G. 2002. Interactions among fire, aspen, and elk affect insect diversity: rever-

sal of a community response. Ecology. 83(6): 1701-1712.  

doi:10.1890/0012-9658(2002)083[1701:IAFAAE]2.0.CO;2 

Bailey, A.W.; Wroe, R.A. 1974. Aspen invasion in a portion of the Alberta parklands. Journal of Range 

Management. 27(4): 263-266.  

https://journals.uair.arizona.edu/index.php/jrm/article/download/6331/5941  

Baker, F.S. 1918. Aspen reproduction in relation to management. Journal of Forestry. 16(4): 389-398. 

doi:10.1093/jof/16.4.389 

Baker, F.S. 1921. Two races of aspen. Journal of Forestry. 19(4): 412-413. doi:10.1093/jof/19.4.412 

Baker, F.S. 1925. Aspen in the central Rocky Mountain region. Bull. No. 1291. Washington, DC: U.S. 

Department of Agriculture. 46 p.  

http://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=8042&context=aspen_bib  

Baker, W.L.; Munroe, J.A.; Hessl, A.E. 1997. The effects of elk on aspen in the winter range in Rocky 

Mountain National Park. Ecography. 20(2): 155-165. doi:10.1111/j.1600-0587.1997.tb00358.x 

Balogh, J.C.; Grigal, D.F. 1988. Tall shrub dynamics in northern Minnesota aspen and conifer forests. 

https://www.fs.fed.us/rm/pubs_series/rm/gtr/rm_gtr162.pdf
https://www.fs.usda.gov/treesearch/pubs/4622
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fsbdev2_043660.pdf
http://hermes.cde.state.co.us/drupal/islandora/object/co%3A11661/datastream/OBJ/download/Guidelines_for_managing_aspen.pdf
https://journals.uair.arizona.edu/index.php/jrm/article/download/6331/5941
http://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=8042&context=aspen_bib


 

 56 

Res. Pap. NC-283. St. Paul, MN: USDA Forest Service, North Central Forest Experiment Station. 15 

p. https://www.fs.usda.gov/treesearch/pubs/10766  

Barnes, B.V. 1966. The clonal growth habit of American aspens. Ecology. 47(3): 439-447. 

doi:10.2307/1932983 

Barnes, B.V. 1975. Phenotypic variation of trembling aspen in western North America. Forest Science. 

21(3): 319-328. doi:10.1093/forestscience/21.3.319 

Barnett, D.T.; Stohlgren, T.J. 2001. Aspen persistence near the national elk refuge and Gros Ventre 

Valley elk feedgrounds of Wyoming, USA. Landscape Ecology. 16(6): 569-580. 

doi:10.1023/A:1013158511225 

Bärring, U. 1988. On the reproduction of aspen (Populus tremula L.) with emphasis on its suckering 

ability. Scandinavian Journal of Forest Research. 3(1-4): 229-240. doi:10.1080/02827588809382511 

Bartos, D.L. 2001. Landscape dynamics of aspen and conifer forests. In: Shepperd, W.D.; Binkley, D.; 

Bartos, D.L.; Stohlgren, T.J.; Eskew, L.G., comps. Sustaining aspen in western landscapes: Sympo-

sium proceedings. Proceedings RMRS-P-18. Fort Collins, CO: USDA Forest Service, Rocky Moun-

tain Research Station: 5-14. https://www.fs.usda.gov/treesearch/pubs/35804  

Bartos, D.L. 2008. Great Basin aspen ecosystems. In: Chambers, J.C.; Devoe, N.; Evenden, A., eds. Col-

laborative management and research in the Great Basin – examining the issues and developing a 

framework for action. Gen. Tech. Rep. RMRS-GTR-204. Fort Collins, CO: USDA Forest Service, 

Rocky Mountain Research Station: 57-60. https://www.fs.usda.gov/treesearch/pubs/29306  

Bartos, D.L.; Amacher, M.C. 1998. Soil properties associated with aspen to conifer succession. Range-

lands. 20(1): 25-28. https://journals.uair.arizona.edu/index.php/rangelands/article/view/11363/10636  

Bartos, D.L.; Campbell, R.B., Jr. 1998. Decline of quaking aspen in the interior West – examples from 

Utah. Rangelands. 20(1): 17-24. https://www.fs.usda.gov/treesearch/pubs/24823  

Bartos, D.L.; Campbell, R.B., Jr. 1998. Water depletion and other ecosystem values forfeited when co-

nifer forests displace aspen communities. In: Potts, D.F., ed. Proceedings of the AWRA Specialty 

Conference, Rangeland Management and Water Resources. TPS-98-1. Herndon, VA: American Wa-

ter Resources Association: 427-434. 

Bartos, D.L.; DeByle, N.V. 1981. Quantity, decomposition, and nutrient dynamics of aspen litterfall in 

Utah. Forest Science. 27(2): 381-390. doi:10.1093/forestscience/27.2.381 

Bartos, D.L.; Harniss, R.O. 1990. Pine Hollow exclosures: Effect of browsing on an aspen community 

sprayed with 2,4-D. Res. Note INT-393. Ogden, UT: USDA Forest Service, Intermountain Research 

Station. 9 p. https://archive.org/download/pinehollowexclos393bart/pinehollowexclos393bart.pdf  

Bartos, D.L.; Johnston, R.S. 1978. Biomass and nutrient content of quaking aspen at two sites in the 

western United States. Forest Science. 24(2): 273-280. doi:10.1093/forestscience/24.2.273 

Bartos, D.L.; Lester, J.E. 1984. Effects of 2,4-D on a Populus tremuloides community in the western 

United States–22 years after treatment. Great Basin Naturalist. 44(3): 459-467.  

https://scholarsarchive.byu.edu/gbn/vol44/iss3/10/  

Bartos, D.L.; Mueggler, W.F. 1981. Early succession in aspen communities following fire in western 

Wyoming. Journal of Range Management. 34(4): 315-318.  

https://journals.uair.arizona.edu/index.php/jrm/article/download/7201/6813  

Bartos, D.L.; Mueggler, W.F. 1982. Early succession following clearcutting of aspen communities in 

northern Utah. Journal of Range Management. 35(6): 764-768.  

https://journals.uair.arizona.edu/index.php/jrm/article/download/7440/7052  

https://www.fs.usda.gov/treesearch/pubs/10766
https://www.fs.usda.gov/treesearch/pubs/35804
https://www.fs.usda.gov/treesearch/pubs/29306
https://journals.uair.arizona.edu/index.php/rangelands/article/view/11363/10636
https://www.fs.usda.gov/treesearch/pubs/24823
https://archive.org/download/pinehollowexclos393bart/pinehollowexclos393bart.pdf
https://scholarsarchive.byu.edu/gbn/vol44/iss3/10/
https://journals.uair.arizona.edu/index.php/jrm/article/download/7201/6813
https://journals.uair.arizona.edu/index.php/jrm/article/download/7440/7052


 

 57 

Bartos, D.L.; Shepperd, W.D. 2010. The aspen mortality summit; December 18 and 19, 2006; Salt Lake 

City, UT. Proceedings RMRS-P-60WWW. Fort Collins, CO: USDA Forest Service, Rocky Mountain 

Research Station. 21 p. http://www.treesearch.fs.fed.us/pubs/34904  

Bartos, D.L.; Ward, F.R.; Innis, G.S. 1983. Aspen succession in the intermountain west: a deterministic 

model. Gen. Tech. Rep. INT-153. Ogden, UT:  USDA Forest Service, Intermountain Forest and 

Range Experiment Station. 60 p. https://www.fs.usda.gov/treesearch/pubs/43370  

Bartos, D.L.; Mueggler, W.F.; Campbell, R.B., Jr. 1991. Regeneration of aspen by suckering on 

burned sites in western Wyoming. Res. Pap. INT-448. Ogden, UT: USDA Forest Service, Intermoun-

tain Research Station. 10 p. https://www.fs.usda.gov/treesearch/pubs/36690  

Bartos, D.L.; Brown, J.K.; Booth, G.D. 1994. Twelve years biomass response in aspen communities 

following fire. Journal of Range Management. 47(1): 79-83. doi:10.2307/4002846 

Bartos, D.L.; Tshireletso, K.; Malechek, J.C. 2014. Response of aspen suckers to simulated browsing. 

Forest Science. 60(2): 402-408. doi:10.5849/forsci.13-505 

Basile, J.V. 1979. Elk-aspen relationships on a prescribed burn. Res. Note INT-271. Ogden, UT: USDA 

Forest Service, Intermountain Forest and Range Experiment Station. 7 p.  

https://archive.org/download/elkaspenrelation271inte/elkaspenrelation271inte.pdf  

Bates, C.G. 1917. Forest succession in the central Rocky Mountains. Journal of Forestry. 15(5): 587-592. 

doi:10.1093/jof/15.5.587 

Bates, J.D.; Davies, K.W. 2018a. Quaking aspen woodland after conifer control: Herbaceous dynamics. 

Forest Ecology and Management. 409: 307-316. doi:10.1016/j.foreco.2017.11.032 

Bates, J.D.; Davies, K.W. 2018b. Quaking aspen woodland after conifer control: Tree and shrub dynam-

ics. Forest Ecology and Management. 409: 233-240. doi:10.1016/j.foreco.2017.11.019 

Bates, P.C.; Blinn, C.R.; Alm, A.A. 1993. Harvesting impacts on quaking aspen regeneration in north-

ern Minnesota. Canadian Journal of Forest Research. 23(11): 2403-2412. doi:10.1139/x93-297 

Batzer, H.O.; Martin, M.P.; Mattson, W.J.; Miller, W.E. 1995. The forest tent caterpillar in aspen 

stands: distribution and density estimation of four life stages in four vegetation strata. Forest Science. 

41(1): 99-121. doi:10.1093/forestscience/41.1.99 

Beck, J.L.; Flinders, J.T.; Nelson, D.R.; Clyde, C.L.; Smith, H.D.; Hardin, P.J. 1996. Elk and domes-

tic sheep interactions in a north-central Utah aspen ecosystem. Res. Pap. INT-RP-491. Ogden, UT: 

USDA Forest Service, Intermountain Research Station. 114 p.  

https://archive.org/download/elkdomesticsheep491beck/elkdomesticsheep491beck.pdf  

Beckwith, R.C. 1973. The large aspen tortrix. Forest Pest Leaflet 139. Washington, DC: USDA Forest 

Service. 5 p. [Superseded by Ciesla and Kruse 2009.] 

Bell, D.M.; Bradford, J.B.; Lauenroth, W.K. 2015. Scale dependence of disease impacts on quaking 

aspen (Populus tremuloides) mortality in the southwestern United States. Ecology. 96(7): 1835-1845. 

doi:10.1890/14-1184.1 

Bella, I.E.; Hunt, K. 1973. Kraft pulping of young trembling aspen from Manitoba. Canadian Journal of 

Forest Research. 3(3): 359-366. doi:10.1139/x73-053 

Belleau, A.; Brais, S.; Paré, D. 2006. Soil nutrient dynamics after harvesting and slash treatments in bo-

real aspen stands. Soil Science Society of America Journal. 70(4): 1189-1199. 

doi:10.2136/sssaj2005.0186 

Benson, M.K.; Schwalbach, D.E. 1970. Techniques for rooting aspen root sprouts. Tree Planters’ Notes. 

21(3): 12-14.  

http://www.treesearch.fs.fed.us/pubs/34904
https://www.fs.usda.gov/treesearch/pubs/43370
https://www.fs.usda.gov/treesearch/pubs/36690
https://archive.org/download/elkaspenrelation271inte/elkaspenrelation271inte.pdf
https://archive.org/download/elkdomesticsheep491beck/elkdomesticsheep491beck.pdf


 

 58 

https://www.rngr.net/publications/tpn/21-3/pdf.2005-06-07.1348151738/at_download/file  

Bergen, K.M.; Dronova, I. 2007. Observing succession on aspen-dominated landscapes using a remote 

sensing-ecosystem approach. Landscape Ecology. 22(9): 1395-1410. doi:10.1007/s10980-007-9119-1 

Berger, A.L.; Puettmann, K.J. 2000. Overstory composition and stand structure influence herbaceous 

plant diversity in the mixed aspen forest of northern Minnesota. American Midland Naturalist. 

143(1): 111-125. doi:10.1674/0003-0031(2000)143[0111:OCASSI]2.0.CO;2 

Beschta, R.L.; Ripple, W.J. 2007. Wolves, elk, and aspen in the winter range of Jasper National Park, 

Canada. Canadian Journal of Forest Research. 37(10): 1873-1885. doi:10.1139/X07-017 

Beschta, R.L.; Ripple, W.J. 2010. Mexican wolves, elk, and aspen in Arizona: Is there a trophic cas-

cade? Forest Ecology and Management. 260(5): 915-922. doi:10.1016/j.foreco.2010.06.012 

Beschta, R.L.; Kauffman, J.B.; Dobkin, D.S.; Ellsworth, L.M. 2014. Long-term livestock grazing al-

ters aspen age structure in the northwestern Great Basin. Forest Ecology and Management. 329: 30-

36. doi:10.1016/j.foreco.2014.06.017 

Betters, D.R.; Woods, R.F. 1981. Uneven-aged stand structure and growth of Rocky Mountain aspen. 

Journal of Forestry. 79(10): 673-676. doi:10.1093/jof/79.10.673a 

Binkley, D. 2008. Age distribution of aspen in Rocky Mountain National Park, USA. Forest Ecology and 

Management. 255(3-4): 797-802. doi:10.1016/j.foreco.2007.09.066 

Binkley, D.; Kashian, D.M.; Boyden, S.; Kaye, M.W.; Bradford, J.B.; Arthur, M.A.; Fornwalt, P.J.; 

Ryan, M.G. 2006. Patterns of growth dominance in forests of the Rocky Mountains, USA. Forest 

Ecology and Management. 236(2-3): 193-201. doi:10.1016/j.foreco.2006.09.001 

Binkley, D.; Alsanousi, A.; Romme, W.H. 2014. Age structure of aspen forests on the Uncompahgre 

Plateau, Colorado. Canadian Journal of Forest Research. 44(7): 836-841. doi:10.1139/cjfr-2014-0017 

Blackwood, J.D. 2003 (September 5). Guidance for implementing Eastside Screens; file designation 

2430/2600 memorandum to S.O. Staff and District Rangers. Pendleton, OR: USDA Forest Service, 

Umatilla National Forest, Supervisor’s Office. 7 p. 

http://fsweb.f14.r6.fs.fed.us/nr/silv/pdf/SO_Screens_Memo_090503.pdf 

Bockstette, S.W.; Pinno, B.D.; Dyck, M.F.; Landhäusser, S.M. 2017. Root competition, not soil com-

paction, restricts access to soil resources for aspen on a reclaimed mine soil. Botany. 95(7): 685-695. 

doi:10.1139/cjb-2016-0301 

Bourdeau, P.F. 1958. Photosynthetic and respiratory rates in leaves of male and female quaking aspens. 

Forest Science. 4(4): 331-334. doi:10.1093/forestscience/4.4.331 

Bradford, J.B.; Kastendick, D.N. 2010. Age-related patterns of forest complexity and carbon storage in 

pine and aspen–birch ecosystems of northern Minnesota, USA. Canadian Journal of Forest Research. 

40(3): 401-409. doi:10.1139/X10-002 

Bradley, K.L.; Hancock, J.E.; Giardina, C.P.; Pregitzer, K.S. 2007. Soil microbial community re-

sponses to altered lignin biosynthesis in Populus tremuloides vary among three distinct soils. Plant 

and Soil. 294(1-2): 185-201. doi:10.1007/s11104-007-9246-0 

Brandt, J.P.; Cerezke, H.F.; Mallett, K.I.; Volney, W.J.A.; Weber, J.D. 2003. Factors affecting trem-

bling aspen (Populus tremuloides Michx.) health in the boreal forest of Alberta, Saskatchewan, and 

Manitoba, Canada. Forest Ecology and Management. 178(3): 287-300.  

doi:10.1016/S0378-1127(02)00479-6 

Bright, G.A. 1914. The extensive reconnaissance report of the Wenaha National Forest. Unpublished 

Typescript Report. [Place of Publication Unknown]: USDA Forest Service. 84 p (plus map). 

https://www.rngr.net/publications/tpn/21-3/pdf.2005-06-07.1348151738/at_download/file
http://fsweb.f14.r6.fs.fed.us/nr/silv/pdf/SO_Screens_Memo_090503.pdf


 

 59 

Bright, G.A.; Powell, D.C. 1994. An extensive reconnaissance of the Wenaha National Forest in 1913. 

F14-SO-08-94. Pendleton, OR: USDA Forest Service, Pacific Northwest Region, Umatilla National 

Forest. 56 p. http://www.fs.fed.us/r6/uma/publications/history/wenaharpt.pdf 

Brinkman, K.A.; Roe, E.I. 1975. Quaking aspen: silvics and management in the Lake States. Agricul-

ture Handbook No. 486. Washington, DC: USDA Forest Service. 52 p.  

https://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=6145&context=aspen_bib  

Britton, J.M.; DeRose, R.J.; Mock, K.E.; Long, J.N. 2016. Herbivory and advance reproduction influ-

ence quaking aspen regeneration response to management in southern Utah, USA. Canadian Journal 

of Forest Research. 46(5): 674-682. doi:10.1139/cjfr-2016-0010 

Brough, A.M.; DeRose, R.J.; Conner, M.M.; Long, J.N. 2017. Summer-fall home-range fidelity of fe-

male elk in northwestern Colorado: Implications for aspen management. Forest Ecology and Manage-

ment. 389: 220-227. doi:10.1016/j.foreco.2016.11.034 

Brown, J.K. 1985. Role and use of fire in aspen. In: Forester's future: leaders or followers? Bethesda, 

MD: Society of American Foresters: 101-105. 

Brown, M. 1995. Aspen decline in the inland northwest: a review of some relevant literature. Corvallis, 

OR: USDA Forest Service, Pacific Northwest Region. 28 p.  

https://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=3000&context=aspen_bib  

Brown, J.K.; DeByle, N.V. 1982. Developing prescribed burning prescriptions for aspen in the inter-

mountain West. In: Lotan, J.E., ed. Fire: its field effects: proceedings of a symposium. Intermountain 

Fire Council and Rocky Mountain Fire Council Proceedings: 29-49. 

Brown, J.K.; DeByle, N.V. 1987. Fire damage, mortality, and suckering in aspen. Canadian Journal of 

Forest Research. 17(9): 1100-1109. doi:10.1139/x87-168 

Brown, J.K.; BeByle, N.V. 1989. Effects of prescribed fire on biomass and plant succession in western 

aspen. Res. Pap. INT-412. Ogden, UT: USDA Forest Service, Intermountain Research Station. 16 p. 

https://archive.org/download/effectsofprescri412brow/effectsofprescri412brow.pdf  

Brown, J.K.; Simmerman, D.G. 1986.  Appraising fuels and flammability in western aspen: a pre-

scribed fire guide. Gen. Tech. Rep. INT-205. Ogden, UT: USDA Forest Service, Intermountain Re-

search Station. 48 p. http://www.treesearch.fs.fed.us/pubs/32957  

Brown, H.E.; Thompson, J.R. 1965. Summer water use by aspen, spruce, and grassland in western Col-

orado. Journal of Forestry. 63(10): 756-760. doi:10.1093/jof/63.10.756 

Brown, J.K.; Reinhardt, E.D.; Kramer, K.A. 2003. Coarse woody debris: managing benefits and fire 

hazard in the recovering forest. Gen. Tech. Rep. RMRS-GTR-105. Ogden, UT: USDA Forest Ser-

vice, Rocky Mountain Research Station. 16 p. http://www.treesearch.fs.fed.us/pubs/5585  

Brown, K.; Hansen, A.J.; Keane, R.E.; Graumlich, L.J. 2006. Complex interactions shaping aspen dy-

namics in the Greater Yellowstone Ecosystem. Landscape Ecology. 21(6): 933-951. 

doi:10.1007/s10980-005-6190-3 

Buck, J.R.; St Clair, S.B. 2012. Aspen increase soil moisture, nutrients, organic matter and respiration in 

Rocky Mountain forest communities. PLoS One. 7(12): e52369 (6 p).  

doi:10.1371/journal.pone.0052369 

Buckman, R.E.; Blankenship, L.H. 1965. Repeated spring prescribed burning reduces abundance and 

vigor of aspen root suckering. Journal of Forestry. 63(1): 23-25. doi:10.1093/jof/63.1.23 

Buell, M.F.; Buell, H.F. 1959. Aspen invasion of prairie. Bulletin of the Torrey Botanical Club. 86(4): 

264-265. doi:10.2307/2482844 

http://www.fs.fed.us/r6/uma/publications/history/wenaharpt.pdf
https://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=6145&context=aspen_bib
https://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=3000&context=aspen_bib
https://archive.org/download/effectsofprescri412brow/effectsofprescri412brow.pdf
http://www.treesearch.fs.fed.us/pubs/32957
http://www.treesearch.fs.fed.us/pubs/5585


 

 60 

Buell, E.D.; Kemp, P.D.; Jackson, G.H. 1936. Forest type map; north part of Wallowa County, Oregon. 

Portland, OR: USDA Forest Service, Pacific Northwest Forest Experiment Station, Forest Survey – 

East of the Cascade Range. 1:63,360; projection unknown; 36"  82"; thematic map. 

Burns, K.S.; Hanna, J.W.; Klopfenstein, N.B.; Kim, M.S. 2015. First report of the Armillaria root dis-

ease pathogen, Armillaria sinapina, on subalpine fir (Abies lasiocarpa) and quaking aspen (Populus 

tremuloides) in Colorado. Plant Disease. 100(1): 217-217. doi:10.1094/PDIS-07-15-0837-PDN 

Burton, D. 2004a. An implementation monitoring protocol for aspen. Transactions of the Western Sec-

tion of the Wildlife Society. 40: 61-67.  

https://www.wildlifeprofessional.org/western/transactions/transactions_2004_10.pdf  

Burton, D. 2004b. Sexual distribution of aspen in the Sierra Nevada. Transactions of the Western Section 

of the Wildlife Society. 40: 49-51.  

https://www.wildlifeprofessional.org/western/transactions/transactions_2004_8.pdf  

Calder, W.J.; St. Clair, S.B. 2012. Facilitation drives mortality patterns along succession gradients of 

aspen-conifer forests. Ecosphere. 3(6): art57 (11 p). doi:10.1890/es12-00119.1 

Calder, W.J.; Horn, K.J.; St. Clair, S.B. 2011. Conifer expansion reduces the competitive ability and 

herbivore defense of aspen by modifying light environment and soil chemistry. Tree Physiology. 

31(6): 582-591. doi:10.1093/treephys/tpr041 

Caldwell, B.T.; O'Hara, K.L. 2017. Correlation of leaf area index to root biomass in Populus tremu-

loides Michx supports the pipe model theory. Journal of Biodiversity Management & Forestry. 6(4): 

(9 p). doi:10.4172/2327-4417.1000186 

Callahan, C.M.; Rowe, C.A.; Ryel, R.J.; Shaw, J.D.; Madritch, M.D.; Mock, K.E. 2013. Continental-

scale assessment of genetic diversity and population structure in quaking aspen (Populus tremu-

loides). Journal of Biogeography. 40(9): 1780-1791. doi:10.1111/jbi.12115 

Campbell, R.B., Jr. 1981. Field and laboratory methods for age determination of quaking aspen. Res. 

Note INT-314. Ogden, UT: USDA Forest Service, Intermountain Forest and Range Experiment Sta-

tion. 5 p. https://archive.org/download/fieldlaboratorym314camp/fieldlaboratorym314camp.pdf  

Campbell, R.B., Jr.; Bartos, D.L. 2001. Aspen ecosystems: Objectives for sustaining biodiversity. In: 

Shepperd, W.D.; Binkley, D.; Bartos, D.L.; Stohlgren, T.J.; Eskew, L.G., comps. Sustaining aspen in 

western landscapes: Symposium proceedings. Proceedings RMRS-P-18. Fort Collins, CO: USDA 

Forest Service, Rocky Mountain Research Station: 299-310. 

https://www.fs.usda.gov/treesearch/pubs/35836  

Canon, S.K.; Urness, P.J.; DeByle, N.V. 1987. Habitat selection, foraging behavior, and dietary nutri-

tion of elk in burned aspen forest. Journal of Range Management. 40(5): 433-438.  

https://journals.uair.arizona.edu/index.php/jrm/article/download/8170/7782  

Cantor, L.F.; Whitham, T.G. 1989. Importance of belowground herbivory: pocket gophers may limit 

aspen to rock outcrop refugia. Ecology. 70(4): 962-970. doi:10.2307/1941363 

Capp, J.; Gadt, L., eds. 1984. Proceedings of the aspen symposium. Lakewood, CO: USDA Forest Ser-

vice, Rocky Mountain Region. 126 p. 

Carlson, D.W.; Groot, A. 1997. Microclimate of clear-cut, forest interior, and small openings in trem-

bling aspen forest. Agricultural and Forest Meteorology. 87(4): 313-329.  

doi:10.1016/S0168-1923(95)02305-4 

Carter, V.A.; Brunelle, A.; Minckley, T.A.; Shaw, J.D.; DeRose, R.J.; Brewer, S. 2017. Climate vari-

ability and fire effects on quaking aspen in the central Rocky Mountains, USA. Journal of Biogeogra-

phy. 44(6): 1280-1293. doi:10.1111/jbi.12932 

https://www.wildlifeprofessional.org/western/transactions/transactions_2004_10.pdf
https://www.wildlifeprofessional.org/western/transactions/transactions_2004_8.pdf
https://archive.org/download/fieldlaboratorym314camp/fieldlaboratorym314camp.pdf
https://www.fs.usda.gov/treesearch/pubs/35836
https://journals.uair.arizona.edu/index.php/jrm/article/download/8170/7782


 

 61 

Cartwright, C.W.; Burns, D.P. 1994. Sustaining our aspen heritage into the twenty-first century. Albu-

querque, NM: USDA Forest Service, Southwestern Region. 5 p.  

http://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=8155&context=aspen_bib  

Chase, J. 2006. 2005 report on the health of Colorado's forests; special issue: aspen forests. [Place of 

publication unknown]: Colorado Forestry Advisory Board. 27 p.  

https://static.colostate.edu/client-files/csfs/pdfs/05fhr.pdf  

Chen, H.Y.H.; Popadiouk, R.V. 2002. Dynamics of North American boreal mixedwoods. Environmen-

tal Reviews. 10(3): 137-166. doi:10.1139/a02-007 

Chen, H.Y.H.; Klinka, K.; Kabzems, R.D. 1998. Height growth and site index models for trembling as-

pen (Populus tremuloides Michx.) in northern British Columbia. Forest Ecology and Management. 

102(2-3): 157-165. doi:10.1016/S0378-1127(97)00154-0 

Chen, H.Y.H.; Légaré, S.; Bergeron, Y. 2004. Variation of the understory composition and diversity 

along a gradient of productivity in Populus tremuloides stands of northern British Columbia, Canada. 

Canadian Journal of Botany. 82(9): 1314-1323. doi:10.1139/b04-086 

Chen, L.; Huang, J.-G.; Dawson, A.; Zhai, L.; Stadt, K.J.; Comeau, P.G.; Whitehouse, C. 2018. 

Contributions of insects and droughts to growth decline of trembling aspen mixed boreal forest of 

western Canada. Global Change Biology. 24(2): 655-667. doi:10.1111/gcb.13855 

Christensen, G.A.; Dunham, P.; Powell, D.C.; Hiserote, B. 2007. Forest resources of the Umatilla Na-

tional Forest. Res. Bull. PNW-RB-253. Portland, OR: USDA Forest Service, Pacific Northwest Re-

search Station. 38 p. http://www.treesearch.fs.fed.us/pubs/27656  

Churchill, G.B.; John, H.H.; Duncan, D.P.; Hodson, A.C. 1964. Long-term effects of defoliation of 

aspen by the forest tent caterpillar. Ecology. 45(3): 630-633. doi:10.2307/1936115 

Ciesla, W.M.; Kruse, J.J. 2009. Large aspen tortrix. Forest Insect and Disease Leaflet 139. Portland, 

OR: USDA Forest Service, Pacific Northwest Region. 7 p.  

https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fsbdev2_042981.pdf  

Clark, A.L.; St. Clair, S.B. 2011. Mycorrhizas and secondary succession in aspen-conifer forests: light 

limitation differentially affects a dominant early and late successional species. Forest Ecology and 

Management. 262(2): 203-207. doi:10.1016/j.foreco.2011.03.024 

Clement, M.J.; Harding, L.E.; Lucas, R.W.; Rubin, E.S. 2019. The relative importance of biotic and 

abiotic factors influencing aspen recruitment in Arizona. Forest Ecology and Management. 441: 32-

41. doi:10.1016/j.foreco.2019.03.026 

Comeau, P.G.; Harper, G.J.; Blache, M.E.; Boateng, J.O.; Thomas, K.D., editors. 1996. Ecology and 

management of B.C. hardwoods. FRDA Report No. 255. Victoria, BC: British Columbia Ministry of 

Forests, Research Branch. 246 p. https://www.for.gov.bc.ca/hfd/pubs/docs/Frr/Frr255.htm  

Comeau, P.; Heineman, J.; Newsome, T. 2006. Evaluation of relationships between understory light 

and aspen basal area in the British Columbia central interior. Forest Ecology and Management. 

226(1-3): 80-87. doi:10.1016/j.foreco.2005.12.060 

Cooke, B.J.; Roland, J. 2007. Trembling aspen responses to drought and defoliation by forest tent cater-

pillar and reconstruction of recent outbreaks in Ontario. Canadian Journal of Forest Research. 37(9): 

1586-1598. doi:10.1139/X07-015 

Coop, J.D.; Barker, K.J.; Knight, A.D.; Pecharich, J.S. 2014. Aspen (Populus tremuloides) stand dy-

namics and understory plant community changes over 46 years near Crested Butte, Colorado, USA. 

Forest Ecology and Management. 318: 1-12. doi:10.1016/j.foreco.2014.01.019 

http://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=8155&context=aspen_bib
https://static.colostate.edu/client-files/csfs/pdfs/05fhr.pdf
http://www.treesearch.fs.fed.us/pubs/27656
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fsbdev2_042981.pdf
https://www.for.gov.bc.ca/hfd/pubs/docs/Frr/Frr255.htm


 

 62 

Cooper, S.V.; Heidel, B.L. 1997. Population status and ecology of trembling aspen and black cotton-

wood communities on the Blackfeet Indian Reservation. Challenge Cost-Share Agreement No. 14-48-

0006-96-3034. Helena, MT: Montana Natural Heritage Program, Natural Resource Information Sys-

tems. 35 p (plus appendices).  

https://archive.org/download/populationstatus47coop/populationstatus47coop.pdf  

Copony, J.A.; Barnes, B.V. 1974. Clonal variation in the incidence of Hypoxylon canker on trembling 

aspen. Canadian Journal of Botany. 52(7): 1475-1481. doi:10.1139/b74-194 

Corns, I.G.W. 1989. Ecosystems with potential for aspen management. Forestry Chronicle. 65(1): 16-22. 

doi:10.5558/tfc65016b1-1 

Cottam, W.P. 1954. Prevernal leafing of aspen in Utah mountains. Journal of the Arnold Arboretum. 35: 

239-250. https://www.jstor.org/stable/43790794  

Coyne, P.I.; Van Cleve, K. 1977. Fertilizer induced morphological and chemical responses of a quaking 

aspen stand in interior Alaska. Forest Science. 23(1): 92-102. doi:10.1093/forestscience/23.1.92 

Crawford, J.L.; McNulty, S.P.; Sowell, J.B. 1998. Changes in aspen communities over 30 years in 

Gunnison County, Colorado. American Midland Naturalist. 140(2): 197-205.  

doi:10.1674/0003-0031(1998)140[0197:CIACOY]2.0.CO;2 

Crouch, G.L. 1981. Regeneration on aspen clearcuts in northwestern Colorado. Res. Note RM-407. Fort 

Collins, CO: USDA Forest Service, Rocky Mountain Forest and Range Experiment Station. 5 p. 

https://archive.org/download/IND82011713/IND82011713.pdf  

Crouch, G.L. 1983a. Aspen regeneration after commercial clearcutting in southwestern Colorado. Jour-

nal of Forestry. 81(5): 316-319. doi:10.1093/jof/81.5.316 

Crouch, G.L. 1983b. Effects of commercial clearcutting of aspen on understory vegetation and wildlife 

habitat values in southwestern Colorado. Res. Pap. RM-246. Fort Collins, CO: USDA Forest Service, 

Rocky Mountain Forest and Range Experiment Station. 8 p. 

Crouch, G.L. 1986. Aspen regeneration in 6- to 10-year old clearcuts in southwestern Colorado. Res. 

Note RM-467. Fort Collins, CO: USDA Forest Service, Rocky Mountain Forest and Range Experi-

ment Station. 4 p. 

Crowe, E.A. 1998. Cottonwood and aspen stand review; Walla Walla Ranger District. Unpub. Typescript 

Rep. Baker City, OR: USDA Forest Service, Wallowa-Whitman National Forest. 2 p. 

Crowe, E.A.; Clausnitzer, R.R. 1997. Mid-montane wetland plant associations of the Malheur, 

Umatilla, and Wallowa-Whitman national forests. R6-NR-ECOL-TP-22-97. [Place of publication un-

known]: USDA Forest Service, Pacific Northwest Region, Wallowa-Whitman National Forest. 299 p. 

http://www.reo.gov/ecoshare/Publications/documents/MidMountWetlandPAWallowaWhitnf.pdf 

Cryer, D.H.; Murray, J.E. 1992. Aspen regeneration and soils. Rangelands. 14(4): 223-226.  

https://journals.uair.arizona.edu/index.php/rangelands/article/download/11092/10365  

Cumming, S.G.; Schmiegelow, F.K.A.; Burton, P.J. 2000. Gap dynamics in boreal aspen stands: Is the 

forest older than we think? Ecological Applications. 10(3): 744-759.  

doi:10.1890/1051-0761(2000)010[0744:GDIBAS]2.0.CO;2 

Curzon, M.T.; D’Amato, A.W.; Palik, B.J. 2017. Early regeneration response to aggregated overstory 

and harvest residue retention in Populus tremuloides (Michx.)-dominated forests. New Forests. 48(5): 

719-734. doi:10.1007/s11056-017-9585-5 

Daniel, T.W.; Helms, J.A.; Baker, F.S. 1979. Principles of silviculture. 2nd ed. New York: McGraw-Hill 

Book Co. 500 p. isbn:0-07-015297-7 

https://archive.org/download/populationstatus47coop/populationstatus47coop.pdf
https://www.jstor.org/stable/43790794
https://archive.org/download/IND82011713/IND82011713.pdf
http://www.reo.gov/ecoshare/Publications/documents/MidMountWetlandPAWallowaWhitnf.pdf
https://journals.uair.arizona.edu/index.php/rangelands/article/download/11092/10365


 

 63 

Darbah, J.N.T.; Sharkey, T.D.; Calfapietra, C.; Karnosky, D.F. 2010. Differential response of aspen 

and birch trees to heat stress under elevated carbon dioxide. Environmental Pollution. 158(4): 1008-

1014. doi:10.1016/j.envpol.2009.10.019 

David, A.J.; Zasada, J.C.; Gilmore, D.W.; Landhäusser, S.M. 2001. Current trends in the manage-

ment of aspen and mixed aspen forests for sustainable production. Forestry Chronicle. 77(3): 525-

532. doi:10.5558/tfc77525-3 

Davidson, R.W.; Hinds, T.E.; Hawksworth, F.G. 1959. Decay of aspen in Colorado. Station Paper No. 

45. Fort Collins, CO: USDA Forest Service, Rocky Mountain Forest and Range Experiment Station. 

14 p. https://www.fs.usda.gov/treesearch/pubs/30452  

Day, M.W. 1944. The root system of aspen. American Midland Naturalist. 32: 502-509. 

doi:10.2307/2421314 

DeByle, N.V. 1964. Detection of functional intraclonal aspen root connections by tracers and excavation. 

Forest Science. 10(4): 386-396. doi:10.1093/forestscience/10.4.386 

DeByle, N.V. 1981. Songbird populations and clearcut harvesting of aspen in northern Utah. Res. Note 

INT-302. Ogden, UT: USDA Forest Service, Intermountain Forest and Range Experiment Station. 7 

p. https://archive.org/download/songbirdpopulati302deby/songbirdpopulati302deby.pdf  

DeByle, N.V. 1985a. Animal impacts. In: DeByle, N.V.; Winokur, R.P., eds. Aspen: Ecology and man-

agement in the western United States. Gen. Tech. Rep. RM-119. Fort Collins, CO: USDA Forest Ser-

vice, Rocky Mountain Forest and Range Experiment Station: 115-123. 

https://www.fs.usda.gov/treesearch/pubs/27787  

DeByle, N.V. 1985b. Management for esthetics and recreation, forage, water, and wildlife. In: DeByle, 

N.V.; Winokur, R.P., eds. Aspen: Ecology and management in the western United States. Gen. Tech. 

Rep. RM-119. Fort Collins, CO: USDA Forest Service, Rocky Mountain Forest and Range Experi-

ment Station: 223-232. https://www.fs.usda.gov/treesearch/pubs/27800  

DeByle, N.V. 1985c. Wildlife. In: DeByle, N.V.; Winokur, R.P., eds. Aspen: Ecology and management in 

the western United States. Gen. Tech. Rep. RM-119. Fort Collins, CO: USDA Forest Service, Rocky 

Mountain Forest and Range Experiment Station: 135-152. 

https://www.fs.usda.gov/treesearch/pubs/27789  

DeByle, N.V.; Winokur, R.P. 1985. Aspen: Ecology and management in the western United States. Gen. 

Tech. Rep. RM-119. Fort Collins, CO: USDA Forest Service, Rocky Mountain Forest and Range Ex-

periment Station. 283 p. http://www.treesearch.fs.fed.us/pubs/24942  

DeByle, N.V.; Bevins, C.D.; Fischer, W.C. 1987. Wildfire occurrence in aspen in the interior western 

United States. Western Journal of Applied Forestry. 2(3): 73-76. doi:10.1093/wjaf/2.3.73 

DeByle, N.V.; Urness, P.J.; Blank, D.L. 1989. Forage quality in burned and unburned aspen communi-

ties. Res. Pap. INT-RP-404. Ogden, UT: USDA Forest Service, Intermountain Research Station. 8 p. 

https://www.fs.usda.gov/treesearch/pubs/37802  

de Chantal, M.; Granstrom, A. 2007. Aggregations of dead wood after wildfire act as browsing refugia 

for seedlings of Populus tremula and Salix caprea: disturbances at multiple scales as the basis of for-

est ecosystem restoration and management. Forest Ecology and Management. 250(1-2): 3-8. 

doi:10.1016/j.foreco.2007.03.035 

de Jong, R.J.; Zumrawi, A.A.; Boudewyn, P.; Flewelling, J.W. 1996. STIM user's manual (for trem-

bling aspen), version 3.0. FRDA Report No. 253. Victoria, BC: Canadian Forest Service. 26 p. 

https://www.for.gov.bc.ca/hfd/pubs/Docs/Frr/FRR253.pdf  

DeLong, C. 1988. A field guide for identification and interpretation of seral aspen ecosystems of the 

https://www.fs.usda.gov/treesearch/pubs/30452
https://archive.org/download/songbirdpopulati302deby/songbirdpopulati302deby.pdf
https://www.fs.usda.gov/treesearch/pubs/27787
https://www.fs.usda.gov/treesearch/pubs/27800
https://www.fs.usda.gov/treesearch/pubs/27789
http://www.treesearch.fs.fed.us/pubs/24942
https://www.fs.usda.gov/treesearch/pubs/37802
https://www.for.gov.bc.ca/hfd/pubs/Docs/Frr/FRR253.pdf


 

 64 

BWBSc1, Prince George Forest Region. Land Management Handbook No. 16. Victoria, BC, Canada: 

British Columbia Ministry of Forests and Lands, Research Branch. 36 p. 

https://www.for.gov.bc.ca/hfd/pubs/Docs/Lmh/Lmh16.htm  

DeRose, R.J.; Leffler, A.J. 2014. Simulation of quaking aspen potential fire behavior in northern Utah, 

USA. Forests. 5(12): 3241-3256. doi:10.3390/f5123241 

DeRose, R.J.; Mock, K.E.; Long, J.N. 2015. Cytotype differences in radial increment provide novel in-

sight into aspen reproductive ecology and stand dynamics. Canadian Journal of Forest Research. 

45(1): 1-8. doi:10.1139/cjfr-2014-0382 

DesRochers, A.; Lieffers, V.J. 2001a. Root biomass of regenerating aspen (Populus tremuloides) stands 

of different densities in Alberta. Canadian Journal of Forest Research. 31(6): 1012-1018. 

doi:10.1139/x01-037 

DesRochers, A.; Lieffers, V.J. 2001b. The coarse-root system of mature Populus tremuloides in declin-

ing stands in Alberta, Canada. Journal of Vegetation Science. 12(3): 355-360. doi:10.2307/3236849 

DesRochers, A.; Landhäusser, S.M.; Lieffers, V.J. 2002. Coarse and fine root respiration in aspen 

(Populus tremuloides). Tree Physiology. 22(10): 725-732. doi:10.1093/treephys/22.10.725 

DeWoody, J.; Rowe, C.A.; Hipkins, V.D.; Mock, K.E. 2008. “Pando” lives: molecular genetic evidence 

of a giant aspen clone in central Utah. Western North American Naturalist. 68(4): 493-497. 

https://scholarsarchive.byu.edu/cgi/viewcontent.cgi?article=2204&context=wnan  

Dhar, A.; Baker, C.D.; Massicotte, H.B.; Palik, B.; Hawkins, C.D.B. 2018. Response of overstory and 

understory vegetation 37 years after prescribed burning in an aspen-dominated forest in northern Min-

nesota, USA – A case study. Plant Biosystems. 152(1): 70-79. doi:10.1080/11263504.2016.1255265 

Ding, C.; Schreiber, S.G.; Roberts, D.R.; Hamann, A.; Brouard, J.S. 2017. Post-glacial biogeography 

of trembling aspen inferred from habitat models and genetic variance in quantitative traits. Scientific 

Reports. 7(1): 4672 (10 p). doi:10.1038/s41598-017-04871-7 

Di Orio, A.P.; Callas, R.; Schaefer, R.J. 2005. Forty-eight year decline and fragmentation of aspen 

(Populus tremuloides) in the South Warner Mountains of California. Forest Ecology and Manage-

ment. 206(1-3): 307-313. doi:10.1016/j.foreco.2004.11.011 

Doucet, R. 1989. Regeneration silviculture of aspen. Forestry Chronicle. 65(1): 23-27. 

doi:10.5558/tfc65023-1 

Dreesen, D.R.; Landis, T.D.; Pinto, J.R. 2006. Stacked propagation: a new way to grow native plants 

from root cuttings. Native Plants Journal. 7(3): 287-288,290,292. 

https://www.fs.usda.gov/treesearch/pubs/28378  

Dudley, M.M.; Burns, K.S.; Jacobi, W.R. 2015a. Aspen mortality in the Colorado and southern Wyo-

ming Rocky Mountains: Extent, severity, and causal factors. Forest Ecology and Management. 353: 

240-259. doi:10.1016/j.foreco.2015.06.002 

Dudley, M.M.; Negron, J.; Tisserat, N.A.; Shepperd, W.D.; Jacobi, W.R. 2015b. Influence of climate 

on the growth of quaking aspen (Populus tremuloides) in Colorado and southern Wyoming. Canadian 

Journal of Forest Research. 45(11): 1546-1563. doi:10.1139/cjfr-2015-0092 

Durham, D.A.; Marlow, C.B. 2010. Aspen response to prescribed fire under managed cattle grazing and 

low elk densities in southwest Montana. Northwest Science. 84(2): 141-150. 

doi:10.3955/046.084.0203 

Edminster, C.B.; Mowrer, H.T.; Shepperd, W.D. 1985. Site index curves for aspen in the central 

Rocky Mountains. Res. Note RM-453. Fort Collins, CO: USDA Forest Service, Rocky Mountain For-

est and Range Experiment Station. 4 p.  

https://www.for.gov.bc.ca/hfd/pubs/Docs/Lmh/Lmh16.htm
https://scholarsarchive.byu.edu/cgi/viewcontent.cgi?article=2204&context=wnan
https://www.fs.usda.gov/treesearch/pubs/28378


 

 65 

https://archive.org/download/CAT31302125/CAT31302125.pdf  

Einsphar, D.W.; Benson, M.K. 1968. Management of aspen on 10- to 20- year rotations. Journal of For-

estry. 66(7): 557-560. doi:10.1093/jof/66.7.557 

Einspahr, D.W.; van Buijtenen, J.P. 1961. The influence of gibberellic acid on growth and fiber length 

of quaking aspen. Forest Science. 7(1): 43-51. doi:10.1093/forestscience/7.1.43 

Einspahr, D.W.; Winton, L.L. 1977. Genetics of quaking aspen. Res. Pap. WO-25. Washington, DC: 

USDA Forest Service. 23 p.  

https://archive.org/download/geneticsofquakin25eins/geneticsofquakin25eins.pdf  

Eisenberg, C.; Seager, S.T.; Hibbs, D.E. 2013. Wolf, elk, and aspen food web relationships: Context 

and complexity. Forest Ecology and Management. 299: 70-80. doi:10.1016/j.foreco.2013.01.014 

Elliott, G.P.; Baker, W.L. 2004. Quaking aspen (Populus tremuloides Michx.) at treeline: a century of 

change in the San Juan Mountains, Colorado, USA. Journal of Biogeography. 31(5): 733-745. 

doi:10.1111/j.1365-2699.2004.01064.x 

Ellison, L. 1943. A natural seedling of western aspen. Journal of Forestry. 41(10): 767-768. 

doi:10.1093/jof/41.10.761 

Ellison, L.; Houston, W.R. 1958. Production of herbaceous vegetation in openings and under canopies 

of western aspen. Ecology. 39(2): 337-345. doi:10.2307/1931880 

Endress, B.A.; Wisdom, M.J.; Vavra, M.; Parks, C.G.; Dick, B.L.; Naylor, B.J.; Boyd, J.M. 2012. 

Effects of ungulate herbivory on aspen, cottonwood, and willow development under forest fuels treat-

ment regimes. Forest Ecology and Management. 276: 33-40. doi:10.1016/j.foreco.2012.03.019 

Fairweather, M.L.; Geils, B.W.; Manthei, M. 2008. Aspen decline on the Coconino National Forest. 

In: McWilliams, M.; Palacios, P., comps. Proceedings of the 55th annual western international forest 

disease work conference. Salem, OR: Oregon Dept. of Forestry, Insect and Disease Section: 53-62. 

https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5238468.pdf  

Fairweather, M.L.; Rokala, E.A.; Mock, K.E. 2014. Aspen seedling establishment and growth after 

wildfire in central Arizona: An instructive case history. Forest Science. 60(4): 703-712. 

doi:10.5849/forsci.13-048 

Farmer, R.E., Jr. 1962a. Aspen root sucker formation and apical dominance. Forest Science. 8(4): 403-

410. doi:10.1093/forestscience/8.4.403 

Farmer, R.E., Jr. 1962b. Depth and diameter of the parent roots of aspen root suckers. Michigan For-

estry Note No. 23. Ann Arbor, MI: University of Michigan, School of Natural Resources, Department 

of Forestry. 4 p.  https://www.fs.usda.gov/treesearch/pubs/42992  

Farmer, R.E., Jr. 1963a. Effect of light intensity on growth of Populus tremuloides cuttings under two 

temperature regimes. Ecology. 44(2): 409-411. doi:10.2307/1932193 

Farmer, R.E., Jr. 1963b. Vegetative propagation of aspen by greenwood cuttings. Journal of Forestry. 

61(5): 385-386. doi:10.1093/jof/61.5.384 

Fechner, G.H.; Burr, K.E.; Myers, J.F. 1981. Effects of storage, temperature, and moisture stress on 

seed germination and early seedling development of trembling aspen. Canadian Journal of Forest Re-

search. 11(3): 718-722. doi:10.1139/x81-100 

Fetherolf, J.M. 1917. Aspen as a permanent forest type. Journal of Forestry. 15(6): 757-760. 

doi:10.1093/jof/15.6.757 

Ffolliott, P.F.; Gottfried, G.J. 1991. Mixed conifer and aspen regeneration in small clearcuts within a 

partially harvested Arizona mixed conifer forest. Res. Pap. RM-294. Fort Collins, CO: USDA Forest 

https://archive.org/download/CAT31302125/CAT31302125.pdf
https://archive.org/download/geneticsofquakin25eins/geneticsofquakin25eins.pdf
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5238468.pdf
https://www.fs.usda.gov/treesearch/pubs/42992


 

 66 

Service, Rocky Mountain Forest and Range Experiment Station. 9 p.  

https://archive.org/download/CAT92273504/CAT92273504.pdf  

Fitzgerald, R.D.; Bailey, A.W. 1984. Control of aspen regrowth by grazing with cattle. Journal of Range 

Management. 37(2): 156-158.  

https://journals.uair.arizona.edu/index.php/jrm/article/download/7692/7304  

Fitzgerald, R.D.; Hudson, R.J.; Bailey, A.W. 1986. Grazing preferences of cattle in regenerating aspen 

forest. Journal of Range Management. 39(1): 13-18.  

https://journals.uair.arizona.edu/index.php/jrm/article/view/7931/7543  

Foote, K.C.; Schaedle, M. 1976. Physiological characteristics of photosynthesis and respiration in stems 

of Populus tremuloides Michx. Plant Physiology. 58(1): 91-94. doi:10.1104/pp.58.1.91 

Forester, J.D.; Anderson, D.P.; Turner, M.G. 2007. Do high-density patches of coarse wood and re-

generating saplings create browsing refugia for aspen (Populus tremuloides Michx.) in Yellowstone 

National Park (USA)? Forest Ecology and Management. 253(1-3): 211-219. 

doi:10.1016/j.foreco.2007.07.019 

Fraser, E.C.; Lieffers, V.J.; Landhäusser, S.M.; Frey, B.R. 2002. Soil nutrition and temperature as 

drivers of root suckering in trembling aspen. Canadian Journal of Forest Research. 32(9): 1685-1691. 

doi:10.1139/x02-080 

Fraser, E.C.; Lieffers, V.J.; Landhäusser, S.M. 2004. Wounding of aspen roots promotes suckering. 

Canadian Journal of Botany. 82(3): 310-315. doi:10.1139/b04-009 

Frey, B.R.; Lieffers, V.J.; Landhausser, S.M.; Comeau, P.G.; Greenway, K.J. 2003. An analysis of 

sucker regeneration of trembling aspen. Canadian Journal of Forest Research. 33(7): 1169-1179. 

doi:10.1139/x03-053 

Frey, B.R.; Lieffers, V.J.; Hogg, E.H.T.; Landhausser, S.M. 2004. Predicting landscape patterns of 

aspen dieback: mechanisms and knowledge gaps. Canadian Journal of Forest Research. 34(7): 1379-

1390. doi:10.1139/x04-062 

Ganey, J.L.; Vojta, S.C. 2004. Characteristics of snags containing excavated cavities in northern Ari-

zona mixed-conifer and ponderosa pine forests. Forest Ecology and Management. 199(2-3): 323-332. 

doi:10.1016/j.foreco.2004.05.042 

Gannett, H. 1902. The forests of Oregon. Professional Paper No. 4, Series H, Forestry, 1. Washington, 

DC: U.S. Department of the Interior, Geological Survey. 36 p.  

https://pubs.usgs.gov/pp/0004/report.pdf  

Gardner, W.J. 1905. Results of a Rocky Mountain forest fire studied fifty years after its occurrence. Pro-

ceedings of the Society of American Foresters. 1(2): 102-109.  

https://books.google.com/books/download/Proceedings_of_the_Society_of_Ameri-

can_F.pdf?id=u9bPAAAAMAAJ&output=pdf&sig=ACfU3U1Gn4Zq6i7FCB8cdZyCHvlTy7oP3w  

Garrett, P.W.; Zahner, R. 1964. Clonal variation in suckering of aspen obscures effect of various clear-

cutting treatments. Journal of Forestry. 62(10): 749-750. doi:10.1093/jof/62.10.749 

Gary, H.L. 1972. Rime contributes to water balance in high-elevation aspen forests. Journal of Forestry. 

70(2): 93-97. doi:10.1093/jof/70.2.93 

Ghent, A.W. 1958. Mortality of overstory trembling aspen in relation to outbreaks of the forest tent cater-

pillar and the spruce budworm. Ecology. 39(2): 222-232. doi:10.2307/1931867 

Gifford, G.F. 1966. Aspen root studies on three sites in northern Utah. American Midland Naturalist. 

75(1): 132-141. doi:10.2307/2423485 

https://archive.org/download/CAT92273504/CAT92273504.pdf
https://journals.uair.arizona.edu/index.php/jrm/article/download/7692/7304
https://journals.uair.arizona.edu/index.php/jrm/article/view/7931/7543
https://pubs.usgs.gov/pp/0004/report.pdf
https://books.google.com/books/download/Proceedings_of_the_Society_of_American_F.pdf?id=u9bPAAAAMAAJ&output=pdf&sig=ACfU3U1Gn4Zq6i7FCB8cdZyCHvlTy7oP3w
https://books.google.com/books/download/Proceedings_of_the_Society_of_American_F.pdf?id=u9bPAAAAMAAJ&output=pdf&sig=ACfU3U1Gn4Zq6i7FCB8cdZyCHvlTy7oP3w


 

 67 

Gifford, G.F. 1967. The influence of growth media, temperatures, and light intensities on aspen root and 

top growth. Res. Note INT-67. Ogden, UT: USDA Forest Service, Intermountain Forest and Range 

Experiment Station. 4 p. The_influence_of_growth_media_temperatur  

Gifford, G.F.; Humphries, W.; Jaynes, R.A. 1984. A preliminary quantification of the impacts of aspen 

to conifer succession on water yield – II. Modeling results. Water Resources Bulletin. 20(2): 181-186. 

doi:10.1111/j.1752-1688.1984.tb04669.x 

González, G.; Seastedt, T.R.; Donato, Z. 2003. Earthworms, arthropods and plant litter decomposition 

in aspen (Populus tremuloides) and lodgepole pine (Pinus contorta) forests in Colorado, USA. Pedo-

biologia. 47(5-6): 863-869. doi:10.1078/0031-4056-00272 

Gonzalez, N.; DeBano, S.J.; Kimoto, C.; Taylor, R.V.; Tubbesing, C.; Strohm, C. 2013. Native bees 

associated with isolated aspen stands in Pacific Northwest bunchgrass prairie. Natural Areas Journal. 

33(4): 374-384. doi:10.3375/043.033.0415 

Graham, S.A.; Harrison, R.P. 1954. Insect attacks and hypoxylon infections in aspen. Journal of For-

estry. 52(10): 741-743. doi:10.1093/jof/52.10.741 

Gray, L.K.; Gylander, T.; Mbogga, M.S.; Chen, P.-y.; Hamann, A. 2011. Assisted migration to ad-

dress climate change: recommendations for aspen reforestation in western Canada. Ecological Appli-

cations. 21(5): 1591-1603. doi:10.1890/10-1054.1 

Griffis-Kyle, K.L.; Beier, P. 2003. Small isolated aspen stands enrich bird communities in southwestern 

ponderosa pine forests. Biological Conservation. 110(3): 375-385.  

doi:10.1016/S0006-3207(02)00237-9 

Gruell, G.E.; Loope, L.L. 1974. Relationships among aspen, fire, and ungulate browsing in Jackson 

Hole, Wyoming. Unpub. Rep. [Place of publication unknown]: USDA Forest Service, Intermountain 

Region; U.S. Department of Interior, National Park Service, Rocky Mountain Region. 33 p. 

https://digitalcommons.usu.edu/aspen_bib/5239/ 

Guyon, J.C. II. 2006. Are the changes in aspen forests in western North America a forest decline? In: 

Guyon, J.C., comp. Proceedings of the 53rd western international forest disease work conference. 

Jackson, WY. Ogden, UT: USDA Forest Service, Intermountain Region: 95-101. 

https://www.fs.fed.us/foresthealth/technology/wif/proceedings/WIFDWC2005.pdf  

Gylander, T.; Hamann, A.; Brouard, J.S.; Thomas, B.R. 2012. The potential of aspen clonal forestry 

in Alberta: breeding regions and estimates of genetic gain from selection. PLoS One. 7(8): e44303 

(11 p). doi:10.1371/journal.pone.0044303 

Hadfield, J.S. 2003. Little Pend Oreille National Wildlife Refuge aspen condition assessment survey. 

Unnumbered Report. Wenatchee, WA: USDA Forest Service, Forestry Sciences Lab. 11 p. 

Hadfield, J.; Magelssen, R. 2004. Assessment of aspen condition on the Okanogan and Wenatchee Na-

tional Forests. Wenatchee, WA: USDA Forest Service, Okanogan and Wenatchee National Forests. 

26 p. https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fsbdev2_026128.pdf  

Hadfield, J.; Magelssen, R. 2006. Assessment of aspen condition on the Colville National Forest. 

Wenatchee, WA: USDA Forest Service, Okanogan and Wenatchee National Forests. 22 p. 

Hall, R.B.; Hilton, G.D.; Maynard, C.A. 1982. Construction lumber from hybrid aspen plantations in 

the central states. Journal of Forestry. 80(5): 291-294. doi:10.1093/jof/80.5.291 

Halofsky, J.; Ripple, W. 2008. Linkages between wolf presence and aspen recruitment in the Gallatin 

elk winter range of southwestern Montana, USA. Forestry. 81(2): 195-207.  

doi:10.1093/forestry/cpm044 

https://books.google.com/books/download/The_influence_of_growth_media_temperatur.pdf?id=umviMqlsDZUC&output=pdf&sig=ACfU3U1EP3Sxh_jnkpIvC22C0yqtcSidjA
https://digitalcommons.usu.edu/aspen_bib/5239/
https://www.fs.fed.us/foresthealth/technology/wif/proceedings/WIFDWC2005.pdf
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fsbdev2_026128.pdf


 

 68 

Halofsky, J.S.; Ripple, W.J.; Beschta, R.L. 2008. Recoupling fire and aspen recruitment after wolf rein-

troduction in Yellowstone National Park, USA. Forest Ecology and Management. 256(5): 1004-1008. 

doi: 10.1016/j.foreco.2008.06.002 

Hamilton, R.; Megown, K.; DiBenedetto, J.; Bartos, D.; Mileck, A. 2009. Assessing aspen using re-

mote sensing. RSAC-0110-RPT2. Salt Lake City, UT: USDA Forest Service, Remote Sensing Appli-

cations Center. 8 p. https://www.fs.usda.gov/treesearch/pubs/34237 

Hancock, J.E.; Loya, W.M.; Giardina, C.P.; Li, L.; Chiang, V.L.; Pregitzer, K.S. 2007. Plant growth, 

biomass partitioning and soil carbon formation in response to altered lignin biosynthesis in Populus 

tremuloides. New Phytologist. 173(4): 732-742. doi:10.1111/j.1469-8137.2006.01965.x 

Hangs, R.D.; Knight, J.D.; Van Rees, K.C.J. 2003. Nitrogen uptake characteristics for roots of conifer 

seedlings and common boreal forest competitor species. Canadian Journal of Forest Research. 33(1): 

156-163. doi:10.1139/x02-169 

Hanna, P.; Kulakowski, D. 2012. The influences of climate on aspen dieback. Forest Ecology and Man-

agement. 274: 91-98. doi:10.1016/j.foreco.2012.02.009 

Hansen, W.D.; Romme, W.H.; Ba, A.; Turner, M.G. 2016. Shifting ecological filters mediate postfire 

expansion of seedling aspen (Populus tremuloides) in Yellowstone. Forest Ecology and Management. 

362: 218-230. doi:10.1016/j.foreco.2015.12.012 

Harniss, R.O.; Bartos, D.L. 1985. Survey of aspen stands treated with herbicides in the western United 

States. Res. Pap. INT-340. Ogden, UT: USDA Forest Service, Intermountain Research Station. 6 p.  

https://archive.org/download/surveyofaspensta340harn/surveyofaspensta340harn.pdf  

Harniss, R.O.; Harper, K.T. 1982. Tree dynamics in seral and stable aspen stands of central Utah. Res. 

Pap. INT-297. Ogden, UT: USDA Forest Service, Intermountain Forest and Range Experiment Sta-

tion. 7 p. https://archive.org/download/treedynamicsinse297harn/treedynamicsinse297harn.pdf  

Harniss, R.O.; Nelson, D.L. 1984. A severe epidemic of Marssonia leaf blight on quaking aspen in 

northern Utah. Res. Note INT-339. Ogden, UT: USDA Forest Service, Intermountain Forest and 

Range Experiment Station. 6 p. https://www.fs.usda.gov/treesearch/pubs/36585 

Harper, G.J. 2008. Quantifying branch, crown and bole development in Populus tremuloides Michx. 

from north-eastern British Columbia. Forest Ecology and Management. 255(7): 2286-2296. 

doi:10.1016/j.foreco.2007.12.044 

Harper, G.; O’Neill, M.; Fielder, P.; Newsome, T.; DeLong, C. 2009. Lodgepole pine growth as a 

function of competition and canopy light environment within aspen dominated mixedwoods of central 

interior British Columbia. Forest Ecology and Management. 257(8): 1829-1838. 

doi:10.1016/j.foreco.2009.02.005 

Heidt, J. 1983. Clonal variation in height growth of trembling aspen in central Alberta. Agriculture and 

Forestry Bulletin. 6(3): 20-23. 

Heineman, J.L.; Simard, S.W.; Sachs, D.L.; Mather, W.J. 2009. Trembling aspen removal effects on 

lodgepole pine in southern interior British Columbia: Ten-year results. Western Journal of Applied 

Forestry. 24(1): 17-23. doi:10.1093/wjaf/24.1.17 

Heineman, J.L.; Sachs, D.L.; Simard, S.W.; Jean Mather, W. 2010. Climate and site characteristics 

affect juvenile trembling aspen development in conifer plantations across southern British Columbia. 

Forest Ecology and Management. 260(11): 1975-1984. doi:10.1016/j.foreco.2010.08.045 

Heinselman, M.L. 1954. The extent of natural conversion to other species in the Lake States aspen-birch 

type. Journal of Forestry. 52(10): 737-738. doi:10.1093/jof/52.10.737 

https://archive.org/download/surveyofaspensta340harn/surveyofaspensta340harn.pdf
https://archive.org/download/treedynamicsinse297harn/treedynamicsinse297harn.pdf


 

 69 

Heinselman, M.L.; Zasada, Z.A. 1955. A review of literature relating to quaking aspen sites. Station Pa-

per No. 32. St. Paul, MN: USDA Forest Service, Lake States Forest Experiment Station. 61 p. 

https://archive.org/download/reviewofliteratu32hein/reviewofliteratu32hein.pdf  

Hessl, A. 2002. Aspen, elk, and fire: the effects of human institutions on ecosystem processes. BioSci-

ence. 52(11): 1011-1022. doi:10.1641/0006-3568(2002)052[1011:AEAFTE]2.0.CO;2 

Hessl, A.E.; Graumlich, L.J. 2002. Interactive effects of human activities, herbivory and fire on quaking 

aspen (Populus tremuloides) age structures in western Wyoming. Journal of Biogeography. 29(7): 

889-902. doi:10.1046/j.1365-2699.2002.00703.x 

Heyman, O.; Gastom, G.G.; Jon, K.A.; Campbell, J.T. 2003. A per-segment approach to improving 

aspen mapping from high-resolution remote sensing imagery. Journal of Forestry. 101(4): 29-33. 

doi:10.1093/jof/101.4.29 

Hilton, J.E.; Bailey, A.W. 1974. Forage production and utilization in a sprayed aspen forest in Alberta. 

Journal of Range Management. 27(5): 375-380.  

https://journals.uair.arizona.edu/index.php/jrm/article/download/6362/5972  

Hinds, T.E. 1963. Extent of decay associated with Fomes igniarius sporophores in Colorado aspen. Res. 

Note RM-4. Fort Collins, CO: USDA Forest Service, Rocky Mountain Forest and Range Experiment 

Station. 4 p. https://archive.org/download/CAT31303272/CAT31303272.pdf  

Hinds, T.E. 1985. Diseases. In: DeByle, N.V.; Winokur, R.P., eds. Aspen: Ecology and management in 

the western United States. Gen. Tech. Rep. RM-119. Fort Collins, CO: USDA Forest Service, Rocky 

Mountain Forest and Range Experiment Station: 87-106. 

https://www.fs.usda.gov/treesearch/pubs/27785  

Hinds, T.E.; Krebill, R.G. 1975. Wounds and canker diseases on western aspen. Forest Pest Leaflet 152. 

Washington, DC: USDA Forest Service. 9 p. [This FIDL was superseded by Johnson et al. 1995.] 

Hinds, T.E.; Shepperd, W.D. 1987. Aspen sucker damage and defect in Colorado clearcut areas. Res. 

Pap. RM-278. Fort Collins, CO: USDA Forest Service, Rocky Mountain Forest and Range Experi-

ment Station. 12 p. https://digitalcommons.usu.edu/aspen_bib/3534/  

Hinds, T.E.; Wengert, E.M. 1977. Growth and decay loses in Colorado aspen. Res. Pap. RM-193. Fort 

Collins, CO: USDA Forest Service, Rocky Mountain Forest and Range Experiment Station. 10 p. 

https://www.fs.usda.gov/treesearch/pubs/30450  

Hipkins, V.D.; Kitzmiller, J.H. 2004. Genetic variation and clonal distribution of quaking aspen in the 

central Sierra Nevada. Transactions of the Western Section of the Wildlife Society. 40: 32-44. 

https://www.wildlifeprofessional.org/western/transactions/transactions_2004_6.pdf  

Hoff, C.C. 1957. A comparison of soil, climate, and biota of conifer and aspen communities in the central 

Rocky Mountains. American Midland Naturalist. 58(1): 115-140. doi:10.2307/2422365 

Hogg, E.H.; Hurdle, P.A. 1995. The aspen parkland in western Canada: a dry-climate analogue for the 

future boreal forest? Water, Air, and Soil Pollution. 82: 391-400. doi:10.1007/BF01182849 

Hogg, E.H.; Schwarz, A.G. 1999. Tree-ring analysis of declining aspen stands in west-central Saskatche-

wan. Information Report NOR-X-359. Edmonton, Alberta, Canada: Natural Resources Canada, Cana-

dian Forest Service, Northern Forestry Centre. 25 p. 

http://www.cfs.nrcan.gc.ca/bookstore_pdfs/11802.pdf  

Hogg, E.H.; Brandt, J.P.; Kochtubajda, B. 2002. Growth and dieback of aspen forest in northwestern 

Alberta, Canada, in relation to climate and insects. Canadian Journal of Forest Research. 32(5): 823-

832. doi:10.1139/x01-152 

https://archive.org/download/reviewofliteratu32hein/reviewofliteratu32hein.pdf
https://journals.uair.arizona.edu/index.php/jrm/article/download/6362/5972
https://archive.org/download/CAT31303272/CAT31303272.pdf
https://www.fs.usda.gov/treesearch/pubs/27785
https://digitalcommons.usu.edu/aspen_bib/3534/
https://www.fs.usda.gov/treesearch/pubs/30450
https://www.wildlifeprofessional.org/western/transactions/transactions_2004_6.pdf
http://www.cfs.nrcan.gc.ca/bookstore_pdfs/11802.pdf


 

 70 

Hogg, E.H.; Hart, M.; Lieffers, V.J. 2002. White tree rings formed in trembling aspen saplings follow-

ing experimental defoliation. Canadian Journal of Forest Research. 32(11): 1929-1934. 

doi:10.1139/x02-114 

Hogg, E.H.T.; Brandt, J.P.; Kochtubajda, B. 2005. Factors affecting interannual variation in growth of 

western Canadian aspen forests during 1951-2000. Canadian Journal of Forest Research. 35(3): 610-

622. doi:10.1139/x04-211 

Hogg, E.H.T.; Brandt, J.P.; Michaelian, M. 2008. Impacts of a regional drought on the productivity, 

dieback, and biomass of western Canadian aspen forests. Canadian Journal of Forest Research. 38(6): 

1373-1384. doi:10.1139/X08-001 

Hogg, E.H.; Barr, A.G.; Black, T.A. 2013. A simple soil moisture index for representing multi-year 

drought impacts on aspen productivity in the western Canadian interior. Agricultural and Forest Me-

teorology. 178-179: 173-182. doi:10.1016/j.agrformet.2013.04.025 

Hollenbeck, J.P.; Ripple, W.J. 2007. Aspen patch and migratory bird relationships in the northern Yel-

lowstone ecosystem. Landscape Ecology. 22(9): 1411-1425. doi:10.1007/s10980-007-9120-8 

Hollenbeck, J.P.; Ripple, W.J. 2008. Aspen snag dynamics, cavity-nesting birds, and trophic cascades 

in Yellowstone's northern range. Forest Ecology and Management. 255(3-4): 1095-1103. 

doi:10.1016/j.foreco.2007.10.016 

Howard, J.L. 1996. Populus tremuloides. In: Fire Effects Information System [Database]. Missoula, MT: 

USDA Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory (Producer). 

Available: http://www.fs.fed.us/database/feis/ [2007, October 3] 

Huang, J.-G.; Tardif, J.; Denneler, B.; Bergeron, Y.; Berninger, F. 2008. Tree-ring evidence extends 

the historic northern range limit of severe defoliation by insects in the aspen stands of western Que-

bec, Canada. Canadian Journal of Forest Research. 38(9): 2535-2544. doi:10.1139/X08-080 

Huffman, R.D.; Fajvan, M.A.; Wood, P.B. 1999. Effects of residual overstory on aspen development in 

Minnesota. Canadian Journal of Forest Research. 29(2): 284-289. doi:10.1139/x98-202 

Humphries, W.; Gifford, G.F. 1984. A preliminary quantification of the impacts of aspen to conifer suc-

cession on water yield – I. Heat pulse methodology for model calibration. Water Resources Bulletin. 

20(2): 173-179. doi:10.1111/j.1752-1688.1984.tb04668.x 

Hungerford, R.D. 1988. Soil temperatures and suckering in burned and unburned aspen stands in Idaho. 

Res. Note INT-378. Ogden, UT: USDA Forest Service, Intermountain Research Station. 6 p. 

https://archive.org/download/soiltemperatures378hung/soiltemperatures378hung.pdf  

Hunt, K.; Keays, J.L. 1973. Short-rotation trembling aspen trees (Populus tremuloides Michx.) for kraft 

pulp. Canadian Journal of Forest Research. 3(2): 180-184. doi:10.1139/x73-026 

Hyun, J.O.; Rajora, O.P.; Zsuffa, L. 1987. Genetic variation in trembling aspen in Ontario based on 

isozyme studies. Canadian Journal of Forest Research. 17(9): 1134-1138. doi:10.1139/x87-173 

Ireland, K.B.; Moore, M.M.; Fulé, P.Z.; Zegler, T.J.; Keane, R.E. 2014. Slow lifelong growth predis-

poses Populus tremuloides trees to mortality. Oecologia. 175(3): 847-859.  

doi:10.1007/s00442-014-2951-5 

Jacobi, W.R.; Kelly, E.F.; Troendle, C.A.; Angwin, P.A.; Wettstein, C.A. 1998. Environmental condi-

tions and aspen regeneration failure. Tech. Rep. R2-60. Golden, CO: USDA Forest Service, Rocky 

Mountain Region, Renewable Resources, Forest Health Management. 25 p.  

https://archive.org/download/IND21076671/IND21076671.pdf  

James, T.D.W.; Smith, D.W. 1977. Short-term effects of surface fire on the biomass and nutrient stand-

ing crop of Populus tremuloides in southern Ontario. Canadian Journal of Forest Research. 7(4): 666-

http://www.fs.fed.us/database/feis/
https://archive.org/download/soiltemperatures378hung/soiltemperatures378hung.pdf
https://archive.org/download/IND21076671/IND21076671.pdf


 

 71 

679. doi:10.1139/x77-086 

Jaynes, R.A. 1978. A hydrologic model of aspen-conifer succession in the western United States. Res. 

Pap. INT-213. Ogden, UT: USDA Forest Service, Intermountain Forest and Range Experiment Sta-

tion. 17 p. https://archive.org/download/hydrologicmodelo213jayn/hydrologicmodelo213jayn.pdf  

Jelinski, D.E. 1993. Associations between environmental heterogeneity, heterozygosity, and growth rates 

of Populus tremuloides in a Cordilleran landscape. Arctic and Alpine Research. 25(3): 183-188. 

doi:10.1080/00040851.1993.12003002 

Jelinski, D.E.; Cheliak, W.M. 1992.  Genetic diversity and spatial subdivision of Populus tremuloides 

(Salicaceae) in a heterogeneous landscape. American Journal of Botany. 79(7): 728-736. 

doi:10.1002/j.1537-2197.1992.tb13647.x 

Johansson, T.; Lundh, J.E. 1988. Sucker production from root cuttings of Populus tremula in relation to 

growing conditions. Scandinavian Journal of Forest Research. 3(1-4): 75-82. 

doi:10.1080/02827588809382497 

Johns, B.W. 1993. The influence of grove size on bird species richness in aspen parklands. Wilson Bulle-

tin. 105(2): 256-264. https://www.jstor.org/stable/4163285  

Johnson, R.P.A. 1947. Mechanical properties of aspen. Lake States Aspen Report No. 7. St. Paul, MN: 

USDA Forest Service, Lake States Forest Experiment Station. 16 p.  

https://archive.org/download/mechanicalproper07john/mechanicalproper07john.pdf  

Johnson, D.W.; Beatty, J.S.; Hinds, T.E. 1995. Cankers on western quaking aspen. Forest Insect and 

Disease Leaflet 152. [Place of publication unknown]: USDA Forest Service. 8 p. 

http://www.na.fs.fed.us/spfo/pubs/fidls/q_aspen/q_aspen.htm 

Johnston, R.S. 1969. Aspen sprout production and water use. Res. Note INT-89. Ogden, UT: USDA For-

est Service, Intermountain Forest and Range Experiment Station. 6 p. 

https://www.fs.usda.gov/treesearch/pubs/39571 

Johnston, R.S. 1970. Evapotranspiration from bare, herbaceous, and aspen plots: a check on a former 

study. Water Resources Research. 6(1): 324-327. doi:10.1029/WR006i001p00324 

Johnston, R.S. 1971. Rainfall interception in a dense Utah aspen clone. Res. Note INT-143. Ogden, UT: 

USDA Forest Service, Intermountain Forest and Range Experiment Station. 4 p. 

Johnston, R.S. 1984. Effect of small aspen clearcuts on water yield and water quality. Res. Pap. INT-

333. Ogden, UT: USDA Forest Service, Intermountain Forest and Range Experiment Station. 9 p. 

https://archive.org/download/effectofsmallasp333john/effectofsmallasp333john.pdf  

Johnston, B.C. 1996. Regeneration of aspen clearcuts on the Uncompahgre Plateau, Colorado. Gunnison, 

CO: USDA Forest Service. 41 p. 

Johnston, B.C. 2001. Multiple factors affect aspen regeneration on the Uncompahgre Plateau, west-cen-

tral Colorado. In: Shepperd, W.D.; Binkley, D.; Bartos, D.L.; Stohlgren, T.J.; Eskew, L.G., comps. 

Sustaining aspen in western landscapes: Symposium proceedings. Proceedings RMRS-P-18. Fort 

Collins, CO: USDA Forest Service, Rocky Mountain Research Station: 395-414. 

https://www.fs.usda.gov/treesearch/pubs/35847  

Johnston, R.S.; Bartos, D.L. 1977. Summary of nutrient and biomass data from two aspen sites in west-

ern United States. Res. Note INT-RN-227. Ogden, UT: USDA Forest Service, Intermountain Range 

and Forest Experiment Station. 15 p. https://www.fs.usda.gov/treesearch/pubs/43369  

Johnston, B.C.; Hendzel, L. 1985. Examples of aspen treatment, succession and management in western 

Colorado. Lakewood, CO: USDA Forest Service, Rocky Mountain Region, Range, Wildlife, Fisher-

ies and Ecology. 164 p. 

https://archive.org/download/hydrologicmodelo213jayn/hydrologicmodelo213jayn.pdf
https://www.jstor.org/stable/4163285
https://archive.org/download/mechanicalproper07john/mechanicalproper07john.pdf
http://www.na.fs.fed.us/spfo/pubs/fidls/q_aspen/q_aspen.htm
https://archive.org/download/effectofsmallasp333john/effectofsmallasp333john.pdf
https://www.fs.usda.gov/treesearch/pubs/35847
https://www.fs.usda.gov/treesearch/pubs/43369


 

 72 

Johnstone, J.F. 2005. Effects of aspen (Populus tremuloides) sucker removal on postfire conifer regener-

ation in central Alaska. Canadian Journal of Forest Research. 35(2): 483-486. doi:10.1139/x04-171 

Jones, J.R. 1966. A site index table for aspen in the southern and central Rocky Mountains. Res. Note 

RM-68. Fort Collins, CO: USDA Forest Service, Rocky Mountain Forest and Range Experiment Sta-

tion. 2 p. Jones 1966  

Jones, J.R. 1967. Aspen site index in the Rocky Mountains. Journal of Forestry. 65(11): 820-821. 

doi:10.1093/jof/65.11.820 

Jones, J.R. 1974. Aspen sucker growing from an Engelmann spruce stump. Res. Note RM-264. Fort Col-

lins, CO: USDA Forest Service, Rocky Mountain Forest and Range Experiment Station. 2 p. 

Jones, J.R. 1974. Silviculture of southwestern mixed conifers and aspen: The status of our knowledge. 

Res. Pap. RM-122. Fort Collins, CO: USDA Forest Service, Rocky Mountain Forest and Range Ex-

periment Station. 44 p. https://www.fs.usda.gov/treesearch/pubs/23941  

Jones, J.R. 1975. Regeneration on an aspen clearcut in Arizona. Res. Note RM-285. Fort Collins, CO: 

USDA Forest Service, Rocky Mountain Forest and Range Experiment Station. 8 p. 

Jones, J.R. 1985. Distribution. In: DeByle, N.V.; Winokur, R.P. Aspen: Ecology and management in the 

western United States. Gen. Tech. Rep. RM-119. Fort Collins, CO: USDA Forest Service, Rocky 

Mountain Forest and Range Experiment Station: 9-10. 

https://www.fs.usda.gov/treesearch/pubs/27772  

Jones, J.R.; Markstrom, D.C. 1973. Aspen…an American wood. FS-217. Washington, DC: USDA For-

est Service. 8 p. [Superseded by Perala and Carpenter 1985.] 

Jones, A.C.; Ostry, M.E. 1998. Estimating white trunk rot in aspen stands. Northern Journal of Applied 

Forestry. 15(1): 33-36. doi:10.1093/njaf/15.1.33 

Jones, J.R.; Shepperd, W.D. 1985. Intermediate treatments. In: DeByle, N.V.; Winokur, R.P., eds. As-

pen: Ecology and management in the western United States. Gen. Tech. Rep. RM-119. Fort Collins, 

CO: USDA Forest Service, Rocky Mountain Forest and Range Experiment Station: 209-216. 

https://www.fs.usda.gov/treesearch/pubs/27797  

Jones, J.R.; Trujillo, D.P. 1975a. Development of some young aspen stands in Arizona. Res. Pap. RM-

151. Fort Collins, CO: USDA Forest Service, Rocky Mountain Forest and Range Experiment Station. 

11 p. https://archive.org/download/CAT92273524/CAT92273524.pdf  

Jones, J.R.; Trujillo, D.P. 1975b. Height-growth comparisons of some quaking aspen clones in Arizona. 

Res. Note RM-282. Fort Collins, CO: USDA Forest Service, Rocky Mountain Forest and Range Ex-

periment Station. 4 p. 

Jones, J.R.; DeByle, N.V.; Winokur, R.P. 1985. Wood resource. In: DeByle, N.V.; Winokur, R.P., eds. 

Aspen: Ecology and management in the western United States. Gen. Tech. Rep. RM-119. Fort Col-

lins, CO: USDA Forest Service, Rocky Mountain Forest and Range Experiment Station: 161-167. 

https://www.fs.usda.gov/treesearch/pubs/27791  

Jones, B.; Tardif, J.; Westwood, R. 2004. Weekly xylem production in trembling aspen (Populus trem-

uloides) in response to artificial defoliation. Canadian Journal of Botany. 82(5): 590-597. 

doi:10.1139/b04-032 

Jones, B.E.; Rickman, T.H.; Vazquez, A.; Sado, Y.; Tate, K.W. 2005. Removal of encroaching coni-

fers to regenerate degraded aspen stands in the Sierra Nevada. Restoration Ecology. 13(2): 373-379. 

doi:10.1111/j.1526-100X.2005.00046.x 

Jones, B.E.; Lile, D.F.; Tate, K.W. 2009. Effect of simulated browsing on aspen regeneration: implica-

tions for restoration. Rangeland Ecology and Management. 62(6): 557-563.  

https://books.google.com/books/download/U_S_Forest_Service_Research_Note.pdf?id=4fEOAQAAMAAJ&output=pdf&sig=ACfU3U3gs3juMfMfKE7UFnYP9wfhdnXxgw
https://www.fs.usda.gov/treesearch/pubs/23941
https://www.fs.usda.gov/treesearch/pubs/27772
https://www.fs.usda.gov/treesearch/pubs/27797
https://archive.org/download/CAT92273524/CAT92273524.pdf
https://www.fs.usda.gov/treesearch/pubs/27791


 

 73 

doi:10.2111/.1/REM-D-09-00082.1 

Jones, B.E.; Krupa, M.; Tate, K.W. 2013. Aquatic ecosystem response to timber harvesting for the pur-

pose of restoring aspen. PLoS ONE. 8(12): e84561. doi:10.1371/journal.pone.0084561 

Juzwik, J.; Nishijima, W.T.; Hinds, T.E. 1978. Survey of aspen cankers in Colorado. Plant Disease Re-

porter. 62(10): 906-910. 

Kabzems, R.; Haeussler, S. 2005. Soil properties, aspen, and white spruce responses 5 years after or-

ganic matter removal and compaction treatments. Canadian Journal of Forest Research. 35(8): 2045-

2055. doi:10.1139/x05-175 

Kashian, D.M.; Romme, W.H.; Regan, C.M. 2007. Reconciling divergent interpretations of quaking 

aspen decline on the northern Colorado Front Range. Ecological Applications. 17(5): 1296-1311. 

doi:10.1890/06-1431.1 

Kaufert, F. 1937. Factors influencing the formation of periderm in aspen. American Journal of Botany. 

24(1): 24-30. doi:10.1002/j.1537-2197.1937.tb09058.x 

Kauffman, M.J.; Brodie, J.F.; Jules, E.S. 2010. Are wolves saving Yellowstone's aspen? A landscape-

level test of a behaviorally mediated trophic cascade. Ecology. 91(9): 2742-2755.  

doi:10.1890/09-1949.1 

Kaufmann, M.R. 1985. Annual transpiration in subalpine forests: Large differences among four tree spe-

cies. Forest Ecology and Management. 13(3-4): 235-246. doi:10.1016/0378-1127(85)90037-4 

Kaufmann, J.; Bork, E.W.; Alexander, M.J.; Blenis, P.V. 2014. Effects of open-range cattle grazing 

on deciduous tree regeneration, damage, and mortality following patch logging. Canadian Journal of 

Forest Research. 44(7): 777-783. doi:10.1139/cjfr-2014-0131 

Kay, C.E. 1993. Aspen seedlings in recently burned areas of Grand Teton and Yellowstone national 

parks. Northwest Science. 67(2): 94-104. http://hdl.handle.net/2376/1576  

Kay, C.E. 1997. Is aspen doomed? Journal of Forestry. 95(5): 4-11. doi:10.1093/jof/95.5.4 

Kay, C.E. 2003. Aspen management guidelines for BLM lands in north-central Nevada. Unnumbered Re-

port. Providence, UT: Wildlife Management Services. 63 p.  

https://archive.org/download/aspenmanagementg00kayc/aspenmanagementg00kayc.pdf  

Kay, C.E.; Bartos, D.L. 2000. Ungulate herbivory on Utah aspen: assessment of long-term exclosures. 

Journal of Range Management. 53(2): 145-153. https://www.fs.usda.gov/treesearch/pubs/43384  

Kaye, M.W. 2011. Mesoscale synchrony in quaking aspen establishment across the interior western US. 

Forest Ecology and Management. 262(3): 389-397. doi:10.1016/j.foreco.2011.04.003 

Kaye, M.W.; Binkley, D.; Stohlgren, T.J. 2005. Effects of conifers and elk browsing on quaking aspen 

forests in the central Rocky Mountains, USA. Ecological Applications. 15(4): 1284-1295. 

doi:10.1890/03-5395 

Keigley, R.B.; Frisina, M.R. 1998. Browse evaluation by analysis of growth form; volume 1, methods 

for evaluating condition and trend. [Place of publication unknown]: Montana Fish Wildlife & Parks. 

153 p. 

Kemperman, J.A.; Barnes, B.V. 1976. Clone size in American aspens. Canadian Journal of Botany. 

54(22): 2603-2607. doi:10.1139/b76-280 

Kendall, W.H. 1914. Wenaha classification, extensive. [Place of publication unknown]: [USDA Forest 

Service, Wenaha National Forest]. 1:63,360; projection unknown; 18"  21"; 10 colored thematic 

map sheets. http://www.fs.fed.us/r6/uma/publications/history/1914_timber_classification.pdf 

http://hdl.handle.net/2376/1576
https://archive.org/download/aspenmanagementg00kayc/aspenmanagementg00kayc.pdf
https://www.fs.usda.gov/treesearch/pubs/43384
http://www.fs.fed.us/r6/uma/publications/history/1914_timber_classification.pdf


 

 74 

Kent, W.H.B. 1904. The proposed Wenaha Forest Reserve, Washington and Oregon. Unpublished Type-

script Report. [Place of publication unknown]: USDA Bureau of Forestry. 22 p. 

http://www.fs.fed.us/r6/uma/publications/history/Wenaha5.pdf 

Keyser, T.L.; Smith, F.W.; Shepperd, W.D. 2005. Trembling aspen response to a mixed-severity wild-

fire in the Black Hills, South Dakota, USA. Canadian Journal of Forest Research. 35(11): 2679-2684. 

doi:10.1139/x05-180 

Kharouk, V.I.; Middleton, E.M.; Spencer, S.L.; Rock, B.N.; Williams, D.L. 1995. Aspen bark photo-

synthesis and its significance to remote sensing and carbon budget estimates in the boreal ecosystem. 

Water, Air, and Soil Pollution. 82(1): 483-497. doi:10.1007/bf01182858 

Kitchen, S.G.; Behrens, P.N.; Goodrich, S.K.; Green, A.; Guyon, J.; O’Brien, M.; Tart, D. 2019. 

Guidelines for aspen restoration in Utah with applicability to the Intermountain West. Gen. Tech. 

Rep. RMRS-GTR-390. Fort Collins CO: USDA Forest Service, Rocky Mountain Research Station. 

55 p. https://www.fs.usda.gov/treesearch/pubs/57976 

Knutson, D.M. 1973. The bacteria in sapwood, wetwood, and heartwood of trembling aspen (Populus 

tremuloides). Canadian Journal of Botany. 51(2): 498-500. doi:10.1139/b73-060 

Korb, J.E.; Bombaci, S.; Siegel, R. 2014. The effect of sudden aspen decline on understory microcli-

mate and vegetation in southwestern Colorado. Canadian Journal of Forest Research. 44(8): 914-921. 

doi:10.1139/cjfr-2014-0087 

Korstian, C.F. 1921. Effect of a late spring frost upon forest vegetation in the Wasatch Mountains of 

Utah. Ecology. 2(1): 47-52. doi:10.2307/1929528 

Kota, A.M.; Bartos, D.L. 2010. Evaluation of techniques to protect aspen suckers from ungulate brows-

ing in the Black Hills. Western Journal of Applied Forestry. 25(4): 161-168. 

doi:10.1093/wjaf/25.4.161 

Kozlowski, T.T.; Pallardy, S.G. 1997. Physiology of woody plants. San Diego, CA: Academic Press. 

411 p. isbn:0-12-424162-X 

Krasnow, K.D.; Stephens, S.L. 2015. Evolving paradigms of aspen ecology and management: impacts 

of stand condition and fire severity on vegetation dynamics. Ecosphere. 6(1): art12 (16 p). 

doi:10.1890/ES14-00354.1 

Krasnow, K.D.; Halford, A.S.; Stephens, S.L. 2012. Aspen restoration in the eastern Sierra Nevada: 

Effectiveness of prescribed fire and conifer removal. Fire Ecology. 8(3): 104-118. 

doi:10.4996/fireecology.0803104 

Krebill, R.G. 1972. Mortality of aspen on the Gros Ventre elk winter range. Res. Pap. INT-129. Ogden, 

UT: USDA Forest Service, Intermountain Forest and Range Experiment Station. 16 p. 

https://www.fs.fed.us/rm/pubs_int/int_rp129.pdf  

Krzic, M.; Page, H.; Newman, R.F.; Broersma, K. 2004. Aspen regeneration, forage production, and 

soil compaction on harvested and grazed boreal aspen stands. BC Journal of Ecosystems and Manage-

ment. 5(2): 30-38. http://jem-online.org/index.php/jem/article/download/296/215  

Kubiske, M.E.; Woodall, C.W.; Kern, C.C. 2018. Increasing atmospheric CO2 concentration stand de-

velopment in trembling aspen forests: Are outdated density management guidelines in need of revi-

sion for all species? Journal of Forestry. 117(1): 38-45. doi:10.1093/jofore/fvy058 

Kufeld, R.C. 1973. Foods eaten by the Rocky Mountain elk. Journal of Range Management. 26(2): 106-

113. https://journals.uair.arizona.edu/index.php/jrm/article/download/6161/5771  

Kufeld, R.C.; Wallmo, O.C.; Feddema, C. 1973. Foods of the Rocky Mountain mule deer. Res. Pap. 

RM-111. Fort Collins, CO: USDA Forest Service, Rocky Mountain Forest and Range Experiment 

http://www.fs.fed.us/r6/uma/publications/history/Wenaha5.pdf
https://www.fs.usda.gov/treesearch/pubs/57976
https://www.fs.fed.us/rm/pubs_int/int_rp129.pdf
http://jem-online.org/index.php/jem/article/download/296/215
https://journals.uair.arizona.edu/index.php/jrm/article/download/6161/5771


 

 75 

Station. 31 p. https://archive.org/download/CAT92273305/CAT92273305.pdf  

Kuhn, T.; Safford, H.; Jones, B.; Tate, K. 2011. Aspen (Populus tremuloides) stands and their contri-

bution to plant diversity in a semiarid coniferous landscape. Plant Ecology. 212(9): 1451-1463. 

doi:10.1007/s11258-011-9920-4 

Kulakowski, D.; Veblen, T.T.; Drinkwater, S. 2004. The persistence of quaking aspen (Populus tremu-

loides) in the Grand Mesa area, Colorado. Ecological Applications. 14(5): 1603-1614. 

doi:10.1890/03-5160 

Kulakowski, D.; Veblen, T.T.; Kurzel, B.P. 2006. Influences of infrequent fire, elevation and pre-fire 

vegetation on the persistence of quaking aspen (Populus tremuloides Michx.) in the Flat Tops area, 

Colorado, USA. Journal of Biogeography. 33(8): 1397-1413. doi:10.1111/j.1365-2699.2006.01529.x 

Kulakowski, D.; Kaye, M.W.; Kashian, D.M. 2013. Long-term aspen cover change in the western US. 

Forest Ecology and Management. 299: 52-59. doi:10.1016/j.foreco.2013.01.004 

Kurzel, B.P.; Veblen, T.T.; Kulakowski, D. 2007. A typology of stand structure and dynamics of quak-

ing aspen in northwestern Colorado. Forest Ecology and Management. 252(1-3): 176-190. 

doi:10.1016/j.foreco.2007.06.027 

Kweon, D.; Comeau, P.G. 2019. Relationships between tree survival, stand structure and age in trem-

bling aspen dominated stands. Forest Ecology and Management. 438: 114-122. 

doi:10.1016/j.foreco.2019.02.003 

Laidly, P.R. 1979. Metric site index curves for aspen, birch and conifer in the lake states. Gen. Tech. 

Rep. NC-54. St. Paul, MN: USDA Forest Service, North Central Forest Experiment Station. 15 p. 

https://www.ncrs.fs.fed.us/pubs/gtr/gtr_nc054.pdf  

Landhausser, S.M.; Lieffers, V.J. 1998. Growth of Populus tremuloides in association with Cala-

magrostis canadensis. Canadian Journal of Forest Research. 28(3): 396-401. doi:10.1139/x98-006 

Landhäusser, S.M.; DesRochers, A.; Lieffers, V.J. 2001. A comparison of growth and physiology in 

Picea glauca and Populus tremuloides at different soil temperatures. Canadian Journal of Forest Re-

search. 31(11): 1922-1929. doi:10.1139/x01-129 

Landhäusser, S.M.; Muhsin, T.M.; Zwiazek, J.J. 2002. The effect of ectomycorrhizae on water rela-

tions in aspen (Populus tremuloides) and white spruce (Picea glauca) at low soil temperatures. Cana-

dian Journal of Botany. 80(6): 684-689. doi:10.1139/b02-047 

Landhausser, S.M.; Mulak, T.L.; Lieffers, V.J. 2007. The effect of roots and litter of Calamagrostis 

canadensis on root sucker regeneration of Populus tremuloides. Forestry. 80(4): 481-488. 

doi:10.1093/forestry/cpm035 

Landhäusser, S.M.; Wan, X.; Lieffers, V.J.; Chow, P.S. 2010. Nitrate stimulates root suckering in 

trembling aspen (Populus tremuloides). Canadian Journal of Forest Research. 40(10): 1962-1969. 

doi:10.1139/X10-141 

Landhäusser, S.M.; Wachowski, J.; Lieffers, V.J. 2015. Transfer of live aspen root fragments, an ef-

fective tool for large-scale boreal forest reclamation. Canadian Journal of Forest Research. 45(8): 

1056-1064. doi:10.1139/cjfr-2015-0062 

Landhäusser, S.M.; Pinno, B.D.; Mock, K.E. 2019. Tamm Review: Seedling-based ecology, manage-

ment, and restoration in aspen (Populus tremuloides). Forest Ecology and Management. 432: 231-

245. doi:10.1016/j.foreco.2018.09.024 

Lankia, H.; Wallenius, T.; Várkonyi, G.; Kouki, J.; Snäll, T. 2012. Forest fire history, aspen and goat 

willow in a Fennoscandian old-growth landscape: are current population structures a legacy of histori-

cal fires? Journal of Vegetation Science. 23(6): 1159-1169. doi:10.1111/j.1654-1103.2012.01426.x 

https://archive.org/download/CAT92273305/CAT92273305.pdf
https://www.ncrs.fs.fed.us/pubs/gtr/gtr_nc054.pdf


 

 76 

Larsen, E.J.; Ripple, W.J. 2003. Aspen age structure in the northern Yellowstone ecosystem: USA. For-

est Ecology and Management. 179(1-3): 469-482. doi:10.1016/S0378-1127(02)00532-7 

Larson, G.C. 1944. More on seedlings of western aspen. Journal of Forestry. 42(6): 452. 

doi:10.1093/jof/42.6.445 

Latutrie, M.; Bergeron, Y.; Tremblay, F. 2016. Fine-scale assessment of genetic diversity of trembling 

aspen in northwestern North America. BMC Evolutionary Biology. 16(1): 231 (11 p). 

doi:10.1186/s12862-016-0810-1 

Lavertu, D.; Mauffette, Y.; Bergeron, Y. 1994. Effects of stand age and litter removal on the regenera-

tion of Populus tremuloides. Journal of Vegetation Science. 5(4): 561-568. doi:10.2307/3235983 

Leonelli, G.; Denneler, B.; Bergeron, Y. 2008. Climate sensitivity of trembling aspen radial growth 

along a productivity gradient in northeastern British Columbia, Canada. Canadian Journal of Forest 

Research. 38(5): 1211-1222. doi:10.1139/X07-227 

Lieffers, V.J.; Macdonald, S.E.; Hogg, E.H. 1993. Ecology of and control strategies for Calamagrostis 

canadensis in boreal forest sites. Canadian Journal of Forest Research. 23(10): 2070-2077. 

doi:10.1139/x93-258 

Lindroth, R.L.; St. Clair, S.B. 2013. Adaptations of quaking aspen (Populus tremuloides Michx.) for 

defense against herbivores. Forest Ecology and Management. 299: 14-21. 

doi:10.1016/j.foreco.2012.11.018 

Little, E.L., Jr. 1971. Atlas of United States trees: volume 1, conifers and important hardwoods. Miscel-

laneous Publication No. 1146. Washington, DC: USDA Forest Service. 230 p. 

http://www.fs.fed.us/r6/uma/nr/silv/range-maps.shtml 

Long, J.N.; Mock, K. 2012. Changing perspectives on regeneration ecology and genetic diversity in 

western quaking aspen: implications for silviculture. Canadian Journal of Forest Research. 42(12): 

2011-2021. doi:10.1139/x2012-143 

Lu, E.-Y.; Sucoff, E.I. 2001. Responses of quaking aspen (Populus tremuloides) seedlings to solution 

calcium. Canadian Journal of Forest Research. 31(1): 123-131. doi:10.1139/x00-150 

MacIsaac, D.A.; Comeau, P.G.; Macdonald, S.E. 2006. Dynamics of regeneration gaps following har-

vest of aspen stands. Canadian Journal of Forest Research. 36(7): 1818-1833. doi:10.1139/x06-077 

Madritch, M.; Greene, S.; Lindroth, R. 2009. Genetic mosaics of ecosystem functioning across aspen-

dominated landscapes. Oecologia. 160(1): 119-127. doi:10.1007/s00442-009-1283-3 

Manier, D.J.; Laven, R.D. 2002. Changes in landscape patterns associated with the persistence of aspen 

(Populus tremuloides Michx.) on the western slope of the Rocky Mountains, Colorado. Forest Ecol-

ogy and Management. 167(1-3): 263-284. doi:10.1016/S0378-1127(01)00702-2 

Manion, P.D.; Griffin, D.H. 1986. Sixty-five years of research on hypoxylon canker of aspen. Plant Dis-

ease. 70(8): 803-808. https://www.apsnet.org/publications/PlantDisease/BackIssues/Docu-

ments/1986Articles/PlantDisease70n08_803.pdf  

Marchetti, S.B.; Worrall, J.J.; Eager, T. 2011. Secondary insects and diseases contribute to sudden as-

pen decline in southwestern Colorado, USA. Canadian Journal of Forest Research. 41(12): 2315-

2325. doi:10.1139/x11-106 

Marston, R.B. 1952. Ground cover requirements for summer storm runoff control on aspen sites in 

northern Utah. Journal of Forestry. 50(4): 303-307. doi:10.1093/jof/50.4.303 

Martin, E.C. 1965. Growth and change in structure of an aspen stand after a harvest cutting. Res. Note 

http://www.fs.fed.us/r6/uma/nr/silv/range-maps.shtml
https://www.apsnet.org/publications/PlantDisease/BackIssues/Documents/1986Articles/PlantDisease70n08_803.pdf
https://www.apsnet.org/publications/PlantDisease/BackIssues/Documents/1986Articles/PlantDisease70n08_803.pdf


 

 77 

RM-45. Fort Collins, CO: USDA Forest Service, Rocky Mountain Forest and Range Experiment Sta-

tion. 2 p. https://archive.org/download/CAT31302228/CAT31302228.pdf  

McCaffery, K.R.; Ashbrenner, J.E.; Creed, W.A.; Kohn, B.E. 1997. The aspen-ruffed grouse connec-

tion. Journal of Forestry. 95(8): 16-20. doi:10.1093/jof/95.8.16 

McCain, E.B.; Zlotoff, J.I.; Ebersole, J.J. 2003. Effects of elk browsing on aspen stand characteristics, 

Rampart Range, Colorado. Western North American Naturalist. 63(1): 129-132.  

https://scholarsarchive.byu.edu/wnan/vol63/iss1/18  

McDonough, W.T. 1979. Quaking aspen — Seed germination and early seedling growth. Res. Pap. INT-

234. Ogden, UT: USDA Forest Service, Intermountain Forest and Range Experiment Station. 13 p. 

https://archive.org/download/quakingaspenseed234mcdo/quakingaspenseed234mcdo.pdf  

McDonough, W.T. 1985. Sexual reproduction, seeds, and seedlings. In: DeByle, N.V.; Winokur, R.P. 

Aspen: Ecology and management in the western United States. Gen. Tech. Rep. RM-119. Fort Col-

lins, CO: USDA Forest Service, Rocky Mountain Forest and Range Experiment Station: 25-28. 

https://www.fs.usda.gov/treesearch/pubs/27775  

McIlroy, S.K.; Shinneman, D.J. 2020. Post-fire aspen (Populus tremuloides) regeneration varies in re-

sponse to winter precipitation across a regional climate gradient. Forest Ecology and Management. 

455: 117681 (9 p). doi:10.1016/j.foreco.2019.117681 

Meinecke, E.P. 1929. Quaking aspen: a study in applied forest pathology. Technical Bulletin No. 155. 

Washington, DC: U.S. Department of Agriculture. 33 p. Quaking_aspen  

Michaletz, S.T.; Johnson, E.A. 2008. A biophysical process model of tree mortality in surface fires. Ca-

nadian Journal of Forest Research. 38(7): 2013-2029. doi:10.1139/X08-024 

Mielke, J.L. 1957. Aspen leaf blight in the Intermountain Region. Res. Note No. 42. Ogden, UT: USDA 

Forest Service, Intermountain Forest and Range Experiment Station. 5 p.  

https://archive.org/download/aspenleafblighti42miel/aspenleafblighti42miel.pdf  

Miller, B. 1996. Aspen management literature review. NEST Technical Report TR-028. Ontario, ON: 

Ontario Ministry of Natural Resources. 92 p. BorealLiterature/Miller  

Miller, S. 2019. Everyone in: A road map for science-based, collaborative restoration of western quaking 

aspen. Science You Can Use Bulletin 37. Fort Collins, CO: USDA Forest Service, Rocky Mountain 

Research Station. 11 p. Everyone In 

Mills, T.R.; Rumble, M.A.; Flake, L.D. 2000. Habitat of birds in ponderosa pine and aspen/birch forest 

in the Black Hills, South Dakota. Journal of Field Ornithology. 71(2): 187-206.  

doi:10.1648/0273-8570-71.2.187 

Mital, D.; Sucoff, E. 1983. Predicting soil moisture depletion beneath trembling aspen. Canadian Journal 

of Forest Research. 13(1): 45-52. doi:10.1139/x83-007 

Mitton, J.B.; Grant, M.C. 1980. Observations on the ecology and evolution of quaking aspen, Populus 

tremuloides, in the Colorado Front Range. American Journal of Botany. 67(2): 202-209. 

doi:10.1002/j.1537-2197.1980.tb07642.x 

Mitton, J.B.; Grant, M.C. 1996. Genetic variation and the natural history of quaking aspen. BioScience. 

46(1): 25-31. doi:10.2307/1312652 

Mock, K.E.; Callahan, C.M.; Islam-Faridi, M.N.; Shaw, J.D.; Rai, H.S.; Sanderson, S.C.; Rowe, 

C.A.; Ryel, R.J.; Madritch, M.D.; Gardner, R.S.; Wolf, P.G. 2012. Widespread triploidy in west-

ern North American aspen (Populus tremuloides). PLoS ONE. 7(10): e48406 (10 p). 

doi:10.1371/journal.pone.0048406 

https://archive.org/download/CAT31302228/CAT31302228.pdf
https://scholarsarchive.byu.edu/wnan/vol63/iss1/18
https://archive.org/download/quakingaspenseed234mcdo/quakingaspenseed234mcdo.pdf
https://www.fs.usda.gov/treesearch/pubs/27775
https://books.google.com/books/download/Quaking_aspen.pdf?id=Qwck7ovwX1wC&output=pdf&sig=ACfU3U2ZPV1vYteMPxqySSGyqlyWxHzOXg
https://archive.org/download/aspenleafblighti42miel/aspenleafblighti42miel.pdf
https://www.for.gov.bc.ca/ftp/hfp/external/!publish/Harper/Literature/Boreal%20&%20Sub-boreal%20Literature/Miller%201996%20mnr_e001823.pdf
http://r20.rs6.net/tn.jsp?f=001zBGmXdLx68Mka-xJ8zkMfAPtku2L0MyMkSpuJVOIFZAeTPadg1j3vhNWv_ic-0_Jmm68F0X0aDUzui9ONNImcY2MI6tfKiYmN1TNEHKwcJu-fOymuQ7loVLwu9PrZG0UxW5gkWnQYDLmo914dp34p8OxiGgj1SEG_zsi3qGOH8DRsuYMrxrZxEHi4nUq9cJ3MKXU6r7UIF7XQa5XezrNz82ectjOn1pubMz-D1OfHMUtbgb13-FIlnufibi-wj24nFlE0eB3oZpIrAQBb0gK_rmpUFxMp-ElUqrddMcXRVEmk8JYhwJyMIvd6M5A50gsBZVNk6_gF2ftib09Q1DtIBOcqPXY3V1xCENnPcSXn74Nq_9WnENd5jT3KblMQEoAi0-BZ9h5Lf3YsczVgW5XROMy0d4WXx_r-GW4ucXOevN9zSXLZuRx1w==&c=qjgPtxy3rz_SNskOLPVJi6RCmGeyt_OTs7jHsLpwGMSCfVN9rFkwzA==&ch=qHu3FTZppRhsjVX1bkkqwb91QC3iFRYgFPSwqbbBiT6FmXtfq4AoUA==


 

 78 

Mock, K.E.; Richardson, B.A.; Wolf, P.G. 2013. Molecular tools and aspen management: A primer and 

prospectus. Forest Ecology and Management. 299: 6-13. doi:10.1016/j.foreco.2012.11.004 

Moench, R.D. [Date unknown]. Aspen seed collection. Nursery Information Series. Fort Collins, CO: 

Colorado State University, Colorado State Forest Service. 7 p.  

http://static.colostate.edu/client-files/csfs/pdfs/aspenseed.pdf  

Morelli, T.L.; Carr, S.C. 2011. A review of the potential effects of climate change on quaking aspen 

(Populus tremuloides) in the western United States and a new tool for surveying sudden aspen de-

cline. Gen. Tech. Rep. PSW-GTR-235. Albany, CA: USDA Forest Service, Pacific Southwest Re-

search Station. 31 p. https://www.fs.usda.gov/treesearch/pubs/38186  

Morgan, M.D. 1969. Ecology of aspen in Gunnison County, Colorado. American Midland Naturalist. 

82(1): 204-228. doi:10.2307/2423831 

Morgenstern, E.K. 1996. Geographic variation in forest trees: genetic basis and application of 

knowledge in silviculture. Vancouver, BC: UBC Press. 209 p. isbn:0-7748-0560-9 

Moss, E.H. 1932. The vegetation of Alberta. IV. The poplar association and related vegetation of central 

Alberta. Journal of Ecology. 20(2): 380-415. doi:10.2307/2256085 

Moss, E.H. 1938. Longevity of seed and establishment of seedlings in species of Populus. Botanical Ga-

zette. 99(3): 529-542. https://www.jstor.org/stable/2471860  

Mowrer, H.T. 1986. Site productivity estimates for aspen in the central Rocky Mountains. Western Jour-

nal of Applied Forestry. 1(3): 89-91. doi:10.1093/wjaf/1.3.89 

Mowrer, H.T.; Edminster, C.B. 1985. Estimating past breast height diameters and bark thickness of as-

pen in the central Rocky Mountains. Res. Note RM-456. Fort Collins, CO: USDA Forest Service, 

Rocky Mountain Forest and Range Experiment Station. 2 p.  

https://books.google.com/books/download/U_S_Forest_Service_Research_Note.pdf?id=3PIOAQAA-

MAAJ&output=pdf&sig=ACfU3U3aTXKQfo-c1NSB4aTBlyIZBR8WXw  

Mowrer, H.T.; Shepperd, W.D. 1987. Field measurement of age in quaking aspen in the central Rocky 

Mountains. Res. Note RM-476. Fort Collins, CO: USDA Forest Service, Rocky Mountain Forest and 

Range Experiment Station. 4 p. https://www.fs.usda.gov/treesearch/pubs/37522  

Mueggler, W.F. 1988. Aspen community types of the Intermountain Region. Gen. Tech. Rep. INT-250. 

Ogden, UT: USDA Forest Service, Intermountain Research Station. 135 p. 

https://www.fs.usda.gov/treesearch/pubs/32906  

Mueggler, W.F. 1989. Age distribution and reproduction of intermountain aspen stands. Western Journal 

of Applied Forestry. 4(2): 41-45. doi:10.1093/wjaf/4.2.41 

Mueggler, W.F. 1994. Sixty years of change in tree numbers and basal area in central Utah aspen stands. 

Res. Pap. INT-RP-478. Ogden, UT: USDA Forest Service, Intermountain Research Station. 11 p. 

http://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=3099&context=aspen_bib  

Mueggler, W.F.; Bartos, D.L. 1977. Grindstone Flat and Big Flat enclosures – 41-year record of 

changes in clearcut aspen communities. Res. Pap. INT-RP-195. Ogden, UT: USDA Forest Service, 

Intermountain Forest and Range Experiment Station. 16 p. 

https://www.fs.usda.gov/treesearch/pubs/43376  

Mueggler, W.F.; Campbell, R.B., Jr. 1982. Aspen community types on the Caribou and Targhee Na-

tional Forests in southeastern Idaho. Res. Pap. INT-294. Ogden, UT: USDA Forest Service, Inter-

mountain Research Station. 32 p.  

https://archive.org/download/aspencommunityty294mueg/aspencommunityty294mueg.pdf  

http://static.colostate.edu/client-files/csfs/pdfs/aspenseed.pdf
https://www.fs.usda.gov/treesearch/pubs/38186
https://www.jstor.org/stable/2471860
https://books.google.com/books/download/U_S_Forest_Service_Research_Note.pdf?id=3PIOAQAAMAAJ&output=pdf&sig=ACfU3U3aTXKQfo-c1NSB4aTBlyIZBR8WXw
https://books.google.com/books/download/U_S_Forest_Service_Research_Note.pdf?id=3PIOAQAAMAAJ&output=pdf&sig=ACfU3U3aTXKQfo-c1NSB4aTBlyIZBR8WXw
https://www.fs.usda.gov/treesearch/pubs/37522
https://www.fs.usda.gov/treesearch/pubs/32906
http://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=3099&context=aspen_bib
https://www.fs.usda.gov/treesearch/pubs/43376
https://archive.org/download/aspencommunityty294mueg/aspencommunityty294mueg.pdf


 

 79 

Mueggler, W.F.; Campbell, R.B., Jr. 1986. Aspen community types of Utah. Res. Pap. INT-362. Og-

den, UT: USDA Forest Service, Intermountain Research Station. 69 p.  

https://archive.org/download/aspencommunityty362mueg/aspencommunityty362mueg.pdf  

Mundell, T.L.; Landhäusser, S.M.; Lieffers, V.J. 2007. Effects of Corylus cornuta stem density on 

root suckering and rooting depth of Populus tremuloides. Canadian Journal of Botany. 85(11): 1041-

1045. doi:10.1139/B07-089 

Mundell, T.L.; Landhäusser, S.M.; Lieffers, V.J. 2008. Root carbohydrates and aspen regeneration in 

relation to season of harvest and machine traffic. Forest Ecology and Management. 255(1): 68-74. 

doi:10.1016/j.foreco.2007.08.021 

Musselman, R.C.; Shepperd, W.D.; Smith, F.W.; Asherin, L.A.; Gee, B.W. 2012. Response of trans-

planted aspen to irrigation and weeding on a Colorado reclaimed surface coal mine. Res. Pap. RMRS-

RP-101. Fort Collins, CO: USDA Forest Service, Rocky Mountain Research Station. 20 p. 

https://www.fs.usda.gov/treesearch/pubs/42365  

Myking, T.; Bøhler, F.; Austrheim, G.; Solberg, E.J. 2011. Life history strategies of aspen (Populus 

tremula L.) and browsing effects: a literature review. Forestry: An International Journal of Forest Re-

search. 84(1): 61-71. doi:10.1093/forestry/cpq044 

Napier, D.A. 1972. Total tree harvesting doubles fiber tonnage from aspen stand. Journal of Forestry. 

70(6): 343-344. doi:10.1093/jof/70.6.343 

Navratil, S.; Chapman, P.B. 1991. Aspen management for the 21st century. Edmonton, AB: Forestry 

Canada, Northern Forestry Centre; Poplar Council of Canada, Office of the Secretariat: 172 p. 

http://cfs.nrcan.gc.ca/pubwarehouse/pdfs/19159.pdf  

Newlon, K.R.; Saab, V.A. 2011. Nest-site selection and nest survival of Lewis's woodpecker in aspen 

riparian woodlands. The Condor. 113(1): 183-193. doi:10.1525/cond.2011.100056 

Newsome, T.A.; Heineman, J.L.; Daintith, N.M. 2005. Suitability of native broadleaf species for refor-

estation in the Cariboo area of the southern interior forest region. Extension Note 73. Victoria, BC: 

British Columbia Ministry of Forests, Research Branch. 8 p. 

https://www.for.gov.bc.ca/hfd/pubs/Docs/En/En73.pdf  

Newsome, T.A.; Heineman, J.L.; Nemec, A.F.L. 2008. Competitive interactions between juvenile trem-

bling aspen and lodgepole pine: a comparison of two interior British Columbia ecosystems. Forest 

Ecology and Management. 255(7): 2950-2962. doi:10.1016/j.foreco.2008.02.001 

Newsome, T.A.; Heineman, J.L.; Nemec, A.F.L. 2010. A comparison of lodgepole pine responses to 

varying levels of trembling aspen removal in two dry south-central British Columbia ecosystems. 

Forest Ecology and Management. 259(6): 1170-1180. doi:10.1016/j.foreco.2010.01.003 

Nigh, G.D.; Krestov, P.V.; Klinka, K. 2002. Trembling aspen height-age models for British Columbia. 

Northwest Science. 76(3): 202-212. http://hdl.handle.net/2376/928  

Noble, I.R.; Slatyer, R.O. 1980. The use of vital attributes to predict successional changes in plant com-

munities subject to recurrent disturbances. Vegetatio. 43(1-2): 5-21. doi:10.1007/BF00121013 

Oaten, D.K.; Larsen, K.W. 2008a. Aspen stands as small mammal “hotspots” within dry forest ecosys-

tems of British Columbia. Northwest Science. 82(4): 276-285. doi:10.3955/0029-344X-82.4.276 

Oaten, D.K.; Larsen, K.W. 2008b. Stand characteristics of three forest types within the dry interior for-

ests of British Columbia, Canada: implications for biodiversity. Forest Ecology and Management. 

256(1-2): 114-120. doi:10.1016/j.foreco.2008.04.013 

O’Brien, M.; Rogers, P.; Mueller, K.; MacWhorter, R.; Rowley, A.; Hopkin, B.; Christensen, B.; 

Dremann, P. 2010. Guidelines for aspen restoration on the national forests in Utah. Logan, UT: Utah 

https://archive.org/download/aspencommunityty362mueg/aspencommunityty362mueg.pdf
https://www.fs.usda.gov/treesearch/pubs/42365
http://cfs.nrcan.gc.ca/pubwarehouse/pdfs/19159.pdf
https://www.for.gov.bc.ca/hfd/pubs/Docs/En/En73.pdf
http://hdl.handle.net/2376/928


 

 80 

State University, Wildland Resources Department and Ecology Center, Western Aspen Alliance; 

Utah Forest Working Group, Ecology Committee. 48 p.  

https://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=8036&context=aspen_bib  

Ohms, S.R. 2003. Restoration of aspen in different stages of mortality in southern Utah. Logan, UT: Utah 

State University. M.S. thesis. 88 p. 

Ostry, Michael E.; Anderson, Neil A. 1998. Interactions of insects, woodpeckers, and hypoxylon canker 

on aspen. Res. Pap. NC-331. St. Paul, MN: USDA Forest Service, North Central Forest Experiment 

Station. 15 p. https://www.fs.usda.gov/treesearch/pubs/10814  

Ostry, M.E.; Anderson, N.A.; Rugg, D.J.; Ward, K.T. 2004. Long-term response of precommercially 

thinned aspen clones to Hypoxylon canker. Res. Pap. NC-341. St. Paul, MN: USDA Forest Service, 

North Central Research Station. 12 p. https://www.fs.usda.gov/treesearch/pubs/12777  

Ottmar, R.D.; Vihnanek, R.E.; Wright, C.S. 2000. Stereo photo series for quantifying natural fuels; 

volume III: lodgepole pine, quaking aspen, and Gambel oak types in the Rocky Mountains. PMS 832. 

Boise, ID: National Wildfire Coordinating Group, National Interagency Fire Center. 85 p. 

https://www.frames.gov/catalog/6085  

Oukrop, C.M.; Evans, D.M.; Bartos, D.L.; Ramsey, R.D.; Ryel, R.J. 2011. Moderate-scale mapping 

methods of aspen stand types: a case study for Cedar Mountain in southern Utah. Gen. Tech. Rep. 

RMRS-GTR-259. Fort Collins, CO: USDA Forest Service, Rocky Mountain Research Station. 18 p. 

https://www.fs.usda.gov/treesearch/pubs/38642  

Packard, F.M. 1942. Wildlife and aspen in Rocky Mountain National Park, Colorado. Ecology. 23(4): 

478-482. doi:10.2307/1930134 

Page, D.H.; Shaw, J.D. 2016. Can aspen persist in conifer dominated forests? Tremblings. 7(3): 2-3. 

https://www.fs.usda.gov/treesearch/pubs/54975  

Painter, L.E.; Beschta, R.L.; Larsen, E.J.; Ripple, W.J. 2014. After long-term decline, are aspen re-

covering in northern Yellowstone? Forest Ecology and Management. 329: 108-117. 

doi:10.1016/j.foreco.2014.05.055 

Painter, L.E.; Beschta, R.L.; Larsen, E.J.; Ripple, W.J. 2018. Aspen recruitment in the Yellowstone 

region linked to reduced herbivory after large carnivore restoration. Ecosphere. 9(8): e02376 (20 p). 

doi:10.1002/ecs2.2376 

Palik, B.; Robl, J. 1999. Structural legacies of catastrophic windstorm in a mature Great Lakes aspen for-

est. Gen. Tech. Rep. NC-337. St. Paul, MN: USDA Forest Service, North Central Research Station. 

11 p. https://www.nrs.fs.fed.us/pubs/rp/rp_nc337.pdf  

Parker, A.J.; Parker, K.C. 1983. Comparative successional roles of trembling aspen and lodgepole pine 

in the southern Rocky Mountains. Great Basin Naturalist. 43(3): 447-455.  

https://scholarsarchive.byu.edu/gbn/vol43/iss3/13  

Parsons, S.; Lewis, K.J.; Psyllakis, J.M. 2003. Relationships between roosting habitat of bats and decay 

of aspen in the sub-boreal forests of British Columbia. Forest Ecology and Management. 177(1-3): 

559-570. doi:10.1016/S0378-1127(02)00448-6 

Patton, D.R.; Avant, H.D. 1970. Fire stimulated aspen sprouting in a spruce-fir forest in New Mexico. 

Res. Note RM-159. Fort Collins, CO: USDA Forest Service, Rocky Mountain Forest and Range Ex-

periment Station. 3 p. https://archive.org/download/CAIN709041347/CAIN709041347.pdf  

Patton, D.R.; Jones, J.R. 1977. Managing aspen for wildlife in the southwest. Gen. Tech. Rep. RM-37. 

Fort Collins, CO: USDA Forest Service, Rocky Mountain Forest and Range Experiment Station. 7 p. 

https://archive.org/download/CAIN779084331/CAIN779084331.pdf  

https://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=8036&context=aspen_bib
https://www.fs.usda.gov/treesearch/pubs/10814
https://www.fs.usda.gov/treesearch/pubs/12777
https://www.frames.gov/catalog/6085
https://www.fs.usda.gov/treesearch/pubs/38642
https://www.fs.usda.gov/treesearch/pubs/54975
https://www.nrs.fs.fed.us/pubs/rp/rp_nc337.pdf
https://scholarsarchive.byu.edu/gbn/vol43/iss3/13
https://archive.org/download/CAIN709041347/CAIN709041347.pdf
https://archive.org/download/CAIN779084331/CAIN779084331.pdf


 

 81 

Pearson, G.A. 1914. The role of aspen in the reforestation of mountain burns in Arizona and New Mex-

ico. The Plant World. 17(9): 249-260. https://www.jstor.org/stable/43477412  

Pearson, L.C.; Lawrence, D.B. 1958. Photosynthesis in aspen bark. American Journal of Botany. 45(5): 

383-387. doi:10.1002/j.1537-2197.1958.tb13141.x 

Pelz, K.A.; Smith, F.W. 2013. How will aspen respond to mountain pine beetle? A review of literature 

and discussion of knowledge gaps. Forest Ecology and Management. 299: 60-69. 

doi:10.1016/j.foreco.2013.01.008 

Pelz, K.A.; Smith, F.W. 2018. Effects of stand structure, browsing, and biophysical conditions on regen-

eration following mountain pine beetle in mixed lodgepole pine and aspen forests of the southern 

Rockies. Forests. 9(9): 525 (12 p). doi:10.3390/f9090525 

Perala, D.A. 1973. Stand equations for estimating aerial biomass, net productivity, and stem survival of 

young aspen suckers on good sites. Canadian Journal of Forest Research. 3(2): 288-292. 

doi:10.1139/x73-039 

Perala, D.A. 1977. Manager’s handbook for aspen in the north-central states. Gen. Tech. Rep. NC-36. St. 

Paul, MN: USDA Forest Service, North Central Forest Experiment Station. 30 p. 

https://www.fs.usda.gov/treesearch/pubs/10101  

Perala, D.A. 1990. Populus tremuloides Michx.; quaking aspen. In: Burns, R.M.; Honkala, B.H., tech. 

coords. Silvics of North America; volume 2, hardwoods. Agriculture Handbook 654. Washington, 

DC: USDA Forest Service: 555-569. https://www.treesearch.fs.fed.us/pubs/1548  

Perala, D.A. 1995. Quaking aspen productivity recovers after repeated prescribed fire. Res. Pap. NC-324. 

St. Paul, MN: USDA Forest Service, North Central Forest Experiment Station. 11 p. 

https://www.fs.usda.gov/treesearch/pubs/10807  

Perala, D.A.; Carpenter, E.M. 1985. Aspen: an American wood. FS-217. [Place of publication un-

known]: USDA Forest Service. 8 p. https://www.fs.usda.gov/treesearch/pubs/32159  

Perala, D.A.; Leary, R.A.; Cieszewski, C.J. 1995. Stockability, growth, and yield of the circumboreal 

aspens (Populus tremuloides Michx., P. tremula L.). Res. Pap. NC-321. St. Paul, MN: USDA Forest 

Service, North Central Forest Experiment Station. 24 p. 

https://www.fs.usda.gov/treesearch/pubs/10804  

Perala, D.A.; Leary, R.A.; Cieszewski, C.J. 1999. Self-thinning and stockability of the circumboreal 

aspens (Populus tremuloides Michx., and P. tremula L.). Res. Pap. NC-335. St. Paul, MN: USDA 

Forest Service, North Central Research Station. 16 p. https://www.fs.usda.gov/treesearch/pubs/10816  

Perrette, G.; Lorenzetti, F.; Moulinier, J.; Bergeron, Y. 2014. Site factors contribute to aspen decline 

and stand vulnerability following a forest tent caterpillar outbreak in the Canadian Clay Belt. Forest 

Ecology and Management. 323: 126-137. doi:10.1016/j.foreco.2014.03.013 

Peterson, E.B.; Peterson, N.M. 1995. Aspen manager's handbook for British Columbia. FRDA Report 

No. 230. Victoria, BC: British Columbia Ministry of Forests. 110 p. 

http://www.for.gov.bc.ca/hfd/pubs/Docs/Frr/FRR230.pdf  

Peterson, C.J.; Squiers, E.R. 1995. Competition and succession in an aspen–white-pine forest. Journal 

of Ecology. 83(3): 449-457. doi:10.2307/2261598 

Pettit, T.W.; Wilkins, K.T. 2012. Canopy and edge activity of bats in a quaking aspen (Populus tremu-

loides) forest. Canadian Journal of Zoology. 90(7): 798-807. doi:10.1139/z2012-049 

Philpot, C.W. 1969. The effect of reduced extractive content on the burning rate of aspen leaves. Res. 

Note INT-92. Ogden, UT: USDA Forest Service, Intermountain Forest and Range Experiment Sta-

tion. 6 p. The_Effect_of_Reduced_Extractive_Content  

https://www.jstor.org/stable/43477412
https://www.fs.usda.gov/treesearch/pubs/10101
https://www.treesearch.fs.fed.us/pubs/1548
https://www.fs.usda.gov/treesearch/pubs/10807
https://www.fs.usda.gov/treesearch/pubs/32159
https://www.fs.usda.gov/treesearch/pubs/10804
https://www.fs.usda.gov/treesearch/pubs/10816
http://www.for.gov.bc.ca/hfd/pubs/Docs/Frr/FRR230.pdf
https://books.google.com/books/download/The_Effect_of_Reduced_Extractive_Content.pdf?id=EsBX2zau-FYC&output=pdf&sig=ACfU3U3G4MNNZE-33g-jl2p4paB5DYMC8A


 

 82 

Pierce, A.D.; Taylor, A.H. 2010. Competition and regeneration in quaking aspen–white fir (Populus 

tremuloides–Abies concolor) forests in the northern Sierra Nevada, USA. Journal of Vegetation Sci-

ence. 21(3): 507-519. doi:10.1111/j.1654-1103.2009.01158.x 

Pinno, B.D.; Paré, D.; Guindon, L.; Bélanger, N. 2009. Predicting productivity of trembling aspen in 

the Boreal Shield ecozone of Quebec using different sources of soil and site information. Forest Ecol-

ogy and Management. 257(3): 782-789. doi:10.1016/j.foreco.2008.09.058 

Pollard, D.F.W. 1971. Mortality and annual changes in distribution of above-ground biomass in an aspen 

sucker stand. Canadian Journal of Forest Research. 1(4): 262-266. doi:10.1139/x71-037 

Possen, B.J.H.M.; Oksanen, E.; Rousi, M.; Ruhanen, H.; Ahonen, V.; Tervahauta, A.; Heinonen, J.; 

Heiskanen, J.; Kärenlampi, S.; Vapaavuori, E. 2011. Adaptability of birch (Betula pendula Roth) 

and aspen (Populus tremula L.) genotypes to different soil moisture conditions. Forest Ecology and 

Management. 262(8): 1387-1399. doi:10.1016/j.foreco.2011.06.035 

Pothier, D.; Raulier, F.; Riopel, M. 2004. Ageing and decline of trembling aspen stands in Quebec. Ca-

nadian Journal of Forest Research. 34(6): 1251-1258. doi:10.1139/x04-017 

Powell, D.C. 1988. Forest management benefits a rare plant. Aquilegia. 12(4): 3. 

Powell, D.C. 2008. Aspen community types of the Pike and San Isabel National Forests in south-central 

Colorado. R2-ECOL-88-01; 2nd edition. Lakewood, CO: USDA Forest Service, Rocky Mountain Re-

gion. 278 p. https://fs.usda.gov/Internet/FSE_DOCUMENTS/fsbdev7_016041.pdf  

Powell, D.C. 2012. Historical vegetation mapping. White Pap. F14-SO-WP-Silv-23. Pendleton, OR: 

USDA Forest Service, Pacific Northwest Region, Umatilla National Forest. 59 p. 

http://www.fs.fed.us/r6/uma/publications/history/Historical_Vegetation_Mapping.pdf 

Powell, G.W.; Bork, E.W. 2004. Competition and facilitation in mixtures of aspen seedlings, alfalfa, and 

marsh reedgrass. Canadian Journal of Forest Research. 34(9): 1858-1869. doi:10.1139/x04-065 

Powell, G.W.; Bork, E.W. 2006. Aspen canopy removal and root trenching effects on understory vegeta-

tion. Forest Ecology and Management. 230(1-3): 79-90. doi:10.1016/j.foreco.2006.04.021 

Powell, D.C.; Johnson, C.G., Jr.; Crowe, E.A.; Wells, A.; Swanson, D.K. 2007. Potential vegetation 

hierarchy for the Blue Mountains section of northeastern Oregon, southeastern Washington, and west-

central Idaho. Gen. Tech. Rep. PNW-GTR-709. Portland, OR: USDA Forest Service, Pacific North-

west Research Station. 87 p. http://www.treesearch.fs.fed.us/pubs/27598  

Premer, M.I.; Froese, R.E.; Webster, C.R.; Nagel, L.M. 2016. Vegetation response to logging residue 

removals in Great Lakes aspen forests: Long-term trends under operational management. Forest Ecol-

ogy and Management. 382: 257-268. doi:10.1016/j.foreco.2016.09.048 

Premer, M.I.; Froese, R.E.; Vance, E.D. 2019. Whole-tree harvest and residue recovery in commercial 

aspen: Implications to forest growth and soil productivity across a rotation. Forest Ecology and Man-

agement. 447: 130-138. doi:10.1016/j.foreco.2019.05.002 

Prévost, M.; Pothier, D. 2003. Partial cuts in a trembling aspen – conifer stand: effects on microenviron-

mental conditions and regeneration dynamics. Canadian Journal of Forest Research. 33(1): 1-15. 

doi:10.1139/x02-147 

Pritchard, J.M.; Comeau, P.G. 2004. Effects of opening size and stand characteristics on light transmit-

tance and temperature under young trembling aspen stands. Forest Ecology and Management. 200(1-

3): 119-128. doi:10.1016/j.foreco.2004.06.002 

Puettmann, K.J.; D’Amato, A.W.; Arikian, M.; Zasada, J.C. 2008. Spatial impacts of soil disturbance 

and residual overstory on density and growth of regenerating aspen. Forest Ecology and Management. 

256(12): 2110-2120. doi:10.1016/j.foreco.2008.07.037 

https://fs.usda.gov/Internet/FSE_DOCUMENTS/fsbdev7_016041.pdf
http://www.fs.fed.us/r6/uma/publications/history/Historical_Vegetation_Mapping.pdf
http://www.treesearch.fs.fed.us/pubs/27598


 

 83 

Redburn, M.J.; Strong, W.L. 2008. Successional development of silviculturally treated and untreated 

high-latitude Populus tremuloides clearcuts in northern Alberta, Canada. Forest Ecology and Manage-

ment. 255(7): 2937-2949. doi:10.1016/j.foreco.2008.01.074 

Redding, T.E.; Hannam, K.D.; Quideau, S.A.; Devito, K.J. 2005. Particle density of aspen, spruce, and 

pine forest floors in Alberta, Canada. Soil Science Society of America Journal. 69(5): 1503-1506. 

doi:10.2136/sssaj2005.0018 

Reed, R.M. 1971. Aspen forests of the Wind River Mountains, Wyoming. American Midland Naturalist. 

86(2): 327-343. doi:10.2307/2423627 

Rehfeldt, G.E.; Ferguson, D.E.; Crookston, N.L. 2009. Aspen, climate, and sudden decline in western 

USA. Forest Ecology and Management. 258(11): 2353-2364. doi:10.1016/j.foreco.2009.06.005 

Reinhardt, E.D.; Crookston, N.L., tech. eds. 2003. The fire and fuels extension to the Forest Vegetation 

Simulator. Gen. Tech. Rep. RMRS-GTR-116. Ogden, UT: USDA Forest Service, Rocky Mountain 

Research Station. 209 p. http://www.treesearch.fs.fed.us/pubs/5593  

Reinikainen, M.; D’Amato, A.W.; Bradford, J.B.; Fraver, S. 2014. Influence of stocking, site quality, 

stand age, low-severity canopy disturbance, and forest composition on sub-boreal aspen mixedwood 

carbon stocks. Canadian Journal of Forest Research. 44(3): 230-242. doi:10.1139/cjfr-2013-0165 

Reynolds, H.G. 1969. Aspen grove use by deer, elk, and cattle in southwestern coniferous forests. Res. 

Note RM-138. Fort Collins, CO: USDA Forest Service, Rocky Mountain Forest and Range Experi-

ment Station. 4 p. https://books.google.com/books/download/As-

pen_Grove_Use_by_Deer_Elk_and_Cattle_i.pdf?id=NvMfBXZjB2UC&out-

put=pdf&sig=ACfU3U2bu99NdzuFF4MW0lmwieeZjf2ykQ  

Reynolds, R.T.; Linkhart, B.D.; Jeanson, J.-J. 1985. Characteristics of snags and trees containing cavi-

ties in a Colorado conifer forest. Research Note RM-455. Fort Collins, CO: USDA Forest Service, 

Rocky Mountain Forest and Range Experiment Station. 6 p.  

http://www.fs.fed.us/rm/pubs_exp_forests/manitou/rmrs_1985_reynolds_r001.pdf  

Rhodes, A.C.; Larsen, R.T.; St. Clair, S.B. 2018. Differential effects of cattle, mule deer, and elk her-

bivory on aspen forest regeneration and recruitment. Forest Ecology and Management. 422: 273-280. 

doi:10.1016/j.foreco.2018.04.013 

Rice, W.E. 1992. Aspen stand water development for wildlife. Tech. Bull. No. 92-4; BLM-ID-PT-93-04-

4352. Boise, ID: Bureau of Land Management, Idaho State Office. 8 p.  

https://archive.org/download/aspenstandwaterd27rice/aspenstandwaterd27rice.pdf  

Rice, J.; Bardsley, T.; Gomben, P.; Bambrough, D.; Weems, S.; Huber, A.; Joyce, L.A. 2017. As-

sessment of aspen ecosystem vulnerability to climate change for the Uinta-Wasatch-Cache and Ash-

ley National Forests, Utah. Gen. Tech. Rep. RMRS-GTR-366. Fort Collins, CO: USDA Forest Ser-

vice, Rocky Mountain Research Station. 67 p. https://www.fs.usda.gov/treesearch/pubs/54651  

Richardson, T.W.; Heath, S.K. 2004. Effects of conifers on aspen-breeding bird communities in the Si-

erra Nevada. Transactions of the Western Section of the Wildlife Society. 40: 68-81. 

https://www.wildlifeprofessional.org/western/transactions/transactions_2004_11.pdf  

Ripple, W.J.; Beschta, R.L. 2005. Willow thickets protect young aspen from elk browsing after wolf re-

introduction. Western North American Naturalist. 65(1): 118-122.  

https://scholarsarchive.byu.edu/wnan/vol65/iss1/14/  

Ripple, W.J.; Beschta, R.L. 2007. Restoring Yellowstone’s aspen with wolves. Biological Conservation. 

138(3-4): 514-519. doi:10.1016/j.biocon.2007.05.006 

http://www.treesearch.fs.fed.us/pubs/5593
https://books.google.com/books/download/Aspen_Grove_Use_by_Deer_Elk_and_Cattle_i.pdf?id=NvMfBXZjB2UC&output=pdf&sig=ACfU3U2bu99NdzuFF4MW0lmwieeZjf2ykQ
https://books.google.com/books/download/Aspen_Grove_Use_by_Deer_Elk_and_Cattle_i.pdf?id=NvMfBXZjB2UC&output=pdf&sig=ACfU3U2bu99NdzuFF4MW0lmwieeZjf2ykQ
https://books.google.com/books/download/Aspen_Grove_Use_by_Deer_Elk_and_Cattle_i.pdf?id=NvMfBXZjB2UC&output=pdf&sig=ACfU3U2bu99NdzuFF4MW0lmwieeZjf2ykQ
http://www.fs.fed.us/rm/pubs_exp_forests/manitou/rmrs_1985_reynolds_r001.pdf
https://archive.org/download/aspenstandwaterd27rice/aspenstandwaterd27rice.pdf
https://www.fs.usda.gov/treesearch/pubs/54651
https://www.wildlifeprofessional.org/western/transactions/transactions_2004_11.pdf
https://scholarsarchive.byu.edu/wnan/vol65/iss1/14/


 

 84 

Ripple, W.J.; Beschta, R.L. 2012. Trophic cascades in Yellowstone: The first 15 years after wolf rein-

troduction. Biological Conservation. 145(1): 205-213. doi:10.1016/j.biocon.2011.11.005 

Ripple, W.J.; Larsen, E.J. 2000. Historic aspen recruitment, elk, and wolves in northern Yellowstone 

National Park, USA. Biological Conservation. 95(3): 361-370. doi:10.1016/S0006-3207(00)00014-8 

Ripple, W.J.; Larsen, E.J. 2001. The role of postfire coarse woody debris in aspen regeneration. West-

ern Journal of Applied Forestry. 16(2): 61-64. doi:10.1093/wjaf/16.2.61 

Ripple, W.J.; Larsen, E.J.; Renkin, R.A.; Smith, D.W. 2001. Trophic cascades among wolves, elk and 

aspen on Yellowstone National Park’s northern range. Biological Conservation. 102(3): 227-234. 

doi:10.1016/S0006-3207(01)00107-0 

Rogers, P. 2002. Using forest health monitoring to assess aspen forest cover change in the southern 

Rockies ecoregion. Forest Ecology and Management. 155(1-3): 223-236.  

doi:10.1016/S0378-1127(01)00560-6 

Rogers, P.C. 2017. Guide to quaking aspen ecology and management, with emphasis on Bureau of Land 

Management lands in the western United States. BLM-UT-G1017-001-8000. Logan, UT: Utah State 

University, Wildland Resources Department and Ecology Center, Western Aspen Alliance; U.S. De-

partment of the Interior, Bureau of Land Management. 96 p.  

https://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=8606&context=aspen_bib  

Rogers, P.C.; McAvoy, D.J. 2018. Mule deer impede Pando’s recovery: Implications for aspen resilience 

from a single-genotype forest. PLoS ONE. 13(10): e0203619 (19 p).  

doi:10.1371/journal.pone.0203619 

Rogers, P.C.; Mittanck, C.M. 2014. Herbivory strains resilience in drought-prone aspen landscapes of 

the western United States. Journal of Vegetation Science. 25(2): 457-469. doi:10.1111/jvs.12099 

Rogers, P.C.; Ryel, R.J. 2008. Lichen community change in response to succession in aspen forests of 

the southern Rocky Mountains. Forest Ecology and Management. 256(10): 1760-1770. 

doi:10.1016/j.foreco.2008.05.043 

Rogers, P.C.; Shepperd, W.D.; Bartos, D.L. 2007a. Aspen in the Sierra Nevada: regional conservation 

of a continental species. Natural Areas Journal. 27(2): 183-193.  

doi:10.3375/0885-8608(2007)27[183:AITSNR]2.0.CO;2 

Rogers, P.C.; Rosentreter, R.; Ryel, R.J. 2007b. Aspen indicator species in lichen communities in the 

Bear River range of Idaho and Utah. Evansia. 24(2): 34-41. doi:10.1639/0747-9859-24.2.34 

Rogers, P.C.; Leffler, A.J.; Ryel, R.J. 2010. Landscape assessment of a stable aspen community in 

southern Utah, USA. Forest Ecology and Management. 259(3): 487-495. 

doi:10.1016/j.foreco.2009.11.005 

Rogers, P.C.; Eisenberg, C.; St. Clair, S.B. 2013. Resilience in quaking aspen: Recent advances and 

future needs. Forest Ecology and Management. 299: 1-5. doi:10.1016/j.foreco.2012.11.008 

Rogers, P.C.; Landhäusser, S.M.; Pinno, B.D.; Ryel, R.J. 2014. A functional framework for improved 

management of western North American aspen (Populus tremuloides Michx.). Forest Science. 60(2): 

345-359. doi:10.5849/forsci.12-156 

Rogers, P.C.; Jones, A.; Catlin, J.; Shuler, J.; Morris, A.; Kuhns, M. 2015. Quaking aspen in the resi-

dential-wildland interface: Elk herbivory hinders forest conservation. Natural Areas Journal. 35(3): 

416-427. doi:10.3375/043.035.0305 

Rolf, J.M. 2001. Aspen fencing in northern Arizona: A 15-year perspective. In: Shepperd, W.D.; Bin-

kley, D.; Bartos, D.L.; Stohlgren, T.J.; Eskew, L.G., comps. Sustaining aspen in western landscapes: 

Symposium proceedings. Proceedings RMRS-P-18. Fort Collins, CO: USDA Forest Service, Rocky 

https://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=8606&context=aspen_bib


 

 85 

Mountain Research Station: 193-196. https://www.fs.usda.gov/treesearch/pubs/35819  

Romme, W.H.; Turner, M.G.; Gardner, R.H.; Hargrove, W.W.; Tuskan, G.A.; Despain, D.G.; Ren-

kin, R.A. 1997. A rare episode of sexual reproduction in aspen (Populus tremuloides Michx.) follow-

ing the 1988 Yellowstone fires. Natural Areas Journal. 17(1): 17-25.  

http://landscape.zoology.wisc.edu/people/Turner/RommeNAJ1997.pdf  

Romme, W.H.; Turner, M.G.; Tuskan, G.A.; Reed, R.A. 2005. Establishment, persistence, and growth 

of aspen (Populus tremuloides) seedlings in Yellowstone National Park. Ecology. 86(2): 404-418. 

doi:10.1890/03-4093 

Rose, A.H. 1958. The effect of defoliation on foliage production and radial growth of quaking aspen. For-

est Science. 4(4): 335-342. doi:10.1093/forestscience/4.4.335 

Roth, D.A. 1983. Leaf diseases of poplars, aspens, and cottonwoods in Wyoming. B-713R. Laramie, 

WY: University of Wyoming, Agricultural Extension Service. 4 p. 

Rouse, C. 1986. Fire effects in northeastern forests: aspen. Gen. Tech. Rep. NC-102. St. Paul, MN: U.S. 

Department of Agriculture, Forest Service, North Central Forest Experiment Station. 8 p. 

https://www.fs.usda.gov/treesearch/pubs/10166  

Ruark, G.A.; Bockheim, J.G. 1988. Biomass, net primary production, and nutrient distribution for an 

age sequence of Populus tremuloides ecosystems. Canadian Journal of Forest Research. 18(4): 435-

443. doi:10.1139/x88-064 

Ruark, G.A.; Martin, G.L.; Bockheim, J.G. 1987. Comparison of constant and variable allometric ra-

tios for estimating Populus tremuloides biomass. Forest Science. 33(2): 294-300.  

doi:10.1093/forestscience/33.2.294 

Rumble, M.A.; Pella, T.; Sharps, J.C.; Carter, A.V.; Parrish, J.B. 1996. Effects of logging slash on 

aspen regeneration in grazed clearcuts. Prairie Naturalist. 28(4): 199-210.  

http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1088&context=usdafsfacpub  

Sampson, A.W. 1919. Effect of grazing upon aspen reproduction. Bulletin No. 741. Washington, DC: 

U.S. Department of Agriculture. 29 p. http://www.fs.fed.us/r6/uma/publications/history/Sampson.pdf 

Sankey, T.T. 2008. Learning from spatial variability: Aspen persistence in the Centennial Valley, Mon-

tana. Forest Ecology and Management. 255(3-4): 1219-1225. doi:10.1016/j.foreco.2007.10.041 

Schaedle, M.; Foote, K.C. 1971. Seasonal changes in the photosynthetic capacity of Populus tremuloides 

bark. Forest Science. 17(3): 308-313. doi:10.1093/forestscience/17.3.308 

Schafer, A.; Man, R.; Chen, H.Y.H.; Lu, P. 2014. Effects of post-windthrow management interventions 

on understory plant communities in aspen-dominated boreal forests. Forest Ecology and Manage-

ment. 323: 39-46. doi:10.1016/j.foreco.2014.03.030 

Schier, G.A. 1973a. Effects of gibberellic acid and an inhibitor of gibberellin action on suckering from 

aspen root cuttings. Canadian Journal of Forest Research. 3(1): 39-44. doi:10.1139/x73-006 

Schier, G.A. 1973b. Origin and development of aspen root suckers. Canadian Journal of Forest Research. 

3(1): 45-53. doi:10.1139/x73-007 

Schier, G.A. 1973c. Seasonal variation in sucker production from excised roots of Populus tremuloides 

and the role of endogenous auxin. Canadian Journal of Forest Research. 3(3): 459-461. 

doi:10.1139/x73-067 

Schier, G.A. 1975a. Deterioration of aspen clones in the middle Rocky Mountains. Res. Pap. INT-170. 

Ogden, UT: USDA Forest Service, Intermountain Forest and Range Experiment Station. 14 p. 

https://archive.org/download/deteriorationofa170schi/deteriorationofa170schi.pdf  

https://www.fs.usda.gov/treesearch/pubs/35819
http://landscape.zoology.wisc.edu/people/Turner/RommeNAJ1997.pdf
https://www.fs.usda.gov/treesearch/pubs/10166
http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1088&context=usdafsfacpub
http://www.fs.fed.us/r6/uma/publications/history/Sampson.pdf
https://archive.org/download/deteriorationofa170schi/deteriorationofa170schi.pdf


 

 86 

Schier, G.A. 1975b. Promotion of sucker development on Populus tremuloides root cuttings by an 

antiauxin. Canadian Journal of Forest Research. 5(2): 338-340. doi:10.1139/x75-046 

Schier, G.A. 1976. Physiological and environmental factors controlling vegetative regeneration of aspen. 

In: USDA Forest Service. Utilization and marketing as tools for aspen management in the Rocky 

Mountains: Proceedings of the symposium. Gen. Tech. Rep. RM-29. Fort Collins, CO: USDA Forest 

Service, Rocky Mountain Forest and Range Experiment Station: 20-23.  

https://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=5966&context=aspen_bib  

Schier, G.A. 1978a. Variation in suckering capacity among and within lateral roots of an aspen clone. 

Res. Note INT-241. Ogden, UT: USDA Forest Service, Intermountain Forest and Range Experiment 

Station. 7 p. https://archive.org/download/variationinsucke241schi/variationinsucke241schi.pdf  

Schier, G.A. 1978b. Vegetative propagation of Rocky Mountain aspen. Gen. Tech. Rep. INT-44. Ogden, 

UT: USDA Forest Service, Intermountain Forest and Range Experiment Station. 13 p.  

https://archive.org/download/CAT31304146/CAT31304146.pdf  

Schier, G.A. 1979. Shoot development in young aspen. Res. Note INT-275. Ogden, UT: USDA Forest 

Service, Intermountain Forest and Range Experiment Station. 4 p.  

https://archive.org/download/shootdevelopment275schi/shootdevelopment275schi.pdf  

Schier, G.A. 1980. Rooting stem cuttings from aspen seedlings. Res. Note INT-282. Ogden, UT: USDA 

Forest Service, Intermountain Forest and Range Experiment Station. 4 p.  

https://archive.org/download/rootingstemcutti282schi/rootingstemcutti282schi.pdf  

Schier, G.A.; Campbell, R.B. 1978a. Aspen sucker regeneration following burning and clearcutting on 

two sites in the Rocky Mountains. Forest Science. 24(2): 303-308. doi:10.1093/forestscience/24.2.303 

Schier, G.A.; Campbell, R.B. 1978b. Effect of cold storage on development of suckers on aspen root 

cuttings. Res. Note INT-248. Ogden, UT: USDA Forest Service, Intermountain Forest and Range Ex-

periment Station. 8 p.  

https://archive.org/download/effectofcoldstor248schi/effectofcoldstor248schi.pdf  

Schier, G.A.; Campbell, R.B. 1980. Variation among healthy and deteriorating aspen clones. Res. Pap. 

INT-264. Ogden, UT: USDA Forest Service, Intermountain Forest and Range Experiment Station. 12 

p. https://archive.org/download/variationamonghe264schi/variationamonghe264schi.pdf  

Schier, G.A.; Johnston, R.S. 1971. Clonal variation in total nonstructural carbohydrates of trembling as-

pen roots in three Utah areas. Canadian Journal of Forest Research. 1(4): 252-255.  

doi:10.1139/x71-035 

Schier, G.A.; Smith, A.D. 1979. Sucker regeneration in a Utah aspen clone after clearcutting, partial cut-

ting, scarification and girdling. Res. Note INT-253. Ogden, UT: USDA Forest Service, Intermountain 

Forest and Range Experiment Station. 6 p.  

https://archive.org/download/suckerregenerati253schi/suckerregenerati253schi.pdf  

Schier, G.A.; Zasada, J.C. 1973. Role of carbohydrate reserves in the development of root suckers in 

Populus tremuloides. Canadian Journal of Forest Research. 3(2): 243-250. doi:10.1139/x73-033 

Schier, G.A.; Shepperd, W.D.; Jones, J.R. 1985a. Regeneration. In: DeByle, N.V.; Winokur, R.P. As-

pen: ecology and management in the western United States. Gen. Tech. Rep. RM-119. Fort Collins, 

CO: USDA Forest Service, Rocky Mountain Forest and Range Experiment Station: 197-208. 

https://www.fs.usda.gov/treesearch/pubs/27796  

Schier, G.A.; Jones, J.R.; Winokur, R.P. 1985b. Vegetative regeneration. In: DeByle, N.V.; Winokur, 

R.P. Aspen: ecology and management in the western United States. Gen. Tech. Rep. RM-119. Fort 

Collins, CO: USDA Forest Service, Rocky Mountain Forest and Range Experiment Station: 29-33. 

https://www.fs.usda.gov/treesearch/pubs/27776  

https://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=5966&context=aspen_bib
https://archive.org/download/variationinsucke241schi/variationinsucke241schi.pdf
https://archive.org/download/CAT31304146/CAT31304146.pdf
https://archive.org/download/shootdevelopment275schi/shootdevelopment275schi.pdf
https://archive.org/download/rootingstemcutti282schi/rootingstemcutti282schi.pdf
https://archive.org/download/effectofcoldstor248schi/effectofcoldstor248schi.pdf
https://archive.org/download/variationamonghe264schi/variationamonghe264schi.pdf
https://archive.org/download/suckerregenerati253schi/suckerregenerati253schi.pdf
https://www.fs.usda.gov/treesearch/pubs/27796
https://www.fs.usda.gov/treesearch/pubs/27776


 

 87 

Schimpf, D.J.; Henderson, J.A.; MacMahon, J.A. 1980. Some aspects of succession in the spruce-fir 

forest zone of northern Utah. Great Basin Naturalist. 40(1): 1-26.  

https://scholarsarchive.byu.edu/gbn/vol40/iss1/1  

Schmitt, C.L. 1995. Aspen clone health in enclosures on the North Fork John Day RD, Umatilla NF. 

BMZ-96-03. Baker City, OR: USDA Forest Service, Pacific Northwest Region, Blue Mountain Pest 

Management Zone, Wallowa-Whitman National Forest. 7 p. 

Schmitt, C.L. 1996. Important insects and diseases of wetland hardwoods in the Blue and Wallowa 

Mountains – with an emphasis on aspen. BMZ-96-06. Baker City, OR: USDA Forest Service, Pacific 

Northwest Region, Blue Mountain Pest Management Zone, Wallowa-Whitman National Forest. 18 p. 

https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fsbdev2_026130.pdf  

Scott, V.E.; Crouch, G.L. 1987. Response of breeding birds to commercial clearcutting of aspen in 

southwestern Colorado. Res. Note RM-475. Fort Collins, CO: USDA Forest Service, Rocky Moun-

tain Forest and Range Experiment Station. 5 p.  

https://www.archive.org/download/IND87075288/IND87075288.pdf  

Scott, V.E.; Crouch, G.L. 1988a. Breeding birds and small mammals in pole-sized lodgepole pine and 

small inclusions of aspen in central Colorado. Res. Note RM-482. Fort Collins, CO: USDA Forest 

Service, Rocky Mountain Forest and Range Experiment Station. 4 p.  

https://archive.org/download/IND88005351/IND88005351.pdf  

Scott, V.E.; Crouch, G.L. 1988b. Breeding birds in uncut aspen and 6- to 10-year-old clearcuts in south-

western Colorado. Fort Collins, CO: USDA Forest Service, Rocky Mountain Forest and Range Ex-

periment Station. 5 p. https://books.google.com/books/download/Breeding_Birds_in_Uncut_As-

pen_and_6_to_1.pdf?id=ccuLuOoeZIcC&output=pdf&sig=ACfU3U27upIR6FGv-EBYIIb-

GCZjAT9WPjw  

Seager, S.T.; Markus, A.; Krommes, A.J. 2013. Aspen restoration strategy for the Fremont-Winema 

National Forest. Corvallis, OR: Oregon State University. 51 p. 

Seager, S.T.; Eisenberg, C.; St. Clair, S.B. 2013. Patterns and consequences of ungulate herbivory on 

aspen in western North America. Forest Ecology and Management. 299: 81-90. 

doi:10.1016/j.foreco.2013.02.017 

Severson, K.E. 1982. Production and nutritive value of aspen understory, Black Hills. Journal of Range 

Management. 35(6): 786-789.  

https://journals.uair.arizona.edu/index.php/jrm/article/download/7445/7057  

Severson, K.E.; Kranz, J.J. 1976. Understory production not predictable from aspen basal area or den-

sity. Res. Note RM-314. Fort Collins, CO: USDA Forest Service, Rocky Mountain Forest and Range 

Experiment Station. 4 p. https://archive.org/download/CAT77679976/CAT77679976.pdf  

Severson, K.E.; Thilenius, J.F. 1976. Classification of quaking aspen stands in the Black Hills and Bear 

Lodge Mountains. Res. Pap. RM-166. Fort Collins, CO: USDA Forest Service, Rocky Mountain For-

est and Range Experiment Station. 24 p.  

https://archive.org/download/CAT92273539/CAT92273539.pdf  

Sexton, J.O.; Ramsey, R.D.; Bartos, D.L. 2006. Habitone analysis of quaking aspen in the Utah Book 

Cliffs: Effects of site water demand and conifer cover. Ecological Modelling. 198(3): 301-311. 

doi:10.1016/j.ecolmodel.2006.04.024 

Shenoy, A.; Kielland, K.; Johnstone, J.F. 2013. Effects of fire severity on plant nutrient uptake rein-

force alternate pathways of succession in boreal forests. Plant Ecology. 214(4): 587-596. 

doi:10.1007/s11258-013-0191-0 

Shepperd, W.D. 1981. Stand characteristics of Rocky Mountain aspen. In: DeByle, N.V., ed. Situation 

https://scholarsarchive.byu.edu/gbn/vol40/iss1/1
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fsbdev2_026130.pdf
https://www.archive.org/download/IND87075288/IND87075288.pdf
https://archive.org/download/IND88005351/IND88005351.pdf
https://books.google.com/books/download/Breeding_Birds_in_Uncut_Aspen_and_6_to_1.pdf?id=ccuLuOoeZIcC&output=pdf&sig=ACfU3U27upIR6FGv-EBYIIbGCZjAT9WPjw
https://books.google.com/books/download/Breeding_Birds_in_Uncut_Aspen_and_6_to_1.pdf?id=ccuLuOoeZIcC&output=pdf&sig=ACfU3U27upIR6FGv-EBYIIbGCZjAT9WPjw
https://books.google.com/books/download/Breeding_Birds_in_Uncut_Aspen_and_6_to_1.pdf?id=ccuLuOoeZIcC&output=pdf&sig=ACfU3U27upIR6FGv-EBYIIbGCZjAT9WPjw
https://journals.uair.arizona.edu/index.php/jrm/article/download/7445/7057
https://archive.org/download/CAT77679976/CAT77679976.pdf
https://archive.org/download/CAT92273539/CAT92273539.pdf


 

 88 

management of two intermountain species: aspen and coyotes. Volume I. Aspen. Logan, UT: Utah 

State University, College of Natural Resources: 22-30.  

https://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=5249&context=aspen_bib  

Shepperd, W.D. 1990. A classification of quaking aspen in the central Rocky Mountains based on 

growth and stand characteristics. Western Journal of Applied Forestry. 5(3): 69-75. 

doi:10.1093/wjaf/5.3.69 

Shepperd, W.D. 1993. The effect of harvesting activities on soil compaction, root damage, and suckering 

in Colorado aspen. Western Journal of Applied Forestry. 8(2): 62-66. doi:10.1093/wjaf/8.2.62 

Shepperd, W.D. 1993. Initial growth, development, and clonal dynamics of regenerated aspen in the 

Rocky Mountains. Res. Pap. RM-312. Fort Collins, CO: USDA Forest Service, Rocky Mountain For-

est and Range Experiment Station. 8 p.  

https://archive.org/download/IND20362807/IND20362807.pdf  

Shepperd, W.D. 1996. Response of aspen root suckers to regeneration methods and post-harvest protec-

tion. Res. Pap. RM-RP-324. Fort Collins, CO: USDA Forest Service, Rocky Mountain Forest and 

Range Experiment Station. 8 p. https://archive.org/download/IND20549718/IND20549718.pdf  

Shepperd, W.D. 2001. Manipulations to regenerate aspen ecosystems. In: Shepperd, W.D.; Binkley, D.; 

Bartos, D.L.; Stohlgren, T.J.; Eskew, L.G., comps. Sustaining aspen in western landscapes: sympo-

sium proceedings. Proceedings RMRS-P-18. Fort Collins, CO: USDA Forest Service, Rocky Moun-

tain Research Station: 355-366. https://www.fs.usda.gov/treesearch/pubs/35842  

Shepperd, W.D. 2004. Techniques to restore aspen forests in the western U.S. Transactions of the West-

ern Section of the Wildlife Society. 40: 52-60.  

https://www.wildlifeprofessional.org/western/transactions/transactions_2004_9.pdf  

Shepperd, W.D.; Mata, S.A. 2005. Planting aspen to rehabilitate riparian areas: A pilot study. Res. Note 

RMRS-RN-26. Fort Collins, CO: USDA Forest Service, Rocky Mountain Research Station. 5 p. 

https://www.fs.usda.gov/treesearch/pubs/20629  

Shepperd, W.D.; Mowrer, H.T. 1984. Whole stand volume tables for quaking aspen in the Rocky 

Mountains. Res. Note RM-440. Fort Collins, CO: USDA Forest Service, Rocky Mountain Forest and 

Range Experiment Station. 5 p. https://www.fs.usda.gov/treesearch/pubs/23933  

Shepperd, W.D.; Smith, F.W. 1993. The role of near-surface lateral roots in the life cycle of aspen in the 

central Rocky Mountains. Forest Ecology and Management. 61(1-2): 157-170.  

doi:10.1016/0378-1127(93)90196-T 

Shepperd, W.D.; Bartos, D.L.; Mata, S.A. 2001a. Above- and below-ground effects of aspen clonal re-

generation and succession to conifers. Canadian Journal of Forest Research. 31(5): 739-745. 

doi:10.1139/cjfr-31-5-739 

Shepperd, W.D.; Binkley, D.; Bartos, D.L.; Stohlgren, T.J.; Eskew, L.G., comps. 2001b. Sustaining 

aspen in western landscapes: symposium proceedings. Proceedings RMRS-P-18. Fort Collins, CO: 

USDA Forest Service, Rocky Mountain Research Station. 460 p. 

https://www.fs.usda.gov/treesearch/pubs/4696  

Shepperd, W.D.; Reichert, D.R.; Mata, S.A. 2004. Overwinter storage of carbohydrate in aspen. Trans-

actions of the Western Section of the Wildlife Society. 40: 45-48.  

https://www.wildlifeprofessional.org/western/transactions/transactions_2004_7.pdf  

Shepperd, W.D.; Rogers, P.C.; Burton, D.; Bartos, D.L. 2006. Ecology, biodiversity, management, 

and restoration of aspen in the Sierra Nevada. Gen. Tech. Rep. RMRS-GTR-178. Fort Collins, CO: 

USDA Forest Service, Rocky Mountain Research Station. 122 p. 

https://www.fs.usda.gov/treesearch/pubs/24485  

https://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=5249&context=aspen_bib
https://archive.org/download/IND20362807/IND20362807.pdf
https://archive.org/download/IND20549718/IND20549718.pdf
https://www.fs.usda.gov/treesearch/pubs/35842
https://www.wildlifeprofessional.org/western/transactions/transactions_2004_9.pdf
https://www.fs.usda.gov/treesearch/pubs/20629
https://www.fs.usda.gov/treesearch/pubs/23933
https://www.fs.usda.gov/treesearch/pubs/4696
https://www.wildlifeprofessional.org/western/transactions/transactions_2004_7.pdf
https://www.fs.usda.gov/treesearch/pubs/24485


 

 89 

Shepperd, W.D.; Smith, F.W.; Pelz, K.A. 2015. Group clearfell harvest can promote regeneration of 

aspen forests affected by sudden aspen decline in western Colorado. Forest Science. 61(5): 932-937. 

doi:10.5849/forsci.14-101 

Shields, W.J., Jr.; Bockheim, J.G. 1981. Deterioration of trembling aspen clones in the Great Lakes re-

gion. Canadian Journal of Forest Research. 11(3): 530-537. doi:10.1139/x81-073 

Shinneman, D.J.; McIlroy, S.K. 2019. Climate and disturbance influence self-sustaining stand dynamics 

of aspen (Populus tremuloides) near its range margin. Ecological Applications. 29(6): e01948 (15 p). 

doi:10.1002/eap.1948 

Shinneman, D.J.; Baker, W.L.; Rogers, P.C.; Kulakowski, D. 2013. Fire regimes of quaking aspen in 

the mountain West. Forest Ecology and Management. 299: 22-34. doi:10.1016/j.foreco.2012.11.032 

Shinneman, D.J.; Halford, A.S.; Howell, C.; Krasnow, K.D.; Strand, E.K. 2015. Management of as-

pen in a changing environment. [Place of publication unknown]: [Publisher unknown]. 8 p.  

Aspen-in-a-Changing-Environment-Grt-Basin-fs-12  

Shinneman, D.J.; Krasnow, K.D.; McIlroy, S.K. 2015. The role of fire in aspen ecology and restora-

tion. WAA Brief #3. Logan, UT: Western Aspen Alliance; Utah State University, Extension. 2 p. 

www.western-aspen-alliance.org  

Shirley, H.L. 1931. Does light burning stimulate aspen suckers? Journal of Forestry. 29(4): 524-525. 

doi:10.1093/jof/29.4.524 

Shirley, H.L. 1932. Does light burning stimulate aspen suckers? II. Journal of Forestry. 30(4): 419-420. 

doi:10.1093/jof/30.4.419 

Shirley, D.M.; Erickson, V. 2001. Aspen restoration in the Blue Mountains of northeast Oregon. In: 

Shepperd, W.D.; Binkley, D.; Bartos, D.L.; Stohlgren, T.J.; Eskew, L.G., comps. Sustaining aspen in 

western landscapes: symposium proceedings. Proceedings RMRS-P-18. Fort Collins, CO: USDA 

Forest Service, Rocky Mountain Research Station: 101-115. 

https://www.fs.usda.gov/treesearch/pubs/35810  

Shiue, C.-J.; Hossfeld, R.L.; Rees, L.W. 1958. Absorption and translocation of 2,4,5-trichlorophenoxya-

cetic acid derivatives in quaking aspen. Forest Science. 4(4): 319-324.  

doi:10.1093/forestscience/4.4.319 

Sibal, P.V.; Boyer, J.L.; Bradley, D.P. 1984. Log merchandising in aspen. Journal of Forestry. 82(7): 

420-425. doi:10.1093/jof/82.7.420 

Slesak, R.A. 2013. Soil temperature following logging-debris manipulation and aspen regrowth in Min-

nesota: Implications for sampling depth and alteration of soil processes. Soil Science Society of 

America Journal. 77(5): 1818-1824. doi:10.2136/sssaj2013.01.0022 

Smith, A.E.; Smith, F.W. 2005. Twenty-year change in aspen dominance in pure aspen and mixed as-

pen/conifer stands on the Uncompahgre Plateau, Colorado, USA. Forest Ecology and Management. 

213(1-3): 338-348. doi:10.1016/j.foreco.2005.03.018 

Smith, E.A.; O’Loughlin, D.; Buck, J.R.; St. Clair, S.B. 2011. The influences of conifer succession, 

physiographic conditions and herbivory on quaking aspen regeneration after fire. Forest Ecology and 

Management. 262(3): 325-330. doi:10.1016/j.foreco.2011.03.038 

Smith, D.S.; Fettig, S.M.; Bowker, M.A. 2016. Elevated Rocky Mountain elk numbers prevent positive 

effects of fire on quaking aspen (Populus tremuloides) recruitment. Forest Ecology and Management. 

362: 46-54. doi:10.1016/j.foreco.2015.11.020 

Soderquist, B.S.; Kavanagh, K.L.; Link, T.E.; Seyfried, M.S.; Winstral, A.H. 2018. Simulating the 

https://www.sagegrouseinitiative.com/wp-content/uploads/2015/10/Aspen-in-a-Changing-Environment-Grt-Basin-fs-12.pdf
http://www.western-aspen-alliance.org/
https://www.fs.usda.gov/treesearch/pubs/35810


 

 90 

dependence of aspen (Populus tremuloides) on redistributed snow in a semi-arid watershed. Eco-

sphere. 9(1): e02068 (19 p). doi:10.1002/ecs2.2068 

Spada, B.; Bones, J.T.; Hightree, P.E.; Hazard, J.; Kennedy, J.; Geiger, P.H.; Orr, W.; Harden, C. 

1957. Forest type map of Wallowa County, Oregon. Portland, OR: USDA Forest Service, Pacific 

Northwest Forest and Range Experiment Station. 1:63,360; polyconic projection; thematic map. 

Stam, B.R.; Malechek, J.C.; Bartos, D.L.; Bowns, J.E.; Godfrey, E.B. 2008. Effect of conifer en-

croachment into aspen stands on understory biomass. Rangeland Ecology and Management. 61(1): 

93-97. https://www.jstor.org/stable/25146754  

Starr, G.H. 1971. Propagation of aspen trees from lateral roots. Journal of Forestry. 69(12): 866-867. 

doi:10.1093/jof/69.12.866 

St. Clair, S.B.; Cavard, X.; Bergeron, Y. 2013. The role of facilitation and competition in the develop-

ment and resilience of aspen forests. Forest Ecology and Management. 299: 91-99. 

doi:10.1016/j.foreco.2013.02.026 

Steed, B.E.; Kearns, H.S.J. 2010. Damage agents and condition of mature aspen stands in Montana and 

northern Idaho. Numbered Report 10-03. Missoula, MT: USDA Forest Service, Northern Region, 

Forest Health Protection. 26 p.  

https://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=8205&context=aspen_bib  

Steneker, G.A. 1973. The size of trembling aspen (Populus tremuloides Michx.) clones in Manitoba. Ca-

nadian Journal of Forest Research. 3(4): 472-478. doi:10.1139/x73-070 

Steneker, G.A. 1974. Factors affecting the suckering of trembling aspen. Forestry Chronicle. 50(1): 32-

34. doi:10.5558/tfc50032-1 

Steneker, G.A. 1976. Guide to the silvicultural management of trembling aspen in the prairie provinces. 

Infor. Rep. NOR-X-164. Edmonton, AB: Canadian Forestry Service, Northern Forest Research Cen-

tre. 6 p. http://cfs.nrcan.gc.ca/pubwarehouse/pdfs/12097.pdf  

Stevens-Rumann, C., Morgan, P., Strand, E. 2017. Quaking aspen in the northern Rockies: Considera-

tions for retention and restoration. Northern Rockies Fire Science Network Science Review No. 3. 

Available online at: https://www.nrfirescience.org/resource/15373  

Stewart, J.D.; Landhäusser, S.M.; Stadt, K.J.; Lieffers, V.J. 2000. Regeneration of white spruce under 

aspen canopies: seeding, planting, and site preparation. Western Journal of Applied Forestry. 15(4): 

177-182. doi:10.1093/wjaf/15.4.177 

Stoeckeler, J.H. 1948. The growth of quaking aspen as affected by soil properties and fire. Journal of 

Forestry. 46(10): 727-737. doi:10.1093/jof/46.10.727 

Stoeckeler, J.H. 1961. Organic layers in Minnesota aspen stands and their role in soil improvement. For-

est Science. 7(1): 66-71. doi:10.1093/forestscience/7.1.66 

Strain, B.R.; Johnson, P.L. 1963. Corticular photosynthesis and growth in Populus tremuloides. Ecol-

ogy. 44(3): 581-584. doi:10.2307/1932541 

Strand, E.K.; Vierling, L.A.; Bunting, S.C. 2009a. A spatially explicit model to predict future land-

scape composition of aspen woodlands under various management scenarios. Ecological Modelling. 

220(2): 175-191. doi:10.1016/j.ecolmodel.2008.09.010 

Strand, E.K.; Vierling, L.A.; Bunting, S.C.; Gessler, P.E. 2009b. Quantifying successional rates in 

western aspen woodlands: current conditions, future predictions. Forest Ecology and Management. 

257(8): 1705-1715. doi:10.1016/j.foreco.2009.01.026 

Strand, E.K.; Bunting, S.C.; Steinhorst, R.K.; Garrett, L.K.; Dicus, G.H. 2009c. Upper Columbia 

https://www.jstor.org/stable/25146754
https://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=8205&context=aspen_bib
http://cfs.nrcan.gc.ca/pubwarehouse/pdfs/12097.pdf
https://www.nrfirescience.org/resource/15373


 

 91 

Basin Network aspen monitoring protocol: Narrative version 1.0. Natural Resource Report 

NPS/UCBN/NRR—2009/147. Fort Collins, CO: U.S. Department of the Interior, National Park Ser-

vice, Natural Resource Program Center. 53 p. https://irma.nps.gov/DataStore/DownloadFile/481756  

Strand, E.K.; Bunting, S.C.; Steinhorst, R.K.; Garrett, L.K.; Dicus, G.H. 2009d. Upper Columbia 

Basin Network aspen monitoring protocol: Standard operating procedures version 1.0. Natural Re-

source Report NPS/UCBN/NRR—2009/147. Fort Collins, CO: U.S. Department of the Interior, Na-

tional Park Service, Natural Resource Program Center. 109 p.  

https://irma.nps.gov/DataStore/DownloadFile/481757  

Strong, W.L. 2004. Secondary vegetation and floristic succession within a boreal aspen (Populus tremu-

loides Michx.) clearcut. Canadian Journal of Botany. 82(11): 1576-1585. doi:10.1139/b04-120 

Strong, W.L.; La Roi, G.H. 1983. Root-system morphology of common boreal forest trees in Alberta, 

Canada. Canadian Journal of Forest Research. 13(6): 1164-1173. doi:10.1139/x83-155 

Strong, N.; Welch, T.; Littlefield, B.; Stringer, D. 2010. Land manager's guide to aspen management in 

Oregon. EM 9005. Corvallis, OR: Oregon State University, Extension Service. 79 p.  

http://ir.library.oregonstate.edu/jspui/handle/1957/18399  

Strothmann, R.O.; Zasada, Z.A. 1957. Silvical characteristics of quaking aspen (Populus tremuloides). 

Station Paper No. 49. St. Paul, MN: USDA Forest Service, Lake States Forest Experiment Station. 26 

p. https://archive.org/download/unset49stro/unset49stro.pdf  

Sucoff, E. 1982. Water relations of the aspens. Tech. Bull. 338. St. Paul, MN: University of Minnesota, 

Agricultural Experiment Station. 36 p.  

https://conservancy.umn.edu/bitstream/handle/11299/109378/1/TB338.pdf  

Suzuki, K.; Suzuki, H.; Binkley, D.; Stohlgren, T.J. 1999. Aspen regeneration in the Colorado Front 

Range: differences at local and landscape scales. Landscape Ecology. 14(3): 231-237. 

doi:10.1023/A:1008062514060 

Swanson, R.H.; Rothwell, R.L. 2001. Hydrologic recovery of aspen clearcuts in northwestern Alberta. 

In: Shepperd, W.D.; Binkley, D.; Bartos, D.L.; Stohlgren, T.J.; Eskew, L.G., comps. Sustaining aspen 

in western landscapes: Symposium proceedings. Proceedings RMRS-P-18. Fort Collins, CO: USDA 

Forest Service, Rocky Mountain Research Station: 121-136. 

https://www.fs.usda.gov/treesearch/pubs/35813  

Swanson, D.K.; Schmitt, C.L.; Shirley, D.M.; Erickson, V.; Schuetz, K.J.; Tatum, M.L.; Powell, 

D.C. 2010. Aspen biology, community classification, and management in the Blue Mountains. Gen. 

Tech. Rep. PNW-GTR-806. Portland, OR: USDA Forest Service, Pacific Northwest Research Sta-

tion. 117 p. http://www.treesearch.fs.fed.us/pubs/35257  

Swift, C.E.; Vierling, K.T.; Hudak, A.T.; Vierling, L.A. 2017. Relationships among vegetation struc-

ture, canopy composition, and avian richness patterns across an aspen-conifer forest gradient. Cana-

dian Journal of Remote Sensing. 43(3): 231-243. doi:10.1080/07038992.2017.1317205 

Taylor, R.V.; Rossman, A.K. 2013. Aspen on the Zumwalt Prairie: Status, trends, and effectiveness of 

fencing to improve stand health on the Zumwalt Prairie Preserve. Enterprise, OR: The Nature Con-

servancy, Northeast Oregon Field Office. 21 p. http://bit.ly/1gglzGt  

Tepley, A.J.; Veblen, T.T. 2015. Spatiotemporal fire dynamics in mixed-conifer and aspen forests in the 

San Juan Mountains of southwestern Colorado, USA. Ecological Monographs. 85(4): 583-603. 

doi:10.1890/14-1496.1 

Tew, R.K. 1967. Soil moisture depletion by aspen in central Utah. Res. Note INT-73. Ogden, UT: USDA 

Forest Service, Intermountain Forest and Range Experiment Station. 8 p.  

Soil_moisture_depletion_by_aspen  

https://irma.nps.gov/DataStore/DownloadFile/481756
https://irma.nps.gov/DataStore/DownloadFile/481757
http://ir.library.oregonstate.edu/jspui/handle/1957/18399
https://archive.org/download/unset49stro/unset49stro.pdf
https://conservancy.umn.edu/bitstream/handle/11299/109378/1/TB338.pdf
https://www.fs.usda.gov/treesearch/pubs/35813
http://www.treesearch.fs.fed.us/pubs/35257
http://bit.ly/1gglzGt
https://books.google.com/books/download/Soil_moisture_depletion_by_aspen_in_cent.pdf?id=HH6T2UbI7toC&output=pdf&sig=ACfU3U3wOxKfL_i7JDF0Y1gL0U_zNd5u4g


 

 92 

Tew, R.K. 1968. Properties of soil under aspen and herb-shrub cover. Res. Note INT-78. Ogden, UT: 

USDA Forest Service, Intermountain Forest and Range Experiment Station. 4 p.  

https://archive.org/download/propertiesofsoil78tewr/propertiesofsoil78tewr.pdf  

Tew, R.K. 1970. Root carbohydrate reserves in vegetative reproduction of aspen. Forest Science. 16(3): 

318-320. doi:10.1093/forestscience/16.3.318 

Tew, R.K.; DeByle, N.V.; Schultz, J.D. 1969. Intraclonal root connections among quaking aspen trees. 

Ecology. 50(5): 920-921. doi:10.2307/1933712 

Thompson, G.; Johnson, A.J. 1900. Map of the state of Oregon showing the classification of lands and 

forests. Washington, DC: U.S. Department of the Interior, Geological Survey. 1:1,000,000; projection 

unknown; 29"  23"; colored thematic map. 

Tshireletso, K.; Malechek, J.C.; Bartos, D.L. 2010. Basal area growth for aspen suckers under simu-

lated browsing on Cedar Mountain, southern Utah, western United States of America. Botswana Jour-

nal of Agriculture and Applied Sciences. 6(2): 71-76. https://www.fs.usda.gov/treesearch/pubs/35752  

Turner, G.T.; Paulsen, H.A., Jr. 1976. Management of mountain grasslands in the central Rockies: the 

status of our knowledge. Res. Pap. RM-161. Fort Collins, CO: USDA Forest Service, Rocky Moun-

tain Forest and Range Experiment Station. 24 p. 

USDA Forest Service. 1912. Instructions for intensive reconnaissance east of the Cascade Mountains, 

District 6. Portland, OR: USDA Forest Service. Unpublished typescript report obtained from National 

Archives, College Park, MD; record group 95. 35 p. 

USDA Forest Service. 1972. Aspen: symposium proceedings. Gen. Tech. Rep. NC-1. St. Paul, MN: 

USDA Forest Service, North Central Forest Experiment Station. 154 p. 

https://www.fs.usda.gov/treesearch/pubs/10066  

USDA Forest Service. 1976. Utilization and marketing as tools for aspen management in the Rocky 

Mountains: Proceedings of the symposium. Gen. Tech. Rep. RM-29. Fort Collins, CO: USDA Forest 

Service, Rocky Mountain Forest and Range Experiment Station. 120 p.  

https://archive.org/download/CAIN779029108/CAIN779029108.pdf  

USDA Forest Service. 1985. Guidelines for managing aspen. Unpublished Report. Lakewood, CO: 

USDA Forest Service, Rocky Mountain Region. 28 p. 

USDA Forest Service. 1990. Land and resource management plan: Umatilla National Forest. Portland, 

OR: USDA Forest Service, Pacific Northwest Region. Irregular pagination. 

http://www.fs.fed.us/r6/uma/projects/90-forestplan-cover.pdf 

USDA Forest Service. 2004. Browsed plant method for young quaking aspen: an annual monitoring 

method for determining the incidence of use on sprouts and young plants during the growing season. 

[Place of publication unknown]: USDA Forest Service, Pacific Southwest Region. 14 p. 

https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fseprd558345.pdf  

USDA Forest Service. 2010. Cobbler II timber sale and fuels reduction project. Final Environmental Im-

pact Statement. Pendleton, OR: USDA Forest Service, Pacific Northwest Region, Umatilla National 

Forest, Walla Walla Ranger District. 766 p. 

https://www.fs.usda.gov/nfs/11558/www/nepa/61203_FSPLT2_028110.pdf  

Van Cleve, K. 1973. Short-term growth response to fertilization in young quaking aspen. Journal of For-

estry. 71(12): 758-759. doi:10.1093/jof/71.12.758 

Vankat, J.L. 2011. Post-1935 changes in forest vegetation of Grand Canyon National Park, Arizona, 

USA: Part 2—Mixed conifer, spruce-fir, and quaking aspen forests. Forest Ecology and Management. 

261(3): 326-341. doi:10.1016/j.foreco.2010.09.015 

https://archive.org/download/propertiesofsoil78tewr/propertiesofsoil78tewr.pdf
https://www.fs.usda.gov/treesearch/pubs/35752
https://www.fs.usda.gov/treesearch/pubs/10066
https://archive.org/download/CAIN779029108/CAIN779029108.pdf
http://www.fs.fed.us/r6/uma/projects/90-forestplan-cover.pdf
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fseprd558345.pdf
https://www.fs.usda.gov/nfs/11558/www/nepa/61203_FSPLT2_028110.pdf


 

 93 

Vyse, A.; Simard, S.W. 2009. Broadleaves in the interior of British Columbia: their extent, use, manage-

ment and prospects for investment in genetic conservation and improvement. Forestry Chronicle. 

85(4): 528-537. doi:10.5558/tfc85528-4 

Wachowski, J.; Landhäusser, S.M.; Lieffers, V.J. 2014. Depth of root placement, root size and carbon 

reserves determine reproduction success of aspen root fragments. Forest Ecology and Management. 

313(0): 83-90. doi:10.1016/j.foreco.2013.11.003 

Wall, R.E. 1971. Variation in decay in aspen stands as affected by their clonal growth pattern. Canadian 

Journal of Forest Research. 1(3): 141-146. doi:10.1139/x71-018 

Wall, T.G.; Miller, R.F.; Svejcar, T.J. 2001. Juniper encroachment into aspen in the northwest Great 

Basin. Journal of Range Management. 54(6): 691-698. doi:10.2458/azu_jrm_v54i6_wall 

Walters, J.W. 1975. An aid to identifying aspen diseases frequently encountered in the southwest. R3-

75-22. Albuquerque, NM: USDA Forest Service, Southwestern Region, State and Private Forestry, 

Forest Insect and Disease Management. 12 p. https://books.google.com/books/down-

load/An_aid_to_identifying_aspen_diseases_fre.pdf?id=1mDgnIfFXmYC&out-

put=pdf&sig=ACfU3U1IWAih7qQQFa5hIUgoGJ3EGtd6cg  

Walters, J.W.; Hinds, T.E.; Johnson, D.W.; Beatty, J. 1982. Effects of partial cutting on diseases, 

mortality, and regeneration of Rocky Mountain aspen stands. Res. Pap. RM-240. Fort Collins, CO: 

USDA Forest Service, Rocky Mountain Forest and Range Experiment Station. 12 p. 

https://www.fs.usda.gov/treesearch/pubs/30451  

Wan, H.Y.; Olson, A.C.; Muncey, K.D.; St. Clair, S.B. 2014. Legacy effects of fire size and severity on 

forest regeneration, recruitment, and wildlife activity in aspen forests. Forest Ecology and Manage-

ment. 329: 59-68. doi:10.1016/j.foreco.2014.06.006 

Wang, G.G. 2003. Early regeneration and growth dynamics of Populus tremuloides suckers in relation to 

fire severity. Canadian Journal of Forest Research. 33(10): 1998-2006. doi:10.1139/x03-123 

Wang, J.R.; Comeau, P.; Kimmins, J.P. 1995. Simulation of mixedwood management of aspen and 

white spruce in northeastern British Columbia. Water, Air, and Soil Pollution. 82(1): 171-178. 

doi:10.1007/bf01182831 

Warner, J.H.; Harper, K.T. 1972. Understory characteristics related to site quality for aspen in Utah. 

Brigham Young University Science Bulletin, Biological Series. 16(2): Article 1 (20 p).  

https://scholarsarchive.byu.edu/byuscib/vol16/iss2/1  

Way, D.A.; Domec, J.-C.; Jackson, R.B. 2013. Elevated growth temperatures alter hydraulic character-

istics in trembling aspen (Populus tremuloides) seedlings: implications for tree drought tolerance. 

Plant, Cell & Environment. 36(1): 103-115. doi:10.1111/j.1365-3040.2012.02557.x 

Weber, M.G. 1990a. Forest soil respiration after cutting and burning in immature aspen ecosystems. For-

est Ecology and Management. 31(1-2): 1-14. doi:10.1016/0378-1127(90)90107-M 

Weber, M.G. 1990b. Response of immature aspen ecosystems to cutting and burning in relation to vernal 

leaf-flush. Forest Ecology and Management. 31(1-2): 15-33. doi:10.1016/0378-1127(90)90108-N 

Weigle, W.G.; Frothingham, E.H. 1911. The aspens: their growth and management. Bulletin No. 93. 

Washington, DC: USDA Forest Service. 35 p.  

https://archive.org/download/aspenstheirgrowt93weig/aspenstheirgrowt93weig.pdf  

Westworth, D.A.; Telfer, E.S. 1993. Summer and winter bird populations associated with five age-clas-

ses of aspen forest in Alberta. Canadian Journal of Forest Research. 23(9): 1830-1836. 

doi:10.1139/x93-233 

https://books.google.com/books/download/An_aid_to_identifying_aspen_diseases_fre.pdf?id=1mDgnIfFXmYC&output=pdf&sig=ACfU3U1IWAih7qQQFa5hIUgoGJ3EGtd6cg
https://books.google.com/books/download/An_aid_to_identifying_aspen_diseases_fre.pdf?id=1mDgnIfFXmYC&output=pdf&sig=ACfU3U1IWAih7qQQFa5hIUgoGJ3EGtd6cg
https://books.google.com/books/download/An_aid_to_identifying_aspen_diseases_fre.pdf?id=1mDgnIfFXmYC&output=pdf&sig=ACfU3U1IWAih7qQQFa5hIUgoGJ3EGtd6cg
https://www.fs.usda.gov/treesearch/pubs/30451
https://scholarsarchive.byu.edu/byuscib/vol16/iss2/1
https://archive.org/download/aspenstheirgrowt93weig/aspenstheirgrowt93weig.pdf


 

 94 

Whitbeck, K.L.; Oetter, D.R.; Perry, D.A.; Fyles, J.W. 2016. Interactions between macroclimate, mi-

croclimate, and anthropogenic disturbance affect the distribution of aspen near its northern edge in 

Quebec: Implications for climate change related range expansions. Forest Ecology and Management. 

368: 194-206. doi:10.1016/j.foreco.2016.03.013 

White, C.A.; Olmsted, C.E.; Kay, C.E. 1998. Aspen, elk, and fire in the Rocky Mountain national parks 

of North America. Wildlife Society Bulletin. 26(3): 449-462. https://www.jstor.org/stable/3783757  

White, C.A.; Feller, M.C.; Bayley, S. 2003. Predation risk and the functional response of elk–aspen her-

bivory. Forest Ecology and Management. 181(1-2): 77-97. doi:10.1016/S0378-1127(03)00119-1 

Wilde, S.A.; Pronin, D.T. 1950. Growth of trembling aspen in relation to ground water and soil organic 

matter. Soil Science Society of America Proceedings. 14: 345-347. 

doi:10.2136/sssaj1950.036159950014000C0080x 

Winternitz, B.L. 1980. Birds in aspen. In: USDA Forest Service. Workshop proceedings: Management 

of western forests and grasslands for nongame birds. Gen. Tech. Rep. INT-86. Ogden, UT: USDA 

Forest Service, Intermountain Forest and Range Experiment Station: 247-257. 

https://www.fs.usda.gov/treesearch/pubs/32969  

Winton, L. 1971. Tissue culture propagation of European aspen. Forest Science. 17(3): 348-350. 

doi:10.1093/forestscience/17.3.348 

Wirth, T.; Maus, P.; Powell, J.; Lachowski, H.; Suzuki, K.; McNamara, J.; Riordan, P.; Brohman, 

R. 1996. Monitoring aspen decline using remote sensing and GIS: Gravelly Mountain landscape, 

southwestern Montana. In: Greer, J.D., ed. Remote sensing: people in partnership with technology; 

proceedings of the sixth Forest Service remote sensing applications conference. Bethesda, MD: 

American Society for Photogrammetry and Remote Sensing: 174-183.  

Wirth, T.; Maus, P.; Powell, J.; Lachowski, H.; Suzuki, K.; McNamara, J.; Riordan, P.; Brohman, 

R. 1997. Monitoring aspen decline using remote sensing and geographic information systems; Grav-

elly Mountain landscape, southwestern Montana. Remote Tips 9701. Salt Lake City, UT: USDA For-

est Service, Remote Sensing Application Center. 4 p. 

Witt, C. 2010. Characteristics of aspen infected with heartrot: implications for cavity-nesting birds. For-

est Ecology and Management. 260(6): 1010-1016. doi:10.1016/j.foreco.2010.06.024 

Wooley, S.C.; Walker, S.; Vernon, J.; Lindroth, R.L. 2008. Aspen decline, aspen chemistry, and elk 

herbivory: Are they linked? Rangelands. 30(1): 17-21.  

doi:10.2111/1551-501X(2008)30[17:ADACAE]2.0.CO;2 

Worrall, J.J.; Fairweather, M.L. 2009. Decay and discoloration of aspen. Forest Insect and Disease 

Leaflet 149. Portland, OR: USDA Forest Service, Pacific Northwest Region. 7 p. 

https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fsbdev2_025656.pdf  

Worrall, J.J.; Egeland, L.; Eager, T.; Mask, R.A.; Johnson, E.W.; Kemp, P.A.; Shepperd, W.D. 

2008. Rapid mortality of Populus tremuloides in southwestern Colorado, USA. Forest Ecology and 

Management. 255(3-4): 686-696. doi:10.1016/j.foreco.2007.09.071 

Worrall, J.J.; Marchetti, S.B.; Egeland, L.; Mask, R.A.; Eager, T.; Howell, B. 2010. Effects and eti-

ology of sudden aspen decline in southwestern Colorado, USA. Forest Ecology and Management. 

260(5): 638-648. doi:10.1016/j.foreco.2010.05.020 

Worrall, J.J.; Rehfeldt, G.E.; Hamann, A.; Hogg, E.H.; Marchetti, S.B.; Michaelian, M.; Gray, 

L.K. 2013. Recent declines of Populus tremuloides in North America linked to climate. Forest Ecol-

ogy and Management. 299: 35-51. doi:10.1016/j.foreco.2012.12.033 

https://www.jstor.org/stable/3783757
https://www.fs.usda.gov/treesearch/pubs/32969
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fsbdev2_025656.pdf


 

 95 

Yang, H.; Man, R. 2018. Effects of partial harvesting on species and structural diversity in aspen-domi-

nated boreal mixedwood stands. Forest Ecology and Management. 409: 653-659. 

doi:10.1016/j.foreco.2017.12.003 

Yang, J.; Weisberg, P.J.; Shinneman, D.J.; Dilts, T.E.; Earnst, S.L.; Scheller, R.M. 2015. Fire modu-

lates climate change response of simulated aspen distribution across topoclimatic gradients in a semi-

arid montane landscape. Landscape Ecology. 30(6): 1055-1073. doi:10.1007/s10980-015-0160-1 

Ye, F.; Comeau, P.G. 2009. Effects of gap size and surrounding trees on light patterns and aspen branch 

growth in the western boreal forest. Canadian Journal of Forest Research. 39(11): 2021-2032. 

doi:10.1139/X09-114 

Youngblood, A.P.; Mueggler, W.F. 1981. Aspen community types on the Bridger-Teton National Forest 

in western Wyoming. Res. Pap. INT-272. Ogden, UT: USDA Forest Service, Intermountain Research 

Station. 34 p.  

https://archive.org/download/aspencommunityty272youn/aspencommunityty272youn.pdf  

Younger, P.D.; Koch, R.G.; Kapustka, L.A. 1980. Allelochemic interference by quaking aspen leaf lit-

ter on selected herbaceous species. Forest Science. 26(3): 429-434.  

doi:10.1093/forestscience/26.3.429 

Zahner, R.; DeByle, N.V. 1965. Effect of pruning the parent root on growth of aspen suckers. Ecology. 

46(3): 373-375. doi:10.2307/1936349 

Zegler, T.J.; Moore, M.M.; Fairweather, M.L.; Ireland, K.B.; Fulé, P.Z. 2012. Populus tremuloides 

mortality near the southwestern edge of its range. Forest Ecology and Management. 282: 196-207. 

doi:10.1016/j.foreco.2012.07.004 

Zehngraff, P. 1947. Possibilities of managing aspen. Lake States Aspen Report No. 21. St. Paul, MN: 

USDA Forest Service, Lake States Forest Experiment Station. 23 p. 

https://www.fs.usda.gov/treesearch/pubs/50292  

Zier, J.L.; Baker, W.L. 2006. A century of vegetation change in the San Juan Mountains, Colorado: An 

analysis using repeat photography. Forest Ecology and Management. 228(1-3): 251-262. 

doi:10.1016/j.foreco.2006.02.049 

Zieroth, E.J. 1999. The aspen advantage. Women in Natural Resources. 20(4): 30-32. 

Zon, R. 1907. A new explanation of the tolerance and intolerance of trees. Proceedings of the Society of 

American Foresters. 2: 79-94. http://books.google.com/books?id=tDUCAAAAYAAJ&oe=UTF-8  

  

https://archive.org/download/aspencommunityty272youn/aspencommunityty272youn.pdf
https://www.fs.usda.gov/treesearch/pubs/50292
http://books.google.com/books?id=tDUCAAAAYAAJ&oe=UTF-8


 

 96 

APPENDIX:  SILVICULTURE  WHITE  PAPERS 

White papers are internal reports, and they are produced with a consistent formatting and number-

ing scheme – all papers dealing with Silviculture, for example, are placed in a silviculture series (Silv) and 

numbered sequentially. Generally, white papers receive only limited review and, in some instances per-

taining to highly technical or narrowly focused topics, the papers may receive no technical peer review 

at all. For papers that receive no review, the viewpoints and perspectives expressed in the paper are 

those of the author only, and do not necessarily represent agency positions of the Umatilla National For-

est or the USDA Forest Service. 

Large or important papers, such as two papers discussing active management considerations for dry 

and moist forests (white papers Silv-4 and Silv-7, respectively), receive extensive review comparable to 

what would occur for a research station general technical report (but they don’t receive blind peer re-

view, a process often used for journal articles). 

White papers are designed to address a variety of objectives: 

(1) They guide how a methodology, model, or procedure is used by practitioners on the Umatilla Na-

tional Forest (to ensure consistency from one unit, or project, to another). 

(2) Papers are often prepared to address ongoing and recurring needs; some papers have existed for 

more than 20 years and still receive high use, indicating that the need (or issue) has long standing – 

an example is white paper #1 describing the Forest’s big-tree program, which has operated continu-

ously for 25 years. 

(3) Papers are sometimes prepared to address emerging or controversial issues, such as management 

of moist forests, elk thermal cover, or aspen forest in the Blue Mountains. These papers help estab-

lish a foundation of relevant literature, concepts, and principles that continuously evolve as an issue 

matures, and hence they may experience many iterations through time. [But also note that some 

papers have not changed since their initial development, in which case they reflect historical con-

cepts or procedures.] 

(4) Papers synthesize science viewed as particularly relevant to geographical and management contexts 

for the Umatilla National Forest. This is considered to be the Forest’s self-selected ‘best available 

science’ (BAS), realizing that non-agency commenters would generally have a different conception 

of what constitutes BAS – like beauty, BAS is in the eye of the beholder. 

(5) The objective of some papers is to locate and summarize the science germane to a particular topic 

or issue, including obscure sources such as master’s theses or Ph.D. dissertations. In other instances, 

a paper may be designed to wade through an overwhelming amount of published science (dry-for-

est management), and then synthesize sources viewed as being most relevant to a local context. 

(6) White papers function as a citable literature source for methodologies, models, and procedures 

used during environmental analysis – by citing a white paper, specialist reports can include less ver-

biage describing analytical databases, techniques, and so forth, some of which change little (if at all) 

from one planning effort to another. 

(7) White papers are often used to describe how a map, database, or other product was developed. In 

this situation, the white paper functions as a ‘user’s guide’ for the new product. Examples include 

papers dealing with historical products: (a) historical fire extents for the Tucannon watershed (WP 

Silv-21); (b) an 1880s map developed from General Land Office survey notes (WP Silv-41); and (c) a 
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description of historical mapping sources (24 separate items) available from the Forest’s history 

website (WP Silv-23). 

The following papers are available from the Forest’s website: Silviculture White Papers 

Paper # Title 

1 Big tree program 

2 Description of composite vegetation database 

3 Range of variation recommendations for dry, moist, and cold forests 

4 Active management of Blue Mountains dry forests: Silvicultural considerations 

5 Site productivity estimates for upland forest plant associations of Blue and Ochoco Moun-

tains 

6 Blue Mountains fire regimes 

7 Active management of Blue Mountains moist forests: Silvicultural considerations 

8 Keys for identifying forest series and plant associations of Blue and Ochoco Mountains 

9 Is elk thermal cover ecologically sustainable? 

10 A stage is a stage is a stage…or is it? Successional stages, structural stages, seral stages 

11 Blue Mountains vegetation chronology 

12 Calculated values of basal area and board-foot timber volume for existing (known) values of 

canopy cover 

13 Created opening, minimum stocking level, and reforestation standards from Umatilla Na-

tional Forest Land and Resource Management Plan 

14 Description of EVG-PI database 

15 Determining green-tree replacements for snags: A process paper 

16 Douglas-fir tussock moth: A briefing paper 

17 Fact sheet: Forest Service trust funds 

18 Fire regime condition class queries 

19 Forest health notes for an Interior Columbia Basin Ecosystem Management Project field trip 

on July 30, 1998 (handout) 

20 Height-diameter equations for tree species of Blue and Wallowa Mountains 

21 Historical fires in headwaters portion of Tucannon River watershed 

22 Range of variation recommendations for insect and disease susceptibility 

23 Historical vegetation mapping 

24 How to measure a big tree 

25 Important Blue Mountains insects and diseases 

26 Is this stand overstocked? An environmental education activity 

27 Mechanized timber harvest: Some ecosystem management considerations 

28 Common plants of south-central Blue Mountains (Malheur National Forest) 

29 Potential natural vegetation of Umatilla National Forest 

30 Potential vegetation mapping chronology 

31 Probability of tree mortality as related to fire-caused crown scorch 

32 Review of “Integrated scientific assessment for ecosystem management in the interior Co-

lumbia basin, and portions of the Klamath and Great basins” – Forest vegetation 

33 Silviculture facts 

http://www.fs.usda.gov/detail/umatilla/landmanagement/resourcemanagement/?cid=stelprdb5326230
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Paper # Title 

34 Silvicultural activities: Description and terminology 

35 Site potential tree height estimates for Pomeroy and Walla Walla Ranger Districts 

36 Stand density protocol for mid-scale assessments 

37 Stand density thresholds related to crown-fire susceptibility 

38 Umatilla National Forest Land and Resource Management Plan: Forestry direction 

39 Updates of maximum stand density index and site index for Blue Mountains variant of For-

est Vegetation Simulator 

40 Competing vegetation analysis for southern portion of Tower Fire area 

41 Using General Land Office survey notes to characterize historical vegetation conditions for 

Umatilla National Forest 

42 Life history traits for common Blue Mountains conifer trees 

43 Timber volume reductions associated with green-tree snag replacements 

44 Density management field exercise 

45 Climate change and carbon sequestration: Vegetation management considerations 

46 Knutson-Vandenberg (K-V) program 

47 Active management of quaking aspen plant communities in northern Blue Mountains: Re-

generation ecology and silvicultural considerations 

48 Tower Fire…then and now. Using camera points to monitor postfire recovery 

49 How to prepare a silvicultural prescription for uneven-aged management 

50 Stand density conditions for Umatilla National Forest: A range of variation analysis 

51 Restoration opportunities for upland forest environments of Umatilla National Forest 

52 New perspectives in riparian management: Why might we want to consider active manage-

ment for certain portions of riparian habitat conservation areas? 

53 Eastside Screens chronology 

54 Using mathematics in forestry: An environmental education activity 

55 Silviculture certification: Tips, tools, and trip-ups 

56 Vegetation polygon mapping and classification standards: Malheur, Umatilla, and Wallowa-

Whitman National Forests 

57 State of vegetation databases for Malheur, Umatilla, and Wallowa-Whitman National For-

ests 

58 Seral status for tree species of Blue and Ochoco Mountains 
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REVISION  HISTORY 

March 2014: This revision implemented the new white-paper template format, and minor formatting 

and editing changes were made throughout the document. 

August 2018: Additional aspen references and literature were added, a new enclosure (#7) providing 

guidance about Forest Plan amendments to support aspen restoration was added, and minor for-

matting and editing changes were made throughout the document. 

 


